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ABSTRACT

Cancer treatment and prevention are consistent challenges for clinicians and scientific

community. Recent research has focused on the study of various bioactive compounds,

including natural compounds, to ascertain whether they could be used to prevent

cancer rather than to treat it. Epidemiological evidence has indicated an inverse

association between garlic and various types of cancer, including breast cancer. In the

last two decades, garlic has received considerable attention for its potential role in

cancer prevention. The main objective of the present work was to evaluate the anti-

proliferative potential of garlic extract on in vitro breast cancer models, targeting

different molecular mechanisms.

Garlic extract (BARI RASHUN-1) showed high amounts of phenolic compounds,

such as dihydroxybenzoic acid and ferulic acid via HPLC analysis. Organosulfur

compounds (Diallyl disulfide, Dipropyl disulfide and Dipropyl sulfide) were

evaluated by Gas chromatography. In addition, six mineral elements (Ca, Cu, Fe, K,

Se, and Zn) were identified and quantified by using coupled plasma mass

spectrometry. After that, we evaluated the gastric and intestinal bioavailability of

garlic phenols for the first time. In this work, spectrophotometric were used to analyse

the total phenolic compounds, flavonoids and the antioxidant capacity of garlic extract

before and after in vitro digestion. Our results illustrated that there was a significant

decrease in the number of phenolic compounds and flavonoids after gastrointestinal

digestion within the bio accessible fraction; the decrease was lower for the antioxidant

activity of the samples but had antiproliferative effect on human breast

adenocarcinoma MCF7 cells .

The anticancer effects of garlic extract on human breast adenocarcinoma MCF7 cells

were observed by cell viability, intracellular reactive oxygen species (ROS)

production, apoptosis assay, oxidative stress via the determination of protein carbonyl
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content, lipid peroxidation, and DNA damage, as well as the antioxidant enzyme

activities. Furthermore, garlic extract suppressed Nrf2/Keap1/NOQ dependent

pathway, activity of antioxidant enzyme, expression of superoxide dismutase (SOD),

catalase and hemeoxygenase 1(HO-1). Additionally, decreased the activity of

glutathione, glutathione peroxidase, reductase, and transferase enzymes in MCF7 cells

that were confirmed by decreased gene expression of SOD, catalase, GSTP1, Nrf2,

NOQ and increased Keap1 that were evaluated by RT-PCR and reduced protein

expression of HO-1 was determined by western blot. An increase in intracellular ROS

levels, an increased number of apoptotic cells, mainly due to a strong down-regulation

of various apoptosis inhibitors such as BIRC-2, BIRC-5, BCL-2, MCL-1 gene, was

found after garlic treatment. The apoptosis event was associated with the increased

expression of p53, Bax, Bid cleaved-PARP and caspase-3 and with the activation of

both intrinsic (caspase-9) and extrinsic (FADD, caspase-8) apoptotic and ER induced

(XBP1, ATF6α, EIF2α and CHOP) pathways. Bioenergetic characterization was

determined by observing various parameters of mitochondrial respiration, glycolysis

and lactate balance and metabolism (by reducing LDH-A gene expression) in MCF7

cell lines. Garlic extract treatment decreased AMPK activation through suppression of

PGC1α protein expression, which prevented MCF7 cell survival by repressing stress

adjustment.

Anti-metastasis effects of garlic extract were observed through migration and colony

formation assay. The expression of invasion (MMP-2 and MMP-9), epithelial

mesenchymal transition (EMT) and metastasis markers (E-cadherin, N-cadherin, and

β-catenin) were observed by RT-PCR analysis. Anti-inflammatory effects were

observed through the suppression of NFκB, IL-1β, IL-6 p-IκB-α protein expression,

while the suppression of EGFR expression indicated the growth inhibitory effects.

Garlic extracts also showed anti-angiogenesis effect though it significantly regulated
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the levels of some pro-angiogenic factors, increasing FN-γ, TIMP-1 and TIMP-2

expression and decreasing VEGF, VEGF-D, b-FGF, ENA-78, EGF, PlGF, TGFβ1,

MCP-1, IL-8. Our work demonstrated that garlic extract might induce autophagy in

breast cancer MCF7 cells through the modulation of autophagy related protein

expression by increasing ATG3, ATG4A, ATG5, ATG7, ATG 12, ATG13, Becline,

BNIP3, GABARAP, LC3A, LC3B, and decreasing P62, MSK1, NSB1, LMP1, Rheb

that was previously unknown. Garlic extracts inhibited cell growth in breast cancer

MCF7 cells by arresting cells at the G1/G0 phase, along with the decreased gene

expression of pRb, cyclin D1, cyclin E, cdk2 and cdk4 and increased gene expression

of p21Cip, p27Kip and P53.

In summary, this study demonstrated, for the first time, that garlic could be a

promising candidate for anticancer effect that inhibits breast cancer growth and

metastasis by modulating the expression and activities of several targeting molecular

pathways. Our preliminary results suggest a potential Chemopreventive action of

garlic, and that it should be investigated in further detail to identify novel compounds

for the treatment of breast cancer.
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ITALIAN SUMMARY

La prevenzione e la cura del cancro rappresentano una sfida costante per i clinici e per

l'intera comunità scientifica. Negli ultimi anni la ricerca si è concentrata sullo studio

di vari composti bioattivi naturali dai potenziali effetti antitumorali. Negli ultimi due

decenni, l'aglio ha ricevuto notevole attenzione per il suo potenziale ruolo nella

prevenzione del cancro, incluso il tumore al seno. L'obiettivo principale del presente

lavoro è stato quello di determinare in vitro il potenziale effetto antiproliferativo di un

estratto di aglio su un modello di cancro al seno, valutando i principali meccanismi

molecolari.

L’estratto di aglio è stato analizzato per determinare il contenuto di polifenoli

fitochimica, mediante analisi di HPLC, di composti organo solforati mediante gas

cromatografia e di minerali utilizzando la spettrometria di massa. Gli effetti

antitumorali sono stati valutati nella linea cellulare di adenocarcinoma mammario

MCF-7, attraverso la determinazione della vitalità cellulare, del tasso di apoptosi e dei

livelli intracellulari di specie reattive dell’ossigeno (ROS). Lo stress ossidativo è stato

misurato mediante la determinazione della perossidazione lipidica, del contenuto di

gruppi carbonili e del danno del DNA, nonché mediante la valutazione delle attività

degli enzimi antiossidanti nei lisati cellulari. I livelli di espressione delle proteine

correlate all'infiammazione, all'apoptosi, alla via molecolare dell’EGFR sono stati

determinati attraverso saggi di Western blot. La caratterizzazione bioenergetica è stata

analizzata valutando diversi parametri di respirazione mitocondriale (tasso di

consumo di ossigeno) e glicolisi (velocità di acidificazione extracellulare). Gli effetti

anti-metastatici sono stati osservati attraverso il saggio di migrazione cellulare e di

formazione delle colonie; l'espressione di marcatori di invasione, transizione
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mesenchimale epiteliale (EMT) e metastatizzazione è stata osservata mediante

Western blot.

I risultati hanno dimostrato che l'estratto di aglio (BARI RASHUN-1) ha elevate

quantità di composti fenolici, come l'acido diidrossibenzoico e l'acido ferulico, di

composti organosolforati quali diallil disolfuro, dipropil disolfuro e dipropil solfuro, e

di minerali, come Ca, Cu, Fe, K, Se e Zn.

L’estratto di aglio ha dimostrato profondi effetti inibitori sulla crescita delle cellule

tumorali, senza mostrare, al tempo stesso, alcun effetto tossico in cellule sane non

cancerose. Nello specifico, dopo il trattamento con l’estratto di aglio, è stato

evidenziato un forte aumento dei livelli di ROS intracellulari, del numero di cellule

apoptotiche, principalmente a causa della downregolazione di vari inibitori

dell'apoptosi, come il gene BIRC-2, BIRC-5, BCL-2, MCL-1. L’ apoptosi è stata

associata anche con un aumento dell’espressione di p53, Bax, Bid cleaved-PARP e

caspase-3 e con l'attivazione della via intrinseca (caspase-9), della estrinseca (FADD,

caspase-8) e di quella indotta dallo stress del reticolo endoplasmatico (XBP1, ATF6α,

EIF2α e CHOP). Inoltre, l'estratto di aglio ha soppresso la via molecolare dipendente

da Nrf2/Keap1/NOQ, l’espressione degli enzimi antiossidanti, sia a livello genico che

proteico, e la loro attività.

È stata evidenziata anche una riduzione della funzionalità mitocondriale, correlata con

il potenziale di sopravvivenza cellulare, e, contemporaneamente, una diminuzione del

tasso di glicolisi. Inoltre, il trattamento con l’estratto di aglio ha ridotto i livelli di

espressione di p-AMPK/AMPK, PGC1α e SIRT1 coinvolte nella sopravvivenza delle

cellule MCF7 in condizioni di stress metabolico. Inoltre, è stato evidenziato un arresto

del ciclo cellulare nella fase G1/G0, insieme alla modulazione dell’espressione di pRb,

ciclina D1, ciclina E, cdk2, cdk4, p21Cip, p27Kip e P53, ed ad una diminuzione della

proliferazione (con una diminuzione dell’espressione dell’EGFR); abbiamo
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riscontrato anche una diminuzione delle abilità di migrazione cellulare e di

formazione delle colonie, così come delle capacità di invasione e metastatizzazione,

come dimostrato dalla riduzione dell’espressione delle metallo-proteinasi, delle E-, N-

caderine, delle β-catenine e di NF-κB, nelle cellule trattate con l’estratto di aglio.

L'estratto di aglio ha mostrato anche un effetto anti-angiogenico, aumentando

l'espressione di FN-γ, TIMP-1 e TIMP-2 e diminuendo quella di VEGF, VEGF-D, b-

FGF, ENA-78, EGF, PlGF, TGFβ1, MCP-1, IL-8. Infine, l'estratto di aglio è stato in

grado di promuovere l'autofagia nelle cellule MCF7 del cancro al seno attraverso la

modulazione dell'espressione proteica di ATG3, ATG4A, ATG5, ATG7, ATG 12,

ATG13, Becline, BNIP3, GABARAP, LC3A, LC3B, P62, MSK1, NSB1, LMP1,

Rheb.

In conclusione, questo studio ha dimostrato per la prima volta che l'aglio potrebbe

essere un candidato promettente per contrastare la crescita e la metastasi del cancro al

seno modulando l'espressione e le attività di diverse vie molecolari. I nostri risultati,

sebbene preliminari, suggeriscono una potenziale azione chemiopreventiva, che

andrebbe ulteriormente analizzata per identificare nuovi composti per la terapia del

cancro al seno.
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CHAPTER 1. STATE OF ART
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1.1. An overview on breast cancer

1.1.1. Epidemiology of breast cancer

Breast cancer is the most common malignancy in women around the world and

epidemiology of breast cancer is the study of the factors affecting cancer, as a way to

infer possible trends and causes. The study of breast cancer epidemiology is essential

for planning health measures.

1.1.1.2. Breast cancer incidence and mortality rate

According to International Agency for Research on Cancer (IARC) and World Health

Organization (WHO) on-line database, female breast cancer has now surpassed lung

cancer as the leading cause of global cancer incidence in 2020 (Figure 1). It is the

fifth leading cause of cancer mortality worldwide.

Figure 1.1: Estimated number of new cases in 2020, worldwide, female, all ages. The data

was obtained from theGLOBOCANdatabase in2020.

https://en.wikipedia.org/wiki/Cancer
https://en.wikipedia.org/wiki/Epidemiology
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However, breast cancer incidence and mortality data in 2020 were obtained from the

GLOBOCAN online database. In 2020, new breast cancer cases 24.5% of all cancer

cases (Figure 1). Among women, breast cancer accounts for 1 in 4 cancer cases and

for 1 in 6 cancer deaths, ranking first for incidence in the vast majority of countries

(159 of 185 countries) (Fig 2. A).

Figure 1.2: Distribution of Standardized Breast Cancer A) Incidence Rate and B) Mortality

Rates in World in 2020 (Extracted from Globocan 2020)

Epidemiology of breast cancer from (figure 2A) top cancer crude incidence per

country in females of all ages (left) and ranking of estimated crude incidence rates of
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breast cancer per 100,000 inhabitants in Latin American and the Caribbean countries

(right). From figure 3 and 2B top cancer mortality per country in females of all ages,

and ranking of mortality crude rates of breast cancer per 100,000 inhabitants in Latin

American and the Caribbean countries (Figure 2B) (Varela et al. 2021)

Figure 1.3: Age-standardized (world) incidence (ASR) and mortality rates per 100 000

population for the 10 most common cancer types, worldwide for both sexes and all ages in

2020. The data was obtained from the GLOBOCAN database in 2020.

Approximately, incidence 2.3 million and deaths 685,000 in worldwide (Figure 1 and

Figure 2) female breast cancer were diagnosed in 2020. The crude and age-

standardized incidence rates of breast cancer were 58.5 and 47.8 per 100,000

population in the different countries (Figure 3). Developing countries (Iran, China,

Mexico, Cameroon, and Costa Rica) have lower incidence rates than the world age-

standardized incidence rates, whereas highly developed countries (Belgium, Demark,

Australia, USA, United Kingdom, and Italy) have much higher incidence rates than

the world age-standardized incidence rates (47.8 per 100,000 population) (Figure 4).
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Figure 1.4: Estimated age-standardized (world) incidence (ASIR) and mortality rates (ASMR)

per 100 000 persons for female in different countries in 2020. The data was obtained from the

GLOBOCAN database in 2020 Abbreviations

In case of age-specific incidence rates of breast cancer, relatively low for female <25

years old in all countries (Figure). Although, the peak age of breast cancer varied

across the world regions such as South Korea and Cameroon had the youngest onset

peak age of 40 years old. China, Japan, Iran, Fiji, Morocco peaked among female

aged 55-60 years old. The summit onset age of breast cancer in the USA, Belgium,

Australia, and the United Kingdom were latest with age of 70 years. The age-

standardized incidence rates among countries varied over 3-fold, from 113.2 per

100,000 population in Belgium to 35.8 per 100,000 population in Iran (Figure 4).

China had the largest number of breast cancer cases, accounting for approximately

18.4% of global breast cancer cases, followed by the USA, with 11.8% breast cancer
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cases in the world (Lei et al. 2021). Furthermore, IARC speculates that by 2040 the

incidence of breast cancer will increase by more than one third, to more than 3 million

new cases per year, and breast cancer mortality will increase by more than one half, to

more than 1 million deaths per year.

1.2. Breast tumour progression

There're two theoretical speculations for breast cancer start and progression: the

cancer stem cell hypothesis and the stochastic theory (Polyak 2007; Sgroi 2010). The

cancer stem cell hypothesis proposes that all tumour subtypes are determined from the

same stem cells or transit-amplifying cells (progenitor cells). Obtained hereditary and

epigenetic changes in stem cells or progenitor cells will lead to distinctive tumour

phenotypes (Figure 5A).
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Figure 1.5: Two speculative hypotheses of breast cancer start and movement. (A) All

subtypes of tumour are determined from the same stem cells or progenitor cells. Different

tumour phenotypes are at that point determined by subtype-specific changing events. (B)

Each tumour subtype is started from a single cell type (stem cell, begetter cell, or separated

cell). Irregular transformations can slowly amass in any breast cells, driving to their change

into tumour cells when a satisfactory number of transformations have gathered. Figures are

partially modified from (Polyak 2007; Sgroi 2010).

The stochastic hypothesis is that each tumour subtype is started from a single cell type

(stem cell, progenitor cell, or separated cell) (Figure 5B). Irregular transformations

can slowly gather in any breast cells, driving to their change into tumour cells when

satisfactory transformations have gathered. In spite of the fact that both speculations

are upheld by plenty of information, neither can completely clarify the root of human

breast cancer(Polyak 2007; Sgroi 2010).

1.3.1. Type of breast cancer

Breast cancer heterogeneity has to lead to the requirement of a common classification

of these tumours, mainly based on four different parameters: histopathology, grade,

stage, and receptor status.

1.3.1.1. Ductal Carcinoma and Lobular Carcinoma breast cancer

The clinically approved histological subtypes of breast cancer are classified based on

the microanatomy of the tissue and the organization of the cellular structure as ductal

carcinoma in situ (DCIS), infiltrating ductal carcinoma (IDC), lobular carcinoma in

situ (LCIS) and invasive lobular carcinoma (ILC) (Figure 6). Whereas DCIS is

defined by the proliferative malignant cells that gather within the lumen of the
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membrane of mammary ducts without invading the surrounding tissue (Burstein et al.

2004; Schnitt et al. 2010). Usually, DCIS recognizes as a precursor of IDC type, the

most frequent subtype of breast cancers. However, IDC is characterized by the

infiltration of cancer cells in the stromal tissue and in the surrounding tissues. The

first step of metastatic propagation, LCIS, and ILC represents a small percentage of

breast cancers, and they localize to epithelial lobules in situ (LCIS) or lobules and

stroma (ILC) (Gump et al. 1987; Weigelt et al. 2005; Hanby and Hughes 2008;

Siziopikou 2013).

Figure 1.6: The histological types of breast cancer. Adapted from Schnitt et al. 1988.

1.3.1.2. Luminal A/B and Hormone Receptor Positive Breast Cancer

Further, highly indicative of the aggressiveness of the tumour of breast cancer defined

as a grade type. Generally, grade-type tumour cells are differentiated by grade - I

indicate low, intermediate grade - II indicates moderately differentiated, and high

grade- III indicates poorly differentiated. In addition, luminal and ductal epithelial

cells lose their morphological architecture by progressing reduction of differentiation
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grade and the uniformity of cell nuclei and they divide without control (Elston and

Ellis 1991).

There are most common types of breast cancers that comprise greater than 70% of

patient diagnoses are estrogen receptor (ER) and progesterone (PR) positive breast

cancers. Where, estrogens act as a key factor that involves both initiation and

proliferation of breast cancer (Sommer and Fuqua 2001; Faria et al. 2010). In ER+

breast cancer, estrogen receptor activated by estradiol binding results in translocation

of the estrogenic receptor to the nucleus where it binds to DNA and regulates cell

proliferation and cell survival (Sommer and Fuqua 2001). However, ER/PR+ breast

cancers are characterized into Luminal A or Luminal B classification based on

expression levels of the proliferative marker Ki-67. Thus, Luminal A cancers have

low levels of Ki-67, are slowly proliferating, and have a better prognosis as compared

to the high levels of Ki-67 observed with the quickly proliferating Luminal B cancer

that normally have a worse prognosis (Perou et al. 2000). Hormone therapies such as

tamoxifen, fulvestrant, and aromatase inhibitors (letrozole, anastrozole, exemestane)

block estrogen receptor activity and subsequently decrease cancer burden and are

common treatments for ER and/or PR+ cancers in patients whose molecular profiling

tests indicate potential benefit with these therapies. Moreover, the presence of all

three receptors (ER/PR/Her2) are considered collectively when making these

treatment decisions (Markopoulos 2013).

1.3.1.3. HER2+ Breast Cancer

HER2+ is another key player in breast cancer malignancy approximately 75% and a

part of the epidermal growth factor receptor family; includes four major proteins

named EGFR (also known as HER1 or ErbB1), HER2 (p185 neu/ErbB2), HER3
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(ErbB3) and HER4 (ErbB4) (figure 7). Which breast cancers have amplification of

the HER2 gene that classifies as HER2+ breast cancers (Perou et al. 2000; Davies and

Hiscox 2011). Additionally, HER2+-breast cancers shows more resistant to the cancer

therapy than without HER2 expression breast cancer (Yarden 2001). Moreover, over

expression in both primary tumours and metastatic sites, makes HER2 a primary

target for the development of novel strategies for cancer prevention or treatment

(Davies and Hiscox 2011). Therefore, down regulation of HER2 expression can be

validated therapeutic targets for breast tumour.

1.3.1.4. Triple Negative Breast Cancer

When lack expression of the estrogen receptor, progesterone receptor, and HER2, is

often, but not always, a basal-like breast cancer that indicate Triple-negative breast

cancer (TNBC), the most aggressive histological subtype of breast cancer. TNBC

could be presented 15% among all type of breast cancer patients (Rakha et al. 2007;

Telli and Carlson 2009) (Figure 7).

Another parameter of breast cancer is characterized by a staging system that is

established based on tumour, node, metastasis (TNM) classification. It also considers

the tumour size (T1 to T4), involvement of lymph nodes (N0 to N3), and presence of

metastasis (M0 or M1). therefore, Breast cancer staging provides useful information

about the current status of cancer detection and management, and the success of

implementing new strategies (Singletary and Connolly 2006).

Accordingly, on the basis of receptor status: 1) human epidermal growth factor-2

(HER2)- amplified, 2) hormone-receptor-positive: estrogen receptor (ER) and

progesterone receptor (PR); subdivided into Luminal A, Luminal B and normal-like
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breast cancer 3) Triple-negative breast cancer: HER2, ER, and PR negative breast

cancer which is a more aggressive cancer with a poor prognosis (Golub et al. 1999;

Perou et al. 2000; Reis-Filho and Tutt 2008).

Figure 1.7: The classification of clinical breast cancer types and their percentage level in each.

Adapted from (Vivek 2018) with modification.

While approximately 75% of breast cancer patients carrying the BRCA1 (Breast

Cancer 1) mutations have a Triple negative phenotype, indicating that BRCA1 is an

important vulnerable gene for Triple negative tumours (Singletary and Connolly

2006).

1.3.1.5. Breast cancer and metastasis

Last decades, breast cancer metastasis responsible for most deaths from breast cancer

patients. However, exhaustive efforts have established that breast cancer shows

metastatic heterogeneity with exclusive metastatic develop to various organs such as

bone, lung, liver, and brain (Steeg 2006; Scully et al. 2012; Liang et al. 2020) (Figure

8). Where, bone is the most common location for breast cancer metastasis,

approximately 75 % metastasis cases (Tulotta and Ottewell 2018).
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The development of metastasis of breast cancer is a series of sequential process.

Metastasis begains with the local invasion of neighbouring host tissue by cells

activating from the primary tumour and continues as far as the tumour cells invade

and intrastate into blood or lymphatic vessels, survival in the circulation as circulating

tumour cells (CTCs), Therefore, the tumour cells undergo cell cycle arrest and adhere

to capillary beds within the target organ, before extravasating into the organ

parenchyma, growth and promoting angiogenesis within the organ (Nguyen et al.

2009; Chaffer and Weinberg 2011; Pantel and Speicher 2016; Mohme et al. 2017).

However, various mechanisms are responsible to develops the early steps of

metastasis (Figure 8), including local invasion, intravasation, and survival in

circulation. The EMT is a critical pathway in the mesenchymal movement of single

migratory cells. Here, the cells will undergo changes from an epithelial phenotype to a

mesenchymal-like phenotype (Lou et al. 2008; Thiery et al. 2009). Further, EMT

begains with the disintegration of cell-cell adhesion via loss of EMT-related

transcriptional factors, such as E-cadherin, vimentin, slug, snail, ZEB1, ZEB2 and

Twist, various microRNAs and epigenetic changes are crucial in mediating the EMT

of cancer cells (Batlle et al. 2000; Kessenbrock et al. 2010). For invasion tumour cell

need to be migrate and EMT helps invasion and intravasion to the blood stream. In

addition, EMT and MMPs family involves degradation of extracellular matrix (ECM)

which is a component of a complex network of solid tumours and build up a

microenvironment which influences tumour progression (Kessenbrock et al. 2010;

Bonnomet et al. 2010). Where, malignant tumour cells continually interact with non-

malignant cells in microenvironment at both the primary and metastatic sites (Joyce

and Pollard 2009). Thus, these interactions give stimulation for the progression of ‘in

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/zeb1
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/zeb2
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/epigenetics
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situ’ breast cancer to metastatic breast cancer (Coghlin and Murray 2010) (figure 8).

Moreover, Angiogenesis plays an essential role in breeding metastasis and subsequent

metastasis growth (de Castro Junior et al. 2006).

Figure 1.8: The flow diagram of early-stage breast cancer metastasis formation. Breast

cancer metastasis may be a multi-step process, including invasion through the basement layer,

intravasation into the vascular framework, circularization, extravasation to the target organ,

and colonization. In addition to the beginning driving oncogenic mutations, stromal cells in

the microenvironment help tumour cells obtain the capacity to invade and pre-select cells with

diverse preferences to far-off organs.

1.3.1.6. Inflammatory breast cancers

Inflammatory breast cancer (IBC) is an uncommon and aggressive type of invasive

breast cancer due to its rapid proliferation that comprise 1% – 6% of all breast cancers

(Hance et al. 2005). IBC has different symptoms, prognosis, and treatment from other

type of breast cancer. Where, often a lump absents in breast and may not identified by

mammograms. It’s located in where the breast cancer cells grow into the skin at
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advanced stages of cancer and makes more difficulty to treat successfully (Hulka

1996; Hance et al. 2005; Polyak 2007; Colditz et al. 2012).

1.3.1.6.1. Inflammation in breast tumoural microenvironment

IBC is the diffusion of tumour cells in the form of tumour emboli into the dermal–

lymphatic system. The development of tumour emboli involves various processes.

Early, migrates cumulative cells as clusters and direct exposure to the immune cells

within the vessels that stimulates invasion into the ductal system (for example,

mediated by the RHOC GTPase). After, the ample formation of blood and lymphatic

vessels, that bind grouped cells to allow them for survive and metastasis. Then, a cell–

cell contact between cancer cells or between cancer cells and tumour

microenvironment (TME) type of cells which requires for the formation of the unique

emboli structure. Therefore, tumour emboli are an end product of a well-arranged and

unique ability of both IBC cells and the aberrant immune and/or angiogenic

microenvironment (Vermeulen et al. 2009; Sauer et al. 2017).

However, IBC have more interest to Tumour-associated macrophages (TAMs) (Fig. 9)

and fibroblast, that responsible to secrete cytokines, chemokines, enzymes and

alternatively activates M2 macrophages and contribute to cell grow, tumour

progression and invasion in breast cancer (Schmidt et al. 2012; Su et al. 2014; Noy

and Pollard 2014). Notably, Cancer-associated fibroblasts (CAFs), the major stromal

cells that contribute to the TME in IBC and help to promote cancer metastasis (Figure

9).
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Figure 1.9: Hypothetical role of inflammation in breast cancer. Different members inside the

tumour microenvironment connected with inflammatory breast cancer (IBC) cells specifically

and/or indirectly, advancing stemness, and metastatic and invasion potential. NLRP3

inflammasome leads to activation of caspase-1 (CASP1), which at that point cleaves the pro-

forms of interleukin-1beta (IL-1β) and interleukin- 6 (IL6), coming about within the emission

of biologically active cytokines, coming about in pyroptosis through the arrangement of pores

at the plasma layer. Inflammasomes are activated through different components and discharge

IL-1β and IL-6 to start inflammation, tumour formation, angiogenesis.

Recently, in vivo study showed that the CAF-derived cytokine chitinase 3-like protein

1 (CHI3L1) increases in the stroma of metastatic loci and several exosome miRNAs

(for example, miR-9) secretes from breast cancer cells that contribute to the

differentiation of fibroblasts into CAFs (Baroni et al. 2016; Zhang et al. 2017; Cohen

et al. 2017). What’s more, the interleukin IL-1 family plays vital roles in tumoral

immunity including seven ligands with pro-inflammatory activity (IL-1α, IL-1β, IL-

18, IL-33, IL-36α, IL-36β, IL-36γ). Whereas IL-1α and IL-1β are bind to the same

receptor (IL-1R) and recruit the IL-1R accessory protein that activates a cascade of
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immune and inflammatory genes. Furthermore, chronic inflammation occurs through

the activation of NLRP3 inflammasome; a multiple-protein complex also help to

activate caspase 1, that responsible to cleaves pro-IL-1β and pro-IL-18 and generates

the mature forms of these inflammatory cytokines, IL-1β and IL-18 as well as

triggering the release of pro-inflammatory cytokines (Latz et al. 2013; Mantovani et al.

2018) and helps breast cancer progression (Figure 9). Accordingly, lymphatic

endothelial cells within IBC tumours that supports the active participation of

endothelial cells in the TME of IBC and the angiogenesis-mediating factors VEGF

and platelet-derived growth factor (PDGF) are secreted from endothelial cells and

promote the formation of vessels around IBC cell (Colpaert et al. 2003).

1.3.1.6.2. Pathway-mediated transmission

Intrinsic and extrinsic components of IBC can also communicate via the activation of

pathways that have critical biological effects on both the tumour and the TME. These

pathways can be activated intrinsically in tumour cells or extrinsically in the TME.

Also, intrinsically activated pathways in tumour cells can restructure the composition

of surrounding cell types within the TME.

1.3.1.6.3. Breast cancer and NFκB signalling

The transcription factor, nuclear NFκB pathway a major inflammation-mediated

pathways by modulating several genes responsible for the generation of pro-

inflammatory mediators and cytokines. The NF-κB pathway mediates the crosstalk

between inflammatory pathways within the TME in IBC, that might lead to the

emergence of resistance to chemotherapy and endocrine therapy via evasion of

appropriate apoptosis (Drygin et al. 2011).
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Figure 1.10: Inflammation development in NFҡB signalling pathway in breast cancer.

However, in respose of multiple pro-inflammatory stimuli, inhibitor of kappa B (IκB) is

degrading by the ubiquitin-proteasome pathway and inducing the translocation of NFκB

subunits into the nucleus. Where they bind to the promoter regions of target genes, including

COX-2, iNOS, IL-1β, and TNF-α and stimulate transcription genes that encode cytokines,

chemokines, growth factors, and anti-apoptotic factors. In addition, activated NFкB pathway

also boost cell proliferation, anti-apoptosis, genomic instability, glycolysis, resistance to

chemotherapy, radiotherapy and develop invasive breast cancers (Wang et al. 2015)(Figure

10).

1.3.1.6.4. Breast cancer and EGFR pathway

Epidermal growth factor receptor (EGFR) is over expressed among all subtypes of

breast cancer, specially in IBC (Cabioglu et al. 2007). For example, up regulating

EGFR signalling from the TME increases of skin invasion and metastasis in the

SUM149 xenograft model with IBC breast cancer and establishes a strongly
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correlated between the stromal and tumour cells in IBC tumour samples (Lacerda et al.

2015). Moreover, upregulation of EGFR observes in 30% of IBC patients through

immunohistochemical staining. In addition, EGFR-expressing IBC associates with a

truly poor 5-year overall survival rate than EGFR-negative IBC. Therefore, over

expression of EGFR indicates increase the risk of IBC (Cabioglu et al. 2007).

Figure 1.11: Cell growth in EGFR signalling pathway in inflammatory breast cancer (IBC).

Surprisingly, there is a positive correlation between CSC regulation in IBC and

EGFR/COX-2 signalling axis (Figure 11). Furthermore, Nodal (a member of the

TGFβ superfamily), is a promising driver of EGFR/COX2 pathway that regulate

regulated invasive capacity and the CSC phenotype of IBC cells (Wang et al. 2017).

EGFR may represent a potential therapeutic target in IBC and EGFR tyrosine kinase

inhibition can be changed the phenotype of IBC cells from mesenchymal to epithelial
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and inhibited IBC tumour growth and metastasis. Thus, clinical samples from an

ongoing clinical trial evaluating EGFR-targeted agents in IBC will provide further

evidence of the biological effects of the EGFR pathway (Zhang et al. 2009).

1.3.1.6.5. Breast cancer and PTGS2 pathway

Prostaglandin-Endoperoxide Synthase 2 (PTGS2) pathway also known as

cyclooxygenase 2 (COX2) pathways which has prominent contributes to both intrinsic

and extrinsic pathways in IBC, that which mediates inflammation. Over expression of

COX2 are found in IBC tumour than non-IBC tumour (Kim et al. 2012). Also, COX2

responsible to cancer stemness characteristics, including invasion, migration, EMT

and metastasis in breast cancers. The increase expression of COX2 and prostaglandin

E2 (PGE2) assists to formation of chronic inflammation and promotes the invasion

and metastasis of breast cancer cells (Ristimäki et al. 2002; Wang et al. 2017) (Figure

10).

Besides, COX activity in tumour cells is reported as a key suppressor of type I

interferon-mediated and T cell-mediated tumour suppression, and COX-dependent

immune evasion is showed to be critical for tumour growth in colorectal cancer,

melanoma, and breast cancer models (Zelenay et al. 2015). Whereas activates of the

COX2 pathway promotes activation of the protein kinase A signalling pathway and

transcription of the aromatase gene CYP19 that up regulates expression of aromatase

and the progesterone receptor in the breast tissues in overweight or obese women.

Down regulation of the COX2 pathway, including the PGE2 receptors may be a

potential target for breast cancer prevention (Lee et al. 2013).
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1.4. Risk factors

Recent evidence demonstrate that some established factors are associated with breast

cancer risk such as age, early age at menarche, late menopause, height, post-

menopausal obesity, family history of breast cancer, oral contraceptives, hormonal

replacement therapy, mammographic density, some gene mutations, and clinical

conditions are associated with an increased risk of breast cancer.

1.4.1. Endogenous hormonal factors

Several studies demonstrated that the onset of the first period before the age of 12

raise the risk of breast cancer (Clinton et al. 2020) (Figure 12). Based on biological,

this association corresponds to the early and prolonged exposure to the hormonal

impregnation that exists during the period of activity of the ovaries. Thus, this

exposure is appreciable when menstrual cycles are regular. Usually, women who have

high level of estrogen levels they show early period (Key et al. 2001).

Further, late menopause of women can be increased risk of breast cancer, compared

with early menopause of women. Due to prolong production of ovarian hormones

causes of late menopause within women. The risk of breast cancer raised

approximately 3% per year from the presumed age of menopause. This association

between age and breast cancer risk is similar when menopause occurs naturally (Beral,

V. et al. 2004).

1.4.2. Exogenous hormonal factors

Using oral contraceptives increases approximately 25% risk of breast cancer in

women. However, the risk of breast cancer does not change significantly with

duration of use and is independent of the type of estrogen or the combination of
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preparations used. Oppositely, contraceptives show late effects in reproductive life

and develops the risk of breast cancer when the natural risk becomes appreciable.

Thus, the garter birth control pills are used, the greater the number of resulting breast

cancer cases (Beral, V. et al. 2004).

According to Women's Health Initiative Investigators 2002, Hormone replacement

therapy (HRT) increases risk of breast cancer in women approximately 26% to 35%,

compared to women who have never used it and the risk of breast cancer increases

with duration of use. Furthermore, long term uses also a factor that increases the risk

is respectively 2, 6 and 12 cases per 1,000. Moreover, women, who using an estrogen-

progestogen combination, risk increased by 30% than who receiving estrogen therapy

alone (Key et al. 2001).

1.4.3. Reproductive factors

However, first pregnancy after the age of 30 have, on average, a 25% higher risk of

breast cancer with respect to nulliparous women. Thus, different ways can be

influenced the risk of breast cancer are known or suspected. Furthermore, the

reproductive period seems to have a dual effect; the risk is raised immediately after

childbirth, after gently reducing. Pregnancy causes accelerated differentiation of

breast tissue and rapid proliferation of epithelium. The changes initiated during the

first pregnancy, particularly if it occurred early, are accentuated by each subsequent

pregnancy, and the development of breast cancer is linked to the rate of proliferation

of mammary epithelial cells and inversely to the degree of differentiation (Layde et al.

1989; Russo et al. 2000; Hinkula et al. 2001)

Further, in case of natural breastfeeding 33% reduces breast cancer risk, compared to

women who never breastfed. Where, lactation helps reduction of estrogen hormone
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and increases pro-lactin production in women and suppress the appearance and

development of breast cancer (Key and Pike 1988; Beral, V. et al. 2004).

1.4.4. Family history and genetic mutations

Another risk factor is family history, is consistently associated with an increased risk

of breast cancer (Figure 12). Women, who have previously breast cancer history in

their family (for example, mother, sister, and grandmother) who have more the risk to

develop breast cancer. Furthermore, genetic mutations of BRCA1 and BCRA2 gene

increases the risk of breast cancer in women. The fact of having the same

environment, the same lifestyle and a common genetic heritage, added to the genomic

instability related to mutations, would partly explain the increased risk of breast

cancer associated with family aggregation and genetic mutations (Pharoah et al. 1997).

1.4.5. Age and Sex

Besides sex, aging is one of the most important risk factors of breast cancer (Figure

12), because the incidence of breast cancer is highly related to the increasing age

between 50 and 75 years. In 2016, approximately 99.3% and 71.2% of all breast

cancer-associated deaths in America were reported in women over the age of 40 and

60, respectively. Therefore, it is necessary to have a mammography screening in

women after aged 40 or older (Boyd et al. 1998; Siegel et al. 2018).

1.4.6. Lifestyle

Modern lifestyles for example too much dietary fat intake and alcohol consumption

can be increased the risk of breast cancer (Figure 12). Alcohol consumption can

increase the level of estrogen-related hormones in the blood and trigger the estrogen
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receptor pathways. A meta-analysis-based study shows that excess intake of alcohol

per day can increase the risk of breast cancer by 32%. The modern western diet

contains too much fat and excess intake of fat, mainly saturated fat, is associated with

mortality (RR=1.3) and poor prognosis in breast cancer patients. Even though the

relationship between breast cancer risk and smoking remains controversial, mutagens

from cigarette smoke have been detected in the breast fluid from non-lactating women.

The risk of breast cancer increases in women who both smoke and drink (RR=1.54).

Previous evidence explains that smoking, especially at an early age, has a higher risk

of breast cancer occurrence (Makarem et al. 2013; Jung et al. 2016; Knight et al. 2017;

Kispert and McHowat 2017). Avoidance behaviour of modifiable risk factors depends

on lifestyle and socio- economic background and has been associated with the

knowledge of women about breast cancer.

Figure 1.12: Schematic diagram of risk factors of breast cancer. Age, family history,

reproductive factors, estrogen and lifestyle are five important risk factors of breast cancer,

represented in the pyramid chart.
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1.5. Breast cancer and Reactive Oxygen Spices

The part of receptive oxygen species (ROS) and oxidative stress in tumorigeneses is

questionable, as they have been appeared to have both tumour-promoting and tumour-

inhibiting properties.

Although low to moderate ROS levels can be advantageous to cells by inducing DNA

changes and pro-oncogenic signalling pathways where, initiation and development of

breast cancer is supported by increasing ROS, that attack DNA and may be induced

DNA damage that in turn can either hinder or induce transcription, replication errors,

genomic instability such as BRCA1 gene down regulate cellular levels of ROS and

signal transduction pathways. These conflicting impacts have vital implications for

potential anticancer strategies that point to modulating levels of ROS (Valko et al.

2006; Saha et al. 2009; Gorrini et al. 2013). Control of redox homeostasis is

exceptionally important because expanded oxidative stress takes part in all stages of

carcinogenesis (initiation, promotion, and progression). Numerous signalling

pathways that are connected to tumorigenesis can also control the metabolism of

receptive oxygen species (ROS) through direct or indirect mechanisms.

1.6. Breast cancer and Apoptosis

Evasion of apoptosis could be a trademark of cancer. Recently, considerable attention

has been focused on the role of apoptosis process in mediating the lethal effects of

anti-neoplastic agents in breast cancer cells, and in particular on the sequence of

events referred to this process. Apoptosis is characterized by a series of cellular events

that are typical of this process, such as membrane blebbing, cell shrinkage, chromatin



41

condensation and formation of a DNA ladder with multiple fragments caused by inter

nucleosomal DNA cleavage (Steller 1995; Rozeboom et al. 2019).

However, pro-apoptotic and anti-apoptotic signals are strongly directed in typical

breast epithelial cells. Where, dysregulation of this balance is required for breast

tumorigeneses and increments obtained resistance to treatments, counting molecularly

focused on treatments, radiation, and chemotherapies. The pro-apoptotic or anti-

apoptotic Bcl-2 family individuals connected with each other to preserve

mitochondrial judgement and direct cellular commitment to apoptosis. Among the

anti-apoptotic Bcl-2 family individuals, Mcl-1 is extraordinarily directed by various

oncogenic signalling pathways (Williams and Cook 2015).

A novel combination treatment that can initiate tumour cell apoptosis, a basic cellular

mechanism by delaying tumour movement (Rozeboom et al. 2019). Conceivable

apoptotic pathways actuated in breast cancer where, apoptosis may be executed

through the intrinsic and extrinsic pathways. Within the inherent apoptotic pathway,

the pro-apoptotic signals such as Bax and Bak translocate to the mitochondria,

coming about in mitochondrial membrane permeabilization. This in turn gives a route

for the discharge of intermembrane space proteins such as Cytochrome c (Cyt c), and

Smac/DIABLO into the cytosol. Once within the cytosol, Cyt c advances the

arrangement of the apoptosome for the actuation of caspase 9. In turn, dynamic

caspase-9 catalyzes the proteolytic activation of caspase-6 and/or-7 which leads to

actuation of caspase-8 and consequent passing signals and chromatin condensation.

Within the extrinsic pathway, pro-caspase-8 is cleaved and actuates downstream

executioner caspases-7, and-6 which leads to actuation of passing substrates,

chromatin condensation, and cell passing. Loss of mitochondrial transmembrane
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potential and discharge of Cyt c has been appear but is not entirely essential for this

apoptotic pathway to initiate cell passing. Crosstalk between the extrinsic and intrinsic

pathways happens when activation of caspase-8 includes mitochondria-dependent

signalling and results in cleavage of the pro-apoptotic Bcl-2 family protein Bid to t-

Bid. Translocation of t-Bid to the mitochondria is accepted to be one of the signals for

mitochondrial occasions during apoptosis. This results in translocation of Cyt c,

arrangement of the apoptosome, and enactment of caspase 9. After, successful

enactment of caspase-9, cells undergo apoptosis and the downstream inhibits

caspases-7, and -6 which leads to activation of death substrates, chromatin

condensation, and cell death. Smac/DIABLO advance apoptosis indirectly by binding

to and antagonizing individuals of the inhibitor of apoptosis protein (IAP) family.

(Simstein et al. 2003; Hu and Kavanagh 2003; Bayir and Kagan 2008).

Oppositely, activated Akt represses apoptosis by avoiding cytochrome c discharge,

phosphorylating B-cell lymphoma 2 related passing promoters (Bad) and expanding

NFκB. Furthermore, Akt stimulates cell expansion through blocking kinase

movement by diminishing GSK3β which diminishes Cyclin D1 degradation and

raises β-catenin collection. Moreover, AKT-mediated phosphorylation of tuberous

sclerosis (TSC) discharges TSC-inhibition of the GTPase, which actuates the

mammalian target of rapamycin complex 1 (mTORC1) kinase. Actuated mTORC1

phosphorylates eukaryotic interpretation start figure 4E-binding protein 1(4E-BP1)

and ribosomal protein S6 kinase beta-1 (P70S6K) which permits protein interpretation

start and prolongation (Huang and Chen 2009; Zhang et al. 2013)

1.7. Breast cancer and Angiogenesis

An angiogenic infection is depicted as either an excessive or lacking development of

micro vessels. At first, angiogenesis involves in cancer, arthritis, and psoriasis. Be
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that as it may, the impact it has on several other diseases has been described (Tímár et

al. 2001) The nature and composition of tumours make them inherently prime for

compelling angiogenic development. An active vascular system is made up of adipose

tissue, enveloped by stromal cells which gives it a supporting system for the tumour's

vascular system to develop. In in vivo studies, white fat tissue supports the growth of

the new vasculature and bolsters of the development and movement of breast cancer

in mouse models, (Bertolini et al. 2015) and the brown fat tissue (made up of cells

with various mitochondria) supports for the tumour development by giving a constant

supply of oxygen and supplements (Christiaens and Lijnen 2010). Further, both types

of adipose tissues can produce angiogenic factors, most commonly VEGF A, B, and C,

basic fibroblast development factor (bFGF)/FGF-2; matrix metalloproteinases

(MMPs); and IL-8, factors associated with breast cancer (Yoshida et al. 1997;

Christiaens and Lijnen 2010). This aberrant growth of blood vessels presently

involves in many life-threatening and impairing diseases conditions, such as

cardiovascular illness, cancer and diabetics (Lu et al.,1992; Qi et al., 2003; Voelkelet

al., 2002; Joukov et al., 1996).

However, anomalous angiogenesis is responsible for developing breast cancer

metastasis. (Lu et al. 2020) (Figure 12). Angiogenesis includes a coordinated

regulation of a few vascular growth factors, such as fundamental fibroblast

development calculate (bFGF), transforming growth factor beta-1 (TGFβ-1), platelet-

derived EC growth factor, placenta growth factor, and a few other development

components,(Voelkel et al. 2002; Qi et al. 2003) and clinical studies have appeared

shown appeared that it plays a basic role in breast cancer movement and metastasis

(Joukov et al. 1996). These growth factors are communicated and/or upregulated in

aggressive human breast cancers, and among these growth factors, the expression of
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VEGF and its diverse isoforms has been characterized as the most significant in breast

cancer, (Relf et al. 1997) although low-level protein expression has been identified in

a healthy human mammary organ (Berse et al. 1992).

VEGF and interleukin-8 (IL-8) highly express in breast cancer cell lines,

recommending that they plays very pivotal parts within the advancement of

angiogenesis in breast cancer angiogenesis (Marjon et al. 2004; Chelouche-Lev et al.

2004). A high level of VEGFR-3 expression recognizes in invasive breast cancer that

up regulates in the endothelium of angiogenic blood vessels (Valtola et al. 1999). The

interaction between VEGF-A and VEGFR-1 or 2 is intricately included in breast

cancer development, progression, and metastasis (Guo et al. 2010; Lushnikova et al.

2010; Linardou et al. 2012; Madu et al. 2020).

One of the prognostic markers for survival is the level of angiogenesis in breast

cancer. (Weidner et al. 1991). A high level of angiogenic growth factors within the

breast cancer cells relates to the aggressiveness and chance of invasive breast

cancer,(Hanahan and Folkman 1996; Linderholm et al. 1999; George et al. 2001) and

it’s connected to p53 genes inactivation. Besides, the number of micro vessels in

invasive breast cancer from surgical tests may be an indicator of metastasis or relapse

(Weidner et al. 1991). Considers that, for tumour advancement and metastasis occur

by angiogenesis within the tumours must include an transaction of a few or all these

growth factors VEGF, IL-8, essential basic fundamental essential fibroblast growth

factor (bFGF/FGF-2), and matrix metalloproteinases (MMPs) (Liekens et al. 2001; LI

et al.). Interleukins are a bunch of proteins and signal particles, for the most part

called cytokines, and to begin in leukocytes (Brocker et al. 2010). They are

discharged by cells as an immune response to different pathological stimuli. IL-8 can
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be a part of the IL family that's delivered by macrophages, aviation route smooth

muscle cells, tumour cells, and other cell types (Koch et al. 1992; Norgauer et al.

1996; Wolff et al. 1998; Hedges et al. 2000) and has been reported to excite the

generation of VEGF in ECs by binding with its receptor, and in this manner activating

VEGF receptors (Martin et al. 2009) IL-8 incorporates a coordinate impact on

angiogenesis by improving the proliferation and survival of EC, upregulating lattice

metalloproteinases in certain EC lines, (LI et al.) (and stimulating the arrangement of

capillary tubes in vitro. All these are basic features of breast cancer progression and

metastasis (Bar-Eli 1999; Marjon et al. 2004; Lin et al. 2004; Razmkhah et al. 2010).

Furthermore, breast tumours with upregulated IL-8 levels have been observed to be

more forceful and invasive, making IL-8 levels an appealing target for anti-angiogenic

medicines, (Liekens et al. 2001; Chelouche-Lev et al. 2004) and a potential prognostic

biomarker for different cancers, including breast cancer (Liekens et al. 2001).

Fibroblast growth factors (bFGF/FGF-2) are collectively a family of. effective

angiogenic stimulators connectes to breast cancer risk (Vlodavsky et al. 1990; Fang et

al. 2003; Sørensen et al. 2006; Slattery et al. 2013). Substances can modulate the

interactions between FGF-2 and its receptor within the extracellular environment

driving the direction of angiogenesis, consequent tumour movement, and metastasis.

(Yiangou et al. 1997; Fang et al. 2003; Brady et al. 2013) (Figure 9). MMPs have a

place in a bigger family of proteases (Brady et al. 2013) included in angiogenesis due

to their ability to degrade extracellular matrix proteins, and thereby redesign the

extracellular network. They are primarily included in the destabilization of the

existing blood vessel wall, degradation of network proteins, and migration of ECs-

stages that have been depicted as the start process of angiogenesis.(WOESSNER 1993;

Heppner et al. 1996). Therefore, antiangiogenic treatments that have been approved

for clinical utilize target these pro-angiogenic growth factors, and/or their receptors,
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cytokines, and proteases related to them. (Gasparini and Harris). During these tightly

directed forms, a complex signal adjustment, between pro- and anti-angiogenic

components, is forcefully maintained within the microenvironment, to create and

stabilize the recently formed blood vessels. Various studies, hence, have confirmed

that these angiogenic activators play a basic part in the improvement of tumours

(Liekens et al. 2001; Papetti and Herman 2002) (Figure 13).

Figure 1.13: Angiogenesis, the physiological prepare by which improvement of new blood

vessels from pre-existing vessels. New blood vessels form out of pre-existing capillaries. The

new blood vessels, close and within the tumour, give it with basic nutrients for development.

Angiogenesis in solid tissues is controlled by the adjust between anti- and pro-angiogenic

factors (bottom), and this adjust is destroyed by the predominance of angiogenic components

in tumours, resulting in anomalous structure and function of blood vessels and driving to

hypoxia. This returns the adjustment and normalizes the vasculature. Figure adapted from

(Singh et al. 1995).
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1.8. Breast cancer and autophagy

1.8.1. Autophagy

Autophagy is a highly kept catabolic control mechanism accountable for the bulk

degradation of cytoplasmic organelles and intracellular molecules in a lysosome-

dependent manner to keep cellular homeostasis. Three common types of autophagy;

microautophagy, macroautophagy, and chaperone-mediated autophagy are identified

until now (He and Klionsky 2009; Lee et al. 2012) .

Shortly, autophagy is frequently activating as an adaptive survival response to diverse

stress stimuli for example, nutrient deprivation is sensed by AMP-activated protein

kinase (AMPK), dephosphorylate the serine-threonine protein kinase ULK1, that is

the main part of the initiation of multi-protein complex comprising involving ATG13,

ATG101 and FAK Family Kinase Interacting Protein of 200 kDa (FIP200).

Afterwards, during the initiation of autophagy, ULK1 dissociates from the

mammalian target of rapamycin complex 1 (mTORC1), leading to ULK1

autophosphorylation and at this moment enzymatically active and phosphorylates

ATG13 (He and Klionsky 2009; Kim et al. 2011; Yu et al. 2018) (Figure 14A). Later,

the autophagic process begains with formation of double membrene containing

phagophors that further involves elongation and forms autophagosomes.

Afterwards, the ULK1 complex also phosphorylates Beclin1, leading to the

recruitment of class III phosphatidylinositol 3-kinase (PI3K) Vacuolar Protein Sorting

34 (VPS34) and its activating kinase Vacuolar Protein Sorting 15 (VPS15), ATG14L

and Beclin-1; forming a complex is involved in the nucleation of the phagophore

(Hamacher-Brady 2012; Parzych and Klionsky 2014).
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The elongation of autophagosomes needs two ubiquitin-like conjugation systems,

ATG12-ATG5-ATG16L (Figure 14B) and LC3-II (LC3-I/phosphatidylethanolamine),

that contribute to the continuation of the phagophore. Therefore, VPS34 starts

phosphatidylinositol 3-phosphate (PI3P), that turns to bound by the WD-repeat

protein Interacting with Phosphoinositide 1 and 2 (WIPI1 and 2) proteins that serve as

adaptors for the ATG7-mediated formation of the ubiquitin-like conjugation ATG5–

12-16L complex (Figure 14B). After that, the microtubule-associated light chain 3

(LC3) proteins (LC3A, LC3B, LC3C) and other ATG8 homologs, GABA Type A

Receptor Associated Protein (GABARAP, GABARAPL1, GABARAPL2) are

processed by ATG4 proteases into LC3-I (GABARAP-I). LC3-I is conjugated to

phosphatidylethanolamine (PE) by the ATG3-7 and the ATG5-12-16L complex

generating LC3-II (GABARAP-II), that incorporates into the phagophore membrane.

This permits the elongation and closure of the phagophore that is giving rise to an

autophagosome (Figure 14B,C) (Hamacher-Brady 2012).

At the same time as elongation, autophagosomes engulf intracellular constituents for

example, organelles and protein aggregates and finally fuse with lysosomes to form

autolysosomes where the content is degraded via hydrolysis. Then, the intracellular

yields products are amino acids, glucose, and free fatty acids, after autophagic

degradation which acts as energy substrates for macromolecule synthesis (He and

Klionsky 2009; Mizushima and Komatsu 2011) (figure 14D, E).

In breast cancer, autophagy acts as a tumour-suppressor and tumour promoter,

playing double roles that could be contributed to distinct context and stages of

tumorigeneses.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8229352/figure/cells-10-01447-f001/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8229352/figure/cells-10-01447-f001/
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Figure 1.14: Autophagic pathway. The autophagic pathway can be separated into five

primary steps: Start, Stretching, Development, Fusion, and Degradation. (A) During the start,

push components to make ubiquitin-like complex by repressing mTOR. (B) The ubiquitin-

like complex initiates and actuates the ATG9–ATG2 complex and the Beclin1 complex that

start phagophore arrangement at the PAS. The Beclin1 complex further encourages layer

elongation by selecting the primary ubiquitin-like conjugation system composed of ATG5, -

12, and -16L. (C) During maturation, the moment ubiquitin-like conjugation system that

incorporates LC3 and GABARAP-I by the ATG4 protease taken after by the conjugation and

attached with AGT3 with LC3-II, GABARAP-II and joining into the confinement layer (IM)

through ATG5/12 /16L and ATG3/7complexes, that leads to the Fusion and degradation of

the autophagosome, subsequently consolidating cytoplasmic substance. (D, E) When in near

vicinity, autophagosomes and lysosomes meld, and the cargo is corrupted into cellular

building blocks (i.e., amino acids)
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1.8.2. Autophagy induction in breast cancer

Thus, during tumour initiation, autophagy is thought to serve a beneficial tumour

suppressing role via instance, binding inflammation, tissue damage, and genome

instability, and via inhibition of oncogene-induced senescence, thereby restricting the

invasion and dissemination of cancer cells from the primary site (Dong et al. 2013). In

addition, while cancer cells overcome cytotoxic effect in response of anticancer

agents due to dysfunction of apoptotic signals, autophagy induction shows therapeutic

benefit such as, autophagy efficient drug-induced cell death in caspase-3 deficient in

breast cancer by inducing cell cycle arrest through autophagy mediated down

regulation of cyclin D1expression (Chen et al. 2019; Li et al. 2019). Moreover,

HDAC inhibitors deals a potential candidate to induces autophagy in LC3B-

dependent autophagy by activating cathepsin B and inhibits the survival of breast

cancer MDA-MB-231 cells (Han et al. 2017). Several evidence demonstrates that

natural bioactive compounds play an effective autophagy inducer. For example,

grapes polyphenol resveratrol, curcumin, aaptamine, demethyloxyaaptamine, and

isoaaptamine promotes autophagy by the down regulating of Wnt/β-catenin signalling

pathway. Additionally, resveratrol significantly reduces the percentage of BCSCs in

SUM159 and MCF7 cell lines and inhibits mammospheres (Alayev et al. 2014; Fu et

al. 2014; Guan et al. 2016; Wu et al. 2018). Similarly, flavonoids show anti

proliferative effects via induction of autophagy by inhibiting Phosphatidylinositol-

4,5-Bisphosphate 3-Kinase Catalytic Subunit γ (PI3Kγ), that provokes the

PI3K/AKT/mTOR/ Ribosomal Protein S6 Kinase (p70S6K)/ULK pathway in breast

cancer cells (Park et al., 2016).
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1.8.3. Autophagy inhibition in breast cancer

Inhibition of autophagy involves in different types of cancer including breast cancer

where its play as a tumour-suppressive and tumour-promoting functions. For

inhibiting autophagy, targeting PI3K/AKT/mTOR pathway is more potential in cancer.

For instance, activates PI3K/AKT/mTOR pathway by down regulation of ETS

transcription Factor ELK3 (ELK3), activates PI3K/AKT/mTOR pathway via

inhibition of autophagy in MDA-MB-231 cells that increase chemosensitivity of

anticancer drugs (Kong et al. 2016; Park et al. 2016a). Furthermore, reduction of cell

viability by inhibiting autophagy via down regulation of genes ATG5, BECN1, or

ATG7 and LC3genes in MCF7 and T47D breast cancer cell lines (Qadir et al. 2008;

Vazquez-Martin et al. 2009). In in vitro studies shows that up regulating autophagy

inhibitor and ATG12 silencing reduces tumour proliferation and reduces cell viability,

colony formation and migration in ER2+ SUM-190 basal breast cancer cell lines

(Dziri et al. 2012; Vega-Rubín-de-Celis et al. 2018; D’Archivio et al. 2019).

Interestingly, autoghagy potentially inhibits while autophegic gene Beclin1 bind with

over expressive HER2 in breast cancer (Vega-Rubín-de-Celis et al. 2018). Finally,

autophagy suppression leads to significant drug re-sensitization in different settings,

indicating that autophagy acts as a survival mechanism to overcome the cytotoxic

effect of chemotherapy or targeted cancer drugs or molecules, thereby supporting the

translational use of autophagy-modulating components.

1.9. Garlic

Recent consideration paid to agricultural and nourishment crops especially those that

combine nutritional and health benefits, so-called ‘‘functional foods’’. Among them,

members of the sort of Allium, primarily garlic have gotten specific consideration as a
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solidified source of functional ingredients (Kamanna and Chandrasekhara 1980; Dziri

et al. 2012; Ritota et al. 2012; D’Archivio et al. 2019).

Table 1.1. Examples of different forms of garlic and their active compounds

Garlic form Active compounds in garlic product

Raw garlic Allicin and γ-glutamyl-S-allylcysteine

Garlic powder Alliin and a small amount of oil-soluble sulfur

compoundsGarlic essential oil Oil-soluble sulfur compounds (DAS, DADS, etc.)

Aged garlic extract

(AGE)/black AGE

Mainly water-soluble compounds (e.g., SAC,

SAMC or saponins), small amount of oil-solubleGarlicin®

supplement (garlic

Alliin, allicin, and other allyl thiosulfinates

Kyolic® supplement

(AGE) (Wakunaga of

Mainly water-soluble compounds, γ-glutamyl-S-

allylcysteine, SAC
(Adapted from Farhat et al., 2021)

1.9.1. Garlic Origin and Geographical discrimination

Garlic (Allium sativum L.) is developed since ancient times and has been utilized for

centuries as a nourishment condiment and both preventive and healing specialist in

traditional medication. However, it should be noted that the content of these bioactive

compounds can vary depending on the genotype, agronomic conditions,

environmental factors, maturity, and post-harvest conditions (Hrbek, et al., 2018).

Also, the elemental composition of plants reflects the soil from where these are grown.

Classification of garlic according to the cultivars and the topographical origin was

endeavoured to utilize compositional information given by 1H high resolution magic

angle spinning-nuclear magnetic resonance (HRMAS-NMR) spectroscopy (Ritota et

al. 2012), high resolution mass spectrometry (Hrbek et al. 2018), fourier transform

https://www.sciencedirect.com/topics/chemistry/magnetic-resonance
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/spectroscopy
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/resolution-mass-spectrometry
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/fourier-transform-infrared-spectroscopy
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infrared spectroscopy (Montaño et al. 2011), high performance liquid chromatography

(Montaño et al. 2011). The over studies demonstrated the unique mark capacity of the

organo-sulfur compounds and other metabolome components, counting natural acids,

sugars, fatty acids and amino acids.

Garlic samples cultivated in various countries that differentiates with good accuracy

by comparing the trace metal profile of the sample with authentic reference samples.

The mineral composition of garlic similar where it’s cultivates rather than the origin

of the bulb, that supports the close connection between garlic components and that of

the growing soil. Although trace metal data are useful to establish the country where

garlic is cultivated to enforce existing importation laws and regulations, the

discriminatory power of mineral composition for tracing local garlic varieties

cultivated in specific regions. Regarding this, they found the great potentiality of the

mineral composition for the geographical discrimination of garlic such as the

discriminant chemical species (Ba, Ca, Fe, Mg, Mn, Na and Sr) and also garlic

cultivated in SU and CL or PR and PR sites, they reflect the greater similarity in the

soil characteristics of these territories (D’Archivio et al. 2019) (Figure 15).

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/fourier-transform-infrared-spectroscopy
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/high-performance-liquid-chromatography
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Figure. 1.15. Geographical origin of the Italian red garlic samples: Sulmona (SU), Proceno

(PR), Castelliri (CL) and Nubia (NU). Adapted from D'Archivio et al., 2019.

In addition, this geographical variation can be seen in also for polyphenol in garlic.

The high quantity of polyphenols obtained from the the Australian grown garlic

cultivars which exhibits a potent antioxidant capacity and stronger antimicrobial

activity than the commercial non-Australian grown garlic (Phan et al. 2019). further,

total phenolic content differs from the different garlic cultivars grown at four

locations in Andalusia and Spain (Agarwal, 1996).

1.9.2. Bioactive profile of Garlic

Garlic is covered as a functional flavor because of its differing cluster of wholesome

constituents, phytochemicals, and fiber. It contains high levels of potassium,

phosphorus zinc, and sulfur, moderate levels of selenium, calcium, magnesium,

manganese, press, and low levels of sodium, vitamin A and C, and B-complex

(Agarwal 1996). Within the last long time, impressive consideration has been given to

its fundamental bioactive compounds, especially polyphenols, flavonoids, flavonols,

tannins (Gorinstein et al. 2008), saponins (Diretto et al. 2017), polysaccharides (Wang

et al. 2018), sulfur-containing compounds (counting alliin, allicin, ajoene, allylpropyl

disulfide, DATS, S-allylcysteine, vinyldithiins, SAMC), proteins (like allinase,

peroxidase, myrosinase), and other compounds, such as β-phellandrene, phellandrene,

citral, linalool, and geraniol (Setiawan et al. 2005). There are more than twenty well-

known polyphenolic compounds in garlic, counting kaempferol 3,7-di-O-rhamnoside,

kaempferol-3 glucuronide, kaempferol-3-O-glucoside, kaempferol-3-O-beta-D-

glucoside-7-O-alpha-L-rhamnoside, luteoline, and apigenine (Dziri et al. 2012). In

addition, it contains 17 amino acids with eight fundamental amino acids (Fenwick et
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al. 1985). For the most part, bioactive compounds are shown in intact garlic, but, after

chopping or smashing, a better number of compounds, such as allicin, DAS, Fathers,

dithiins, and ajoene have been found after distinctive sorts of chemical responses

(Londhe et al. 2011; Rana et al. 2011).

1.9.3. Chemical composition of garlic

1.9.3.1. Proximate composition

Nutritional significance based on the content of protein, carbohydrates, fats, and

minerals ordinarily evaluated by proximate compositional analysis. According to

previous investigations, proximate composition of garlic contains moisture contents

64.58 %, crude protein 7.87 %, crude fat 0.52 %, crude fiber 2.3 %, ash 2.46 % and

NFE 22.27 %, based on dry matter (Sajid et al. 2014) (Figure 2). Also, comparative

studies between Multi-clove and Single clove garlic in Bangladeshi Indigenous shows

that Imported Large Multi clove garlic cultivator have moderately high in protein, fat

and ash substance, while indigenous multi clove garlic is composed of more

prominent carbohydrate and total energy value (Lina et al. 2020).

Table 1.2. Proximate composition of garlic

Parameter Quantity (%)

Moisture 64.58± 2.06

Crude protein 7.87±0.32

Crude fat 0.52±0.01

Crude fiber 2.3±0.08

Ash 2.46±0.09

NFE 22.27±0.95

Data are collected from Sajid et al., 2014
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1.9.3.2. Mineral composition

Minerals play a critical part in human biological system through holding typical

metabolism, ensuring the intemperate generation of free radicals, controlling the

circulatory system and generation and catalyst distinctive biochemical responses.

Hence it is vital they are provided by diet (da Silva et al. 2016). Extensive research

has been carried out to estimate the number of mineral elements present in garlic.

According to the previous data, mineral profile of garlic (Table 3) mention that it

composed of potassium as a crucial mineral in a maximum quantity followed by

phosphorous, iron, calcium, sodium and magnesium respectively. Furthermore, other

minerals like zinc, manganese and copper were present in lowest quantities

respectively (Sajid et al. 2014) which make garlic a potential controller of blood

pressure, liquid balance, anti-cardiac arrhythmias, anti-sudden cardiac death, anti-

hypertension, anti-atherogenesis, anti-ischemic heart malady, anti-diabetic and

fundamental in teeth and bone formation (Karppanen 1991). Therefore, low amount

than normal dietary, intake of Mg has been recognized as a strong risk factor for

hypertension, ischemic heart illness, atherogenesis, cardiac arrhythmias, and sudden

cardiac death (Altura and Altura 1991). Chromium (Cr) and Zinc (Zn) acts as a co-

factor for insulin that makes garlic pertinent to the treatment of diabetes (Kimura

1996) whereas, P, Ca and Mg are basic for bone and teeth arrangement (Okwu and

Omodamiro 2005). The non-detection of Pb and Co is of extraordinary advantage to

consumers of garlic as these components can be profoundly toxic even at low

concentrations (Oloyede 2005)
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Table 1.3.Mineral composition of garlic.

Mineral Concentration mg/100g

Potassium 54.65±1.74

Calcium 19.83±0.83

Phosphorus 9.54±0.34

Iron 4.21±0.15

Sodium 4.1±0.18

Magnesium 3.97±0.13

Zinc 0.34±0.01

Manganese 0.016±0.00

Copper 0.012±0.00

Data are collected from Sajid et al., 2014

1.9.3.3. Organosulfur profile

The most important intial organosulfur compounds presents in intact garlic clove is

alliin (S-allylcysteine sulfox-ide) that greatly differ from that present in garlic juice

obtained after crushing garlic. However, the whole bulbs consist of non-volatile γ-

glutamyl-S-alk(en)yl-l-cysteines, namely, γ-glutamyl-S-trans-1-propenyl-l-cysteine,

γ-glutamyl-S-allyl-l-cysteine, and S-alk(en)yl-l-cysteine sulfoxides such as S-(trans-1-

propenyl)- l-cysteine sulfoxide (isoalliin), S-allyl-l-cysteine sulfoxide (alliin), and S-

methyl-l- cysteine sulfoxide (methiin) (Block 1992; Amagase 2006). Besides, cutting

or crushing garlic cloves discharges allinase enzyme sequestered in the vacuoles,

which encounters cytosolic alliin to transform it into thoisulfinates of which the most

prominent is allicin. Therefore, the highly unstable, reactive, and volatile allicin
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decomposes to yield a large number of sulfides such as diallyl disulfide (DADS),

diallyl trisulfide (DATS), diallyl sulfide (DAS), methyl allyl sulfide, methyl allyl

disulfide (MADS), vinyl dithiins (2-vinyl-1,3-dithiin, 3-vinyl-1,2-dithiin) ajoen

(Brodnitz et al., 1971). Particularly, when allicin react with -SH groups and produce

water soluble compounds S-allyl cysteine (SAC) or S-allylmercaptocysteine (SAMC).

Water soluble organosulfur have less flavour than oil soluble compounds. The initial

compound GSAC is converts into SAC and this reaction is catalyzed by γ-

glutamyltranspeptidase (γGT) (Rabinkov et al. 2000).

Whole garlic contains γ-glutamyl-S-allyl-L-cysteines. When whole garlic is

cut/crushed, alliinase, an enzyme found in the cell wall, converts alliin into allicin and

other thiosulfinates diallyl disulfide (DADS), diallyl sulfide (DAS), diallyl trisulfide

(DATS)). When garlic is extracted in an aqueous solvent γ-Glutamyl-S-allyl-L-

cysteines are converted into water-soluble compounds including S-allyl-cysteines

(SAC) (Farhat et al. 2021).

1.9.3.4. Lipid profile

In several studies demonstrate oleic, linoleic and linolenic are the major unsaturated

fatty acids that have significance pharmacological properties in garlic. However,

chloroform-methanol extricated lipids of garlic (Allium sativum Linnaeus) measured

to 0.6% compared to 0.5% extricated by petroleum ether on a dry weight basis.

Fractionation by silicic acid column chromatography appeared that garlic lipids

include 62.6% neutral lipids 14.0% glycolipids and 23.4% phospholipids. Garlic

lipids contain a considerably high rate of polar lipids (Table 4).
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Figure 1.16: Conversion of oil and water-soluble compound to their metabolite of garlic

organosulfur. Adapted by partial modification from (Farhat et al. 2021).

The fatty acid composition of the total lipids (TL) and component divisions appeared

that palmitic, oleic, linoleic and linolenic acids constituted the major fattyacids; capric,

laurie, myristic and stearic acids produced about 6% in total lipid. The unsaturated

fatty acids together produced to 72-80% and among these, linoleate was transcendent

in add up to lipids as well as in the neutral (NL) and phospholipid (PL) divisions. In

contrast the glycolipid division was wealthier in linolenate (37.5%) compared to 4-

9.5% in TL, NL and PL. consequently, in the neutral lipids, triglycerides were

predominant (80.5∼83.6 mg/g) with smaller amounts of free sterols, free fatty acids,

and sterol esters being present. 1, 2-Diacylglycerol acetates, 1, 3-diacylglycerol

acetates and cholesterol acetates were too probably distinguished. aditionally,

esterified steryl glycosides and steryl glycosides were main sugar-containing lipids,

but monogalactosyl diglycerides, cerebrosides, digalactosyl diglycerides and sulfo

lipids were relatively minor components and the phospholipids, phosphatidyl cholines

and serines, and phosphatidyl ethanolamines were the main components, comprising

over 85% of this class. A Phosphatidic acid and phosphatidyl inositols were also
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present. The major fatty acids in the total and three lipid classes were palmitic,

linoleic, linolenic acid and oleic (Kamanna et al., 1980; Kennedy and Wightman,

2011; Jang et al., 2008).

Table 1.4. Lipid composition of garlic

Fatty Acid Total amount (%)

Total lipid Neutral Glycolipid Phospholipi

CIO:0 0.5 1.0 0.7 TR b

C12:0 0.5 0.5 2.8 1.0

C14:0 TR TR 1.7 TR

C16:0 24.6 ± 0.6 13.8 ± 0.4 21.0 ± 1.1 26.6 ± 0.8

C18:0 TR TR 0.9 ± 0.2 0.5 ± 0.1

C18:1 3.1 ± 0.7 6.6 ± 0.4 6.0 ± 0.3 3.5 ± 0.2

C18:2 64.8 ±0.8 64.3 ± 1.0 28.5 ± 2.0 64.1 ± 0.8

C18:3 5.7 ± 0.5 9.5 ± 0.3 37.5 ± 2.6 4.0 ± 0.4

Total unsaturated fatty acids 72.6 80.4 72.2 71.6

1.9.3.5. Phenolic profile

Polyphenols are naturally occurring compounds found largely in fruits and vegetables

and that can be separated into flavonoids (flavonols, flavones, flavanols, flavanones,

anthocyanidin, chalcones and isoflavones) and non-flavonoids (phenolic acids). All

these compounds are frequently found as a secondary plant digestion system and are

characterized by the presence of numerous phenolic groups related to more or less

complex structures (Kennedy and Wightman 2011). The antioxidant properties of

these poly phenols including total phenolic content (TPC), total flavonoid content

(TFC), tannin content, in fruits and vegetables.



61

Interestingly, garlic contains diverse range of phenolic compound, for example, tannin

where, tannins are mostly composed of proanthocyanidins, which are polymers of

oligomeric flavonoids with mostly catechin and epicatechin. Other phenolic

compouns such as, kaempferol-3-Glucuronide, kaempferol-3-O-glucoside,

kaempferol-O-beta-D-glucoside-7-O-alpha-L-rhamnoside, 3,7-di-O-rhamnoside,

luteoline and apigenine in different varieties (Gorinstein et al., 2008; Dziri et al.,

2012). However, black garlic whole bulbs contain 2.5-fold higher polyphenol

compare with raw garlic (Jang et al. 2008).

In addition, garlic extract also contains various type of phenolic acid such as vanillic

acid, caffeic acid, p-Coumaric acid, ferulic acid, sinaptic acid and flavonoids

(quercetin, isoquercetin, and kaempferol) and Anthocyanins (Cyanidin-3-(6’-

malonyl)- Glucoside, Cyanidin-based compound, Pelargonidin-based compound) are

found in garlic and garlic skin that indicate garlic by-product also a potential source

for poly phenols(Phan et al. 2019; Maharani et al. 2020).

The presence of phenolic compound has been recognized as the most capable for the

antioxidant activity of garlic, that's primarily related with the capacity of free radical

scavenger, through the arrangement of more steady and less poisonous atoms.

Phenolic compounds stabilize free radicals when they grant off hydrogen from one of

their hydroxyls gather; the degree of movement is related to the number of their

hydroxyl groups (Chen et al. 2013). Moreover, poly phenols may be able to balance

supplement accessibility through the inhibition of digestive enzymes involved in lipid

and starch breakdown, which might lead to advantageous impacts on calorie intake,
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weight (McDougall et al. 2009), antioxidant, anti-microbial and anticancer (Dziri et al.

2012).

However, the chemical structure of flavonoid like estrogen that have unique

advantages in the prevention and treatment of breast cancer. Flavonoids can hinder

the occurrence and advancement of breast cancer from different viewpoints. Most

instruments incorporate the restraint of high impact glycolysis, the advancement of

apoptosis, the impediment of the cell cycle, the suppression of intrusion and

relocation, the acceptance of DNA damage, and the restraint of aromatase and

microtubule generation (Vaya and Tamir 2004).

1.9.3.5.1. Antioxidant properties of garlic

Natural antioxidant, especially cancer prevention agents from natural sources such as

natural products, vegetables, and herbs have gained popularity due to their defensive

properties to contribute the protection against oxidative stress in humans. Garlic

possesses potential health-promoting effects due to its high phenolic and flavonoid

contents and shows potential antioxidant activity (Nuutila et al. 2003a). Antioxidant

activity determines mainly by free radical scavenging against 2,2-diphenyl-1-

picrylhydrazyl radical (DPPH ) and 2,2′-azino-bis-(3-ethylbenzo-thiazoline-6-sulfonic

acid) diammonium salt (ABTS+ ), Fe (III) reducing ability (FRAP) in garlic and its

components. Garlic applies antioxidant activity by scavenging ROS, improving the

cellular antioxidant proteins superoxide dismutase, catalase, and glutathione

peroxidase, and expanding glutathione within the cells and reducing the radiation

sensitivity of normal tissues that are adjacent to tumours. When comparing the

evolution between crude garlic and finished dark garlic, an eminent increase is
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observed within the total polyphenol substance, antioxidant capacity and total

polyphenol index (Kang et al. 1996).

1.9.4. Bioavailability and Metabolism

Based on several in vitro studies for cancer treatment, an expansive number of in vivo

and clinical thinks have been conducted on crude garlic and/or its definition, although

results are clashing. In fact, the most sulfur containing groups show diverse

bioavailability between crude garlic and particular garlic supplement formulations.

For illustration, the bioavailability of allicin from nine garlic-based nourishment and

garlic supplements was tried on 13 subjects measuring the concentration bend of

breath allyl methyl sulfide, the foremost imperative garlic metabolite, highlighting the

next bioavailability of allicin from garlic supplements than that of pulverized crude

garlic (Lawson and Hunsaker 2018).

In crushed raw garlic cloves, allicin is liable for most of the pharmacological activity

and it is metabolized immediately under enzyme-inhibiting gastrointestinal conditions

(half-life <1 min) to allyl-mercaptan. After consuming a large amount (25 g) of

crushed raw garlic, allicin and its metabolites are available in the blood, urine, and

stool (Figure 17) (Lawson and Hunsaker 2018). Similarly, after intravenous injection,

allicin rapidly disappears from circulation and is transformed into secondary

metabolites, including E-ajoene, 2-ethenyl-4H-1, 3-dithiin, and DADS (Freeman and

Koder 1995).
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Figure 1.17: Schematic illustration of absorption, metabolism, and distribution of garlic

organosulfur compounds in the gastrointestinal (GI) tract. The absorption of garlic occurs in

the GI tract where allicin is released from alliin and contacts with cystine that is released from

protein diet, forming S-allylmercaptocysteine (SAMC). After metabolism, the secondary

metabolites of allicin including E-ajoene, 2-ethenyl-4H-1, 3-dithiin, and diallyl disulfide

(DADS) are available in blood, urine, and faces.

On the other hand, allicin bioavailability of enteric tablets varies from 36% to 104%

at ≥0.5 h after garlic product consumption, which was decreased from 22% to 57% in

breath, when eating with a high protein meal. Independent of meal type, garlic

capsules gave 26–109% lower bioavailability, while non-enteric tablets showed 80–

111% higher bioavailability (Lawson and Hunsaker 2018).
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Additionally, protein derivative cystine interacts with allicin quantitatively at body

temperature to form two equivalents of SAMC. This probably happens when cysteine

is released from digested meal protein and comes in contact with allicin released from

garlic products in the gastrointestinal tract. In addition to this, after an oral

administration of 200 mg/kg of DADS in rats, the main metabolites, such as allyl

methyl sulfoxide and allyl methyl sulfone, were found in plasma, stomach, liver, and

urine (Germain et al. 2002). Aged garlic extract (AGE) contains primarily water-

soluble organosulfur compounds, for example, S-allyl cysteine (SAC) and SAMC that

have different pharmacokinetic behaviours than oil-soluble organosulfur compounds

(Nagae et al. 1994). After garlic oral administration, SAC is absorbed immediately

from the gastrointestinal tract (GI) tract, its half-life is more than 10 h and the renal

clearance is more than 30 h in humans. The result after the evaluation of the safety

and efficacy of SAC illustrated that it seems to play a key role in the biological effects

of garlic (Berginc et al. 2010). Finally, extraction may improve the bioavailability of

the whole garlic as well as of different crude ingredients and reduce toxicities. For

example, in AGE, during the extraction process, the odorous, harsh, and irritating

compounds of garlic are naturally transformed into stable and safe sulfur compounds;

moreover, different toxicological studies have confirmed the safety of aged garlic

(Miraghajani et al. 2018).

1.9.5. The potential impact of garlic on human health

1.9.5.1. Garlic and Cancer

1.9.5.1.1. Therapeutic anticancer effect of garlic on human studies

Cancer is one of the main causes of deaths worldwide. Based on National Cancer

Database and the Surveillance, Epidemiology, and End Results, about 16.9 million
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people were identified with cancer in 2019 and this number will probably rise to more

than 22.1 million in 2030 (Miller et al. 2019). The Food and Drug Administration’s

evidence-based review system for the scientific evaluation of health showed no

reliable evidence for the relation between garlic and a reduced risk of gastric, breast,

and lung cancer (Rivlin 2009). However, credible evidence for an association between

garlic intake and colon, prostate, oesophageal, larynx, oral, ovary, and renal cell

cancers has been reported, even if all studies were observational and the number of

such trials that are scientifically considered valid in this analysis is remarkably few

and the number of subjects involved generally small. As a result, relations between

garlic and reduction of risk of cancers are still uncertain (Kim and Kwon 2009;

Zuniga et al. 2019). Interestingly, garlic can provide symptomatic relief of various

cancer conditions, including breast, colorectal, colon, gastric, lung, and pancreatic

cancers. It may be a therapeutic potential for specific cancer treatment that has been

reported in human-based clinical studies. In this context, personalized diets with

supplemented functional elements, including functional phytochemicals, such as allyl

sulfur compounds or allicin, have provided high amounts of antioxidants to patients in

chemotherapy and in remission (Lee et al. 2015). A randomized controlled trial

showed that dietary intervention for six months among breast cancer survivors

increased adherence to a Mediterranean style diet and consequently raised the

consumption of anti-inflammatory spices, such as garlic (Zuniga et al. 2019). Another

randomized double-blind factorial trial on garlic highlighted a decreased appearance

of precancerous gastric lesions or gastric cancer (You et al. 2006), while consumption

of 200 mg of synthetic allitridum (diallyl trisulfide) with 100 mg of selenium reduced

gastric cancer risk (Li et al., 2004); similar results were found with 7.3 years

consuming garlic supplementation at a dose of 200 mg caps or steam-distilled garlic

oil 1 mg two times per day that reduced advanced gastric lesions (You et al. 2006). In
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addition, long-term consumption of garlic, garlic supplements or garlic with vitamins

reduced gastric cancer (Ma et al. 2012), precancerous gastric lesions (Gail and You

2006), and mortality rate (Li et al. 2019). Garlic supplementation at a dose of two

capsules two times a day for 7.3 years increased serum folate and improved moderate

folate deficiency in patients with gastric lesions in rural Chinese populations(Wang et

al. 2009). In addition, the intake of garlic supplements <0.60 to >3.65 kg per year for

two years was significantly associated with decreased risk of colorectal adenoma,

which is a precursor of colorectal cancer (CRC) (Dreher 2018; Wu et al. 2019).

Epidemiological studies of randomized controlled trials explained that the

administration of GE decreased colon adenomas and CRC in patients with CRC (Ngo

et al. 2007) via increased NK cell activity (Ishikawa et al. 2006). Correspondingly,

AGE at a dose of four caps per day for six months prevented the reduction of NK cell

number in patients with liver and pancreatic cancer (Ishikawa et al. 2006).

Few epidemiological studies conducted in the Chinese population found a significant

inverse relation between consumption of raw garlic or garlic components 8.4 g or 33.4

g per week for seven years and lung cancer (Jin et al. 2013). Finally, GE showed

preventive effect on febrile neuropathy after receiving chemotherapy in patients with

hematological malignancies, potentially reducing the risk of chemotherapy related

febrile neutropenia after receiving GE at 900 mg per day for three weeks compared

with placebo (Gatt et al. 2015).

Numerous mechanisms have been recommended to explain the chemo-preventive

effects of garlic, including the inhibition of DNA adduct formation, the inhibition of

mutagenesis by blocking metabolism, through its free-radical scavenging, or by

decreasing cell proliferation and tumour growth (Jin et al. 2013). In this context,
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(Charron et al. 2015)performed a clinical trial on gene expression related to immunity,

apoptosis, and xenobiotic metabolism in humans, after consumption of 5 g raw,

crushed garlic daily for 10 days. A single meal containing raw crushed garlic

activated the expression of seven genes, such as activating protein with

immunoreceptor tyrosine-based activation motif 1, aryl hydrocarbon receptor nuclear

translocator, aryl hydrocarbon receptor, hypoxia-inducible factor 1α, c-Jun, nuclear

factor of activated T cells, oncostatin M and V-rel avian reticuloendotheliosis viral

oncogene homolog in blood of healthy volunteers, thus inhibiting tumourigenesis.

This section adapted from the paper already published: Ansary, J., Forbes-Hernández, T. Y.,

Gil, E., Cianciosi, D., Zhang, J., Elexpuru-Zabaleta, M., ... & Battino, M. (2020). Potential

health benefit of garlic based on human intervention studies: A brief overview. Antioxidants,

9(7), 619. doi: https://doi.org/10.3390/antiox9070619

1.9.5.1.2. Garlic treatment and management of breast cancer

Garlic, an Allium vegetable, contains rich vitamins, fatty acids esters,

polyphenols/phenolics, flavonoids sulfur containing compounds that have strong

anticancer properties. Epidemiological considers appeared compelling prove that

garlic utilization is related with diminished chance of breast cancer due to its effects

on scavenging free radicals, modulating the immune system and ROS (Farhat et al;

Malki et al., 2009; LI, 1995).

Garlic shows anti proliferative effect when treatment with garlic components DATS

reduces cell proliferation of breast cancer MCF17 and MCF12A cell lines (Malki et al.

2009). Similarly, aged-garlic extract and two water-soluble compounds, SAMC and

SAC exhibits in breast cancer MCF7 and MCF7ras cells (Li et al. 1995). Cell

https://doi.org/10.3390/antiox9070619
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proliferation inhibits by the accumulation of cells within the G0/G1 or G2/M phase of

the cell cycle, depending on the concentration of allicin, and not by a noteworthy

increment in cell passing. Moreover, SAC up regulates E-cadherin expression and

downregulates MMP-2 expression in MDAMB-231 cells and prevents migration,

adhesion, and invasion as well cell proliferation (Gapter et al., 2008).

In this regard, it might be concerning that alliin, a precursor of allicin, did not

successfully prevent the expansion of MCF-7 cells. Allicin is metabolized

exceptionally quickly, and a few metabolites have been tried for anticarcinogenic

action against human and canine breast cancer cell lines (Sigounas et al. 1997). It

might be concern that, oil-soluble compound such as DAS, DADS, DATS has greater

antiproliferative effects compare with twater-soluble compound such as SAC and

SAMC (Sundaram and Milner 1996).
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OBJECTIVE

The main objective of the present work was to evaluate the anticancer potential of

garlic extract on in vitro breast cancer models targeting different molecular pathways.

For such purpose human adenocarcinoma breast cancer cells MCF7 cell model was

chosen and treated with garlic extract. The following specific objectives were set as:

 To characterize the phytochemical contents of garlic extract and their antioxidant

capacity.

 To evaluate the in vitro digestion of garlic by characterization the phytochemical

contents of digested garlic extract and their antioxidant capacity.

 To evaluate the anti-proliferative effects of garlic extract on human breast cancer

cells by performing cell viability, intracellular ROS production assay, apoptosis

and cell cycle and evaluate their effects on some autophagy related protein.

 To evaluate the cytotoxic effects of garlic extract on human non-tumourigenic

epithelial MCF10A cell line.

 To determine the energy metabolism by observing several parameters of

mitochondrial respiration or oxygen consumption rate (OCR) and glycolysis or

extracellular acidification rate (ECAR) in breast cancer cell line.

 To determine the anti-metastasis effects of garlic, extract on human breast cancer

cells by migration and colony formation assay, as well as by observing the

expression of invasion, EMT, metastasis marker and evaluate their effects on

some pro angiogenic factors.
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 To evaluate effect of garlic extract on the expression of proteins and gene related

to, inflammation, apoptosis, cell cycle, ER stress, migration, Nrf2/Keap1, EGFR

and NFκβ signalling in breast cancer cell lines.
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CHAPTER 2. MATERIALS AND METHODS
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2.1. Plant materials

Garlic (Allium sativam), the best time of planting is between the mid October to mid-

November and harvesting time takes 135 to 145 days after planting. BARI Rashun-1

variety were cultured and provided by Spices Research Centre, Bangladesh

Agricultural Research Institute, Bogra, Bangladesh. Garlic cloves were washed and

dried at 40 o C in a microwave oven, and then ground into powder using a manual

grinder. The powdered mass obtained was stored in airtight Polyvinyl chloride (PVC)

package at 4 0 C for further analysis.

2.2.1. Chemicals and Reagents

Sodium carbonate (Na2CO3), 2,4,6-tripyridyl-S-triazine (TPTZ), ferric chloride

(FeCl3), gallic acid, sodium nitrite (NaNO2), sodium carbonate (Na2CO3), aluminum

chloride (AlCl3), sodium hydroxide (NaOH), (+)-catechin, glacial acetic acid

(CH3CO2H), methanol (CH3OH), phosphoric acid (H3PO4), L-Leucine, sodium

chloride (NaCl), ninhydrin, acetic acid, potassium persulfate (K2SO4), potassium

sulfate (K2SO4), cadmium chloride hemi (pentahydrate), ammonium ferrous sulfate

and α, α-diphenyl-β-picrylhydrazyl (DPPH) were purchased from Sigma-Aldrich

Chemie GmbH (Steinheim, Germany). Pepsin, bile extract porcine, pancreatic,

ethanol (CH3CH2OH), Folin–Ciocalteu reagent, 6-hydroxy-2,5,7,8-

tetramethylchromane-2-carboxylic acid (Trolox), 2,20-azinobis (3-

ethylbenzothiazoline-6-sulfonic acid) (ABTS, diammonium salt) were purchased from

Fluka Chemie (Buchs, Switzerland). Reagents for cell culture were purchased from

Sigma Aldrich (Milan, Italy). The Tali® Cell Cycle Kit, Tali™ Apoptosis Assay Kit-

Annexin V Alexa Fluor® 488 and Tali™ CellROX® Orange Reagents were

purchased from Invitrogen TM, Life Technologies (Milan, Italy). Purified Millipore
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water was used throughout this works. All chemicals and solvents were of analytical

grade. The other chemicals or kits the not mentioned in this section will be directly

mentioned in the relative descriptive sections of the specific methods.

2.2.2. Antibodies

The primary antibodies hemeoxygenase 1 (HO-1), 8-Oxoguanine DNA glycosylase

(OGG1), ATF6, XBP1, EIF2α, AMPK, PGC1α, NFκB, IL-1β, IL-6, phosphorylated

(p)-IκBα, EGFR and glyceraldehyde-3-phosphate dehydrogenase (GADPH) were

purchased from Santa Cruz Biotechnology (Dallas, TX, USA), while goat anti-rabbit

IgG peroxidase secondary antibody was purchased from Sigma-Aldrich (Milan, Italy).

2.3. Preparation of Garlic extract

2.3.1. Ethanolic extract of garlic powder

Garlic samples were extracted according to procedures previously described by

(Abdul Qadir et al. 2017), with minor modifications. Dried samples were grounded to

pass 80 mesh sieves. Each sample (80g) was extracted with 800 ml of 80% ethanol

and shaken for 1 day at room temperature followed filtration by using a Whatman

grade 1 qualitative filter paper. The obtained ethanolic extract was stored in brown

bottles at 4 ° C for further analysis.

2.4. Evaluation of total phenol and flavonoid contents

The total phenolic content (TPC) was evaluated through the Folin-Ciocalteu method,

as already described by (Singleton et al. 1999) with a few alterations. Gallic acid (GA)

was utilized for the calibration curve (0 - 6 mg/ml). 250 μL of standards or extract,

appropriately diluted, were included to 1.25 ml of Folin-Ciocalteau reagent (10 %),
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after 5 min of incubation at room temperature 1 ml of 7M Sodium carbonate

(Na2CO3) was included. Then, the mixed solution was incubated at room temperature

within the dark for two hours, and thus, the absorbance was measured at 760 nm by

utilizing an UV-Vis spectrophotometer (show DU®6400 Spectrophotometer,

Beckman, Fullerton, CA, USA). The total phenolic content was expressed in mg GA

eq/g DW of garlic.

Total flavonoid content (TFC) was measured by the AlCl3 method portrayed by

(Ariza et al. 2016). Each test was appropriately diluted to be inside the calibration

curve run. Catechin (Cat) was utilized to develop the calibration bend (0.0008-0.05

mg/ml). About 125 μl of standards or extract were mixed with 625 μl of Milli-Q water

and 37.5 μl of Sodium Nitrite (NaNO2) (5 %); after 6 minutes, 75 μl of AlCl3 x

6H2O solution (10 %) were added to the mixture. After 5 minutes, 250 μl of sodium

hydroxide (4 %) were added and a final volume of 1,250 ml was reached with Milli-Q

water. The absorbance was measured by a UV-Vis spectrophotometer (model

DU®6400 Spectrophotometer, Beckman, Fullerton, CA, USA) at 510 nm. The TFC

was expressed in mg Ceq/g DW of garlic.

2.5. Evaluation of phenolic compounds by HPLC-MS

The determination of phenolic compounds in the extracts was performed by a Liquid

Chromatography system (Agilent model 1260 Infinity, Palo Alto, CA, USA) coupled

with triple quadrupole tandem mass spectrometry MS/MS AB SCIEX Triple Quad

3500 (AB Sciex, Foster City, CA, USA), equipped with an electrospray ionization

source (ESI)(Seraglio et al. 2016).

The chromatographic separation was done with a Phenomenex Luna C18 column

(150 × 2 mm; 3-μm particle diameter). The flow rate was 300 μl/min, the injection
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volume was 5 μl, and the mobile phase was composed of Solvent A (water with 0.1%

formic acid) and Solvent B (acetonitrile with 0.1% formic acid). The mobile phase

gradient was programmed as follows: 98% A (v/v) from 0 to 4.0 min, 80–98% A (v/v)

from 4.0–7.0 min, 10–80% A (v/v) from 7.0–14.0 min, 10% A (v/v) from 14.0–15.0

min, 10–98% A (v/v) from 15.0–17.0 min. For the mass spectrometric analysis, a

turbo V™ source, operating both in positive and negative ionization modes, was set

as follows: ion spray (IS) voltage: 4500 V; curtain gas: 25 psi; nebulizer gas (GS1)

and auxiliary gas (GS2): 55 psi; source temperature: 400 ° C. Nitrogen was used as

the nebulizer and collision gas. The acquisition was performed in multiple reaction

monitoring (MRM) mode, and the Analyst 1.6.2 software (AB Sciex, Foster City, CA,

USA) was used for data acquisition and processing. The phenolic compounds were

characterized according to their UV–Vis, mass spectra and their retention times,

compared with authentic standards and data provided by the literature. Calibration

curves were obtained by injection of known concentrations of standards for

quantification.

2.6. Evaluation of organosulfur compounds in garlic extract

Garlic extract was evaporated at 40 ∘ C under reduced pressure, using a rotary

evaporator and dry extract was stored in at -20 ∘ C for further analysis. Approximately

50 mg of garlic-dried extract were added, and 1 ml of dichloromethane was added.

Then, the compounds were extracted by vortexing for 3 minutes and assisting the

extraction with sonication for 10 minutes. The mix was centrifuged at 14000 rpm for

10 minutes and the supernatant was filtered. After filtration, 1 µl of the extract was

injected in split-less mode with Helium (99.999% purity) at 250 ºC and a flow rate of

1 ml/min through a capillary column RTX-5 (Restek, PA, USA) of 5 m length, 0.25

mm internal diameter, and 0.25 µm film. GC oven was programmed as follows: 50º C
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for 1 min, 5º C/min to 150º C, 150º C for 1 min, 15º C/min to 300º C, kept for 20 min.

MS detector was operated at 250 ºC, ionization energy 70 eV. Scan range was from

35 to 350 m/z and scan rate 0.9 scan/s. Organosulfur compounds were identified by

NIST and Wiley mass spectral libraries, and quantified with calibration standards of

the identified compounds .

2.7. Evaluation of mineral content in garlic extract

Ethanolic garlic extracts were evaporated at 40 ∘ C under reduced pressure, using a

rotary evaporator and dry extract was stored in at -20 ∘ C for further analysis. Minerals

in the dried extracts were analyzed in triplicate using an inductively coupled

THERMO X7-model mass spectrometer (ICP-MS) quadrupole. The sample (1 mg)

was acidified with 0.1 mL nitric acid (1/1, v/v) and filtered through a 0.25 µm filter.

The instrumental measurement parameters in the ICP-MS plasma were radio

frequency power (W): 1300; sample flow (l/min): 0.6; Argon flow (l/min): refrigerant

at 13.0, auxiliary at 0.7, and nebulizer at 0.85. The standard multi-element reagent VI

(Merck), consisting of 30 elements, was used to develop the standards in the same

way at different concentrations, together with a blank control. It was used as an

internal 103Rh standard, adding a well-known concentration to both samples,

standards, and control. To verify that spectral interferences were effectively removed

or corrected, a study was carried out with the standards in synthetic solutions and

known concentrations of the elements that make up as interfering compounds.

2.8. Evaluationof total antioxidant capacity

Total antioxidant capacity (TAC) of samples was quantified by Diphenyl-1

picrylhydrazyl (DPPH), Trolox equivalent antioxidant capacity (TEAC) and Ferric

reducing antioxidant power (FRAP) tests. The DPPH assay is based on the method of
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(Kumaran and Joel Karunakaran 2007). The standard Trolox was used to prepare the

calibration curve (50–1000 μM). 50 μl of extract dilute with 450 μL miliQ water then

50 μl of standards or diluted extract were added to a solution of 550 μl of ethanol

(70 %) and 400 μl of DPPH in methanol. The mixture was incubated within the dark

at room temperature for 15 min and then the absorbance was measured by the UV–

Vis spectrophotometer (model DU®6400 Spectrophotometer) at 517 nm. The

percentage of radical-scavenging activity (RSA) was calculated according to the

following equation:

% RSA = (Abs control - Abs sample/Abs control) × 100

Where, Abs is the absorbance. Trolox was used for the calibration curve (50–1000

μM), and the DPPH results were expressed in μmol Teq/g DW of garlic.

The TEAC assay was performed following the method of (Re et al. 1999). This

method is based on the ability of antioxidant compounds to quench the 2,20-azino-bis

(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical cation (ABTS+) and reduced

the radical to the colorless neutral form. Trolox equivalent was used to construct the

calibration curve (50 –1000 μM). The radical solution (ABTS solution) was prepared

16 h before the analysis by reacting ABTS (7 mM) dissolved in Milli-Q water with

K2S2O8 (2.45 mM) and maintained overnight in the dark at 4 ° C. The following day,

the radical solution was diluted with ethanol (115 μL of ABTS solution in 10 ml of

100% ethanol). About 10 μl of blank Milli-Q water (for control), standards, or extract

were added to 1000 μl of ABTS + EtOH working solution into 1.5 ml eppendrof. The

mixture was vortex for 20 and 90s and then the absorbance was measured by the UV–

Vis spectrophotometer (model DU®6400 Spectrophotometer) at 734 nm. TEAC was

expressed in μmol Teq/g DW of garlic. The percentage of inhibition was calculated

with the following equation:
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% inhibition = (Abs control - Abs sample/Abs control) × 100

Where, the control consisted of a mixture of Milli-Q water, ABTS working solution,

and ethanol.

The FRAP assay was performed according to a modified method as described by

(Benzie and Strain 1996). The principle of this method is based on the reduction of a

ferric 2,4,6-tripyridyl-S-triazine complex (Fe3+-TPTZ) to its ferrous coloured form

(Fe2+-TPTZ) in the presence of antioxidants. 50 µl of extract sample was dissolved in

450 µl of distilled water and then about 150 μl standards or diluted extract were added

to 1350 μl of FRAP solution. The fresh FRAP reagent contained 2.5 ml of a 10 mM

TPTZ solution in 40 mM HCl, 2.5 ml of 20 mM FeCl3 and 25 ml of 0.3 M acetate

buffer, pH 3.6 and kept in the dark at 37 0 C. The reaction mixture was incubated at

37 0 C for 5 min and the absorbance was measured at 593 nm using a Beckman Du

640 spectrophotometer (Instruments Inc., Fullerton, CA, USA).

Trolox (50 – 500 μM) was used as the standard to calculate the calibration curves.

The FRAP results were expressed as μmol of Trolox equivalents (Teq) per g DW of

garlic.

2.9. Evaluation of in vitro digestion of garlic

2.9.1. Gastric digestion

Garlic was processed in vitro by using the strategy of (Gil-Izquierdo et al. 2002) with

a few adjustments. Briefly, dried garlic powder (10 g) was dissolved with distilled

water (100 ml), adjust pH up to 2 by expansion of 6M HCl then, included in pepsin

from porcine gastric mucosa (315 U/ml; 0.734 mg/g of garlic powder) and this

arrangement was incubated mixing within the dim at 37 ° C for 2 hours to get the
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gastric fraction. After 2h, the gastric phase containing breaker is put in ice to stop the

enzymatic response. After, a cellulose dialysis layer of molecular weight cut-off

12000 Da holding ultra-pure 25ml water was put in a beaker containing gastric

fraction to get gastric In and OUT fraction. The fraction which was the inside of layer

(that containing antioxidants able of crossing the membrane for absorption) called

Gastric fraction OUT (GF-OUT). Another fraction which was the outside of

membrane (that containing compounds capable of reaching the small intestine) called

Gastric fraction IN (GF-IN). Samples were collected and centrifuged at 10000 rpm at

4 ° C for 10 min and stored at −80 ° C for further analysis.

2.9.2. Intestinal digestion

After 2 hours of gastric digestion, 20ml of aliquot with mixture of 4.5 ml pancreatin

from porcine pancreas (4 mg/ml) and porcine bile salts (25 mg/ml) was taken to

determine the titratable acidity. The remaining 80 ml of the gastric fraction obtained

were divided into 4 aliquots of 20 ml and transferred to corresponding 4 beakers. For

each 20 ml of gastric fraction, added 4.5 ml of solution of porcine pancreatin (4

mg/ml) and bile salts (25mg/ml) were dissolved. After calibrated amount of sodium

bicarbonate (NaHCO3) required to reach a pH of 7.8, similar with intestinal tract, was

added in the 25 ml of distilled water and mix and fill in segments (20 to 25 cm) of

cellulose dialysis membranes (molecular weight cut-off 12000 Da). These membranes

were closed with nodes and placed in beaker that containing gastric fraction,

pancreatin and bile salts and incubated at 37 ° C in the water bath for another 2 hours.

At the end of the incubation, the dialysis membranes were recovered from the beakers;

the fraction contained inside is called intestinal fraction “IN”, which represents the

“bioaccessible” fraction that contained the absorbable antioxidant, while the fraction

that is outside the dialysis membrane, in the beaker, is called “OUT” fraction which
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consisted of compounds capable of reaching the “colon”. The above-described

fractions were purified by centrifugation at 10 000 rpm at 4 ° C for 10 min and stored

at −80 ° C. The percent bioaccessibility intestinal digestion fractions were estimated

as follows

% of Bioaccessibility = (Polyphenol release from each digested fraction / undigested

extract) ×100

Potential bioavailability (%) = (GF-OUT×100)/undigest extract

2.10. Cell culture

MCF7 breast cancer cell line was compassionate given by Prof. MircoFanelli of the

Division of Biomolecular Sciences (Università Degli Studi di Urbino Carlo Bo,

Urbino, Italy) and was grown in Dulbecco’s Adjusted Eagle’s Medium (DMEM)

supplemented with 10% heat-inactivated fetal bovine serum as well as 0.1% penicillin

and 0.1% streptomycin. Cells were kept up in a CO2 incubator at 37 °C under a

humidified climate (95% discuss, 5% CO2). MCF10A cell line was grown in Gibco

Dulbecco's Modified Eagle Medium: Nutrient Mixture F-12 (DMEM/F-12)

supplemented with 5% heat-inactivated fetal bovine serum as well as 20ng/ml

Epidermal growth factor (EGF), 0.5µg/ml Hydro cortisone, 10 µg/ml insulin and

0.1 % penicillin/streptomycin.

2.11. Evaluation of cytotoxic activity by MTT assay

Cells were seeded at a thickness of 5×103 cells/well into 96-well plates utilizing the

particular complete growth medium. To permit cell attachment, they were incubated

overnight. After overnight incubation, the MCF7 and MCF10A cells were treated with

0-10 mg/ml of concentrate garlic extract with or without digestion for 24, 48, and 72 h.

After the treatment time, 30 μL of RPMI medium containing 2 mg/mL of the 3-(4,5-
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Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) were included,

and cells were incubated for other 2h. The produced formazan crystals were dissolved

by including 100 μL of dimethyl sulfoxidein each well and measured by a microplate

reader (Thermo Logical Multiskan EX, Thermo Fisher Logical, Waltham, MA, USA)

at 590 nm. The proportion of viable cells was computed as absorbance of treated

cells/ absorbance of control cells x100. The ultimate results were expressed as the

concentration that inhibits cell growth by 50% (IC50 values) versus control cells

(untreated cells) (Reboredo-Rodríguez et al. 2018)

2.12. Evaluation of intracellular ROS levels by Tali® Image-Based Cytometer

Intracellular ROS aggregation was decided by the CellROX® Oxidative Stress kit

taking after the manufacturer’s instructions. Cells were seeded at a density of 1.5×105

cells/well into 6 well plates and incubated for 48 h with the concentrated garlic extract

(0, 1.85, 4.97 and 8.1 mg/ml) for MCF7 cells. These concentrations were chosen

according to the MTT viability test ensuring 90 to 20% cells were viable at 48 h. Cells

were collected 48 h post-treatment and centrifuged for 10 min at 1500 rpm. Another,

CellROX® Orange reagent (2 μl/ ml) was included, and cells were incubated at 37°C

for 30 min. Once more, cells were centrifuged for 10 min at 1500 rpm to take out

excess dye and medium and after that resuspended with 100 μl PBS. For each test, 25

µl of cell suspension was loaded into one Tali™ Cellular Analysis Slide's chamber

and analyzed within the Tali™ Image-Based Cytometer. In this test, “RFP

fluorescence” (530 nm EX/580 nm EM) represented the fluorescence signal from

CellROX® Orange Reagent. Untreated cells, which were moreover labeled with

CellROX® Orange Reagent, were utilized to determine baseline levels of oxidative

movement. Cells are fluorescent in an oxidation state and non-fluorescent 62in a
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decreased state. The results were expressed as the fold alter and all data were reported

as the mean value of three free analyses ± SD (Giampieri et al. 2017).

2.13. Cellular lysates preparation

Cells were seeded in T75 flasks at a density of 2 x 106 cells/flask and treated with the

concentrate garlic extract (0, 1.85, 4.97 and 8.1 mg/ml) for 48h in MCF7. These

concentrations were chosen according to the MTT viability assay ensuring 90 to 20%

cells were viable at 48 h. After 48h, the medium was removed, and cells were

washing two times with PBS. The cellular lysates were prepared by using the RIPA

buffer (Sigma-Aldrich, Milan, Italy) for the oxidative marker (lipid and protein) and

antioxidant enzyme activity measured. 1 ml RIPA buffer (Sigma-Aldrich, Milan, Italy)

was added into each flask after the desire treatments and the cells were incubated at

4°C for 5 to 8 minutes. After the incubation time cells were scraped and collected in a

micro-centrifuge tube and stored at - 80°C until analysis. Before analysis, the cells

lysates were thawed at 4°C and centrifuged at 8000 x g for 10 minutes at 4°C for the

precipitation of cells debris.

2.14. Evaluation of antioxidant enzyme activity

2.14.1. Evaluation of glutathione reductase

The action of glutathione reductase (GR) was measured by the alteration method was

already depicted by (Carlberg and Mannervik 1985). This measure is based on the

capacity of GR to diminish oxidized glutathione turn around to decreased glutathione.

Briefly, 50 µL of cellular lysate or 50 µl of PBS (for the blank) was mixed with 800

μl of PBS (100 mM, pH 7.6), 50 μl of EDTA (0.5 mM), 50 μl of NADPH (2 mM) and

50 μl of glutathione disulfide (20 mM). The action of GR was decided following the
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NADPH oxidation within the samples. The concentration was measured at 340 nm

against clear at 10 s interims for 3 min, in a Beckman DU-640 spectrophotometer and

the comes about were communicated as µmole of NADPH oxidized per min per mg

protein. All information was reported as a mean value of three free investigations ±

SD.

2.14.2. Evaluation of glutathione peroxidase

The action of glutathione peroxidase (GPx) was measured by the alteration strategy

that was already depicted by (Sies et al. 1979). The assay is based on the capacity of

GPx to evacuate H2O2 by coupling its reduction to H2O with oxidation of decreased

glutathione. Briefly, 50 µL of cellular lysate or 50 µL of PBS-EDTA buffer (for the

clear) was mixed with 795 µL of PBS-EDTA buffer (50 mM to 0.40 mM, pH 7.4), 25

µL of glutathione (40 mM), 25 µL of glutathione reductase (5 UI/mL), 50 µL of

sodium azide (1 mM) and 50 μL NADPH (2 mM). Finally, the reaction was begun by

adding 5 μL of H2O2 (0.25 mM), and the GPx activity was determined by the

disappearance of NADPH within the tests. The intensity was measured at 340 nm

against blank at 10 s intervals for 3 min, in a Beckman DU-640 spectrophotometer.

The results were expressed as µmole of NADPH oxidizes per 64min per mg of

protein. All information was detailed as the mean value of three free analyses ± SD.

2.14.3. Evaluation of glutathione transferase

The action of glutathione transferase (GST) was measured by the alteration method

that was already described by(Habig et al. 1974). This method is based on the

capacity of GST to conjugate 1-chloro-2,4-dinitro benzene (CDNB) with decreased

glutathione and create a dinitrophenyl thioether which can be effectively measured.

Briefly, 300 µL of cellular lysate or 300 µL of PBS (for the blank) was mixed with
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1.475 mL of PBS (100 mM, pH 6.8), 200 μL of diminished glutathione (1 mM), and

25 μL of CDNB (1 mM). The advancement of CDNB- glutathione conjugate was

measured instantly and after 1 min against clear at 340 nm in a Beckman DU-640

spectrophotometer. The comes about were expressed as the amount of protein

producing 1 µmole of CDNB- glutathione conjugate per min per mg protein. All data

were detailed as a mean value of three free examinations ± SD.

2.14.4. Evaluation of reduced glutathione (GSH) determination

The method is based on the decrease of 5,5 dithiobis (2-nitrobenzoic corrosive)

(DTNB) with decreased glutathione (GSH) to create a yellow compound (Ellman

1958; Griffith 1980). Briefly, 100 μl of the cell RIPA preparation, or 100 μl of buffer,

within the case of blank, were added at 1.375 ml of phosphate buffer (5.3% of

NaH2PO4 0.023 mM + 94.7% of Na2HPO4 2 mM; pH 8.0) and 25 μl of DTNB (0.1

mM). The solution was mixed for roughly 15 seconds and the absorbance was

measured at 412 nm in a Beckman DU-640 spectrophotometer, against blank. A

calibration curve was arranged using GSH as a standard (working extend: 10-100

μg/ml). The results were expressed as μmol GSH/mg of protein. Each sample was

analyzed in three replicates and the final data was generally reported as a mean value

± SD.

2.14.5. Evluation of superoxide dismutase

The action of superoxide dismutase (Sod) was measured by the method described by

(Kakkar et al. 1984) with a slight alteration. In this strategy, the Sod activity was

determined by employing a superoxide radical generator (chemical, photochemical or

enzymatic) and a detector (blue tetrazolium, NBT). The NBT is decreased to

formazan, a blue chromogen within the presence of superoxide. The concentration of
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blue chromagen can be measured by 540 to 560 nm in a Beckman DU-640

spectrophotometer. Briefly, 100 µL of cellular lysate or 100 µL PBS (for the blank)

was blended with 600 µL of sodium pyrophosphate buffer (0.025 M, pH 8.3), 50 µL

of phenazine methosulphate (186 µM), 150 µL of NBT (300 µM) and 500 μL de-

ionized water. At last, the response was begun by including 100 μL of NADH and the

mixture was incubated at 30°C for 90 seconds. The response was blocked by the

addition of 500 μL of glacial acidic acid and the mixture was shaken Then the tube

permitted standing for 10 min at room temperature and centrifuge at 1500 rpm for 1

min. The intensity of the chromogen within the butanol layer was measured at 540 nm

in a microplate reader (Thermo Logical Microplate Peruser, Multiskan® EX, USA)

coupled to an Ascent software (Thermo LabSystems Oy, Adaptation 2.6). To realize a

standard curve, a serial standard dilution of Grass (extending from 25 to 500 IU/mL)

was treated and read along with the samples. All data were reported as a mean value

of three independent analyses ± SD.

2.14.6. Evaluation of catalase

The action of catalase was measured by the alteration strategy was already described

by (Aebi 1984). This test is based on the decomposition of hydrogen peroxide by the

action of the enzyme. Briefly, 10 µL of cellular lysate or 10 µL of PBS (for the blank)

was mixed with 990 μL of sodium phosphate buffer (50 mM; pH 7.0) and 600 μL of

H2O2 (30%). The absorbance was diminished due to H2O2 degradations, and it was

measured at 240 nm against blank for 10 to 70 seconds of reaction, in a Beckman DU-

640 spectrophotometer. One unit of catalase was defined as the sum of chemicals that

decayed 1 µmol of H2O2 per min per mg protein.All data were reported as a mean

value of three independent analyses ± SD.
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2.15. Evaluation of oxidative stress markers

2.15.1. Evaluation of lipid peroxidation

Lipid peroxidation was measured by the thiobarbituric acid-reactive substances

(TBARS) test according to an altered method depicted by (Ohkawa et al. 1979).

Briefly, 300 μL of cellular lysate was mixed with thiobarbituric acid reagent (TBA,

0.37% in 0.2 M HCl) and 15 % trichloroacetic acid (TCA) and warmed at 95 °C for

20 min. At that point, the mixture was cooled, centrifuged at 1200 x g for 15 min at

4°C and the absorbance of the supernatant was measured at 532 nm in a Beckman

DU-640 spectrophotometer. The amount of the formed MDA was calculated

considering the MDA extinction coefficient as 1.56 x 105 M-1 cm-1. The MDA

values were calculated utilizing 1,1,3,3-tetra ethoxy propane as standard and

expressed as nmoles of MDA per mg of proteins. All information was detailed as a

mean value of three independent analyses ± SD.

2.15.2. Evaluation of protein carbonyl content

Protein carbonyl substance was decided by the dinitrophenylhydrazine (DNPH)

method as already described by (Liang et al. 2020) with minor alterations. This

method is based on the reaction between DNPH and protein carbonyl, the appearance

of a Schiff base to produce the corresponding hydrazone that can be identified

spectrophotometrically. Briefly, 25 µl of cellular lysate was taken in two

microcentrifuge tubes with 25 µl of TCA (20%), then centrifugation at 2800 x g for

10 min at 4°C. One micro-centrifuge tube represented the test and another one the

control. Then included 750 μl of DNPH (10 mM) within the treatment tubes and 250

μl of HCl (2.5 M) into the control tubes and incubated 1 h within the dark at room

temperature with mixing at each 15 min interval. After the incubation, 750 μl of TCA
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(10%) was added into both the solutions (treatment and control) and once more

incubated at room temperature for another 15 min. The mixture was centrifuged for

10 min at 3400 x g at 4°C and the sample precipitation was washed two times with

500 μl of an ethanol-ethylacetate (1:1) solution to remove abundance DNPH and the

final precipitations were dissolved in 625 μl of guanidine hydrochloride (6 M).

Finally, for removing the leftover debris, the samples were centrifuged for 10 min at

3400 x g at 4°C and the absorbance of the supernatant was measured at 370 nm in a

microplate reader (Thermo Logical Microplate Peruser, Multiskan® EX, USA),

against the control. The protein carbonyl substance was communicated as nmole per

mg protein. All data were reported as a mean value of three independent analyses ±

SD.

2.16. Evaluation of apoptosis by Tali® Image- Based Cytometer

Apoptotic cells were recognized by the Tali™ Apoptosis Assay Kit–Annexin V Alexa

Fluor® 488 (Invitrogen) according to the manufacturer’s information. Cells were

seeded at a density of 1.5×105 cells/well into 6 well and treated for 48 h with the

MCF7 cells (0, 1.85, 4.97 and 8.1 mg/ml). These concentrations were chosen

according to the MTT viability measure ensuring 90 to 20% cells were viable at 48 h.

The IC50 values of garlic extract treatments were utilized for treating the refined cells

in 6-well plates for 48 h. Cells were collected after 48 h treatment and centrifuged for

15 min at 1500 rpm at 4°C. After removing the supernatant and re-suspending the

cells with 100 μl of Annexin binding buffer (ABB, Component C), 5 μL of Annexin

V Alexa Fluor® 488 (Component A) was added to each 100 µl of re-suspended.

The mixture of cell and Annexin V Alexa Fluor® 488 was incubated at room

temperature into the dark for 20 minutes and after that once more centrifuged. After
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removing the excess mixture and re-suspending with 100 μl of AB, samples were

incubated at room temperature into the dark for 1 to 5 minutes after including 1 μl of

Tali™ PI (component B). For each sample, 25 µl of cell suspension was loaded into

one Tali™ Cellular Analysis Slide's chamber and analyzed within the Tali™ Image-

Based Cytometer. The instrument works at different excitation/emission wavelengths:

530/580 nm and 458/495 nm for the PI and Annexin V, separately. The Tali™ Image-

Based Cytometer was assessed the live, apoptotic and dead cells. The annexin-V-

negative/PI negative cells were recognized as viable cells by the cytometer program

while the annexin-V positive/PI negative cells were recognized as apoptotic cells.

Additionally, the annexin V positive/PI positive cells were recognized as dead cells.

All data were reported as a mean value of three independent analyses ± SD

2.17. Seahorse phenotype

2.17.1. Evaluation of the mitochondria respiration and glycolysis by XF24

Extracellular Flux Analyzer

XF24 Extracellular Flux Analyzer from Seahorse Bioscience, Inc. (North Billerica,

MA, USA) was utilized to ECAR and OCR, representing glycolysis and oxidative

phosphorylation (OXPHOS), separately. MCF7 cells were seeded in 24-well XF cell

culture microplates at 2.0 × 105 cells/well for 24 h and after that treated with various

concentrations of the garlic extract (0, 1.85, 4.97 and 8.1 mg/ml) for 48 h. At the end

of the treatment, the medium was replaced with 500 μl/well of XF-24 running media.

The plates were pre-incubated at 37 °C for 20 min within the XF Prep Station

hatchery (Seahorse Bioscience, Billerica MA, USA) within the absence of CO2 and

after that run on the XF24 analyzer to get ECAR and OCR. Injections of different

compounds that modulate glycolysis or mitochondrial respiration already optimized
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were injected successively in each well: for ECAR, rotenone (1 μM), glucose (30 mM)

and 2-Deoxy-D-glucose (100 mM), whereas for OCR, oligomycin A (3 μg/mL), 2,4-

DNP (300 μM) and rotenone/antimycin A (1 μM/10 μM). ECAR and OCR were

recorded during specified programmed time periods (three readings each) as the

average numbers between the injections of inhibitors specified above. The ultimate

data calculation was performed after the readings had been normalized by counting

the cell number in each well. ECAR and OCR are expressed as mpH unit change/min

per 2.5 × 105 cells and pMoles/min per 2.5 × 105 cells, individually.

2.18. Evaluation of wound healing assay

The wounding measure was performed as an already depicted method by Liang et al.,

(2007). Briefly, a straight wound was made in MCF7 cells intersecting the cellular

populace by scratching the base of the plate with a sterile pipette (200 µL) tip. After

the scratch, cells were washed two times with PBS and incubated with particular

media of each cell containing 2% serum. The wounds were at that point captured at

zero time and incubated for 48 h after the treatment. The media contained different

treatments of garlic extract (0, 1.85, 4.97 and 8.1 mg/ml) for MCF7 cells. These

concentrations were chosen to agree to the MTT viability measure ensuring 90 to 20%

cells were reasonable at 48 h. The IC50 values of garlic extract were too utilized for

treating the cultured cells in 6 well plates for 48 h. After 48h, cells were settled with

methanol and stained with 0.2% methylene blue stain. The photos were taken by the

light microscope and the wound region was calculated by the picture J software for

calculating the percent of wound closure after the treatments.

2.19. Evaluation of Colony formation
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The colony formation test was performed on the marginally altered method depicted

by (Waghela et al. 2015). MCF7 cells were seeded at a density of 5×105 cells/well into

6 wells and permitted to follow for 24 h. After that, the cells were treated with garlic

extract (0, 1.85, 4.97, and 8.1 mg/ml) for MCF7 cells. These concentrations were

chosen to agree to the MTT viability measure ensuring 90 to 20% of cells were viable

at 48 h. The IC50 values of garlic extract were moreover utilized for treating the

cultured cells in 6-well plates for 48 h. After the treatment time, cells were trypsinized

and 1000 cells were seeded in a 6 well plate. Cells were permitted to grow for 10 to

12 days until little colonies were obvious. The colonies were settled with methanol

and recolored with 0.2% methylene blue recolor. The plating effectiveness (PE) was

considered by the capacity of a single cell to outlive and to develop in the shape of a

colony. The PE was characterized by the taking after equation: Rate PE = (Number of

colonies formed/Number of cells.

2.20. Cell cycle phase control analysis

Cell cycle investigation was determined by the Tali® Cell Cycle Kit containing

propidium iodide (PI), RNase A, and Triton® X-100 to label cells for cell cycle

analysis using the Tali® Image-Based Cytometer (ThermoFisher Logical, Milan,

Italy). Cells were cultured in 6-well plates, at a density of 5×105 cells/ well, and

incubated with different concentrations of garlic extract (0, 1.85, 4.97, and 8.1 mg/ml)

for MCF7 cells for 48 h. These concentrations were chosen concurring to the MTT

viability measure ensuring 90 to 20% cells were viable at 48 h. The IC50 values of

garlic extract were too utilized for treating the cultured cells in 6-well plates for 48 h.

At that point, cells were trypsinized and centrifuged for 5 min at 500 x g after

removing the excess media, re-suspending with PBS, centrifuging for 5 min at 500 x g,

and transferring the cells into ice. Briefly, the cells were gathered and settled with
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70% cold ethanol at -20°C overnight. The settled cells were washed twice with PBS,

re-suspended in 100 µL PBS. The fixed cells were washed twice with PBS, re-

suspended in 100 µL PBS based PI solution containing 0.1% Triton® X-100, 0.2

mg/ml RNase A (Invitrogen), and 20 µg/ml PI (Invitrogen), and incubated for 30 min

at room temperature ensured from the light. For each sample, 25 µL of cell

suspension was loaded into one Tali™ Cellular Analysis Slide's chamber (Invitrogen)

and analyzed within the Tali™ Image-Based Cytometer. The results were expressed

as the rate of cells in each stage and all data were reported as cruel value of three

independent analyses ± standard deviation (SD).

2.21. RNA isolation and quantitative real-time PCR analysis

Cellular lysates preparation was decscribed in paragraph 2.13. MCF7 cells were

treated with different concentrations of garlic extract (0, 1.85, 4.97, and 8.1 mg/ml)

for 48 h. The total RNA content of the cells was isolated using a PureLink® RNA

Mini Kit (Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s protocol.

RNA concentrations and purity were checked by using the microplate

spectrophotometer system (BioTek Synergy HT, Winooski, USA). Reverse

transcription was used to obtain 100 ng of cDNA with 5X All-In-One RT Mastermix

Kit (Applied Biological Materials Inc., Canada). EvaGreen 2X qPCR Mastermix

(Applied Biological Material Inc., Canada) was used for performing Real-Time PCR

using the following forward (F) and reverse (R) primers (Sigma-Aldrich, Milan, Italy)

(Table 2.1). GAPDH was used, applying the same PCR condition, for normalizing the

quantitative data, expressed as a relative mRNA level compared to the control. The 2-

ΔΔCt was used for calculating the fold-change value.

Table 2.1. Sequences and list of primer used for quantitative Real-Time PCR analysis
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Primer Forward Reversed

P53 5′-TTGCCGTCCCAAGCAATGGAT-3' 5′-AGTCACAGACTTGGCTGTCCCAGA-3'

MCL1 5'-GCCAAGGACACAAAGCCAAT-3' 5'-AACTCCACAAACCCATCCCA-3'

BCL2 5'-ACCACTAATTGCCAAGCACC-3' 5'-ATTTTCCATCCGTCTGCTCTT-3'

Bid 5'-CCTTGCTCCGTGATGTCTTTC-3' 5'-TCCGTTCAGTCCATCCCATTT-3'

BAX 5'-CCCTTTTGCTTCAGGGTTTC-3' 5'-ACAAAGTAGAAAAGGGCGACAA-3'

BIRC2 5′-CCCAAAGACTTTTCCCAGGTCCC-3′ 5′-ACTGAGCTTCCCACCACAGGCA-3′

BIRC5 5′‐ATTCGTCCGGTTGCGCTTTCC‐3′ 5′‐CACGGCGCACTTTCTTCGCAG-3′

Smac 5′-CTTTGTGAGCTGTGAGTGC-3′ 5′-CAGTTGCTGAACTTAAGGGC-3′

FADD 5′-ACGCTTCGGAGGTAGATG-3′ 5′-CCTGGTACAAGAGGTTCA-3′

Caspas 3
5′-AAAGGATCCAAAGATCATA

CATGGAAGCGAATCAAT-3′

5′-AAAGAATTCCAGTGCTTTTA

TGAAAATTCTTATTAT-3′

Caspas 8 5′-AGAGTCTGTGCCCAAATCAAC-3′ 5′-GCTGCTTCTCTCTTTGCTGAA-3′

Caspas 9 5′-TGTCCTACTCTACTTTCCCAGGTTTT-3′ 5′-GTGAGCCCACTGCTCAAAGAT-3′

LDH-A 5'-GGTTGGTGCTGTTGGCATGG-3' 5'-TGC CCC AGC CGT GAT AAT GA-3‘

MMP2 5′-CACCTACACCAAGAACTTC-3′ 5′-AACACAGCCTTCTCCTCCTG-3

MMP9 5′-TTGAGTCCGGCAGACAATCC-3′ 5′-CCTTATCCACGCGAATGACG-3′

E-cadherin 5′-CTCACATTTCCCAACTCCTCT-3′ 5′-GTGAATAGCCGCAGGGACA-3′

N-cadherin 5′-GCTTATCCTTGTGCTGATGTTT-3′ 5′-GTCTTCTTCTCCTCCACCTTCT-3′

β-catenin 5’-CGAAATCTTGCCCTTTGTCC-3’ 5’-GTTGTGAACATCCCGAGCTAG-3’

Cyclin D1 5'-GAACAAACAGATCATCCGCAA-3’ 5'-TGCTCCTGGCAGGCACGGA-3’

Cyclin E1 5'-GAGCCAGCCTTGGGACAATAA-3’ 5'-GCACGTTGAGTTTGGGTAAACC-3’

CDK2 5'-TTTGCTGAGATGGTGACTCGCCG-3’ 5'-CCGGGCCCACTTGGGGAAAC-3’

CDK4 5'-CTTCCCGTCAGCACAGTTC-3′ 5'-GGTCAGCATTTCCAGTAGC-3′

P27 Kip 5'-ATGTCAAACGTGCGAGTGTC-3′ 5'-TCTCTGCAGTGCTTCTCCAA-3′

P21waf1/cip1 5'-GCGATGGAACTTCGACTTTGT-3′ 5'-GGGCTTCCTCTTGGAGAAGAT-3′

Rb 5'-ATCCGAGGCAACTACAGCCTA-3′ 5'-CCTTTCCAACCGTGGGAATAAT-3′

CHOP 5′-ATGGCAGCTGAGTCATTGCCTTTC-3′ 5′-AGAAGCAGGGTCAAGAGTGGTGAA-3′

SOD 5′-GTTGGCCAAGGGAGATGTTAC-3′ 5′-AGCAACTCCCCTTTGGGT TC-3′

Catalase 5′–GAGGCC TCCTGCAGTGTTCT–3′ 5′–CATTAAGCCATGACGGTGCT–3′

NQO1 5′-ATGTATGACAAAGGACCCTTCC-3′ 5′-TCCCTTGCAGAGAGTACATGG-3′

Keap1 5′-GGAGTGCAAGGCAGAGGTGA-3′ 5′-GGCAGCTGGGATGTCCTCAT-3′

GSTP1 5′-TACACCAACTATGAGGCGGG-3′ 5′-AGCGAAGGAGATCTGGTCTC-3′

Nrf2 5′-TTCTGTTGCTCAGGTAGCCCC-3′ 5′-TCAGTTTGGCTTCTGGACTTGG-3′

c-PARP 5′-GGGAGGAGATGGAATGTCAG-3′ 5′-CTGCTGGGTCCAAAAGAGAC-3′
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20.22. Protein extraction and western blotting

Cell seed and treatment for protein lysate were described in passage 2.13. After 48h of

treatment, the medium was expelled, and cells were washed two times with PBS.

Protein lysates were arranged from cell pellets by utilizing lysis buffer (120 mmol/L

NaCl, 40 mmol/L Tris (pH 8), 0.1% NP40) with protease inhibitor cocktails (Sigma)

and centrifuged at 13000 x g for 15 min. Proteins from cell supernatants were

alienated on 8 or 10% polyacrylamide gel and after that transferred into a

nitrocellulose film, utilizing the transblot SD semidry electrophoretic transfer cell

(Bio-Rad, Hercules, CA, USA). The membranes were blocked with 5% non-fat-milk

with Tris HCl buffered saline with Tween 20 (TBST) for 1 h at room temperature.

HO-1, OGG1, XBP1, ATF6α, EIF2α, AMPK, PGClα, NFκB, IL-6, IL-1β, p-IκBα,

EGFR and GADPH essential antibodies (1:500 dilution) were used after overnight

incubation at 4°C. Membranes were washed 3 times by TBST and incubated with

their specific alkaline phosphatase conjugated secondary antibodies (1:80,000) for

another 1h. Immunolabeled proteins were identified by using a chemiluminescence

method (C-DiGit Blot Scanner, LICOR, Bad Homburg, Germany) and bands were

quantified by image studio digits software 3.1 (C-DiGit Blot Scanner, LICOR, Bad

Homburg, Germany).

20.23. Human protein array analysis

Protein array analysis was conducted by using Human Autophagy Antibody Array

(CODE: AAH-ATG-1-4, Ray Biotech) and Human Angiogenesis Antibody Array

(ab134000) kits (Abcam®, Cambridge, UK), following the manufacturer’s

instructions. These two tests were carried out for MCF7 cell lysates (cell seeded

according to manufracture protocol) that treated with garlic extract 0, 1.85, 4.97 and
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8.1 mg/ml for 48 h. These concentrations were chosen according to the MTT viability

measure ensuring 90 to 20% cells were viable at 48 h. The membranes were detected

using a chemiluminescence method (C-DiGit Blot Scanner, LICOR, Bad Homburg,

Germany) and array spots were quantified using Image Studio 3 (C-DiGit Blot

Scanner, LICOR, Bad Homburg, Germany), normalizing the signal with spots of

positive control present in each membrane as follows:

Where:

P1= mean signal density of positive control spots on reference array

P(y)= mean signal density of positive control spots on array “y”

X(y)= mean signal density for spot “X” on array for sample “y”

X(Ny)= normalized signal intensity for spot “X” on array “y”

The results were expressed as fold increase of protein expression respect to the Crlt

group. All data were reported as a mean value of the two spots present in the

membrane ± SD.

2.24. Statistical analysis

The results are expressed as the mean values with SD of three experiments and the

statistical analysis was performed using STATISTICA software (Statsoft Inc., Tulsa,

OK, USA). The significant differences represented by letters were obtained by a one-

way analysis of variance (ANOVA) followed by Tukey’s honestly significant

difference (HSD) post hoc test (p < 0.05). Correlations were determined by Pearson’s

correlation coefficient (r). Differences at P < 0.05 were considered to be statistically

significant.
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CHAPTER 3. RESULTS AND DISCUSSION
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REULTS AND DISCUSSION: PART I

3.1. Phytochemical analysis of garlic extract

3.1.1.TPC and TFC

Phenolic compounds are one of the most efficient bioactive constituents of plants

(Magalhães et al. 2008) and they are the principal source of antioxidants found in

plants (Cai et al. 2004). Thus, the evaluation of these compounds is highly relevant

when assessing the bioactive potential of any plant extract. Therefore, here we have

carried out a spectrophotometric analysis of garlic extracts to determine the total

phenolic and flavonoid contents. The value of TPC (5.8 ± 0.06 mg GAE/g DW) of

garlic extract obtained in our study was very close to those obtained by (Beato et al.

2011) but higher than (Park et al. 2016a) at different processing conditions

(Gorinstein et al. 2008). Moreover, our obtained TPC value is higher than those found

in Hungarian and Polish garlic (Nuutila et al. 2003b; Gorinstein et al. 2008). In

addition, we have found a higher level of total phenol and flavonoid in 80% ethanol

garlic extract than studies of (Bozin et al. 2008) with 80% methanolic extract (0.98

mg GAE/g and 6.99 μg QE/g, respectively).

Considering TFC value, we observed the value obtained for TFC (0.74 ± 0.01

mgCeq/g DW) in garlic inconsistent with those obtained by (Abdul Qadir et al. 2017)

with similar experimental conditions. Also, we found a higher amount of flavonoid

than different types of solvent extraction done by (Jang et al. 2008), where they

quantify flavonoid by using different standards than us. They claimed that the amount

of TFC in aged garlic was 338.04 ±1.60 μg QE/g for water solvent, 124.08 ± 3.22 μg

QE/g for ethanol solvent, and 28.07 ± 1.97 μg QE/g for chloroform solvent.
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According to our observations, a significant (p<0.05) increase in total phenol and

flavonoids was found in an 80% ethanolic solvent, suggesting that components in

garlic may have been converted into these highly hydrophilic and lipophilic

compounds.

3.1.2. Identification and quantification of phenolic compounds

In this context, we have analyzed the garlic extracts by HPLC-MS/MS where we

identified and quantified seven poly phenolic compounds. However, the name,

molecular formula, molecular weight, m/z value, as well as their retention time of

identified main poly phenol and flavonoid compounds are reported in Table 3.1.

Moreover, we detected phenolic acids, but flavonoids didn’t detect in garlic extract

that complied with previously found by Sultana and Anwar (2008). In our experiment,

we identified and quantified caffeic acid, p-coumaric acid, dihydroxybenzoic acid,

gallic acid, salicylic acid, sinapic acid, and ferulic acid in garlic extract (Table 3.1). In

garlic extract, we found lower values of caffeic acid, ferulic acid, p-coumaric acid, as

well as the higher values of sinapic acid, compared to those obtained by (Beato et al.

2011). This disagreement could be due to genetic and environmental differences and

agronomic practices. Moreover, Beato et al. (2011) showed a meaningful effect of

genotype/location on phenolic compounds in garlic.

Surprisingly, we found a higher amount of dihydroxybenzoic acid (0.36 ± 0.010

µg/mg) and ferulic acid (0.5 ± 0.006 µg/mg) in garlic extracts, respectively. In this

view, our results are very significant (p<0.05) in the context of fact that many

polyphenols, including dihydroxybenzoic acid, gallic acid, caffeic acid, and p-

coumaric acid have been shown to be strong antioxidants and suppressors of oxidative
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stress-related damage and anti-inflammatory substances (Sroka and Cisowski 2003;

Kim et al. 2013).

3.1.3. Organosulfur compounds

The major volatile compounds of garlic are sulfur-containing compounds, which were

identified through GC-MS analysis (Table 3.2). In our study, diallyl disulfide (DADS),

dipropyl sulfide (DPS) and dipropyl disulfide (DPDS) were identified in

dichloromethane extract of dried garlic extract. DADS is found after decomposition of

diallyl thiosulfinate (Allicin), upon gas chromatography. At room temperature, diallyl

thiosulfinate undergoes re-arrangement reactions and produces sulfur dioxide and

mono, di, tri sulfide which contribute to garlic flavor (Berger 2007). Unfortunately,

our analysis did not trace tri sulfide in the samples. DADS has antithrombotic, lipid-

lowering, anticancer antithrombotic, lipid-lowering, anticancer activities (Agarwal

1996). We found a much higher value of DADS (1530.34 ± 13.90 mg/kg) which is

consistent with that reported by (Wan et al. 2007). The value of organosulfur

compound in garlic extract differed depending on ecotypes and locations.

Additionally, we also found more amount of DPDS than allium cepa, which belong to

the allium family (Cecchi et al. 2020).
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Table 3.1. Identification and quantification of polyphenols and flavonoids in garlic ethanolic extract by HPLC-MS/MS analysis

Compound Molecular

formula

Molecular

Mass

Retention

Time

Experimental

m/z

Fragments

detected

Garlic

µg/g

Caffeic acid C9H8O4 179 12,1 178,9 107/135 0.13 ± 0.003

p-coumaric acid C9H8O3 163 13,1 162,9 119/93 0.02 ± 0.001

Dihydroxybenzoic acid C7H6O4 154 8,3 152,9 90,9/109 0.36 ± 0.010

Gallic acid C7H6O5 169 3,7 168,9 124,9/79 0.21 ± 0.016

Salicylic acid C7H6O3 138 14,3 136,9 93,1/64,9 0.04 ± 0.001

Sinaptic acid C11H12O5 223 13,3 223 163,9/192,9 0.06 ± 0.001

Ferulic acid C10H10O4 193 13,3 195 176,9/89 0.5 ± 0.006

Quercetin C15H10O7 302 14,5 301 150,9/221 n.d.

* Identified with analytical standards.

n.d. not detected; Results are expressed as mean ± SD (n = 3)
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Table 3.2. Content of organosulfur compounds in ethanolic garlic extract obtained by gas

chromatography analysis.

Compounds mg/Kg

Diallyl disulfide 1530.34 ± 13.90

Dipropyl disulfide 95.38 ± 2.50

Dipropyl sulfide 965.02 ± 1.54

n.d. not detected; Results are expressed as mean ± SD (n = 3)

3.1.4. Mineral profile

We obtained 6 different minerals in garlic extract, as shown in Table 3.3. The mineral

contents obtained in garlic extract, including K (5761.94 mg/kg), Zn (35.22 mg/kg), and Cu

(5.71 mg/kg), were higher with respect to those reported by (Bhowmik et al. 2008; Otunola et

al. 2010; Khalid et al. 2014) except Ca (155.10 mg/kg) and Fe (8.14 mg/kg).

Table 3.3. Average concentration levels of minerals elements in the analysed of garlic extract

by ICP-MS analysis.

Name of mineral mg/Kg

Ca 155.1 ± 3.2

Cu 5.71 ± 0.11

Fe 8.14 ± 0.12

K 5762 ± 157

Se < 3.64 ± 0.12

Zn 35.22 ± 0.72

n.d. not detected; Results are expressed as mean ± SD (n = 3)

This finding mainly differs from previous results because of different soil conditions

including geographical origin, cultivation technique(Vadalà et al. 2016). Interestingly, dietary

minerals such as Ca, Cu, Fe, K, Se, and Zn are acting as antioxidants, and they reduce the risk
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of arterial hypertension, cardiovascular, coronary heart disease bone demineralization, and

related metabolic disturbances (Kourounakis and Rekka 1991; Abramovič et al. 2018)..

3.1.5. Total Antioxidant Capacity (TAC)

TAC of garlic extract was quantified by DPPH, TEAC and FRAP assays. The TAC of garlic

extracts can be demonstrated by their ability to reduce Fe3+ to Fe2+, as well as their capacity

to scavenge DPPH radicals.TAC of garlic extract was 8.04 ± 1.31μmol Txeq/g DW (DPPH),

6.37 ±0.61 μmol Txeq/g DW (TEAC), 105.17 ± 11.51 μmol Txeq/g DW (FRAP).

We investigated the DPPH assay, the ability of the measured garlic extract containing

antioxidant to perform as donors of hydrogen ions or atoms in the conversion of DPPH

radical into its reduced form DPPH -H. The assessed garlic extracts were able to decrease the

stable, purple-colored radical and convert it into yellow-colored when DPPH-H reached 50%

of reduction. However, our results accordance with the previously reported, who stated garlic

has a good reducing ability, interacting with DPPH (Kourounakis and Rekka 1991).

Moreover, a positive correlation between the radical scavenging activities and the total

phenolics of the extracts was observed by (Nuutila et al. 2003b).

In garlic extract, we found higher FRAP (105.167± 11.51 µmol Txeq/g DW) values and

lower TEAC (6.37 ±0.61 µmol Txeq/g DW) values than the previous values (11.95 ± 0.8 uM

TE/g) obtained by(Gorinstein et al. 2008). While the FRAP assay is concerned with the ion

reduction process, which represents the ability of the tested compound to convert ferric ions

(Fe3+) to ferrous ions (Fe2+). However, we measured the electron transfer reaction and

represent the radical scavenging activity of the tested samples by ABTS assays (Abramovič

et al. 2018).

These values are different from others due to their relationship with the antiradical activity of

bioactive compounds and hydrophilic and lipophilic polyphenols present in 80% ethanolic

extract (Karadag et al. 2009; Rochín-Wong et al. 2013; Hayano-Kanashiro et al. 2016) or

may be used of various solvents for compounds extraction where the antioxidant properties of

phenolic compounds exhibit different results based on the solvent type and reaction

mechanism, solubility parameters, polarity as well as structural property (Çelik et al. 2010).
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According to the results of this study, garlic extract exhibited strong antioxidant properties

due to its high antioxidant content. In addition, our results differ from the other published

results most likely because of the differences in the experimental conditions (different

reaction mechanisms) used in different assays (Bozin et al. 2008) or a significant variation in

antioxidant properties between the various garlic genotypes mostly due to differences in

chemical composition and bioactive compounds content (Petropoulos et al. 2018).

Even though the obtained results make it difficult to draw any conclusions about the additive

or synergistic effects of individual antioxidants on the overall antioxidant activity of the

extract since all antioxidant compounds are still unknown. The evidence from this study

supports the hypothesis that the antioxidant activities of garlic extracts could be due to their

composition of phenolic and/or other non-phenolic compounds.
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RESULTS AND DISCUSSION: PART II

3.2. Phenolic composition after in vitro digestion

However, in vitro studies have many limitations by it has an effective way of evaluating the

effects of physiological processes on the fate of specific food components such as phenolic

compounds. Here, we have evaluated the gastric and intestinal fractions obtained from the in

vitro studies with similar human physiological conditions, facilitating the release and

absorption of phenolic compounds from the garlic food matrix. For this reason, we have

evaluated gastric and intestinal bioaccessibility and potential bioavailability of garlic by UV–

Vis spectrophotometry and HPLC-MS for the first time.

3.2.1. Determination of potential bioavailability and bioaccessibility of poly phenols in

the gastric and intestinal fraction by UV-VS spectrophotometry

In the present study, we investigated the availability of poly phenols from garlic during

simulated GI digestion, i.e., gastric phase and intestinal phase. UV–Vis spectrometry was

used to determine TPC, TFC, and TAC in the gastric and intestinal digestion fractions. As

reported in Table 3.4 after the simulated gastric digestion, GF-In and IN-out fraction (waste

fraction) contained greater amounts of phenolic compounds than did GF-Out and IF

(dialisable fraction).

Our result suggests, the digestion process could be liberated phenolic compounds from the

garlic matrix where they are bound to macromolecules such as proteins and fibers. Similar

evidence has been found on the biostability of Hibiscus cannabinus L. seed extract (Wong et

al. 2014). As we mentioned before, we did in vitro digestion experiment of garlic polyphenol.

We only found one paper regarding garlic phenol digestion where they differentiated between

chemical and physiological extraction of garlic (Tagliazucchi et al. 2010). For this reason, we

are not able to compare our results with other garlic digestion studies.
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Table 3.4: Spectrophotometric determination of total phenolic and flavonoid content and

antioxidant capacity of undigested and digested fractions from garlic

TPC

(mg GAeq/g DW)

TFC

(mg CATeq/g DW)

Garlic extract 5.8 ± 0.06 0.74 ± 0.01

Gastric digestion

Gastric Out 2.974 ± 0.07 0.26 ± 0.03

Gastric IN 9.54± 0.86 0.62 ± 0.03

Intestinal digestion

Intestinal In 2.06 ± 0.02 0.044 ± 0.01

Intestinal Out 13.18 ± 1.25 0.86 ± 0.18

Amount of total phenolic content (TPC), expressed as gallic acid equivalents (GAE) and total

flavonoid content (TFC), expressed as catechin equivalents (CATeq), determined from dried

garlic powder (100g) using ethanolic extraction (EtOH) and after simulated gastro-intestinal

digestion, i.e., phenolics remaining after the gastric phase (GF-In and GF-Out) and intestinal

phase (IF and WF). Data shown represent means ± SD (n = 3 independent experiments).

Significant differences (p < 0.05) between the different sample are indicate lower cases in

superscript (in a column). Abbreviation: TAC, total antioxidant capacity; Txeq, Trolox

equivalents.

However, the percentage of polyphenol that could go through the stomach during gastric

digestion (i.e., the potentially bioavailable fraction) compare with undigested extraction was

TPC for 51.28 % and TFC for 35.14 %. In general, the amount of polyphenol released from

gastric to intestinal phase i.e., % of recovery gastric to intestine was TPC for 21.68% and

TFC for 7.10%. Our results highlight that majority of polyphenols and flavonoids were

released during the gastric phase which is agreed with gastrointestinal studies in grape by

Tagliazucchi et al. (2010) and strawberry by (Ariza et al. 2016) and some phenolics were

absorbed through the stomach during gastric environment (Fang 2014).

These results suggest that gastric digestion improves the release of phenolic compounds from

the garlic matrix. This may be attributed to the acidic pH and enzymatic activity in the gastric
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environment, which may induce the hydrolysis of a few phenolic compounds bound to other

food components (Baublis et al. 2000; Liyana-Pathirana and Shahidi 2005)

This study indicates that not all detected poly phenols are present in intestinal digestion. TPC

and TFC were decreased by 36% and 6% in the dialyzed fraction, with respect to the

undigested extract respectively, which agreed with experiments where Broccoli has lost 75%

phenolic compounds after intestinal digestion (Vallejo et al. 2004).

Figure 3.1: Potential bioavailability of total phenolic and flavonoid compound of garlic after

gastrointestinal digestion compared to the undigested sample. Data were reported as a mean ± SD.

Columns labelled with different letters are significantly different (p<0.05).

Therefore, the proportion of phenolics potentially going through the intestine during intestinal

digestion (i.e., the potentially bioavailable fraction) was 35.52% for TPC, 5.95% for TFC.

Above all, which phenolic compounds were not absorbed during gastric or intestinal

digestion and reached the colon, we found for TPC and TFC values 13.18 mg GAE/g DW

and 0.86 mg CATeq/g DW in the waste fraction that was 3.5-fold and 19.5-fold higher with

respect to the IN fraction (dialyzed fraction).

These results are in agreement with a different type of berry digestion conducted by

(Giampieri et al. 2018) and found a high amount of TPC and TFC in the intestinal out

fraction (waste fraction). Consequently, after reaching the colon, metabolized by microbiota

and absorption of intact polyphenols through the colonic epithelium and passage into the
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bloodstream or breakdown of the original polyphenol structures into metabolites (Williamson

and Manach 2005). After that the residue of the indigestible fraction, fermentation is a part of

the unavailable matter excreted in faces as well as non-bioaccessible polyphenols(Guillon et

al. 1995). Based on these results, garlic has potential prebiotic activity in the form of specific

growth stimulation of bifid bacteria in the human gut (Laparra and Sanz 2010; Sunu et al.

2019).

3.2.1.1. Efficiency of Extraction Conditions

However, the pH of a sample solution might significantly influence extraction efficiency,

specially when acidic or basic solutes are extracted from the food matrix. Taking into this

consideration, extraction conditions can be affected phenolic compound release (Saura-

Calixto et al. 2007).

After comparison between gastric digestion and undigested extracts, our data showed

surprising result where most compounds of garlic were released to a greater extent after

gastric digestion in comparison with undigested extracts. From Table 3.5, we can see the

gastric conditions increase the extract ability of phenolic compounds from the food matrix

which is agreed with (Ariza et al. 2016)

The values of extraction efficiency (Ee) were more than 1 (Table 3.5). It could be in chemical

extraction, all antioxidants were not completely released in solvent from the food matrix,

some bound polyphenols were retained in residual portion and their antioxidant capacity are

ignored (Pérez-Jiménez and Saura-Calixto 2005).

Table: 3.5. Extraction efficiency of gastric conditions of garlic

Extraction efficiency

(%)

TPC 2.15

TFC 1.19

DPPH 2.59

TEAC 3.26

FRAP 1.33

Ee; Gastric fraction vs. undigested extracts
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Furthermore, the bound form of phenolic compounds with proteins and other biomolecules

are gently delivered during the digestive process (Hsu et al. 2004) rather than the other

process such as, chemical and cooked garlic extract had lower antioxidant potential than

digestive extract due to loss of phenolic compounds (Bhatt and Patel 2013). During heating,

garlic has lost some polyphenols (Gorinstein et al. 2008). It could be heated processing

promotes the polymerization of phenolic compounds to form brown-colored macromolecules

(Ryan and Prescott 2010).

Finally, in our experiments, we observed the different amounts of TPC, TFC, and TAC

between the solvent extraction and gastrointestinal digestion of garlic. Whereas the

physiological environment will be preferred more antioxidants extraction by resembling the

biological behaviour of antioxidants which agreed with the result of (Bhatt and Patel 2013)

where they found fewer antioxidants in chemical extraction.

In this sense, the amount of antioxidants in gastric digested of garlic were quite higher than in

undigested samples, indicating that in vitro digestion provide better conditions (i.e., low pH

and pepsin) for the release of phenolic compounds from the matrix and/or for their stability

(Ryan and Prescott 2010; NAVARRO GARCIA and SIMÓN 2013).

On the other hand, a drastic reduction of phenolic compounds and flavonoids was observed in

the intestinal fraction. Thus, little number of phenolic compounds suggests that the intestine

imposes a limitation to their availability that can result either from chemical modifications or

physical barriers. Where chemical effects could arise from antioxidant degradation or from

alteration of the antioxidant properties by the effects of intestinal conditions (i.e., in our study,

pH 7.7, bile salts, and pancreatin). Since the action of the local microbiota is not considered

in our study, it contributes significantly to the digestive process (Murkovic et al. 2000; Pérez-

Vicente et al. 2002). Though, the low rate of antioxidant recovery in the intestinal fraction

does not indicate a low absorption, because some phenolic compounds can be absorbed

through the gastric wall. In addition, in vivo studies have revealed that antioxidants could be

passed through the gut membrane either by passive diffusion or by specific membrane

transporters after the interaction with certain glucosides (active glucose transporter: SGLT1)

(Clifford and Scalbert 2000; Talavéra et al. 2003; Del Rio et al. 2013; Fang 2014).
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3.2.2. Antioxidant capacity after in vitro digestion

During the in vitro digestion, antioxidant compounds might be chemically altered with

consequent modification of their functions and chemical properties, which can lead to a

considerable antioxidant capacity and show different results with different evaluation

methods. Hence, evaluation of antioxidant capacity measurement by more than one method is

recommended by many authors (Bhatt and Patel 2013; Tommonaro et al. 2017).

In this study, we have assessed antioxidant capacity with three different methods by DPPH,

FRAP, and TEAC (Table 3.4 and 3.6). Antioxidant that has been absorbed by the stomach,

showed antioxidant activities in the stomach (GI-Out fraction) for DPPH 43.07 %, TEAC

55.84 %, and FRAP 34.18 % with respect to undigested extract. Specifically, in all three

analytical methods, a significant difference (p<0.05) was found between gastric digestion,

intestinal digestion, and waste fraction in the FRAP test. As regards, DPPH and TEAC assay,

no significant (p<0.05) difference was found between gastric digestion and elimination.

Most often, the stomach and gastrointestinal tract are exposed to produce ROS by host-

related factors, such as by respiratory bursts of immune cells following their activation by

diet-derived bacteria and toxins (Halliwell et al. 2005). Thus, antioxidants may play a curial

role in the GI tract by maintaining redox balance against harmful oxidants and preventing GI

tract diseases caused by ROS generation during digestion processes. Our results suggest that

the antioxidant compounds released during simulated GI digestion were able to reduce free

radicals either by hydrogen donation, as assessed by ABTS test, or by electron donation, as

assessed by the FRAP test and ability to scavenge hydroxyl radical DPPH test, possibly

favoring hydrogen atom transfer mechanisms, requiring lower energy (Leopoldini et al. 2011).

In the present study, total antioxidant activities in both GI-out and IF fraction were higher

than those determined by undigested extracts Table 3.6. Consequently, antioxidant activities

increased in gastric digestion 2.6-fold for DPPH 3.3-fold for TEAC, and 1.3-fold for FRAP

compared with the undigested extract. Apparently, due to the higher concentrations of

polyphenols present in these digested fractions compared to chemical extraction.

Preferentially, it can be other compounds or hydrophilic compounds present in the digest

extract that acts as an antioxidant and interact with phenolic compounds or are associated

with the radical cation ABTS+ and increase their antioxidant activity (Rochín-Wong et al.

2013; Helal et al. 2014; Hayano-Kanashiro et al. 2016).
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Table 3.6. Total antioxidant capacity, determined by FRAP, DPPH and TEAC in garlic

extracts before (undigested) and after gastric (gastric fraction) and total digestion (intestinal

fraction).

DPPH

(μmol Txeq/g DW)

TEAC

(μmol Txeq/g

DW)

FRAP

(μmol Txeq/g DW)

Undigested

extract

9.24 ± 0.27 c 7.70 ± 0.61c 105.17 ± 11.51a

Gastric digestion

Gastric OUT 3.98 ± 1.33 dns 4.30 ± 2.87 cdns 35.95 ± 2.82 b*

Gastric IN 19.91 ± 1.79 b* 20.81 ± 0.71a* 103.45 ± 1.77 ans

Intestinal

digestion

Intestinal IN 2.72 ± 0.29 dns 1.94 ± 0.02 dns 22.17 ± 0.65 b*

Intestinal OUT 25.10 ± 1.08 a* 12.68 ± 0.08 b* 107.21 ± 4.23 ans

Results are expressed as mean ± SD (n = 3). n.s. not significant; Significant differences (p <

0.05) between the different garlic digested extract and raw extract are indicated with differing

lower-case letters in superscript (in acolumn). * Signifificant differences (p < 0.05) between

IN and OUT fractions of gastric and intestinal digestion.

Furthermore, the scenario of the intestine was the opposite, a significant loss (p < 0.05) of

total antioxidant activity was observed during IF digestion (bioavailable fraction) regarding

undigested extract. The antioxidant activity DPPH, FRAP, and TEAC were decreased

29.44%, 21.8%, and 25.19%, respectively compared to undigested extract. When GI-Out and

IF were compared, the antioxidant capacity of intestinal fraction DPPH, FRAP, and TEAC

were decreased by 13.66%, 21.43% and 9.32% agreed with another lab studies those deals

with honey digestion (Cianciosi et al. 2019).

The reduction of antioxidant activities in the intestinal environment could be associated with

the fact that some components might be transformed into different structural forms with their

other chemical properties due to their affectability to alkaline conditions (Bermúdez-Soto et
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al. 2007). In addition, these compounds are capable to bind with other components and

forming large complexes, that could not pass through the dialysis membrane. For instance,

the total antioxidant capacity of digested apples was decreased 57% and 46% for FRAP and

ABTS tests, respectively compare with fresh apple after gastrointestinal digestion (Bouayed

et al. 2011). However, The IN-Out (waste fraction) showed significantly (p<0.05) increased

antioxidant activity 9.2-fold, 6.5-fold, and 4.8-fold for DPPH, TEAC, and FRAP than IF.

Indeed, waste fraction exhibited the highest value among overall antioxidant capacity. Our

results showed similarities with (Giampieri et al. 2018). strawberry digestion where

antioxidant activity (DPPH, FRAP, and TEAC) of different types of digested berries has been

lowered in the intestinal fraction than the elimination fraction. It could be a significant

amount of flavonoids is not able to pass through the dialysis membrane and found in out

fraction where they are degraded by colonic microflora to phenolic acids showed high

antioxidant activity (Del Rio et al. 2013). It can be concluded that an escalation in free

phenolics is related to their antioxidant potential and is expected to improve their

bioavailability in the large intestine (Bhanja et al. 2009). Apart from the aforementioned,

antioxidant activity changes during simulated digestion, suggesting that generated bioactive

polyphenol compounds might play the main role.

3.2.3. Relationship between phenolic compounds and antioxidant capacity of

undigested and digest garlic extract

To assess the relationship between variables, evaluated values from undigested (ethanolic

extract) and digested extracts (GF-Out, GF-In, IF and WF) from garlic. The correlation

between the total phenolic content and antioxidant parameters of garlic (digested and

undigested) are shown in Table 3.7.

In our studies, we found a strong correlation between the TPC and TFC (R2 = 0. 861) of the

undigested and digested fraction of extract. Similarly, a significant strong positive correlation

was observed between TPC and DPPH (R2 = 0.994, p ≤ 0.001), our result matched with those

found a positive correlation between TPC and antioxidant in different undigested allium

spices, (Nencini et al. 2011) found R2 = 0.468 for DPPH test and R2 =0.669 for FRAP test

(Nencini et al. 2011); Soto et al., found for DPPH test R = 0.51, p ≤ 0.01 and also for FRAP

test R = 0.80, p ≤0.01 (Soto et al. 2016). Previously, a significant positive correlation (R =

0.95, P < 0.05) was found between phenolics content and antioxidant capacity among five
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well‐known anticancer spices, ginger, red pepper, garlic, green onion, and leek (Brand-

Williams et al., 1995). On the other side, a weak correlation with TPC of different garlic

species was found (Nuutila et al. 2003b). It could be used the differences in the experimental

conditions. Simultaneously, a strong positive correlation was found between TPC and TEAC

(R2 = 0.785) and TPC and FRAP (R2 = 0.836), which was also observed previously in the

undigest extract of garlic (Nencini et al. 2011). This positive correlation is due to the

hydroxyl group of phenolic compounds and flavonoids that donate hydrogen and electron

(Brand-Williams et al. 1995; Rice-Evans et al. 1996).

Furthermore, a high correlation was found among TFC and FRAP (R2 = 0.969, p < 0.006)

and DPPH (R2 = 0.824). Our data agreed with (Prakash et al. 2007) where, the ability to

scavenge hydroxyl radical in garlic was mainly due to flavonoids. This scavenges hydroxyl

radical can help to prevent oxidative damage that involves different pathological processes

such as cancer and different type of diseases (Guo et al. 2011). While low correlation

coefficients were obtained between TFC and TEAC (R2 = 0.678).

However, previously reported a similar correlation between phenolic compounds and

antioxidant activities observes in honey (for TPC R2 = 0.869-0.895; for TFC R2 = 0.704-

0.739) and berry for TPC R2 = 0.835; p ≤ 0.0001 and TFC) samples (Ariza et al. 2016;

Cianciosi et al. 2019). Our garlic results also alien with these results.

Table 3.7: Regression coefficient of TPC and TFC in correlation with DPPH, FRAP and

TEAC

TFC DPPH TEAC FRAP

TPC 0.861 0.988** 0.617 0.699

TFC 0.6796 0.459 0.939*

DPPH 0.837 0.821

TEAC 0.782

TPC, Total phenolic content; TFC, Total flavonoid content; FRAP, ferric reducing

antioxidant power assay; TEAC, Trolox equivalent antioxidant capacity assay; DPPH,
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Diphenyl-1-picrylhydrazyl assay; a 95% confidence interval, * Significant at p ≤ 0.05 **

Significant at p ≤ 0.001.

According to the correlation values of undigested and digested samples of garlic confirmed

that polyphenols and flavonoids significantly contributed to the TAC of garlic extract.

Figure 3.2: Linear relationship between total phenolic content and antioxidant activity a) Total

phenolic content and TAC (DPPH, TEAC and FRAP); b) Total flavonoid content and TAC (DPPH,

TEAC and FRAP). The colour of the dots in the figure represents digestion condition; orange the

undigested samples, cyan, green the GI-out fraction, violate the GI- In fraction, yellow the IN fraction

and pink the WF fraction after digestion.

Finally, a strong correlation was observed between DPPH and FRAP (R2 = 0.821, p>0.05) as

well as DPPH and TEAC (R2 = 0.837, p > 0.05) including FRAP and TEAC (R2 = 0.782) but

value did not demonstrate significant (p<0.05) statistical differences.

In summary, this work highlights not only the relevance of garlic extracts antioxidant

capacity but their potential healthy properties under physiological-like conditions. These

results give new insights for garlic phenol and open a wide range of applications for

improving human health (i.e., pharmaceutical uses).
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RESULTS AND DISCUSSION: PART III

3.3. Anti-proliferative effect of garlic on human breast cancer MCF7 cells

Focusing on the third part of my Ph. D. project was to evaluate the anticancer effects of garlic

extract human breast adenocarcinoma MCF7 cell lines by evaluating cell viability, ROS,

Oxidative stress, Antioxidant enzyme activity, Apoptosis, Cell metabolism effect, and their

related molecular mechanism. Although, aged garlic extract exerts its cancer-inhibitory action

in different and complementary ways, due to the presence of a variety of compounds in the

extract (Borek 2001). To the best of our knowledge, this is the first report to demonstrate the

anticancer effects of phenol enriched garlic extract on breast cancer MCF7 cells.

3.3.1. Cytotoxic activity of garlic extracts on breast cancer MCF7 cell lines

In the next step of our experiment, we evaluated the anti-proliferative effect of undigested

and digested garlic extract on human breast cancer MCF7 cells. In addition, we also analyzed

the cytotoxic effect of garlic extract (undigested) on non-malignant breast epithelial cells

MCF10A cells to ensure the toxic effect of garlic extract on normal cells.

The cytotoxic effects of garlic extract were determined by performing MTT assay to

investigate the anti-proliferative effect on breast cancer cell line MCF7. Our results indicated

the possible anti-proliferative effect of the garlic extract with relation to increasing

concentration at 0-10 mg/ml and exposure time at 24 h, 48 h, and 72 h on MFC7 cells. Our

results confirm that garlic extracts significantly (p<0.05) reduced breast cancer MCF7 cell

proliferation at various concentrations in a time-dependent manner (Figure. 3.3). Whereas

high concentrations of garlic extract decreased cell viability on MCF7 compared to untreated

cells in a dose and time-dependent manner which are consistent with previous results of

(Ghazanfari et al. 2011), where they point out the effect of garlic extract on breast cancer

MCF7 cells and the IC50 (concentrations necessary for 50% inhibition of cell growth) value

3.087 mg/ml, 1.821 mg/ml and 1.744 mg/ml at 24h, 48h and 72h (Ghazanfari et al. 2011).

Similar cytotoxic effects obtain by Isbilen and his co-workers on MCF7 cells in a

concentration and time-dependent manner at 5 mg/ml and 10 mg/ml concentrations for 24h,

48h, and 72h compared to the control (Isbilen et al. 2018). These results are validated to our

results on MCF7 cells, where we found the IC50 values of dried garlic extract were 3.85

mg/ml, 4.97 mg/ml, and 8.1 mg/ml at 24h, 48h, and 72h respectively.
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Oppositely, (Bagul et al. 2015) shows 80–90 % (P< 0.05) anti-proliferative effect of crude

garlic extract at high concentration 0.25, 0.5, or l g/ml at 72h on MCF7 breast cancer cells

(Bagul et al. 2015). This result was further strengthened with in vivo studies done by (Talib

2017); they demonstrated, garlic aqueous extract showed anti-proliferative effect and the IC50

value of 78.9 mg/ml in mouse mammary EMT6/P cells line. Comparatively, our result

showed satisfactory cytotoxic effectiveness at a lower dose of garlic extract. In addition,

(Ohkubo et al. 2018) claim 73 % and 65 % cytotoxic effect of aged garlic extract at dose 10

mg/ml for 72 h in wild-type and multidrug-resistant human colon cancer cells LoVo WT and

LoVo DX cells, respectively. This data suggests that anti-proliferative effects of garlic extract

where a robust reduction is observed at a lower concentration than higher concentrations that

comply with other spices results on breast cancer cells; Nigella sativa shows cytotoxicity at

dose 2.72 mg/ml for 48h and 72h, Cloves oils (Syzygium aromaticum L.) oils at dose 36.43

μg/ml and 17.6 μg/ml on MCF7 cells, respectively (Mahmoud and Torchilin 2013; Baharetha

et al. 2013; Kumar et al. 2014). Along with ethanolic extract of Cinnamomum zeylanicum

have no anti proliferative effect at low dose of 25 µg/mL against human breast cancer MDA-

MB-231 cell line (Husain et al. 2018). Likewise, some African traditional spices Fagara

leprieuri, Fagara xanthoxyloïdes, Mondia whitei and Xylopia aethiopica and Goji berry are

exhibited cytotoxic effects on breast cancer MCF7 cells, respectively (Choumessi et al. 2012;

Wawruszak et al. 2021).

In accordance, the current study on dried garlic extract exerted an accentuated anti-

proliferative effect and reinforced the notion of the presence of the different compounds with

profound anticancer potential.
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Figure 3.3: Viability of MCF7 determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide (MTT) assay. Cells were treated with various concentrations of phenol enrich garlic extracts

(0–10 mg/ml) for 24 h, 48 h and 72 h. Data are expressed as the ratio to untreated group with treated

group. Data are expressed as mean ± SD for three replicas (n = 3) of three independent experiments.

3.3.2. Cytotoxic effect of bioaccessible fractions of garlic on breast cancer MCF7 cells

Until now the cytotoxic effect has only been evaluated to undigested garlic and breast cancer

cells. According to our knowledge, it is the first work, where we evaluated the cellular state

and potential cytotoxic action of the bioaccessible polyphenols on breast cancer MCF7 cells.

In this part of study, we investigated the anti-proliferative effect of digested garlic extract on

breast cancer MCF7 cells. The MCF7 cells were pre-incubated with concentrate intestinal IF

(bioaccessible fraction) of digested garlic extract 0 -10 mg/ml for 24h, 48h and 72h.

Remarkably, the values of cell viability obtained after comparing with untreated cells (Figure

3.4) and this comparison will give more plausible results on the real action of the antioxidant

present in the digested fraction (after the possible series of macro and micronutrient changes

that influence their final bioaccessibility during the digestion procedure. Thus, the results

showed a reduction of viable cells compared to untreated cells in a dose and time-dependent

manner. After 24h incubation, digested garlic extract didn’t show any significant (p<0.05)

effect on cell viability (75% - 89%).



117

Figure 3.4: Viability of MCF7 cells determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) assay. Cells were treated with various concentrations of

polyphenol enrich digested garlic extracts (0–10 mg/ml) for 24 h, 48 h and 72 h. Data are expressed as

the ratio to untreated group with treated group. Data are expressed as mean ± SD for three replicas (n

= 3) of three independent experiments.

While, after 48h and 72h incubation, cell viability started to a significant (p < 0.05) reduction

73% - 88% for 48h and non-significant (p<0.05) reduction 51% - 89%, respectively. We

noticed that, surprisingly, the IC50 value of undigested and digested garlic extract were almost

similar at 24h and at 48h, and cell viability decreased for garlic digested extract, especially at

higher concentrations. The marked observation from these results; the highest cytotoxic effect

was obtained, a dose and time-dependent manner especially, at 48 and 72 h of incubation of

cells with digested garlic extract.

In fact, a small decrease of cell proliferation compared with undigested extract at 48h after

possibly due to the low bioavailability of antioxidant compound in the intestinal fraction

mentioned earlier. Furthermore, there is no work on garlic digestion and cellular anti-

proliferative effect. On account of this, our experiment showed a close resemblance to

previously published results on the digested phenolic compound of strawberry; an inhibition

of proliferation of HepG2 (human liver carcinoma cells) cells from intestinal fraction from

100% to 63% was noticed by (Ariza et al. 2018), following a dose and time depended on
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manner. In addition, honey polyphenols also retained their anti-proliferative activity after

gastrointestinal digestion, particularly intestinal fraction on colon cancer HCT-116 cell lines

(Cianciosi et al. 2019).

Our study depicted that some factors such as the phenolic composition, the bioavailability of

antioxidants such as polyphenol, and the antioxidant capacity may be influenced the anti-

proliferative activity of the garlic. The higher bioaccessibility of the bioactive compounds

depended on the complexes formed between polyphenols and the components of the cell wall

that can be reversible or irreversible depending essentially on the affinity, polyphenols

structures, proteins and polysaccharide concentrations, the action of digestive enzyme,

temperature, and pH (Zhu 2018).

According to literature studies, there is no significant antiproliferative activity of garlic

phenolic compounds on breast cancer cells with before and after in vitro digestion, as we

mentioned before. The anti-proliferative effect of digestive garlic in accordance with the anti-

proliferative effect of the digested phenolic compound of berries on human breast cancer cell

line (Guo et al. 2017).

Overall, in both digested and undigested garlic extract, a cytotoxic effect on MCF7 cells was

observed indicating that phenolic compounds entrapped in the garlic matrix especially in the

undigested extract. We hypothesized that our results would help to understand the

bioavailability of garlic antioxidant compounds in the site of absorption and their anti-

proliferative effects on breast cancer MCF7 cells growth.

3.3.3. Cytotoxic activity of garlic extracts on MCF10A cell lines

Plant-derived natural compounds are important sources of anticancer agents because they

induce less toxicity in non-cancer cells. (Phang et al. 2016; Bhardwaj et al. 2016). According

to other studies, garlic components DAD induced the cytotoxic effects on breast cancer cells

but not on normal breast cell lines (Kiesel and Stan 2017).
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Figure 3.5: Viability of MCF10A cells determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) assay. Cells were treated with various concentrations of

polyphenol enrich garlic extracts (0–10 mg/ml) for 24 h, 48 h and 72 h. Data are expressed as the ratio

to untreated group with treated group. Data are expressed as mean ± SD for three replicas (n = 3) of

three independent experiments.

Regarding this present study, we evaluated, similar concentrations of garlic extract treatment

(0-10 mg/ml) at 24, 48, and 72 h to determine the cytotoxic effects on non-cancerous human

normal breast MCF10A cells (a non-tumorigenic cell line originally isolated from a

fibrocystic breast disease and spontaneously immortalized). In particular, garlic extract

exhibited no toxic effects on MCF10A cells, compared with untreated cells up to 7.5mg/ml

(Figure 3.5). After, the cell viability was less decreased and showed less toxicity at the

concentrations of 7.5 mg/mL for garlic extract. In these cases, non-tumorigenic MCF10A

cells were significantly (p < 0.05) less sensitive to toxicity for garlic extract compared to

breast cancer MCF7 cells at 24h, 48h and 72h. Interestingly, garlic bioactive compound DAS

has effectively recovered cell viability on non-tumorigenic MCF10A instead of showing

cytotoxic effect (Chandra-Kuntal et al. 2013; McCaskill et al. 2014).

3.3.4. Garlic extract by modulating Oxidative stress in MCF7 cells

3.3.4.1. Effect garlic extract induces intracellular ROS production on MCF7 cells

Reactive oxygen species (ROS) are moderators of intracellular signalling cascades and can

activate a sequence of pathways for programmed cell death such as apoptosis or autophagy

by generating and accumulating in cancer cells. In cancer cells, there is an unbalanced ROS
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level due to the defective cell metabolism and proliferative capacity, acting as a pro-

tumorigenic factor (Nogueira and Hay 2013). In addition, recent evidence has revealed that

natural compounds exhibit anti-tumour potential by generating ROS content in cancer cells

that help to generate oxidative stress. Oxidative stress acts as a possible mediator of cell death

by activating apoptosis or autophagy (Santandreu et al. 2011; Gunasekaran et al. 2015;

Enayat et al. 2016; Bhardwaj et al. 2016), without cytotoxic effect against healthy cells (Ding

et al. 2009). For example, the main phenolic component of turmeric; curcumin has potent

anticancer activity against gastric cancer cells by inducing ROS-mediated apoptosis (Liang et

al. 2014). Similarly, hexane extracts of garlic cloves has generated and accumulated ROS and

the association of these effects with apoptotic cell death on using a human hepatocarcinoma

cell line Hep3B in vitro (Kim et al. 2012). Recently, garlic component S-allyl cysteine (SAC)

has also increased ROS accumulation in breast cancer MCF7 cells (Vijayan et al. 2021). In

particular, phenolic components such as p-coumaric acid, which suppressed cell growth in

breast adenocarcinoma MCF7 cell lines by generating ROS (Stefani et al. 2021). Also, caffeic

and sinaptic acid which have activated AMPK pathway via ROS generated apoptosis

induction in breast cancer MCF7, MDA-MB-231 and MDA-MB-435 cells respectively and

down regulated mitochondrial potential (Jia et al. 2014; Ahn et al. 2020). Likewise, salicylic

as well as sodium salicylate has increased ROS production and the association of these

effects with apoptotic tumour cell death (Chung et al. 2003).

In this present work, we investigated the intracellular ROS production in MCF7 cells. In order

to determine the intracellular ROS levels, MCF7 cells were treated for 48 h with or without

various concentrations of garlic extract (1.87 mg/ml, 4.97 mg/ml, and 8.1 mg /ml) for MCF7
cells. The results were analyzed by using the CellROX® Orange assay kit by Tali™ Image-

based Cytometer. We observed increased intercellular ROS accumulation in MCF7 cells in a

dose-dependent manner. After garlic extract treatment at dose 1.85 mg/ ml, 4.94 mg/ml and

8.1 mg/ml, ROS accumulated significantly (P<0.05) increased 1.77 fold, 5.73 fold and 6.87

fold respectively with respect to the control in a dose and time dependent manner. Thus, a

high effect of garlic ROS generation was found with a concentration of 8.1 ml/mg. Our

results showed that polyphenol enriched garlic extract increased intracellular ROS in a dose-

dependent manner in breast cancer MCF7 cells and fluorescence intensity showed a

significant and dose-dependently increase in intracellular ROS levels in MCF7 cells after

being treated with garlic extract (Figure 3.6) for 48 h. In a word, ROS has also been
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implicated in the mediation of apoptosis in cancer cells (Gupta et al. 2012; Paulsen and

Carroll 2013).

Figure 3.6: Intracellular ROS level in breast cancerMCF7 cells treated with 1.84 mg/ml, 4.97 mg/ml
and 8.1 mg/ml of garlic extract for 48 h. Intracellular ROS levels were evaluated by using CellROX®

Orange assay kit and the Tali™ Image-based Cytometer. a) Representative images of intracellular

ROS quantification are shown following; stressed cells appear red after 48 h garlic treatment. Scale

bar = 50 µm, average cell size =13 µm). The cornflower blue line of the thumbnail histogram

indicated the set threshold. b) Column’s graph belongs to the same set of data compare to untreated

cells with different superscript letters are significantly different (p < 0.05). All data shown were the

mean ± SD of three independent experiments.

3.3.4.2. Effect of garlic extracts on antioxidant system on MCF7 cells

Antioxidant defense systems in the human body maintain the balance between the generation

and neutralization of ROS and antioxidant enzymes including superoxide dismutase (SOD),

catalase (CAT), glutathione peroxidase (GPx), glutathione reductase (GR), glutathione S-

transferase (GST), and glutathione (GSH). Moreover, the imbalance between ROS and

antioxidant defence systems leads to oxidative stress and oxidative molecules can expose

damage to all classes of biological macromolecules and eventually lead to cell death.

According to previous studies, natural compounds can behave as pro-oxidants and have an
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appreciable oxidative impact on cellular redox status, essential for (i) disruption of other

antioxidant defence mechanism (ii) reduction of Nrf2 gene activation (Atsumi et al. 2007;

Dewangan et al. 2017; Zedan et al. 2021; Sharma et al. 2021). A similar result was observed

in our experiments with garlic extracts treatment in MCF7 cells (Figure 3.7). Whereas we

examined the activity and the expression of the antioxidant enzymes by using 1.85, 4.97, and

8.1 mg/ml of garlic extracts in breast cancer MCF7 cells at 48h.

However, garlic, has ability to change the status of the GSH, GPx and GST in the liver by

inducing oxidative stress (Bhuvaneswari et al. 2004). Here, we observed, garlic extracts

decreased the activity of antioxidant enzymes, such as GST, GPX, GR and GSH enzymes up

to 0.47-fold, 0.49 fold, 0.63 fold and 0.76 fold respectively, compare to untreated MCF7 cells

(Figure 3.7) in a dose and time depended manner.

However, GSH is an intracellular thiol antioxidant; a lower level of this GSH causes higher

ROS production (Ribas et al. 2014) which changed in the intracellular redox environment, as

a result, the activation of apoptotic enzymes and the progression of programmed cell death.

Moreover, GSH depletion is an early hallmark observed in apoptosis (Franco et al. 2008). We

evaluated the relationship between GSH depletion, the generation of reactive oxygen species

(ROS), and the progression of apoptosis (Figure 3.8).
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Figure 3.7: Garlic extracts reduced the antioxidant enzyme GR, GPx, and GST activity in MCF7 cells.

MCF7 cell were incubated to different concentrations Crlt, 1.85 mg/ ml, 4.97 mg/ml and 8.1 mg/ml of

garlic extracts for 48 h. a) GR, b) GPx, and c) GST activity was expressed as unit per mg protein and

Column’s graph belongs to the same set of data compare to untreated cells with different superscript

letters are significantly different (p < 0.05). All data shown were the mean ± SD of three independent

experiments.

After, we hypothesized that GSH efflux during death receptor-mediated apoptosis occurs via

a GSH transporter. A similar cytotoxic effect has been shown in gallic acid and curcumin via

ROS generation along with the glutathione depletion in breast cancer MDA-MB-231 cells

line (Moghtaderi et al. 2018). Another study of garlic water preparation, allicin has showed

an anti-proliferative effect in human breast and colon cancer via decreased intracellular GSH

level (Hirsch et al. 2000). It has been reported that garlic extract increased cytotoxicity by

compromising the cellular antioxidant enzyme system, depleted GSH, formed reactive

oxygen species, collapsed the mitochondrial membrane potential, and induced lipid

peroxidation (Figure 3.7- 3.11).

Figure 3.8: Garlic extracts reduced the antioxidant enzyme GSH activity in MCF7 cells. MCF7 cell

were incubated to different concentrations of Crlt, 1.85 mg/ ml, 4.97 mg/ml and 8.1 mg/ml of garlic

extract for 48 h. a) GSH enzyme activity was expressed as unit per mg protein and Column’s graph

belongs to the same set of data compare to untreated cells. b) Graphical representation expresses the

relationship between level of GSH, ROS generation and apoptotic cells with the different treatment or
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without treatment conditions. c)The expression of HO-1 was determined by western blotting analysis.

GADPH was used as a loading control protein. All data shown were the mean ± SD of three

independent experiments. Different superscripts letter for each column indicated significant

differences (p < 0.05).

Recently, the nuclear factor erythroid-2-related factor 2 (Nrf2)-Keap1-ARE (Keap1) pathway,

a major regulator of oxidative stress and a promising target for cancer therapy (Jaramillo and

Zhang 2013). Nrf2 has a dual role in the case of cancer, cancer development and cancer

prevention. For instance, it increase cancer survival by increasing GSTP in hepatocellular

carcinoma (IKEDA et al. 2004; Lau et al. 2008).

On the other hand, Nrf2 is reclusive in the cytoplasm by an actin-binding protein, Keap1, and

upon exposure of cells to inducers such as oxidative stress, Nrf2 detach from Keap1,

translocate to the nucleus, binds to AREs, and transactivates phase 2 detoxifying enzymes or

proteins, such as NAD(P)H: quinone reductase-1 (NQO1), heme oxygenase-1 (HO-1), and

glutathione synthetase (GSS) such as GST, GSH.

Figure 3.9: Garlic extracts reduced the antioxidant enzyme SOD and Catalase (CAT) activity in

MCF7 cells. MCF7 cell were incubated to different concentrations Crlt, 1.85 mg/ ml, 4.97 mg/ml and

8.1 mg/ml of garlic extract for 48 h. a) CAT and b) SOD activity was expressed as unit per mg protein

and Column’s graph belongs to the same set of data compare to untreated cells. mRNA expression of
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antioxidant marker SOD and Catalase were analysed by real-time PCR. GADPH used as

housekeeping gene that was amplified under the same PCR conditions for normalized quantitative

data. Results are expressed as median, first quartiles, third quartiles, minimum and maximum values.

All data shown were the mean ± SD (n = 3). Different superscript letters for each column indicated

significant differences (p < 0.05).

After then, Nrf2 showed mitochondrial protection from oxidative stress by increasing GSH

protein in the mitochondrial (Jeong et al. 2006; Dinkova-Kostova and Abramov 2015; Tebay

et al. 2015). Together with, loss of function of Keap1 may result in prolonged activation of

Nrf2 providing cancer cells with a growth advantage by up-regulating of Nrf2 downstream

genes (Wang et al. 2008). Considering this, dysfunction of Keap1-Nrf2 interaction in the

breast has been able to repress Nrf2 activity and decreased antioxidant enzyme activities

(Nioi and Nguyen 2007). In this part of the study, we investigated phenolic compound enrich

garlic extract effect on antioxidant enzyme activities in the breast cancer MCF7 cells; to target

the interruption of Keap1-Nrf2 interaction.

Figure 3.10: Garlic extracts provokes antioxidant enzyme activity in MCF7 cell. MCF7 cell were
incubates to different concentrations 1.85 mg/ ml, 4.97 mg/ml and 8.1 mg/ml of garlic extracts for 48h.

mRNA expression of Nrf2, keap1, NQO1 and GSTP1 were analyzed by real-time PCR. GADPH use

as housekeeping gene that was amplified under the same PCR conditions for normalized quantitative

data. Results are expressed as median, first quartiles, third quartiles, minimum and maximum values.
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All data shown were the mean ± SD (n = 3). Different superscript letters for each column indicated

significant differences (p < 0.05).

To demonstrate the modulation effect on the Nrf2-Keap1 pathway by the garlic extracts, the

gene and protein expression of Nrf2 target genes have also been evaluated (Figure 3.10). The

mRNA expression of SOD, catalase, and GST significantly (P <0.05) decreased up to 0.37-

fold, 0.22 fold, and 0.85 fold respectively, compared with untreated cells (Figure 3.9 and 3.10)

in a dose and time depended manner. And also, the mRNA expression of Nrf2 and NQO1

were also significantly (P<0.05) downregulated up to 0.69-fold and 0.78 fold, respectively,

compared with untreated cells in a dose and time depended manner. Moreover, garlic extracts

significantly (P<0.05) upregulated the expression of the Keap1 gene up to 1.34-fold

compared with untreated cells in a dose and time depended manner.

Henceforth, the mRNA and protein expression of Nrf2 and its downstream targets, SOD,

catalase, and HO-1 (Figure 3.8 and 3.9); confirmed that effects of garlic extracts facilitated

MCF7 cell cytotoxic in response to oxidative stress in a dose and time depended manner.

As mentioned, HPLC analysis revealed the presence of several phenolic compounds; caffeic,

p-coumaric acid, dihydroxy benzoic acid, galic acid in garlic extracts. It could be explained

that attributed to their antioxidant activity due to presence of high phenolic contents. Our

results corroborate with Sharma experiment; the phenolic extracts of Halophila ovalis has

reduced the antioxidant defense system in MCF7 cells by decreasing the expression of Nrf-2

and regulatory antioxidant enzymes, SOD-2 and HO-1 (Sharma et al. 2021). Likewise, garlic

studies with gastric cancer showed, diallyl trisulfide (DTS) has inhibited tumour by

decreasing Nrf2 protein expression in in vitro and in vivo studies (Jiang et al. 2017). In

contrast, DATS has showed a cytoprotective effect via significantly up-regulated expression

of NQO1 and Nrf2 in non-tumorigenic breast epithelial MCF-10A cells and in human

hepatoma HepG2 cells (Chen et al. 2004; Cho et al. 2019).

Notably, in vivo studies, garlic could modulate oxidative stress depending on its route of

administration. After oral administration of the high dose of garlic increases antioxidant

enzyme activity including catalase and SOD in rat brain. Whereas intra peritoneal

administration of garlic decreased the enzyme activities of catalase and SOD (Hamlaoui-

Gasmi et al. 2011).
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Finally, taken all together, garlic extracts caused a pronounced redox impairment in MCF7
cells by inhibiting the antioxidant activity of SOD, catalase, GST, GPx, GR, and GSH

antioxidant modulating the Nrf2/Keap pathway. These findings recommend that the anti-

proliferative effect of garlic extracts is associated with its oxidative stress-induced down

regulating antioxidant protection mechanism by stimulating ROS production in human breast

cancer MCF7 cells.

3.3.4.3. Effect of garlic extracts on the biomarker of oxidative stress in MCF7 cells

To evaluate whether garlic extract inhibited cell proliferation in human breast cancer MCF7
cells is mediated by oxidative stress, we evaluated the oxidative damage of lipid (TBARS

level) and protein (carbonyl content level) and DNA (OGG1 protein expression). Because the

oxidative burst resulted in protein, lipid and DNA damage as demonstrated by protein

carbonyl accumulation, lipid peroxidation and damage of DNA in the cells. In the presence of

polyunsaturated phospholipids, cell membranes are susceptible to oxidative damage that can

be resulted in the formation of lipid peroxides. Our result obtained from TABARS and

carbonyl protein assay showed a significant (p <0.05) increased level of lipid and protein up

to 2.20 fold and up to 3.78 fold respectively compare to the control respectively (Figure 3.11)

in a dose and time dependend manner.

Figure 3.11: Induction of oxidative stress in breast cancerMCF7 cell and lipid and protein oxidative
damage was evaluated from the a) TBARS levels and b) protein carbonyl content. Incubation of
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MCF7 cell with garlic extracts with Crlt (untreated cell), 1.84 mg/ml, 4.97 mg/ml and 8.1 mg/ml for
48 h. The results were measured and expressed as unit per mg protein and the fold change compared

to the control. c) The expression of OGG1 was determined by western blotting analysis. GADPH was

used as a loading control protein. All data shown were the mean ± SD of three independent

experiments. Different superscripts letter for each column indicated significant differences (p < 0.05).

We found a maximum level of lipid peroxidation and carbonyl content in MCF7 cells at high

conc. (8.1 mg/ml) of garlic extracts treatment compared to the untreated cells respectively.

This increased amount of lipid peroxidation demonstrated that garlic extract increased

peroxide production in MCF7 in a dose-dependent manner. Similarly, garlic extracts

significantly (p<0.05) increased malondialdehyde (a by-product of lipid peroxidation) in HL-

60 cells compared to the untreated cells. This increase revealed that garlic extracts upregulate

MDA production in HL-60 cells at high concentrations (6mg/ml) (Yedjou and Tchounwou

2012a). Likewise, garlic component, ajoene increase peroxide production in HL-60 cells after

ROS generation in a dose and time-dependent (Dirsch et al. 1998). Also, DADS increase 2-

fold oxidative mediated lipid peroxidation and carbonyl protein after 12h and 24h treatment

and showed cytotoxicity (Filomeni et al. 2003). Oppositely, in the case of breast cancer,

diallyl sulfide (DAS) decrease lipid peroxidation in the breast tissue of female ACI rats after

being treated for 4/6 weeks (Gued et al. 2003). Recently, researchers demonstrated that

phenolic compounds enrich extracts such as ferulic, vanillic, and p-hydroxybenzoic acids are

increased the lipid peroxidation in breast cancer MDA-MB231 and MCF7 cell lines (Sorice et

al. 2016). In our experiments, garlic extracts also enriched with a high amount of ferulic and

p-hydroxybenzoic acids that also comply with Sorice et al., (2016) result. Whereas, the

oxidative damage of lipids, is associated with the down regulation of Nrf2 their

corresponding signalling pathways (Orozco-Morales et al. 2021).

However, the formation of carbonyl protein by ROS generating has been used as an index of

oxidation of protein (Berlett and Stadtman 1997). Our results show that incubation of cell

suspensions with garlic extracts at 48h caused a marked increased of the protein carbonyl

content due to oxidatively damaged protein in MCF7 cells (Figure 3.11). These results

suggested that it might be phenol molecules direct interacting with nucleic acids and proteins

that are one of the major causes of garlic extracts cytotoxicity in MCF7 cells. For example,

Piper nigrum ethanolic extracts rich in piperamides causes ROS overproduction, oxidative

damage that increase lipid peroxidation, and carbonyl proteins content that alien with our
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results (de Souza Grinevicius et al. 2016). Correspondingly, natural polyphenols also showes

these identical effects (Ivanova et al. 2019).

Consequently, for confirmation of DNA damage, we investigated the protein expression of

OGG1; a bifunctional glycosylase represents a DNA damage marker that is capable to break

the DNA backbone strand and splitting the glycosidic bond in the mutagenic area (Jacobs and

Schär 2012). Previously reported that the absence of OGG1 is associated with aggressive

breast cancer. Notably, polyphenol-containing food could oxidative DNA breakage and

increased the OGG1 expression in a stressed condition in in vitro studies (Afrin et al. 2018).

In our study, western blot analysis revealed that garlic extracts treatment significantly (p <

0.05) increased the protein expression of OGG1 up to 2.88-fold in MCF7 cells compared to

untreated cells. Thus, this study revealed oxidative DNA damage in the breast cancer MCF7
cells after treatment with garlic extract (Figure 3.11). A similar effect was found in human

leukemia HL-60 cells where, garlic extract has fragmented nucleosomal DNA (Yedjou and

Tchounwou 2012b).

The above mentioned it could be concluded that phenolic enrich garlic extracts induced

oxidative stress and increased lipid peroxidation, carbonyl protein, and damaged DNA as

well as the anti-proliferative effect in breast cancer MCF7 cells.

3.3.5. Effect of garlic extract on apoptosis on MCF7 cell

Morphologically, apoptosis is characterized by cellular shrinkage and condensation of the

nuclear contents, followed by plasma membrane ruffling and blebbing. Then, the cell is

divided into membrane-bound apoptotic bodies containing a different type of the original

cellular contents, that are shed from the dying cells and phagocytes by surrounding cells

(Orlowski 1999).

However, apoptosis occurs mainly in mitochondrial-mediated pathways (intrinsic pathway)

and death receptor-mediated pathways (extrinsic pathways), but endoplasmic stress has also

some role to induce apoptosis (Choudhury et al. 2011). Previous research has focused on

many spices and their bioactive components exhibited inhibitory effects of cells proliferation

on breast cancer through inducing apoptosis in breast tumour cells (Mousavi et al. 2009; de
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Souza Grinevicius et al. 2016). For example, curcumin-induced apoptosis in MDA-MB-231

and MCF-7 cells, respectively, and suppressed cells proliferation (Lv et al. 2014). Another

study showed flavonoids, as diet-derived nutrients are recently introduced to deal with

tumour cells via modulation of apoptosis pathways and inhibited cell growth (Tu et al.

2018b).

Therefore, first, we analyzed the apoptosis with apoptosis assay kit using Tali™ Image-based

cytometer for quantifying the number of living, apoptosis, and dead cells to confirm garlic

induced anti-proliferative effect which associated with apoptosis induction (Figure 3.12).

To determine the apoptotic effect, MCF7 were treated for 48 h with or without various

concentrations of garlic extract (1.87 mg/ml, 4.97 mg/ml and 8.1 mg/ml). Then, the number

of apoptotic cells was significantly (p < 0.05) increased up to 4.0 fold in MCF7 cells

compared to untreated cells (Figure 3.12). The highest number of apoptotic cells was

observed at 8.1 mg/ml dose for MCF7 cells with respect to untreated cells. Along with, the

dead cells significantly (p<0.05) increased up to 4.56-fold with respect to the untreated cells

(Figure 3.12).

Figure 3.12: Induction of apoptosis in breast cancerMCF7 cells treated with 1.84 mg/ml, 4.97 mg/ml
and 8.1 mg/ml of garlic extract for 48 h. a) Percentage of live, dead, and apoptotic cells were

evaluated by using Annexin V Alexa Fluor® 488 and PI staining by using the Tali™ Image-based

Cytometer. Representative images of apoptosis quantification are shown following the picture; blue

colour corresponds to live cells; green colour corresponds to apoptotic cells and red and yellow colour

corresponds to dead cells after 48 h garlic extract treatment. Scale bar = 50 µm, average cell size =13

µm. b) Column’s graph belongs to the same set of data compare to untreated cells with different
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superscript letters are significantly different (p < 0.05). All data shown were the mean ± SD of three

independent experiments.

In recent times, the mechanism of apoptosis induction in breast cancer is a topic of great

interest to determine the underlying cause of cell death. For this, we evaluated several control

points that determine the activation of apoptosis consequent to pro-apoptotic signals (Figure

3.13). Indeed, we investigated the molecular mechanism of garlic induction apoptosis;

investigated by mRNA and protein expression of apoptotic marker which is involved in the

intrinsic, extrinsic and ER stress apoptotic pathway via western blot and Real-time PCR

analysis. For regulating these mechanisms, several groups have applied systems biology

progress to study the mechanistic regulation of these apoptotic networks (Fussenegger et al.

2000; Eissing et al. 2004; Bagci et al. 2006; Legewie et al. 2006; Albeck et al. 2008; Zhang et

al. 2009; Ballweg et al. 2017).

Figure 3.13: Possible anti apoptosis pathway of garlic extracts in MCF7 breast cancer cells. Where

mitochondria plays a central role in regulating the intrinsic and extrinsic apoptotic pathway responses

to DNA damage. Apoptotic cell death can be induced by several triggers, resulting in the release of

cytochrome c, Smac/Diablo, and apoptosis-inducing factor (AIF), from the mitochondrial outer

membrane, inducing caspase-dependent and independent pathways of cell death. Garlic phenolic



132

compounds increased the release of these small molecules from mitochondria that decreased the over

expression of Bcl-2 and McL1 and blocked BIRC-2 and BIRC-5.

3.3.5.1. Intrinsic Pathway

In intrinsic-mitochondrial apoptotic pathway, anti-apoptotic protein Bcl-2 and Mcl-1 and pro-

apoptotic proteins Bax and Bid play an important role in controlling the outer mitochondrial

membrane permeabilization and leakage of apoptogenic protein (Cyto C and Smac) and other

apoptotic factors, that in turn activate caspase-9 and caspas-3 (Elmore 2007; Zhang et al.

2014).

3.3.5.1.1. P53 dependent intrinsic apoptosis

Further, we evaluate the activation of tumour suppressor P53 gene expression by RT-PCR. In

our present work, after being treated with garlic extract at 1.84, 4.97 and 8.1 mg/ml for 48h,

we observed garlic extract increased the gene expression of P53 up to 1.53 fold compared to

untreated cells, remarkably. In the mitochondrial apoptosis pathway, Bax and Bark are the

two key molecules that were interdependently activated by p53 and leading to cytochrome c

release, followed by apoptosis.

We assumed that up-regulated P53 had blocked BCl-2 family and up regulated Bax gene.

Notably, our observation is in line with previous experiments where, garlic components

DATS, DADS and sallylmercaptocysteine (CySSA) increased P53 expression, indicating

apoptosis by a mitochondrial pathway in breast cancer MCF7 and MDA-MB-231 cells (Lei et

al. 2008, p. 71; Malki et al. 2009; Zhang et al. 2014). Markedly, some spices constituents

such as 6-gingerol and thymoquinone showed p53-dependent intrinsic apoptosis in breast

cancer cells (Ng et al. 2011; de Souza Grinevicius et al. 2016; Sp et al. 2021).
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Figure 3.14: Garlic extract induces intrinsic apoptosis on MCF7 cell. MCF7 cell were incubates to
different concentrations 1.85 mg/ ml, 4.97 mg/ml and 8.1 mg/ml of garlic extract for 48 h. mRNA

expression tumour suppressor gene P53 was analysed by real-time PCR. GADPH use as

housekeeping gene that was amplified under the same PCR conditions for normalized quantitative

data. Results are expressed as median, first quartiles, third quartiles, minimum and maximum values.

All data shown were the mean ± SD (n = 3). Different superscript letters for each column indicated

significant differences (p < 0.05).

3.3.5.1.2. Apoptosis induction with Bax/Bcl2 family

The anti-apoptotic Bcl 2 family are also plays important role in apoptosis. Basically, Bcl-2

protein family regulates the permeability of the outer mitochondrial membrane and includes

both pro-apoptotic Bad, Bax, and Bid and anti-apoptotic members such as Bcl-2 and Bcl-xl

(Choumessi et al. 2012). In our experiment, we noticed, after 48h garlic treatment of MCF7
cells significantly (p < 0.05) decreased anti-apoptotic genes Bcl-2 expression up to 0.79-fold

and Mcl-1 gene expression up to 0.67 fold compared to the untreated cells. In particular, the

expression of the pro-apoptotic gene Bax and Bid was significantly (p < 0.05) increased up to

1.84-fold and 1.78 fold respectively, compared to the untreated cells.

In addition, the intrinsic or mitochondrial program cell death cascade is started as a reaction

to cellular stress by increasing ROS production and pro-apoptotic BH3 marker are activated

in the program cell death intrinsic pathway while, Bax is directly activated through BH3

marker by making its direct interactions, further, it can also activate through indirect

interaction with Bcl2 marker (Alshammari et al. 2020).
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According to our results, garlic extract induced intrinsic apoptosis via up-regulation of pro-

apoptotic genes (Bax and Bid) and down-regulation of anti-apoptotic genes (Bcl-2 and Mcl-1)

in breast cancer MCF7 cell line in a dose-dependent manner that consistent with previous

findings; garlic oil and it’s component DADS and water-soluble compounds S-allyl

mercaptocysteine (SAMC) was responsible for induction apoptosis in breast cancer MCF7
cell by modulating several mechanism actions through upregulating the protein expression

level of Bax, Bark, Bid and downregulating the expression of Bcl-xL and Bcl-w in a dose-

dependent manner in MCF7 and MDA-MB-231 cells (Altonsy et al. 2012; Zhang et al. 2014).

Likewise, Phenolic compound such as curcumin has potentially reduced cell growth of MCF7
via up-regulation of Bax and downregulation of Bcl-2 (Masuelli et al. 2013)

3.3.5.1.3. Caspase dependent intrinsic apoptosis

Upon activation of bax that helps to form pores in the mitochondrial outer membrane that

release cytochrome c. Increased cytosolic cytochrome c concentration activates caspas-9 and

caspas-3 that indicate loss of mitochondrial membrane potentiality and causes succeeding cell

death (Alshammari et al., 2020).

In our experiment, we found gene expression of caspase-9 significantly (p < 0.05)

unregulated up to 1.55 fold and caspase-3 up to 1.61 fold. Our results have a number of

similarities with previous studies of different types of spices where they induced caspase-

dependent intrinsic apoptosis in breast cancer cells, without affecting non-cancerous cells

(Mousavi et al. 2009; Basile et al. 2015; de Souza Grinevicius et al. 2016; Kello et al. 2020).
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Figure 3.15: Garlic extract induces intrinsic apoptosis in breast cancer MCF7 cell. MCF7 cell were
incubates to different concentrations 1.85 mg/ ml, 4.97 mg/ml and 8.1 mg/ml of garlic extract for 48 h.

mRNA expression of intrinsic apoptotic markers Bcl-2, McL-1 Bax, Bid were analyzed by real-time

PCR. GADPH use as housekeeping gene that was amplified under the same PCR conditions for

normalized quantitative data. Results are expressed as median, first quartiles, third quartiles,

minimum and maximum values. All data shown were the mean ± SD (n = 3). Different superscript

letters for each column indicated significant differences (p < 0.05).

3.3.5.1.4. SMAC mediated apoptosis

In the mitochondrial pathway (the intrinsic pathway), mitochondria release many death-

promoting factors such as smac (also known as DIABLO) and cytochrome c in response to

death signals via the so-called sensor molecules, such as the BH3 only Bcl-2 family proteins.

Recently, polyphenol enriched spices such as gingerol and curcumin induced apoptosis via

Smac/DIABLO pathway (Shankar and Srivastava 2007; Ogrodzinski et al. 2017). However,

Smac induced apoptosis by binding to the inhibitor of apoptosis proteins (IAPs), the whole

family of these proteins is now more precisely known as BIR containing (or BIRC) proteins

rather than IAPs that acts as an indirect activator of caspases by inhibition of the BIRC

proteins (Du et al. 2000; Verhagen et al. 2000; Fulda et al. 2002).
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While we investigated the levels of mRNA expression of pro-apoptotic gene Smac and anti-

apoptotic BIRC gene (BIRC-2 and BIRC-5) of MCF7 breast cancer cells after 48 h treatments

with garlic extract. Thereafter, we found mRNA expression Smac gene significantly (p<0.05)

increased up to 1.31 fold and BIRC-2 and BIRC-5 gene expression significantly (p<0.05)

decreased up to 0.55 and 0.73 fold respectively, compared with untreated cells. Our result

lends support to (Das et al. 2007) findings on human glioblastoma T98G and U87MG cells

after treatment with garlic.

The mitochondrial release of Smac into the cytosol correlated well with downregulated

BIRC-2 and BIRC-5 levels which indicate that garlic extract induced apoptosis in MCF7 cells

with a mitochondrial release of Smac into the cytosol and suppression of BIRC-2 and BIRC-5

level. Several studies showed that Smac decreased BIRC levels and induced apoptosis in

different cancerous cells (Du et al. 2000; Fulda et al. 2002; Chuturgoon et al. 2015).

Eventually, being after garlic extract treatment, Smac could suppress the survival effects of

BIRC by down-regulating BIRC-2 and BIRC-5 gene in breast cancer MCF7 cells for

promoting apoptosis.

Figure 3.16: Garlic extract induces intrinsic apoptosis onMCF7 cells. Mitochondrial release of Smac

into the cytosol for inhibition of BIRC in MCF7 cell line. MCF7 cells were incubates to different

concentrations 1.85 mg/ml, 4.97 mg/ml and 8.1 mg/ml of garlic extract for 48 hrs. mRNA expression

of mitochondrial apoptotic markers Smac, BIRC-2, BIRC-5 and hallmark of apoptosis marker c-
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PRAP were analysed by real-time PCR. GADPH use as housekeeping gene that was amplified under

the same PCR conditions for normalized quantitative data. Results are expressed as median, first

quartiles, third quartiles, minimum and maximum values. All data shown were the mean ± SD (n = 3).

Different superscript letters for each column indicated significant differences (p < 0.05).

3.3.5.2. Extrinsic pathway

Consequently, we observed the extrinsic pathway of apoptosis by evaluating the mRNA

expression levels of Fas-associated protein death domain (FADD) and caspas-8 in the breast

cancer MCF7 cell line. After, the activation of death receptor and mitochondrial pathways,

garlic extract may be increased FADD protein as well as activated a series of processes that

lead to the activation of pro-caspase 8 in caspase 8 via an auto catalytic reaction.

As can be seen, in Figure 3.17, the gene expression of FADD increased significantly (p<0.05)

up to 1.40 fold and caspase-8 up to 1.58 fold respectively, compared to untreated cells in a

dose-dependent manner. From this caspase, a cascade process is activated, markedly leading

to the activation of the effector caspase including caspas 3 and caspase 7 (Choudhury et al.

2011), and induced apoptosis. For example, garlic water-soluble compounds SAMC

potentially reduced cell growth of MCF7 and MDA-MB-231 cells, respectively, by inducing

apoptosis via activation of FADD and caspase 3 (Zhang et al. 2014). Indeed, our results were

consistent with the previous report by other natural extracts such as Tribulus Terrestris and

Hibiscus flower extracts on breast cancer cells (Patel et al. 2019; Nguyen et al. 2019).

Likewise, traditional Chinese medicine Ganoderma lucidum spore oil induced apoptosis of

breast cancer MDA-MB-231 cells via caspas activation (Jiao et al. 2020).

However, FADD is an important protein of the death receptors that bridges death receptor

signalling to the caspase cascade. It could be directly involved in the death province of the

Fas receptor, without the involvement of the pre-employment of the TRADD, and Fas

receptor is commonly considered to just trigger apoptosis and activate the apoptosis

signalling (Fantl et al. 1993; Algeciras-Schimnich et al. 2002; Gibcus et al. 2007). In our

results, we recognized that the garlic extract significantly (p<0.05) increased the expression

of FADD gene leading to apoptosis of MCF7 cells, mediated by caspase 8. However, Caspase

8 causes the activation of pro-enzyme caspase 3 to its active form by cleaving it into subunits

and their dimerization. In this study, the gene expression of caspas 9 and caspase 3 were

significantly (p<0.05) elevated by treating with garlic extract and indicating the probable
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triggering of extrinsic apoptotic pathway in accordance with (Basaiyye et al. 2018). DNA

fragmentation has been to occur in later stages of apoptosis (Johnson et al. 2000) that could

be confirmed by increasing expression of Poly (ADP-ribose) polymerase c-PRAP. In this

case, we also found gene expression of c-PRAP increased up to 1.42-fold with respect to

untreated cells by RT-PCR analysis after garlic treatment at 1.85, 4.97 and 8.1 mg/ml for 48h

(Figure 3.16).

As mentioned, treatment with garlic extract on MCF7 cells induced cleavage PARP, which is

considered a hallmark of apoptosis. Similar results for induction of apoptosis have been

reported for various types of spices and herbs on different types of cancer cell lines (Hu and

Kavanagh 2003; Sun et al. 2012; Masuelli et al. 2013). Subsequently, DNA fragmentation in

MCF7 cells that might be responsible for activation of the cellular endonucleases. And

Apoptosis-inducing factor (AIF) is a flavin adenine di nucleotide-containing, NADH-

dependent oxidoreductase presents in the inter membrane space of the mitochondria.

Apoptotic assault results in the proteolysis of AIF followed by its translocation to the nucleus

where it causes chromatin condensation and large-scale DNA degradation in a caspase-

independent manner (Sevrioukova 2011).

Figure 3.17: Garlic extract induces extrinsic apoptosis on MCF7 cell. MCF7 cell were incubates to
different concentrations 1.85 mg/ ml, 4.97 mg/ml and 8.1 mg/ml of garlic extract for 48 h. mRNA
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expression of extrinsic apoptotic markers FADD, caspas-9, caspas-8 and caspas-3 were analysed by

real-time PCR. GADPH use as housekeeping gene that was amplified under the same PCR conditions

for normalized quantitative data. Results are expressed as median, first quartiles, third quartiles,

minimum and maximum values. All data shown were the mean ± SD (n = 3). Different superscript

letters for each column indicated significant differences (p < 0.05).

In short, garlic extract can be induced apoptosis through cell surface death receptors and

mitochondria-dependent pathways in breast cancer by inducing oxidative stress via ROS

generation. In addition, our result complies with the observation of De et al., (2019)

experiment, where Marine Sponge Hyrtios Erectus induced apoptosis of Breast cancer MCF7
cells via ROS production through Intrinsic or Extrinsic apoptosis pathways (De et al. 2019).

Moreover, ethanolic extracts of lemongrass and aqueous extracts of dandelion root were

induced apoptosis via able increased oxidative stress by decreasing mitochondrial membrane

potential (Ovadje et al. 2016; Philion et al. 2017).

3.3.5.3. ER induced apoptosis

To further interpret the mechanisms for apoptosis, we investigated the protein level of ER

stress-associated molecules, ATF6 and XBP1 and EIF2α by western blotting and mRNA

expression of CHOP gene by RT- PCR. The expression of XBP1, ATF6 and EIF2α proteins

significantly (p < 0.05) up regulated up to 2.10 fold, 2.77 fold and 3.29 fold respectively, at

concentration depended on manner of garlic extract (1.85, 4.97 and 8.1 mg/ml) in breast

cancer MCF7 cells compared to untreated cells. Besides, gene expression of CHOP

significantly (p<0.05) upregulated up to 1.13 fold with respect to the untreated cells.

However, various natural compounds are responsible for activation of ER stress, a common

mechanism action for stress-induced apoptosis 84,371,378,393

Although, ER stress response established a cellular process that is triggered by a variety of

conditions that disturb the folding of proteins in the ER stress. A large volume of studies

established that the induction of Grp78/Bip and CHOP is a marker for ER stress (Lee 2005;

Nishitoh 2012; Sano and Reed 2013). Fresh garlic extract induced apoptosis by leading to the

accumulation of unfolded proteins (also known as GRP78) and regulated ER stress and

effects on the cellular redox regulation (Petrovic et al. 2018). Furthermore, it should be noted

that garlic components affected protein folding, leading to ER stress, where, a compound of

garlic can bind to glutathione (GSH), and to cysteine residues on proteins, and thereby
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modify both the cellular redox state as well as protein folding (Biswas et al. 2006; Bhuiyan et

al. 2015; Kaschula et al. 2016; Yagdi et al. 2016; Song et al. 2016). Furthermore, the ER

stress sensor ATF6 (type II transmembrane protein) and its signalling molecule XBP1

(transcriptional activator of UPR genes) play a vital role in response to ER stress (Cao and

Kaufman, 2014). In our present study, we observed garlic extract significantly (p < 0.05)

unregulated protein expression of ATF6, XBP1, and EIF2α (Figure 3.18), demonstrating that

garlic extract has ability to activate ER stress and induced apoptosis in breast cancer MCF7
cell line. In addition, other natural compounds studies have also been aliened to our study

(Zhang et al. 2013; Garrido-Armas et al. 2018). Recently, ER stress can lead to apoptosis

through several pathways, such as activation of the JNK (c-Jun NH2-terminal kinase)

pathway and the MAPK (mitogen-activated protein kinase) pathway responds to changes in

the redox state of the environment (Patya et al. 2004; Mitchell et al. 2013; Hobbs et al. 2014).

Indeed, up-regulation of ER stress induced by garlic extract, that elevated ROS levels and

induced oxidative stress-mediated apoptosis and cell death. Apart from the aforementioned

molecular mechanism, it can be concluded that polyphenol enrich garlic extract treatment in

breast cancer MCF7 cells induced apoptosis through oxidative stress in different targeting

molecular pathways.

Taken all together, we hypothesized that garlic extract inhibited cell growth by generating

ROS, resulting in oxidative stress and in a consequent activation of apoptosis in breast cancer

MCF7 cells (Figure 3.13).

3.3.6. Effect of garlic Seahorse phenotype on MCF7 cells

The function of cellular metabolism is a biological process that essential for cancer

metabolism and significantly improves the cancer biology acceptance to us. The diagnosis of

cancer-related mutations in genes encodes important metabolic enzymes that help to establish

a clear correlation between altered metabolism and cancer (Yang et al. 2013). However,

reprogramming of energy metabolism is one of a hallmark of cancer (Ogrodzinski et al.

2017).

Therefore, to supply the energy essentials for anabolic reactions, where cancer cells use

aerobic glycolysis in the existence of functioning mitochondria called the Warburg effect.
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Although, the Warburg effect is a basic feature of metabolic reprogramming and tumour cells

depend on both mitochondrial oxidative phosphorylation and glycolysis (Gao et al. 2019).

Furthermore, cancer cells have more metabolic plasticity influenced by a complex tumour

microenvironment which enables them to reprogram their metabolic shift between glycolysis

and mitochondrial oxidative phosphorylation (OXPHOS), with both pathways being flexibly

switched under different conditions (Fendt et al. 2020). For this reason, the role of cancer cell

metabolism in cancer cell proliferation and their related pathways are important to understand.

Figure 3.18: Garlic extract induces endoplasmic reticulum stress on MCF7 cells. MCF7 cells were

incubates to different concentrations 1.85 mg/ ml, 4.97 mg/ml and 8.1 mg/ml of garlic extract for 48 h.

The protein involved on endoplasmic reticulum stress (a) XBP1, b) ATF6α and c) EIF2α); that were

analyzed by western blotting in MCF7 cells. GADPH used as a loading control. mRNA expression of

ER stress marker; c) CHOP was analyzed by real-time PCR. GADPH used as housekeeping gene that

was amplified under the same PCR conditions for normalized quantitative data. Results are expressed

as median, first quartiles, third quartiles, minimum and maximum values. All data shown were the

mean ± SD (n = 3). Different superscript letters for each column indicated significant differences (p <

0.05).

Mitochondria are highly regulating organelles, and their complex structure is interlinked with

cellular bioenergetic functions to increase energy and maintain physiological activities

(Osellame et al. 2012). In the case of cancer cells survival, mitochondria play an important
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role to grow cancer cells through glycolysis and generate a higher level of ATP production

with the help of mitochondrial OXPHOS for adapting to hostile microenvironments (Moreno-

Sánchez et al. 2007; Pastò et al. 2014; Liemburg-Apers et al. 2015). Oppositely, mitochondria

can play a dysfunctional role when ROS is generated in pathological conditions (Liemburg-

Apers et al. 2015). Recently, breast cancer MCF7 cells exhibit bioenergetic and metabolic

profiles by showing higher dependency on mitochondrial respiration (Lunetti et al. 2019).

The aim of this study is to evaluate garlic extract as a potent inhibitor of mitochondrial

metabolic function in breast cancer MCF7 cells. Therefore, to obtain the metabolic profile of

the OCR and glycolysis (ECAR) rate of MCF7 breast cancer cells, treated with different

concentrations of garlic extract (1.85mg/ml, 4.97 mg/ml, and 8.1 mg/ml) was assessed by

using the Seahorse XF-96 analyzer. Here, we analyzed the effect of garlic extract in

mitochondrial bioenergetics generating oxidative damage that is mediated by ROS.

3.3.6.1. Garlic extract targets on OXPHOS inhibition and impairment of mitochondrial

respiration

In OCAR, untreated and treated cells were exposed sequentially to each of three well-defined

small modulators of oxidative phosphorylation: oligomycin, 2,4 dinitrophenol (2,4-DNP),

and rotenone (Figure 3.19). Garlic extract treatment markedly inhibited the mitochondrial

respiration of MCF7 cells, with significant (p < 0.05) reduction in basal respiration up to 0.29

fold (23.60 ± 5.48 pmol/min per 2.5 ×105 cells), maximal respiration up to 0.33 fold (29.46 ±

5.52 pmol/min per 2.5 ×105 cells) and Spare level up to 0.48 fold (17.0 ± 6.30 pmol/min per

2.5 ×105 cells) respectively, compared to untreated cells (Figure 3.19) in a dose-dependent

manner after 48h garlic treatment. Our results showed that garlic extract impaired

mitochondrial respiration by disrupting OXPHOS via blocked complex V that indicates the

suppression of mitochondrial respiration rate while 2,4-DNP transports proton across the

inner mitochondrial membrane instead of proton channel for bypass ATP synthesis and

increase respiration. Garlic treatment demonstrates the possible effect that the bioactive

compounds present in the extract may affect, directly or indirectly, mitochondrial

functionality (Figure 3.19). In MCF7 cells, OCR levels were significant (p < 0.05) lowered
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after being treated with garlic extract, compared to untreated cells. The addition of

oligomycin, a substrate that inhibits the ATP synthase activity, caused a significant (p<0.05)

decrease of the OCR rate in a dose-dependent manner. The subsequent addition of 2,4-DNP,

an ionophore that allows the electron flux without ATP production, increased OCR in MCF7
cells, and the final addition of rotenone, a substrate that inhibits flux electrons from complex

I to Ubiquinone, caused a marked decrease of OCR in MCF7 cells (Figure 3.19). Therefore,

OCR was dramatically decreased by garlic treatment in the MCF7 cell line.

Recently, poly phenols showed impairment of mitochondrial respiration and prevent cell

growth in breast cancer (Jung et al. 2016; Fuentes-Retamal et al. 2020). Finally, our results

revealed that garlic extract decreased breast cancer MCF7 cell growth by imparement of

mitrochodrial repiration.

Figure 3.19: Metabolic phenotype and effects of garlic extract on mitochondrial and glycolytic

activities in MCF7 cells. MCF7 cells were cultured in XF24-well cell culture microplates (Seahorse
Bioscience) at a density of 2.5 × 105 cells/per well and then incubated for 24 h at 37 ° C under 5%

CO2 atmosphere in proper media. Then MCF7 cells were treated with different concentrations of

garlic extract 1.85 mg/ml, 4.97 mg/ml and 8.1 mg/ml for 48 h. The a) OCR was determined by using

the Seahorse XF-24 Extracellular Flux Analyzer after the following sequential injections: oligomycin

(3 µg ml−1), 2,4-DNP (300 µM), and rotenone/antimycin (1 µM/ 10 µM) in MCF7 cells. The basal
respiration, maximal respiration capacity and spare respiration capacity were calculated from the XF
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cell Mito stress test profile. The b) ECAR was determined by using the Seahorse XF-24 Extracellular

Flux Analyzer after the following sequential injections: rotenone (1 µM), glucose (30 mM), and 2-DG

(100 mM) in MCF7 cells. The basal ECAR, glycolysis, glycolytic capacity and glycolytic reserves

were calculated from the XF glycolysis stress test profile. Columns graph belongs to the same set of

data compare to untreated cells with different superscript letters are significantly different (p < 0.05).

All data shown were the mean ± SD of three independent experiments.

3.3.6.2. Garlic extract targets on glycols-deficient and imparement of metabolic profiles.

Aerobic glycolysis though in the presence of oxygen and functioning mitochondria (i.e., the

Warburg effect) is a pivotal bioenergetic process in cancer cells (Li et al. 2019). We assessed

glycolytic function in breast cancer cells based on ECAR, as determined by glycolytic rate

assay using antimycin/rotenone mix and 2-deoxy-D-glucose (2-DG). Whereas, MCF7 cells

has the ability to increase glycolysis when mitochondrial function is blocked by rotenone.

Additionally, garlic treatment at different concentrations were capable of reduction the ECAR,

indicating that garlic has an inhibitory effect on glycolysis, glycolytic capacity and glycplytic

reserve compared to untreated cells. As shown in figure 3.19, glycolytic parameters

significantly (p<0.05) decreased, including basal up to 0.38 fold and compensatory glycolysis

up to 0.14 fold, glycolytic capacity up to 0.24 fold and glycolytic reserve up to 0.63 fold were

significantly decreased in a dose-dependent manner in tested MCF7 cells. To elucidate how

garlic extract suppresses aerobic glycolysis in MCF7 cells, we observed the gene expression

of lactate dehydrogenase A (LDH-A) that involved in the regulation of glycolytic pathways.

The expressions of mRNA for LDH-A were significantly (p < 0.05) decreased up to 0.27 fold

compare with untreated cells, after garlic extract treatment (Figure 3.20).

https://www.sciencedirect.com/topics/medicine-and-dentistry/glycolysis
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/bioenergy
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Figure 3.20: Garlic extract induces extrinsic apoptosis on MCF7 cell. MCF7 cell were incubates to
different concentrations 1.85 mg/ ml, 4.97 mg/ml and 8.1 mg/ml of garlic extract for 48 h. Gene

expression of lactate dehydrogenase A (LDH-A) was analysed by real-time PCR. GADPH use as

housekeeping gene that was amplified under the same PCR conditions for normalized quantitative

data. Results are expressed as median, first quartiles, third quartiles, minimum and maximum values.

All data shown were the mean ± SD (n = 3). Different superscript letters for each column indicated

significant differences (p < 0.05).

LDH-A enzyme the main regulator of lactate balance and metabolism, is mainly associated

with pyruvate to lactate conversion and increased glycolysis. Furthermore, the expression of

LDH-A is positively correlating with the Warburg effects (Zhao et al. 2013; Shi et al. 2014)

Xiao and his colleagues, a high expression of LDHA in breast cancer, which was associated

with worse clinical outcomes (Xiao et al. 2016). Also, changes in the expression of the lactate

shuttle gene seem to be associated with alterations in oxidative capacity and lactate

accumulation within breast cancer cells (Kennedy and Wightman 2011). Finally, our results

suggest that garlic extract can inhibit glycolysis which provides electron donors for ATP

generation required for cellular biosynthesis pathways.
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Figure 3.21: The metabolic phenograph and metabolic potential of MCF7 cells after exposed after

48h of garlic extract. a) The baseline phenograph shows differences in both glycolysis (ECAR) and

mitochondrial respiration (OCR). The quadrants were set at arbitrary values to indicate only the

direction of bioenergetic changes. b) Column’s graph belongs to the same set of data compare to

untreated cells with different superscript letters are significantly different (p < 0.05). All data shown

were the mean ± SD of three independent experiments.

The typical metabolic aberration of cancer cells is amongst the most broadly documented

phenotype features along with many therapies and pharmacological treatments.

Metabolomics, an innovative science, has unravelled a new way of finding the tumour

metabolic phenotype, that can be utilized in drug development. The metabolic active breast

tumour cells helped to increase metastatic properties also (Tu et al. 2018a). In this study, for

the first time, we observed the metabolic phenotype after garlic extract treatment MCF7 cells

by calculating the cell energy profile, obtained by plotting OCR against ECAR. The graph

indicated that garlic extract changes the cell metabolism by shifting MCF7 cells from an

oxidative state to the quiescent stages (metabolically inactive) that are indicating disruptions

in both OXPHOS and glycolytic paradigms respectively (Figure 3.21).

3.3.7. Garlic extract suppressing AMPK induced cell survival in metabolic stress

conditions

The AMPK signalling pathway is known as a biosynthetic pathway and involves promoting

tumour cell survival by elevating mitochondrial biogenesis and fascinating metabolic

adaptation under glucose-limiting conditions (Chaube et al. 2015). Recently, several number

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/glycolysis
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/bioenergetics
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of researches show that over expression of LDHA and AMPK promoted glycolysis and cell

proliferation in cancers (Huang and Chen 2009; Yao et al. 2013; Cui et al. 2014).

Therefore, we performed Western blot analysis to investigate the expression of proteins

related to the AMPK pathway and its downstream targets PGC1α in MCF7 cells after

treatment with different concentrations (1.85 mg/ml, 4.97 mg/ml and 8.1 mg/ml) of garlic

extract (Fig) at 48h. We observed that garlic extract significantly (p < 0.05) down regulated

up to 0.02 fold the AMPK expression in breast cancer MCF7 cells with respect to the control

(Figure 3.22). Xie et al. (2018) demonstrate that DADS inhibits the cell proliferation and

glucose metabolism in in vivo mouse xenograft via the repression of CD44/PKM2/AMPK

pathway in breast cancer stem cells (BCSCs) (Xie et al. 2018). Thus, the suppression of

AMPK could also be a therapeutic approach for breast cancer treatment.

Furthermore, activation of AMPK stimulates the expression of downstream targets PGC-1α

and its associated genes for cancer cells survive under energetic stress conditions that triggers

LDH and mitochondrial biogenesis (LeBleu et al. 2014; Chaube et al. 2015). Interestingly,

our data suggest, garlic extract significantly (p<0.05) suppressed up to 0.4 fold the expression

of PGC1α protein in MCF7 cells compared to the control in a dose-dependent manner (Figure

3.22).

Based on these particular results suggested that garlic extract decreased AMPK activation via

suppression of PGC1α protein expression, which hinders MCF7 cell survival by inhibiting

stress adaptation.

https://www.sciencedirect.com/topics/medicine-and-dentistry/glycolysis
https://www.sciencedirect.com/topics/medicine-and-dentistry/cell-proliferation
https://www.sciencedirect.com/topics/medicine-and-dentistry/cell-proliferation
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/mitochondrial-biogenesis
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Figure 3.22: Garlic extracts down regulates the MCF7 cells biogenesis by addressing the AMPK

pathway. MCF7 cell were incubated to different concentrations of Crlt, 1.85 mg/ ml, 4.97 mg/ml and
8.1 mg/ml of garlic extract for 48 h. The expression of a) AMPK and b) PGC1α protein were

determined by western blotting analysis. GADPH was used as a loading control protein. All data

shown were the mean ± SD of three independent experiments. Different superscripts letter for each

column indicated significant differences (p < 0.05).
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RESULTS AND DISCUSSION: PART IV

The aim of this part of my PhD project was to evaluate the effects of garlic extract and on

human breast adenocarcinoma MCF7 cell line metastasis and focusing on different molecular

targets. The past decay, Allium family has received much attention, particularly garlic

(Allium sativum), for the treatment of cancer. Until now, there is credible evidence for an

association between garlic consumption and prevention of cancers for example, breast,

esophageal, colon, prostate and laryngeal cancers (Ban et al. 2007; Kim et al. 2011; Tsubura

et al. 2011; Yin et al. 2014). The anticancer activities of garlic are related to the level of

Organosufur compound, flavonoids, and phenolic components (Shirzad et al. 2011). Several

reports have been published on garlic organosulfur compound and anti-metstatic effect of

breast cancer (Chandra-Kuntal et al. 2013; Liu et al. 2015), no work had published on poly

phenolic garlic extract and breast cancer tumour microenvironment and autophagy cell death.

Moreover, last decay genetic evidence demonstrate that autophagy regulates pathological

angiogenesis, a hallmark of solid tumours (Hanahan and Weinberg 2011).

Therefore, it is important to study poly phenolic garlic extract effect on tumour

microenvironment in breast cancer. Recent studies have attempted to understand the

mechanisms underlying cancer cell metastasis and their prevention by garlic extract through

evaluating migration and invasion, colony formation, arrest cell cycle and autophagy

induction in MCF7 cells. To the best of our knowledge, this is the first report to demonstrate

the anticancer effects of poly phenol rich garlic extract against breast cancer.

4.1. Anti-metastatic activity of garlic extracts in breast cancer MCF7 cells

Tumour metastases are accountable for approximately 90% of cancer-related deaths and 25%

to 50% of breast cancer patients develop deadly metastases that responsible for the high

percentage of deaths among breast cancer patients(Lorusso and Rüegg 2012; Spano et al.

2012; Scully et al. 2012). For cancer growth, the metastatic cascade is a series of biological

processes such as angiogenesis, invasion and migration that facilitates the movement of

tumour cells from the primary site to a distant location. However, interruption this metastatic

cascade via the targeting of tumour cells might be a promising therapeutic strategy (Mego et

al. 2010).
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4.1.1. Wound healing assay revealed garlic extract induced inhibition of MCF7 cell

migration

For many years, spices have been showed anti-metastatic effect on breast cancer (Zheng et al.

2016). Surprisingly, the therapeutic efficiency and mechanistic action of metastasis of garlic

poly phenol in breast cancer cells have not been investigated yet. We studied the effect of

garlic extract on cancer cell migration in the breast cancer cell line, MCF7 after different

treated concentrations 1.85 mg/ml, 4.97 mg/ml and 8.1 mg/ml of garlic extract to investigate

the possible interference of garlic poly phenol on the mobility of MCF7 cells by wounding

assay. After 48h of treatment, based on the result, untreated MCF7 cells were able to migrate

and partially fill the wound empty area while exposure to garlic extract inhibited the cell

migration in a dose-dependent manner (Figure 3.23). Notably, fewer cells migrated across the

gap with low garlic extract concentration and with high concentration migration ability of cell

significantly decreased. The inhibition of wound closure was monitored starting from the

lowest concentration (1.85 mg/ml) of garlic extract tested and appears almost completely

inhibited starting from high concentration of garlic extract (8.1 mg/ml) (Figure 3.23).

A quantitative analysis of wound closure was carried out using the Image J software. Our

results highlighted that; garlic extract treatment significantly (p<0.05) decreased the

migration ability of MCF7 cells from 7.69% to 68% compared to untreated MCF7 cells in a

dose dependent manner. Our result complies with ayakumar and Kanthimathi results, they

demonstrated that phenolic extract of Pepper, long pepper and ginger exhibited a high rate of

inhibition (up to 90%) and clove and cumin showed low level of inhibition of migration in

breast cancer MCF7 cells. They also found a strong correlation extract phenols and their

inhibitory activity (Jayakumar and Kanthimathi 2012). Furthermore, Poly phenol that we

identified in garlic extract (Table 3.1) can significantly prevented wound healing with respect

to untreated cells in a dose dependent manner. Similarly, caffeine acid, p-Coumaric acid,

induces anti-metastasis activity through suppression of migration rate in breast cancer MDA-

MB-231 and MCF7 cells (Kabała-Dzik et al. 2017; Majumder et al. 2019).

Likewise, in a recent study, it was found that poly phenol rich strawberry extract decreased

migration of invasive breast cancer A17 cell and inhibited cell growth (Amatori et al. 2016).

Remarkably, garlic also showed anti-metastatic activity by disrupting the vimentin filament

network in breast cancer MDA-MB-231 cells (Kaschula et al. 2019).
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Figure 3.23: Garlic extract showed anti-metastatic effect on MCF7 cells by wound healing assay.

After 24 h incubation,MCF7 cells was treated with different concentrations of garlic extract for 48 h.
The wound closure percentages were analyzed by Image J software. All data shown were the mean ±

SD of three independent experiments. Different superscripts letter for each column indicated

significant differences (p < 0.05).

4.1.2. Garlic extracts down regulated the migration capacity of MCF7 cells by

decreasing migration marker expression.

To further explore the inhibitory effects of garlic, extract on tumour cell migration, we

observed the MMP-2 and MMP-9 gene expression, a marker that represents loss of migration

potential in breast cancer cell. As expected, after treatment with garlic extract 1.85 mg/ml,

4.97 mg/ml and 8.1 mg/ml at 48h and examined by RT-PCR. Where, garlic extract

significantly (p<0.05) reduced the expression of MMP-2 and MMP-9 proteins up to 0.72 fold

and 0.49 fold respectively, compare to the untreated cells at dose depended manner (Figure

3.24). Interestingly, curcumin, main component of turmeric was significantly decreased

MMP-2 and -9 expression in breast cancer MCF7 and MDA-MB-231 and inhibition

migration (Di et al. 2003). Similarly, gallic acid treatment suppressed the MMP-2 and MMP-

9 expression in gastric cancer, breast cancer and osteosarcoma cells(Ho et al. 2010; Liao et al.

2012; Chen et al. 2016). In-addition, garlic organosulfur compounds S-Allylcysteine, DADS

and DATS also decreased the exporession of MMP-2 and -9 protein in breast cancer cells

(Gapter et al. 2008; Huang et al. 2015; Liu et al. 2015).
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Finally, aforementioned studies clear that, Inhibition of MMP-2 and -9 protens expression

may be involved in the suppression of migration and invasion mediated cell proliferation in

breast cancer.

4.1.3. Garlic extract decreased mesenchymal and increased epithelial markers

expression in MCF7 cells by β-Catenin and TGF-β pathway

Breast cancer cells can undergo an epithelial-to-mesenchymal transition (EMT) and develop

paracrine-mediated proliferation, migration, and invasion (Kong et al. 2021).

We evaluated the levels of N-cadherin, E-cadherin and β-Catenin by meauriong the mRNA

expression of E-cadherin, N-cadherin and β-Catenin gene through RT-PCR. Our data showed

a significantly (p<0.05) downregulation of N-cadherin ande β-Catenin expression up to 0.27

fold and 0.34 fold respect to the untreated cells. Moreover, a noticeable significant (p<0.05)

up to 4.05 fold up-regulation of E-cadherin protein expression observed in MCF7 cells

compared to untreated cells (Figure 3.24). Overall, these results indicated that garlic extract

decreased the levels of the mesenchymal marker N-cadherin and increased epithelial markers

E-cadherin through inhibition of β-Catenin and TGF-β signalling pathway (Figure 3.24) in

breast cancer MCF7 cells. Additionally, it could be inhibited EMT in turn responsible for the

suppression of cell mobility, invasion as well as metastasis. Similarly, piperine species used

in prevent metastasis effect by decreasing TGF-β1 induced EMT in different type of cancer

cells such as HepG2, MDA-MB-231 and A549 cell lines (Marques da Fonseca et al. 2020).

Garlic component DADS Induces anti-metastatic activity via inhibition of β-catenin

signalling pathway (Huang et al. 2015).



153

Figure 3.24: Real-time polymerase chain reaction analyses of the expression migration and EMT

related gene; E-caherin, N-cadherin, β-catenin, MMP-2 and MMP-9. Garlic extract decreases invasion

ability of MCF7 cells by suppressing MMP-2 and MMP-9 expression. The mRNA expressions of E-

caherin, N-cadherin, β-catenin, MMP-2 and MMP-9 gene in MCF7 cell were determined after 48h

treatment with garlic extract compare with untreated cell. GADPH was used as a house keeping gene.

All data shown were the mean ± SD of three independent experiments. Different superscripts letter for

each column indicated significant differences (p < 0.05).

There is an increasing amount of evidence on the anti-metastatic effects of phenolic

compounds, with special attention being given to the modulation of the expression of EMT-

related genes (E-cadherin, N-cadherin, vimentin, β-catenin, Snail, MMP-2 and MMP-9) in in

vitro breast cancer models (Belguise et al. 2007; Sun et al. 2019; Pan et al. 2020). Moreover,

in our result, significantly increased epithelial markers suggested that phenolic compound

enrich garlic extract could be modulated EMT related markers strongly in breast cancer.

4.1.4. Garlic extract inhibits metastasis by blocking Angiogenesis in MCF7 cells

Early step of the metastatic cascade is formation of new blood vessels from pre-existing

vasculature, that help to develop angiogenesis by providing nutrition to the tumour. In cancer

cells, nutrition, and oxygen have important role to form new blood vessel that upregulate the

angiogenesis as well as tumour progression (Wang et al. 2017). The tumour angiogenesis

regulation is depended on balance between pro- and anti-angiogenic factors (Reynolds and
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Redmer 2001). Recently, focus on distribution of tumour angiogenesis pathway for treatment

of breast cancer, showed potential outcomes to suppress cancer metastatic (Zhou et al. 2017).

Several mechanisms have been found to explain the anticancer effects of spices by

suppressing angiogenesis (Lin et al. 2009; Freise et al. 2011; Peng et al. 2013), especially,

natural polyphenols that inhibit tumour cell proliferation via inhibition of angiogenesis in

breast cancer cells (Lin et al. 2009; Karimi et al. 2017; Ghiulai et al. 2020). For example,

garlic and lemon aqueous extracts combination prevents angiogenesis by systemic activation

in the immune system in breast cancer (Talib 2017). But the mechanism/relation between

garlic and angiogenesis is not completely understood, while, angiogenesis is an important

factor for breast cancer progression.

To understand the anti-angiogenic effect of poly phenolic garlic extract in molecular level,

here, we used Human angiogenesis antibody membrane array (ab134000, Abcam) to evaluate

the garlic effect on 20 angiogenic protein factor that involve in angiogenesis processes in

breast cancer, after treatment with different concentration of garlic extract (1.85 mg/ml, 4.97

mg/ml and 8. mg/ml) at 48h in MCF7 cell line.

Proteins for which statistically or no statistically significant differences (p<0.05) in

expression levels between untreated cells and different treatment conditions have been found

will be extensively discussed (Figure 3.25 and 3.26).

Recently, scientists had a greater focus on the role of the tumour microenvironment (TME)

and their endogenous inhibitors. Among this, Tissue Inhibitors of Metalloproteinases (TIMPs)

has primarily function to prevent degradation of the extracellular matrix (ECM) via inhibition

of matrix metalloproteinases (MMPs). Generally, MMPs are prominent molecules which

degrades ECM and implicates in migration and invasion of cancer cells, and also induce

angiogenesis (Jiang et al. 2000). Therefore, Tissue inhibitor of metalloproteinases-1 (TIMP-1)

plays a crucial role on regulation of MMPs in ECM composition, wound healing and

inhibition of angiogenesis and the induction of apoptosis (Brew et al. 2000). For example,

Japanese quince fruit flavanol preparation (JQFFP) has strongly inhibits MMP-9 by up

regulating TIMP-1 expression in MDA-MB-231 human breast cancer cells and shows potent

anti proliferative by blocking angiogenesis (Lewandowska et al. 2013). Similarly, Korean

Citrus hallabong peels prevents angiogenesis via reduction of tube formation of human

umbilical vein vascular endothelial cells and suppress of MMP-9 in MDA-MB-231 breast

https://www.sciencedirect.com/topics/medicine-and-dentistry/angiogenesis
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cancer cells (Park et al. 2016a). Likewise, garlic component DADS and olive oil polyphenol

Oleuropein, increases TIMP-1 expression in human gastric adenocarcinoma AGS cells line

and MDA human breast cancer cell line by decreasing MMP-2 and MMP-9 expression (Park

et al. 2011; Hassan et al. 2012). In our result showed, poly phenol containing garlic extract

significantly (p<0.05) up regulated TIMP1 expression up to 2.37 fold with respect to the

untreated cells in breast cancer MCF7 cell (Figure 3.25) that also inhibited MMP-2 and

MMP-9 expression (Figure 3.24).

However, Tissue inhibitors of metalloproteinase 2 (TIMP-2) has many specific properties and

functions that is a more effective inhibitor of MMP-2. Whichever had been mostly and

extensively studied, that could effectively inhibit angiogenesis via reduction of endothelial

cell proliferation and migration and the invasion as well as metastasis (Yang et al. 2011;

Remillard et al. 2014; Kai et al. 2016). Therefore, reduction of TIMP-2 or over expression of

MMP-2 granted to cancer development by altering migration and invasion of tumour cells

(Zurac et al. 2016; Sadot et al. 2016; Ukaji et al. 2017). In particular, up regulates of TIMP-2

protein expression that effectively down regulates of the metastatic protein expressions

MMP-9 and suppress metastasis and angiogenesis in Hep-2 cells possibly via PI3K/AKT

pathway (Shakya et al. 2018). Similar effect also observed, VI-14 and curcumin, phenolic

derivative, suppress migration and invasion of human breast cancer MCF7 and MDA-MB-

231 cell lines by increasing TIMP-2 and decreasing MMP-2 expression (Di et al. 2003; Li et

al. 2012). In the present report, we observed that the protein levels of TIMP-2 are

significantly (p<0.05) increased up 1.68 fold following treatment with garlic extract (Figure

3.25). Taken together, we proposed that TIMP family could be inhibited angiogenesis in

breast cancer MCF7 cell after garlic extract treatment at dose depended on manner.
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Figure 3.25: Anti-angiogenesis effect of garlic extract on breast cancer MCF7 cells a) Human

Angiogenesis Antibody Array expression. After 24 h incubation, MCF7 cells was treated with

different concentrations of garlic extract 1.87 mg/ml, 4.97 mg/ml and 8.1 mg/ml for 48 h. Positive

spots were used as a loading control and for normalization. b) Template showing the location of

angiogenic factor spotted onto the abcam Human Angiogenesis antibody array kit. c) Column’s graph

belongs to the same set of data compare to untreated cells with different superscript letters are

significantly (p<0.05) different. All data shown are the mean ± SD of two different spots. TIMP-1:

Tissue inhibitor of metalloproteinase 1; TIMP-2: Tissue inhibitor of metalloproteinase 2; VEGF:

Vascular endothelial growth factor; VEGF-D: Vascular endothelial growth factor-D; b-FGF: basal

fibroblast growth factor; IGF-I: Insulin growth factor; ENA-78: Epithelial Neutrophil-Activating

peptide 78.

Further, angiogenic factor is Vascular endothelial growth factor (VEGF); plays a promising

role in angiogenesis due to its effect on endothelial cell growth (Ravindranath et al. 2001)

mediated by receptor tyrosine kinase, such as VEGFR-1, VEGFR-2 and VEGFR-3. Among

them VEGFR-2 regulates vascular endothelial proliferation, migration, differentiation,

capillary like formation and vascular permeability.
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In recent past, great number of natural compounds have been showed to counteract the

angiogenic effects by inhibiting VEGF expression (Lin et al. 2009; Xu et al. 2013; Wei et al.

2017; Shakya et al. 2018; Hu et al. 2019). Amongst, spices potentially inhibit angiogenesis

formation by decreasing VEGF to target VEGF/VEGFR2 signal pathway for cancer (Xu et al.

2013). In our experiment of protein array, we found garlic extract significantly (p<0.05)

decreased VEGF protein expression up to 0.42 fold compare to the untreated cells. Here, we

demonstrated garlic extract could be a novel candidate inhibitor of angiogenesis to target

VEGF signalling pathway and lead to complete inhibition of VEGF (Figure 3.25). Previouly,

Diallyl trisulfide (DATS) has the ability to prevent angiogenesis of human endothelial cells

by and down-regulating VEGF and inactivating Akt and prevent metastasis (Lai et al. 2015;

Xiao et al. 2016; Wei et al. 2017). Similarly, phenolic derivatives resveratrol,

epigallocatechin-3-gallate and ellagic acid are inhibited VEGF expression and decreased

breast cancer tumour growth (Waleh et al. 2005; Garvin et al. 2006; Wang et al. 2012) that

reassembling our results.

As well, Garlic extracts significantly (p<0.05) down regulated VEGF-D expression up to 0.41

fold compare to the untreated cells at dose dependent manner (Figure 3.25). VEGF-D

expression has a crucial role in formation of breast cancer metastasis (Eroglu et al. 2017).

Therefore, Basic fibroblast growth factor (b-FGF) potentially promotes cell proliferation and

act as a pro-angiogenesis inducer (Mousa and Mousa 2006) beyond VEGF. It could be

regulated migration and tube formation via activation of the receptor tyrosine kinase

(Cronauer et al. 2003; Brooks et al. 2012) and has an involvement of b-FGF in the formation

of solid tumours (Leunig et al. 1997). However, phenolic compound such as, curcumin,

effectively down regulates the response of b-FGF in human breast cancer MCF7 and MDA-

MB-231 cell lines (Di et al. 2003). In this present report, garlic extract significantly (p<0.05)

decreased b-FGF protein expression up to 0.40 fold in MCF7 cell compare to the untreated

cells in a dose dependent manner (Figure 3.25). Thus, garlic extract was effectively blocked

angiogenesis induction by decreasing bFGF, compared to the untreated cell. Likewise, garlic

component, Alliin significantly suppress both bFGF2 and VEGF expression in human

fibrosarcoma cells in a concentration-dependent manner (Mousa and Mousa 2005). However,

VEGF and bFGF could play an important role in the control of angiogenesis and cell

proliferation in vitro and in vivo (Pepper et al. 1992).

https://www.sciencedirect.com/topics/medicine-and-dentistry/protein-tyrosine-kinase
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Angiogenin, one of the prominent factors that activates blood vessels formation and

significance for angiogenic activity (Shestenko et al. 2001). Usually, it’s found in plasma but

over expression observed in cancerous condition (Pavlov and Badet 2001). In breast cancer

patients, over angiogenin expression associated with the transition of normal breast tissue

turns into invasive breast carcinoma. Several studies revelled that down regulation of

angiogenin can prevent angiogenesis and suppress the growth of human tumours cells in in

vitro and in vivo studies (Olson et al. 1995; Nilsson et al. 2010). Here, we showed that garlic

extract non significantly (p<0.05) decreased angiogenin protein up to 0.54 fold in breast

cancer MCF7 cells compare to the untreated cells (figure 3.25).

Insulin-like growth factor (IGF-1) stimulates tumorigenicity of many types of cancer by

increasing migration ability of cells. Especially, in breast-cancer, up regulation of IGF-1

protein promotes migration as well as metastasis. It’s observing that poly phenol for example,

resveratrol, genistein and epigallocatechin-3-gallate (EGCG) inhibits migration and invasion

as well as angiogenesis of human breast-cancer MDA-MB 435, MCF7, T47D and MDA-MB-

231 cells via inhibition of IGF-1 expression (Tang et al. 2008; Zeng et al. 2014; Chen et al.

2015). Here, we found garlic extract non significantly (p<0.05) decreased IGF-1 protein

expression 0.73 fold in MCF7 cell line with respect to the untreated cells (Figure 3.25).

Epithelial Neutrophil-Activating peptide 78 (ENA78) are crucial contributors to the

angiogenic activity and suppression of this chemokine may attempt a novel target therapy for

the treatment for cancer (Koch et al. 2001; Pappa et al. 2014). Here, we noticed ENA78

protein expression decreased significantly (p<0.05) up to 0.54 fold but not in a dose

dependent manner with respect to the untreated cells (Figure 3.25). There is no previous

effect of garlic poly phenol on this protein expression. After searching poly phenolic effect

on this ENA78 protein, we only found one work; gossypol, a cotton-seed polyphenol, down

regulate angiogenic cytokin ENA78 expression in prostate cancer PC-3 and DU-145 cell lines

(Karaca et al. 2008).

Then, Interferon gamma (IFNγ) is an anti-angiogenic factor that significantly shows anti

proliferative effect on breast cancer by inhibiting tumour angiogenesis (Talib et al. 2019).

However, IFNγ prevents angiogenesis by blocking capilaries formation in endothelial cells

(Sato et al. 1990). In our study, IFNγ protein expression level significantly (p<0.05) higher

up to 1.68 fold with respect to the untreated cells at concentration dependent manner (Figure

3.26). Regarding this, after oral administration of resveratrol in mice, dramatically increase
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IFN-γ secretion and restricts tumour angiogenesis as well as tumour growth (Lee et al. 2021).

Similarly co-administration of edible red clover (Trifolium pratense L.) and doxorubicin

(DOX) repress the proliferation of 4T1 tumour cells in dose- and time-dependent manners in

4T1-tumour bearing BALB/c mice via upregulation of IFN-γ (Akbaribazm et al. 2020).

Platelet Derived Growth Factor-BB (PDGF-BB) isomer mitogen, a pro-angiogenic critical

factor for angiogenesis development by stimulating in vitro capillary formation. It’s helps to

develop tumour cells and also promising biomarker in breast tumour (Sato et al. 1990;

Karimzadeh et al. 2020). In this current study, garlic extract down regulated up to 0.54 fold of

PDGF-BB expression with compare to the untreated sample, was noted. The value was not

statistically significant (p<0.05) (Figure 3.26). Further, EGCG madiated PDGF-BB down

regulatory action was observe in A172 glioblastoma and human hepatic stellate cell line LI90

by blocking PDGF-BB binding to its receptor (Sachinidis et al. 2000; Sakata et al. 2004).

After that, Epidermal growth factor (EGF) is an another angiogenic factors in breast cancer

patients (Karimzadeh et al. 2020). It’s also related to signalling pathways which regulate

proliferation, survival, angiogenesis and metastasis of breast cancer (Hardy et al. 2010).

Previous studies indicate that garlic bioactive molecules repeals EGF expression and thus,

they may be used to inhibit the induction, development and progression of cancer (Rauf et al.

2021). Here, we observed garlic extract significantly (p<0.05) decreased up to 0.62 fold EGF

protein expression in MCF7 cells respect to the untreated cells in a dose dependent manner

(Figure 3.26). Likewise, grape polyphenol, resveratrol that decreases EGF expression in

MDA-MB-231 metastatic human breast cancer cells to prevent cell migration and EMT

(Azios and Dharmawardhane 2005; Vergara et al. 2011). Similarly, Delphinidin has a

potentially inhibit HIF-1α and VEGF expression by inhibiting EGF expression along with

prevention of angiogenesis (Kim et al. 2017).
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Figure 3.26: Anti-angiogenesis effect of garlic extract on breast cancer MCF7 cells a) Human

Angiogenesis Antibody Array expression. After 24 h incubation, MCF7 cells was treated with

different concentrations of garlic extract 1.87 mg/ml, 4.97 mg/ml and 8.1 mg/ml for 48 h. Positive

spots were used as a loading control and for normalization. b) Template showing the location of

angiogenic factor spotted onto the abcam Human Angiogenesis antibody array kit. c) Columns graph

belongs to the same set of data compare to untreated cells with different superscript letters are

significantly different (p < 0.05). All data shown are the mean ± SD of two different spots. FN-γ:

Interferon gamma; PDGF-BB: Platelet Derived Growth Factor-BB; EGF: epidermal growth factor;

PlGF: Placental growth factor; TGFβ1: Transforming growth factor beta 1; MCP-1: Monocyte

Chemoattractant Protein-1; IL-8: Interleukin-8.

Placental growth factor (PLGF) is a glycoprotein and also parts of the VEGF family and

responsible to endorse migration, invasion and adhesion and triggers angiogenesis of human

breast cancer (Coenegrachts et al. 2010; Dewerchin and Carmeliet 2014). Clinical studies

demonstrate that over expression of PlGF in breast cancer tissues can plays a major role in

the pathogenesis which correlates with cancer patient prognosis (Parr et al. 2005). In present

study, we noticed that garlic extract significantly (p<0.05) decreased PLGF protein 0.61 fold
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compare to the untreated cells (Figure 3.26). There are no studies in the literature that

evaluates how polyphenols could affect PlGF factor in cancer except curcumin. Curcumin

has blocked arecoline mediated PlGF expression in oral carcinogenesis (Cheng et al. 2013).

The transforming growth factor-beta (TGFβ1) gene are expressed structurally and

functionally related to polypeptides and its significant influence on physiological and

pathophysiological processes (Govinden and Bhoola 2003). In breast cancer, overexpression

of TGF-β1 levels in platelets may be suggested as a possible target for early diagnosis

whereas, platelets play a vital role in tumour angiogenesis (Han et al. 2014). In this

experiment, the intensity of the observed spots is very weak, but the software used for the

detection was able to identify the intensity of the bands. Where, we observed, garlic extract

significantly (p<0.05) down regulated TGFβ1 expression up to 0.57 fold at a dose dependent

manner with respect untreated cells (Figure 3.26). Furthermore, Piperine has cytotoxicity on

HepG2, MDA-MB-231 and A549 cell lines via down regulation TGF-β1 protein expression

and cell viability (Marques da Fonseca et al. 2020). Similarly, the combination of resveratrol

and cisplatin significantly downregulate TGF-β1 and increase anti-tumour effects and

decrease side effects of cisplatin in MDA231 xenografts (Yang et al. 2021).

Another factor, MCP-1 (CCL2) is one of the inflammatory mediators that plays a role in

breast cancer progression as well as malignancy. It could be a potential therapeutic target for

breast cancer treatment (Soria and Ben-Baruch 2008). In this work, we noticed garlic extract

significantly (p<0.05) decreased MCP-1 protein up to 0.57 fold in compare to the untreated

cells (Figure 3.26). In the same way, emodin, a Chinese herb-derived compound that prevents

breast cancer in 4T1 breast tumour-bearing mice by blocking the tumour-promoting feed-

forward loop via inhibition of MCP-1 expression (Iwanowycz et al. 2016). Furthermore, in in

vivo studies, inhibits the tumour growth by prevent angiogenesis development, after oral

administration of piceatannol, a polyphenol, in mouse 4T1 mammary carcinoma cells bearing

female BALB/c mice (Song et al. 2015).

Another inflammatory chemokine is RANTES (CCL5), involves developing breast

malignancy activities. Surprisingly, natural poly phenols such as resveratrol, Chrysin, and

Hydroxytyrosol have inhibited the expression of RANTES and modulated angiogenesis in

different types of cancers (Kim et al. 2008; Sarsour et al. 2014; Yeo et al. 2020). Along with
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this, we recognized garlic extract significantly (p<0.05) decreased RANTES expression up to

0.50 fold compared to untreated cells in MCF7 cells in dose dependent manner (Figure 3.26).

The last angiogenic factor is Interleukin-8 (IL-8) is a pro-inflammatory, chemokine has

multiple pro-tumourigenic roles within the tumour microenvironment (TME), including

appealing proliferation or conversion of tumour cells into a migratory or mesenchymal

phenotype. Additionally, IL-8 can increase tumour angiogenesis or recruit larger numbers of

immuno suppressive cells to the tumour including breast tumour (Waugh and Wilson 2008;

Al-Khalaf et al. 2019; Fousek et al. 2021). Suppression of chemokine family such as IL-8, a

potential sight for inhibition angiogenesis and suppresses breast cancer cell growth.

In recent times, several studies underline the ability of phenolic compounds to modulate

angiogenesis has been linked to cancer progression. A natural polyphenolic cotton-seed

extract, Gossypol, decrease in angiogenic cytokines IL-8 levels secretion in prostate cancer

PC-3 and DU-145 cells. Similarly, resveratrol and its analogus suppressed IL-8 expression in

breast cancer MCF-7 cells (Karaca et al. 2008; van den Brand et al. 2019). Clove and

cinnamon’s polyphenol, eugenol, significantly decrease IL-8 cytokines and prevent tumour

growth in breast stem cancer cell (Islam et al. 2018). This current experiment, garlic extract

significantly (p<0.05) suppressed IL-8 protein expression up to 0.44 fold in MCF7 cells

compare to the untreated cells (Figure 3.26). This finding suggested that garlic extract may be

down regulated cytokines in cellular process and render the cancer development.

Notably, the intensity of the spots of LEPTIN, GRO and Thrombopoietin were not

particularly observed for any sample after garlic extract treatment. The software used for the

detection was not able to identify the intensity of the bands and we could not be able to

differentiate them from the negative spots (figure 3.25 and 3.26).

Finally, phytochemical screening of garlic extract showed the presence of high concentrations

of phenolic compounds and mineral (Table 3.1 and 3.3). It was possible to observe anti-

angiogenesis effect may be combined of these physiochemical. Our results demonstrate that

garlic ethanolic extract may contains high concentrations of antiangiogenic agents.

Furthermore, Human Angiogenesis antibody array results indicate that garlic extract may be a

promising candidate for anticancer effect.

https://www.sciencedirect.com/topics/medicine-and-dentistry/phytochemical-screening
https://www.sciencedirect.com/topics/medicine-and-dentistry/angiogenesis-inhibitor
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Taken together, garlic extract treatment significantly inhibited migration, invasion and

decreased the expression of several migration-related genes and inhibited key intracellular

signalling pathways in breast cancer cells.

4.2. Effect of garlic extract on the colony growth of MCF7 cells

The efficacy of the extracts for inhibiting colony formation of the tested MCF7 cells was

determined. Recently, several natural compounds were used for inhibiting colony formation

in different cancer cells (Fahrioğlu et al. 2016; Afrin et al. 2018; Cao et al. 2018). In this

context, Pelingo juice decreases the tumour-genesis of MDA-MB-231 cells by suppressing

colony formation (Schiavano et al. 2015). According to previous data suggested that

combination of quercetin-3-methyl ether inhibits colony formation in the hormone-sensitive

breast cancer MCF7, T47D and MDAMB-231 cell lines, via PI3K/Akt pathways (Cao et al.

2018). Likewise, Plantago lanceolata L. extract induced cytotoxic via significantly reduction

of colony formation of MCF7, AMJ13, MDAMB, and CAL51 human breast cancer cells

(Alsaraf et al. 2019). Whereas chronic exposure of pterostilbene reduces colony formation up

to 40% and 85% in colon cancer cells (HCT-116 and HT-29) (Nutakul et al. 2011) and

carnosine decreases colony formation up to 39.9% in gastric cancer cells (SGC-7901) (Shen

et al. 2014). Similarly, curcumin and its conjugated reduce colony formation up to 55% and

80% in colon cancer cells (HCT-116) (Waghela et al. 2015).

In our work, we observed chronic exposure to garlic extract could be affected the

proliferative ability of MCF7 cells. The cells were seeded at a low density (1000 cells/well)

and allowed to form colonies for 15 days in complete growth media supplemented with

different treatments. This study verified that, in in vitro cell survival assay is based on the

ability of a single cell to grow into a colony. We found, that, garlic extract at 1.85, 4.97 and

8.1 mg/ml, a significantly (p < 0.05) decreased colonies formation from 14%, 56% and 83%

respectively, with respect to untreated cells in breast cancer MCF7 cells in a dose dependent

manner. In fact, garlic extract showed at a high concentration of 8.1 mg/ml to more efficacy

and suppressed colonization of MCF7 breast cancer cells (Figure 3.27). This data further

confirmed the growth inhibitory effect of garlic extract on the proliferation of breast cancer

MCF7 cells.
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Figure 3.27: Garlic extract inhibited the colony formation of breast cancer MCF7 cells. a) The

representative colony well images showed colony formation in breast cancer cells, treated with 1.87

mg/ml, 4.97 mg/ml and 8.1 mg/ml concentrations of garlic extract and seeded for 12 days. b)

Columns graph belongs to the same set of data compare to untreated cells with different superscript

letters are significantly different (p < 0.05). All data shown were the mean ± SD of three independent

experiments.

4.3. Garlic extract suppressing inflammation and prevent tumour growth by down

regulating NFκβ/EGFR pathway

Chronic inflammation has prominent role to progress breast cancer by owing to the role of

inflammatory factors in genetic instability (Bahiraee et al. 2019). For example, NFκB

pathways are play vital role for the inflammatory response and strongly prevent apoptosis of

cancer cells and regulates cancer angiogenesis (Fan et al. 2013). NFκB pathways activates

through response with increased levels of several inflammatory proteins (COX-2, CRP and

LOX- 2) and cytosines (IL-1β, IL-6 and TNF-α) (E. Goldberg and L. Schwertfeger 2010). In

recent times, researchers have been focussing on poly phenols for their potential anti-

inflammatory and antioxidant effect (Hussain et al. 2016). Interestingly, preclinical and

clinical studies shows that spices poly phenol shows anti-inflammatory against breast cancer

(Rossi et al. 2018; Martínez et al. 2019; Mahmoud et al. 2021).

In our study, we found garlic extract significantly (p<0.05) decreased inflammatory marker

expression for NFκB, IL6, IL-1β and p-IκBα up to 0.34 fold, 0.12 fold, 0.13 fold and 0.23

fold respectively, compare to untreated cells in a dose dependent manner (Figure 3.28).
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Therefore, garlic are responsible for the anti-inflammation effect, it contains various

compounds such as allicin that shows anti-inflammatory effect by reducing TNF-a, IL-1b and

IL-8 expression in intestinal epithelial cells (Lang et al. 2004). Similarly, DADS suppresses

NF-κB and inhibits colitis induced colorectal cancer by down regulating GSK-3β. In human

gastric cancer, DATS suppresses NF-κB signalling as well as cycle arrest and apoptosis,

resulting in the prevention of cell proliferation and tumour-genesis in nude mice (Pan et al.

2016). Furthermore, Qin et al. revels that ethanolic garlic extracts can prevent chronic liver

injury and inflammation, as well as for the inhibition of the carcinogenesis of fatty livers (Qin

et al. 2020). Thus, first time we evaluated anti-inflammatory effect of poly phenol containing

garlic extract on breast cancer MCF7 cell at 48h. Similar effect also observes in turmeric poly

phenol; curcumin can reduce metastasis by inhibiting pro inflammatory cytokines in breast

cancer (Kronski et al. 2014).

Additionally, Over expression of the EGFR associates with a more aggressive cells growth in

human breast carcinomas (Mendelsohn and Baselga 2003). Consequently, in solid tumour,

activated EGFR and NF-κB provides oncogenic signals to cancer cells (Shostak and Chariot

2015). Therefore, inhibition of NFkB and the EGFR family of cell surface receptors may

suppress proliferation in breast cancer (Chou and Talaly 1977).

In this study, we observed garlic extract significantly (p<0.05) down regulated EGFR protein

expression up to 0.11 fold respect to the untreated cells at a dose dependent manner (Figure

3.28). Similarly, quercetin, a poly phenol, shows anti proliferative effect by decreasing EGFR

expression in human breast cancer cell lines MCF-7 and MDA-MB-231 (Tao et al. 2015).

whereas curcumin inhibits the proliferation of MDA-MB-231 cells by Inhibiting of the EGFR

signalling pathway (Sun et al. 2012).

4.4. Garlic extract on cell cycle progression in MCF7 cells

Later, we did an attempt to understand how to MCF7 cell growth inhibited, first, the effect of

the garlic extracts on the cell cycle by using a Tali™ Image-based cytometer with PI staining

was determined because cell proliferation is correlated with the regulation of cell cycle

progression. Then, we continued to verify and explore whether garlic extract affected cell

cycle and related gene expression. After treating MCF7 cells with 1.85 mg/ml, 4.97mg/ml and

8.1 mg/ml of garlic extract for 48h, we observed that higher number of cells were
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accumulated in the G0/G1 phase respect with untreated cells (Figure 3.29). while paralleled a

little amount increased of cells in the sub-G1 cell cycle phase.

Figure 3.28: Anti-inflammatory effects of garlic extract in MCF7 cells. MCF7 cell were incubated

different concentrations of garlic extract for 48 h. The concentration of 0 mg/mL corresponds to

control (untreated cells). a) The expression of inflammatory markers NFκB, p-IҡBα, IL1β and IL-6

were determined by western blotting analysis. b) The expression of anti-proliferative marker EGFR

was determined by western blotting analysis. GADPH was used as a loading control. All data shown

were the mean ± SD of three independent experiments. Different superscripts letter for each column

indicated significant differences (p < 0.05)

Treatment of garlic extract significantly (p < 0.05) increased the accumulation of cells at

G0/G1 phase of about 66% at high concentration (8.1 mg/ml) in MCF7 cells. While reduced

the cells in S phase and G2/M phase compared to untreated cells respectively. In MCF7 cells,

the percentage of cells in the S phase and G2/M were significantly (p < 0.05) decreased up to

12.33% and up to 7% after garlic extract treatment compared to untreated sample (up to

21.67%) (Figure 3.29).
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Notably, dysregulation of cell cycle is one of the features of cancer progression which

contributes to the abounded proliferation in human cancer. The cell cycle can be divided into

four different phases G1, S, G2 and M. At the S phase, DNA synthesis takes place, at the M

phase the cell divides into two identical daughter cells and both these phases are separated by

gap phase G1 and G2 (Williams and Stoeber 2012). At the G1 phase, the cells are response to

extracellular signals to progress towards mitosis or withdrawal from the cell cycle into a

resting or inactive stage known as G0 phase (Sherr 1994). While cells undergoing apoptosis

were known as an accumulated

Figure 3.29: Garlic extract induces cell cycle arrest of MCF7 breast cancer cells. After 24 h seeding,

MCF7 cell was treated with different concentrations of garlic extract for 48 h. Flow cytometer using

propidium iodide (PI) assay was used for staining the cells and DNA content of cells was analysed for

determination the effect of garlic extract on MCF7 cell cycle distribution. The percentages of cells in

each phase Sub-G1 (apoptotic cells), G0/G1, S and G2/M were analyzed by the Tali® Cell Cycle

Assay kit and Tali™ Image-based Cytometer. a) Representative fluorescence image of MCF7 cycle

shows the effect of garlic extract with or without treatment: red colour corresponds to Sub-G1 phase,

yellow colour corresponds to G0/G1 phase, cyan, green colour corresponds to S phase and green

colour corresponds to G2/M phase. b) Column’s graph belongs to the same set of data compare to

untreated cells with different superscript letters are significantly different (p < 0.05). All data shown

were the mean ± SD of three independent experiments.

cell population in the Sub-G1 region (Okuma et al. 2000). Previous studies reported that

garlic or its various compounds could arrest the cell cycle at different phases 205,424,549,550. In

our work, garlic extract showed, the accumulation of cells in G1 phase compared to untreated



168

cells, indicating the percentage of apoptosis in MCF7 after 48 h incubation. Several studies

demonstrated that the cells arrested at G0/G1 phase would be pushed into apoptosis in cancer

cell line, for example, methanol extract of Piper capense causes cycle arrest in the G0/G1 in

MDA-MB-231-pcDNA3 breast cancer cells and induction of apoptosis. Similarly, Licarin

induces apoptosis as well as autophagy in lung cancer NCI–H23 and A549 cells by arrest cell

cycle at G1 phase (Maheswari et al. 2018; Mbaveng et al. 2021). In addition, the polyphenol-

rich natural compounds such as Ellagic acid, Caffeic Acid, 6-Gingerol have the ability to

arrest the cell cycle at G0/G1 phase accumulating the cells at Sub-G1 phase in different

cancer cell lines (Chen et al. 2015; Kabała-Dzik et al. 2017; Sp et al. 2021). In our present

work, similar results were observed by garlic treatment, with an arrest in the progression of

cell cycle at G0/G1 phase for MCF7 cells (Figure 3.29) compared to untreated cells. This

result could be helping to explain, garlic poly phenol may be inhibited cell growth via cell

cycle arrest at G0/G1 phase.

Although, monitoring the cell cycle, in addition to the flow cytometer analysis of PI staining

used in this study and evaluation of cell cycle markers is also an effective method where, the

transformation from one phase to another phase is controlled by several checkpoint genes

such as CDKs by uniting with their relevant administrative subunits cyclins that may activate

different downstream targets (Vermeulen et al. 2003).
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Figure 3.30: Garlic extract induces alteration of cell cycle regulatory mRNA expression in MCF7
cells. MCF7 cell were incubated different concentrations of garlic extract for 48 h. Cell cycle

regulatory gene cyclin D, dependent kinases CDK2 and cyclin dependent kinase inhibitor Rb were

analysed by real-time PCR. GADPH used a house keeping gene under the same PCR conditions for

normalized quantitative data. Results are expressed as median, first quartiles, third quartiles,

minimum and maximum values. All data shown were the mean ± SD (n = 3). Different superscript

letters for each column indicated significant differences (p < 0.05).

In our study, we observed that garlic extract treatment significantly (p < 0.05) reduced cyclin

D1, cyclin E, CDK2, CDK4 and p-Rb gene expression up to 0.76 fold, 0.57 fold, 0.85 fold,

0.50 fold and 0.49 fold respectively, compared to the untreated cells at a dose depended

manner in MCF7 cells (Figure 3.30). In contrast, the gene expression of p21waf1/Cip1 and

p27kip1 significantly (p < 0.05) increased up to 1.76 fold and 1.72 fold (Figure 3.31).

In recent time, regulation of the G1 phase of the cell cycle has attracted attention as a target

for the study and therapy of breast cancer. Two of the most essential proteins involved in the

cell cycle machinery are cyclin-dependent kinases and cyclins, among all cyclins D and E

mediate progression (Geng et al. 2001). However, D-type cyclins are short-lived proteins that

maintain via G1 phase (Hitomi and Stacey, 1999). Cyclin D forms a complex with Cdk4 and

Cdk6 (or other types of CDKs) to promote G1-phase progression towards the S phase

(Takahashi-Yanaga and Sasaguri 2008). Where, pRb phosphorylation seems to be related to

mitogenic signals, which accumulate on the cell cycle machinery, represented by the cyclin

D1/cdk4 complex in the early and mid-G1, and composed of cyclin E/cdk2 in late G1

(Giacinti and Giordano 2006).

In contrast, the pRb protein maintaining cell cycle progression and DNA replication by

repressing gene transcription that required for transition from G1 to S phase, by directly

binding to the trans activation domain of E2F and by binding to the booster of these genes as

a complex with E2F (Macaluso et al. 2005) and block S-phase entry and cell growth

(Weinberg 1995). In addition, CDK–cyclin complexes are inversely regulated by CDK

inhibitors (p21Cip and p27Kip), which are promote dyphosphorylation of Rb proteins for the

transcriptional activation of cell cycle regulated genes (Vermeulen et al. 2003). Recently,

researcher considered that spices could stopped cell proliferation by modulating of P53, for

example, Fenugreek up regulated P53 and arrested cell cycle at G1 phase (Khoja et al.).,
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2011 . Similarly, garlic induced cell cycle arrested at G0/G1 phase was associated with the up

regulation of p53 gene (Zang et al. 2014). Also, a polyphenol-enriched extract from

selenium-enriched Ziyang green tea and herb Radix Sanguisorbae induced cell-cycle arrest at

G0/G1 phase by upregulation of p53 and reduced the expression of CDK2 in MCF7 and

MDA-MB-231 cells (Li et al. 2016; Zhu et al. 2016)Consistent with those elaborations, in our

study demonstrated that garlic extract arrested the cycle of MCF7 cells at the G1/G0 phase,

along with the reduced gene expression of pRb, cyclin D1, cyclin E, cdk2 and cdk4 and

increased gene expression of p21Cip, p27Kip and P53 respect with untreated cells,

suggesting that garlic extract suppressed proliferation of breast cancer cells dramatically.

Figure 3.31: Garlic extract induces alteration of cell cycle regulatory mRNA expression in MCF7
cells. MCF7 cell were incubated different concentrations of garlic extract for 48 h. Cell cycle

regulatory gene cyclin E, dependent kinases Cdk4, cyclin dependent kinase inhibitor p21waf1/Cip1

and p27kip1 awere analyzed by real-time PCR. GADPH used a a house keeping gene under the same

PCR conditions for normalized quantitative data. Results are expressed as median, first quartiles, third

quartiles, minimum and maximum values. All data shown were the mean ± SD (n = 3). Different

superscript letters for each column indicated significant differences (p < 0.05).
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4.5. Garlic extracts stimulated Autophagy induction in MCF7 cells

In previous section, we found garlic extract significantly (p<0.05) increased dead cells by

evaluating after using Annexin V Alexa Fluor® 488 and PI staining. The percentage of dead

cells is not only due to apoptosis induction, but it could also be possibilities of autophagy

induction. Based on this, in parallel, we evaluated the garlic extract autophagy-inducing

capacities via screened 20 autophagy-related proteins in MCF7 cell lystate by a commercially

available human autophagy array kit and found that several players in the autophagy process

(Figure 3.32 and 3.33).

Autophagy is an evolutionarily conserved and multi‐step lysosomal degradation process, is

mainly activated during pathogen infection, nutrient deprivation, accumulation of damaged

proteins or organelles. It’s play an important role in threatening cancer by regulating a limited

number of autophagy‐related gene. The process of autophagy 5 steps such as initiation,

elongation and autophagosome formation, fusion, and autolysosome formation (Yang et al.

2015).

Last decade, phytochemicals showed a good potential of cancer chemo prevention and garlic

is one such potential phytochemical candidate that has been thoroughly studied against

various cancer cells (Kim et al. 2012; Modem et al. 2012; Giampieri et al. 2019). However,

natural phenolic compounds enabled to trigger autophagy as cell death or survival mechanism

in various cancer cells (Chatterjee and Pandey 2011; Li et al. 2011; Park et al. 2016a; Sharma

et al. 2020). Above mentioned, identified different type of polyphenol in present in garlic

extract that could be possible to induced autophagy in breast cancer MCF7 cell line (Martino

et al. 2019). However, autophagy may be regulated by various canonical and non-canonical

pathways.

4.5.1. Garlic extracts induced autophagy in non-canonical pathway

Non-canonical autophagy is a process that is independent from Beclin-1 pathway (Ozpolat et

al. 2007; Scarlatti et al. 2008)(.
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4.5.1.1. Effect of garlic extract on mTOR signalling

Autophagosome formation is a key initial step for autophagy process; this step is mediated by

the serine/threonine protein kinase unc-51-like kinase 1 (ULK1). The activation of ULK1,

Atg13, FIP200 and Atg101 to nucleate formation of phagophore (nucleation) (Chen et al.

2014; Zachari and Ganley 2017). While mTOR act as a autophagy inhibitor that suppressed

the initiation stage of complex formation in several pathway and blockaged the

phosphorylation of ULK1 and ATG13 (Jung et al. 2010; Kim et al. 2011). However, we

observed, garlic extract, significantly (p<0.05) up regulated ATG13 protein expression up to

2.88-fold compared to the untreated cells (Figure 3.32). Whereas ATG13 protein may help to

induction autophagy by activated ULK1 complex and inhibited mTORC1 on the lysosomal

surface of breast cancer MCF7 cells. Moreover, the effect of garlic extracts on the tumour

microenvironment that could be a reason for autophagy induction with response to nutrient

deficiency such as glucose. In our study, garlic extract decreased glucose/ oxygen uptake via

modulation AMPK pathway and may be repressed mTOR in breast cancer MCF7 cells.

Recent studies demonstrate that spices polyphenols activate autophagy via suppression the

mTORC1 (Kaur and Moreau 2021).

In addition, Rheb is a potent mTORC1 activator and Rheb-mTORC1 pathway repressed

autophagy (Inoki et al. 2003). Interestingly, garlic extract showed significantly (p<0.05)

down regulation of Rheb protien expression up to 0.66 fold compare to the untreated sample

after 48h treatment in MCF7 cells (Figure 3.32). Subsequently, garlic extract also

significantly (p<0.05) reduced Mitogen and stress-activated protein kinase (MSK1) protein

expression up to 0.74 fold respect to the untreated cells (Figure 3.32). Indeed, inhibition of

MSK1 protein promotes autophagy induction (Peng et al. 2021).

4.5.1.2. Effect garlic extract on ATG family protein

ATG family protein are responsible for autophagy regulation, mainly in autophagy initiation

and the formation of autolysosome (Xiang et al. 2020). For example, plant lectins induce

autophagy by upregulating ATG families (Jiang et al., 2015). Similarly, Canavalia ensiformis

(Concanavalin-A, ConA) induced autophagy in non-canonical pathway via up‐regulated

ATG3 and ATG12 in glioblastoma U87 cells (Pratt et al. 2012).
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In our experiment, we found ATG3, ATG4A, ATG34B, ATG5, ATG7, ATG10, ATG12 and

ATG13 proteins were significantly (p<0.05) up regulated up to 3.51 fold, 3.65 fold, 1.57 fold,

1.70 fold, 1.50 fold, 1.53 fold, 2.66 fold and 2.88 fold respectively, compare to the untreated

cells (Figure 3.32).

After initiation, two unique ubiquitin‐like conjugation may be occurred by involvement of the

covalent conjugation of ATG12 to ATG5 in presence of ATG7 and ATG10 that catalysed the

the formation of conjugation and activates LC3/ATG4 protein. Interestingly, activated ULK1

phosphorylated ATG4B that responsible for the conversion of pro-LC3 to LC3-I and LC3-II

(Pengo et al. 2017) that is stably inserted into the autophagosomal membrane (Kabeya et al.

2000). Then, LC3 and GABARAPs mediate the phagophore membrane closure (Fusion).

Then, autophagosomes fuse with lysosomes under the regulation of cytoskeleton elements of

different proteins including lysosomal-associated membrane protein (LAMP)-1 to form the

autolysosome, whereas the degradation of macromolecule occurs by the action of lysosomal

enzymes (Degradation) (Benvenuto et al. 2020). Recent studies explain that a relation

between autophagy and apoptotic signalling via suppression of the binding of lysosomes and

autophagy vacuoles (Salminen et al. 2013). Although, induction of autophagy was

accompanied with arrest of LAMP-1 expression, that correlates with lysosomal activity.

In present experiment, our result showed that, garlic extract significantly (p<0.05) increased

LC3A, LC3B and GABARAPs protein expression up to 1.90 fold, 2.42 fold and 2.65 fold

respectively and significantly (p<0.05) decreased LAMP1 protein up to 0.59 fold, compare to

the untreated cells (Figure 3.33).

On the basis of present result, it may be stipulated, garlic extract activated ULK1 by up

regulating ATG13 protein that could be phosphorylated ATG4B and ATG4B associated with

the vesicle elongation and formation of auto phagolysosome via upregulated ATG7 and

ATG3 protein expression. In consistent with this action, our results also showed increased of

basal autophagy induction in MCF7 cells, ones as manifested by up regulated levels in LC3A

and LC3B protein. Oppositely, by decreasing LAMP-1protein could be depleted lysosomal

activity which involved programmed cell death that agreed with (Ichimura et al. 2000; Chu et

al. 2013; Elimam et al. 2020).
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However, the expression of another widely used autophagosomal marker p62, a ubiquitin-

binding protein that also involved in autophagy induction. In this present study, garlic extract

significantly (p<0.05) decreased p62 protein expression up to 0.38 fold with respect to the

untreated cells (3.32). Our results are comply with previous studies where bioactive

compound that shows autophagy induction in different cancer cells (Dhaheri et al. 2014; Park

et al. 2016b). Moreover, p62 has been played a negative-regulatory role between Nrf2 and

autophagy and promoting oxidative stress status, after garlic extract treatment in MCF7 breast

cancer cells (Zhang et al. 2015; Park et al. 2016b; Li et al. 2017).

Figure 3.32: Garlic extract induces Autophagy on breast cancer MCF7 cells a) Human Autophagy

Array expression. After 24 h incubation, MCF7 cells was treated with different concentrations of

garlic extract 1.87 mg/ml, 4.97 mg/ml and 8.1 mg/ml for 48 h. Positive spots were used as a loading

control and for normalization. b) Template showing the location of autophagy-related proteins spotted

onto the Ray Biotech Human Autophagy array kit. c) Columns graph belongs to the same set of data

compare to untreated cells with different superscript letters are significantly different (p < 0.05). All

data shown are the mean ± SD of two different spots.

ATG3: Autophagy related gene 3; ATG4A: Autophagy related gene 4A; ATG4B: Autophagy related

gene 4B; ATG5: Autophagy related gene 5; ATG7: Autophagy related gene 7; ATG10: Autophagy

related gene 10; ATG 12: Autophagy related gene 12; ATG13: Autophagy related gene13.
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There is a crosstalk about P62 dependent autophagy induction. Several literatures

demonstrated that increased p62 expression is required for autophagy induction (Robert et al.

2009; Puissant et al. 2012). Though, we found down regulated p62 expression in MCF7 cell

line after garlic treatment that similar with (Li et al. 2013)

4.5.1.3. Effect of BNIP3-mediated mitochondrial autophagy

Autophagy plays a vital role in cellular homo stasis by damaging organelles such as broken

mitochondria, to remove misfolded proteins and to eliminate intracellular pathogens (Glick et

al. 2010). In recent time, bcl-2 nineteen kilodalton interacting protein (BNIP3), a member of

the ‘BH3-only’ subfamily of pro-apoptotic Bcl-2 family proteins, known as a potent

autophagy inducer. In response with ROS generation, BNIP3 induced cell death by

modulated mitochondrial membrane potential (Kubli et al. 2007; Burton and Gibson 2009).

Where, increased GABARAPL1 protein damaged mitochondria in a BNIP3L-dependent

manner (Boyer-Guittaut et al. 2014) by modulating cellular bioenergetic level such as basal

OCAR rate. While intracellular ATP that help to inhibit cell proliferation and suppressed

breast cancer MDA-MB-436 cell(Boyer-Guittaut et al. 2014). For illustration, silibinin, a

flavonolignan induced autophagic cell death via ROS-dependent mitochondrial dysfunction

and ATP depletion involving BNIP3 in MCF7 cells (Jiang et al. 2015). Likewise, ConA

induced autophagy via up‐regulated BNIP3 in glioblastoma U87 cells (Pratt et al. 2012)(Pratt

et al., 2012). We observe garlic extract increased BNIP3 protein significantly (p<0.05) up to

3.90 fold compare to untreated cell (Figure 3.33). We hypothesized garlic extract up

regulated GABARAPL1 expression that interacted with GABAA or kappa opioid receptors,

associated with autophagic vesicles, and suppressed breast cancer cell proliferation by BNIP3

pathway.

4.5.2 Garlic extract induced autophagy in canonical pathway

Canonical pathway is Beclin-1 dependent whereas, Beclin-1 acts as a tumour suppressor gene

(Aita et al. 1999; Klionsky et al. 2008) that act as an indicator of autophagy induction in ROS

dependent pathway in various breast cancer cell lines (Dhaheri et al. 2014; Pandey et al.

2020). Most compelling evidence that, phenolic compound carnosol induces ROS-mediated

Beclin1 independent autophagy in breast cancer MDA-MB-231 cells (Dhaheri et al. 2014).

Surprisingly, in our Array profile showed significantly (p<0.05) up regulation of Beclin-1

protein expression up to 2.68 fold after 48h garlic extract treatment in a dose dependent
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manner (3.33). Earlier, we found poly phenol enriched garlic extract has been enhanced

intracellular ROS levels and down regulated antioxidant enzyme SOD expression. While

inhibition of SOD expression induced autophagy in MCF7 cells (Sharma et al. 2020). As a

consequence, Beclin1 also responsible for the cleavage of LC3 I to LC3 II in autophagic

process (Kaowinn et al. 2018). Whereas phenolic compound ellagitannins, urolithin A

induces autophagy by increased LC3 expression and decreased MMP-9 in human sw620

colorectal cancer cells (Zhao et al. 2018). Though this induction can be reversed when

membrane MT1‐MMP gene is silenced (Pratt et al. 2012). In our study we observed, negative

correlation between autophagy and MMPs that reflects (Zhao et al. 2018). Even if, the

specific roles of MMPs in autophagy after treatment of garlic in breast cancer still remain to

be unravelled, here, we first time reported the modulation of MMPs, another well-known

autophagy regulator in breast cancer MFC7 cells, after treatment of poly phenolic enrich

garlic extract.

However, preclinical and clinical studies demonstrated, discoidin domain receptor 2 (DDR2)

has a vital role in breast cancer metastasis (Corsa et al. 2016) by regulating essential cellular

processes such as morphogenesis, differentiation, proliferation, adhesion, migration, invasion,

and matrix remodeling. Recently, siRNA-mediated downregulation of DDR1 inhibited

melanoma cell malignancy, migration, invasion, and survival (Reger de Moura et al. 2019).

Thus, down regulated DDR2 inhibited breast cancer metastasis via stabilizing the SNAIL1

protein (Zhang et al. 2013). In our results, garlic extract significantly (p<0.05) reduced DDR2

protein expression up to 0.53 fold with respect to the untreated MCF7 cells and suppressed

EMT and metastasis (3.33 and 3.24). Additionally, autophagy has a role in DNA damage

response (DDR). At the time of DDR, autophagy plays a role of source of energy that control

cell cycle arrest and to defend DNA repair activities (Galati et al. 2019).

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/beclin-1
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Figure 3.33: Garlic extract induces Autophagy on breast cancer MCF7 cells a) Human Autophagy

Array expression. After 24 h incubation, MCF7 cells was treated with different concentrations of

garlic extract 1.87 mg/ml, 4.97 mg/ml and 8.1 mg/ml for 48 h. Positive spots were used as a loading

control and for normalization. b) Template showing the location of autophagy-related proteins spotted

onto the Ray Biotech Human Autophagy array kit. c) Columns graph belongs to the same set of data

compare to untreated cells with different superscript letters are significantly different (p < 0.05). All

data shown are the mean ± SD of two different spots.

BNIP3: bcl-2 nineteen kilodalton interacting protein; GABARAP: Gamma-aminobutyric acid

receptor-associated protein; LC3A: Light chain 3 1A; LC3B: Light chain 3 1B; Lysosomal-associated

membrane protein 1; DDR2: Discoidin domain receptor 2; MSK1: Mitogen- and stress-activated

protein kinase.

Recent studies showed there is interlink between cell-cycle arrest and autophagy induction. It

has been reported that autophagy may be promoted by blocking CDK4/6 in multiple cancer

cells (Ezhevsky et al. 1997; Sumi et al. 2015). For example, Apple extract explored

autophagy via cell cycle arrest in MCF7 cell by up regulation of P21 gene and down regulated

cyclin dependent kinase (Schiavano et al. 2015).

In DNA repair activities, autophagy inhibits DNA repair proteins. Whereas NBS1 is

functioning as a modulator of repairing the DNA damage by promoting homologous
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recombination (HR) and activating ATM which essential for cell viability (D’Amours and

Jackson 2002; Kobayashi et al. 2004; Chen et al. 2008). Furthermore, NBS1 as a part of

MRN complex when cells enter the S and G2 phases of the cell cycle. In addition, NBS1

deficiency abolish the telomere fusions that occur in G1-phase of cell cycle (Dimitrova and

de Lange 2009).

In our work, the expression of NBS1 protein was found to reduce by up to 0.68 fold in

comparison to untreated cells after 48 h (Figure 3.33). Similar result shows pomegranate

extract by decreasing DNA repair NBS1 gene expression and induce apoptosis and autophagy

(Shirode et al. 2014).

However, our studies highlight a critical inhibition role of garlic extract on formation of

MRN complex in processing of DNA repair. Whereas, CDK activity is important for

formation of this complex (Sonoda et al. 2006). Surprisingly, garlic extract modulated CDK

activities and arrested cell cycle and induction apoptosis and autophagy. The mechanisms

underlying this regulation and the CDK targets that are directly involved in DNA repair are

not clear in this study. It needs to be more study to elucidate the exact role of garlic extract on

the regulation of HR-mediated DNA repair.

Recent research illustrates that autophagy induction that could be a novel target for cancer

treatment associates with anti-angiogenic effect (Kardideh et al. 2019). Our observation, we

found garlic extract repressed angiogenesis and boosting autophagy in breast cancer MCF7
cells. Unfortunately, the software didn’t measure the intensity of Alpha-synuclein.

In our work, although we demonstrated garlic extract triggered autophagy in breast cancer

MCF7 cells, we couldn’t visualize exact autophagy vacuole formation following garlic

exposed at 48h in MCF7 cell line. Although until now we still cannot explain the exact role of

garlic-mediated autophagy in the pathogenesis of breast cancer, its occurrence is to a certain

extent in accordance with garlic-mediated anti-apoptotic, anti-angiogenic efect and anti-

proliferative roles which deserves further study. Here, we showed for the first time anti

proliferative effect of poly phenol enrich garlic extract on breast cancer MCF7 cells by

inducing autophagy and inhibit angiogenesis and metastasis. Our in vitro findings provide

novel insights into understanding the anti‐tumour functions of spices especially garlic.
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In summary, we demonstrated that may be used garlic extract-based breast cancer treatments

lies in the multiple roles of garlic phenolic molecules including anti‐survival, cell cycle arrest

and anti-metastasis effect, anti-colonization, inhibition of tumour Angiogenesis and

autophagy mediated cell death. Thus, this finding Garlic extract could be potentially tumour

suppressive role in Breast cancer MCF7 cells by blocking tumour cell growth.
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CONCLUSIONS, FUTURE PERSPECTIVES AND LIMITATIONS

Based on the results gotten within the assessment of the anti-proliferative potential of garlic

extract on in vitro breast cancer models, the taking after conclusions can be drawn:

Garlic extract, used in this work, possessed a content of bioactive compounds such as

phenolic compounds (caffeic acid, p-coumaric acid, dihydroxybenzoic acid, gallic acid,

salicylic acid, sinapic acid, and ferulic acid), high content of total polyphenol, flavonoids,

organosulfur compounds and mineral.

The antioxidant activity of this garlic extract was also evaluated through three different

methods: FRAP, TEAC and DPPH, it could be a significant impact on the anti-proliferative

potential.

In the present study, the effect of garlic on in vitro digestion on the phenolic compounds,

flavonoids and antioxidant activity was investigated. During the digestion process, it was

seen how the content of phenolic compounds and flavonoids changed, a drastic reduction of

phenolic compounds and flavonoids was observed in the bioaccessible fractions and higher in

the waste fractions. The antioxidant capacity diminished after the simulated gastrointestinal

digestion, it could be present of less number of phenolic compounds and flavonoids. Further,

bioaccessible fraction of garlic also induced cytotoxic effects in MCF7 cells that allow an

approach to a physiological condition closer to the real one.

Garlic extract can induce anti proliferation by accumulating intracellular ROS in breast

cancer MCF7 cells, associated with an induction of oxidative stress, apoptosis through cell

surface death receptors and mitochondria-dependent pathways and reducing antioxidant

enzyme activity, inducing DNA, protein and lipid damage. Moreover, garlic extract can be

increased ER stress in breast cancer MCF7 cell line death by increasing XBP1, ATF6α and

EIF2α expression. Similarly, garlic extricates can be repressed of mitochondrial respiration

by controlling of energy metabolism of MCF7 cells both in anaerobic and aerobic pathways

and show an alternative methodology for the treatment of breast cancer. Moreover, garlic

extract can be suppressed the AMPK pathway which plays a vital part in mitochondrial

biogenesis in cancer cells to advance metabolism beneath glucose limiting condition. These

findings give principal insights into the molecular composition of garlic extract initiated cell

death.
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Evidence indicated that garlic extract induced cytotoxic effects in MCF7 cells by suppressing

inflammation through decreasing the expression of inflammatory cytokines and pathway

signalling NFκB, IL-6, IL-1β, p-IκBα, EGFR

Garlic extract can be inhibited breast cancer cell growth by arresting cells at the G1/G0 phase,

along with the reduced gene expression of pRb, cyclin D1, cyclin E, cdk2 and cdk4 and

increased gene expression of p21Cip, p27Kip and P53.

Garlic extract can be indicated anti-metastatic effect of against adenocarcinoma MCF7 cells

through inhibition the migration and colony formation ability, as well as suppressed invasion

abilities, observed by reducing MMP-2 and MMP-9 expression and regulating the expression

of EMT-related genes, including E-cadherin, N-cadherin, and β-catenin. Based on these

results, we can be concluded that garlic extract may serve as an effective therapeutic agent for

breast cancer anti proliferate effects.

Garlic extract can be repressed angiogenesis by modulation pro-angiogenic factors such as

increasing FN-γ, TIMP-1 and TIMP-2 expression and decreasing VEGF, VEGF-D, b-FGF,

ENA-78, EGF, PlGF, TGFβ1, MCP-1, IL-8.

This works can be provided new evidence to garlic extract may induce autophagy in breast

cancer MCF7 cells through modulation of autophagy related protein expression by increasing

ATG3, ATG4A, ATG5, ATG7, ATG 12, ATG13, Becline, BNIP3, GABARAP, LC3A,

LC3B, and decreasing P62, MSK1, NSB1, LMP1, Rheb.

The present work has some limitations, Firstly, in our work, we identified phenolic

compound in garlic extract but not able to isolate and purified the main one that is related to

the anticancer activity, by the fact that activity may involve multiple phenolic compounds in

garlic extract where, Isolation of phenolic compounds could be helpful to formulate modified

release dosage and may be improve bioavaiability and increased therapeutic effect of garlic.

Next, it should be considered that this study represents a starting point for obtaining

preliminary data, for subsequent studies involving in vitro simulated digestion processes,

where we are failure to evaluate the different composition of phenolic acid and flavonoid

after in vitro digestion. Among the other limitations there is discuss about growth inhibitory
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effect of garlic by modulating autophagy related protein but not evaluate autophagy vacuole

formation in breast cancer MCF7 cell line.

However, the action of bioactive compounds in garlic extract can be attributed not only to

their ability to act as antioxidants but also to their ability to interact with different cellular

mechanisms. These curiously and promising results encourage our knowledge around and

might be valuable for further considers highlighting the phenolic compounds of garlic and the

possible molecular components as well as in vivo considers against breast cancer to provide a

deeper understanding of garlic therapeutic potential.
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