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ABSTRACT 

 

 

STUDIES ON THE MOLECULAR MECHANISM OF THE DRUG 

METABOLISM IN PROSTATE CANCER, PC3 CELL LINES 

 

 

 

DİLEK KANÇAĞI, Derya 

   PhD, Department of Biochemistry 

   Supervisor: Prof. Dr. Tülin GÜRAY 

   Co-advisor: Assoc.Prof.Dr. Dilek TELCİ 

 

September 2014,135 pages 

 

Metabolic changes observed in prostate cancer are very important for both the course 

of the event and therapeutic way to be decided. One of the effective 

chemotherapeutic agent showing antitumour activity against prostate cancer is 

Docetaxel. The metabolism of this drug is important in term of its effectiveness. 

In this study we determine the effect of CYP1A1, CYP3A4 and GSTP1 enzyme 

inhibitors on the efficacy of the docetaxel. For this purpose, the gene expressions and 

activities of these enzymes were analyzed  in PC3 (androgen-independent PC cell 

lines) and PNT1A (immortalized prostatic cell lines) cells by using real-time PCR 

and activity assays. Alpha-naphthoflavone, ketaconozole and quercetin were used as 

the inhibitors of CYP1A1, CYP3A4 and GSTP, respectively. In order to investigate 

the potential of these inhibitors in docetaxel metabolism, PC3 and PNT1A cells were 

treated with inhibitors in combination with docetaxel and the cell viability and cell 

death (apoptosis/necrosis) was analyzed by using WST-1 and Annexin V assays, 

respectively.  
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According to our results, the concentration which gives 70% and 60% cell viability 

after 24 and 48 hours applications were found as 4 µM for docetaxel, 1000 nM for 

alpha-naphthoflavone, 56.5 µM for ketoconazole and 300 µM for quercetin. IC50 

values were calculated as 15.1 µM for alpha-naphthoflavone, 118.7 µM for 

ketoconazole and 692 µM for quercetin from the activity assays. Docetaxel 

application  alone and  in combination with the inhibitors showed differences in both 

mRNA levels and cell viability status in treated/untreated PC3 and PNT1A cells at 

predetermined concentrations.  

In conclusion, our results showed that, the application of docetaxel with enzyme 

specific inhibitors is more effective by increasing the effects of docetaxel in PC3 

cells. Further studies about the metabolism of drugs will help for the development of 

a therapy that would increase the efficacy of the drugs which might provide a better 

chance for the patience survival. 

 

Keywords: Prostate cancer, docetaxel, alpha-naphthoflavone, ketaconozole, 

quercetin, CYP1A1, CYP3A4, GSTP1  
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ÖZ 

 

 

 İLAÇ METABOLİZMASININ PROSTAT KANSERİ, PC3 HÜCRE 

HATTINDAKİ, MOLEKÜLER MEKANİZMASI İLE İLGİLİ ÇALIŞMALAR 

 

 

 

DİLEK KANÇAĞI, Derya 

   Doktora, Biyokimya Bölümü 

   Tez Yöneticisi: Prof. Dr. Tülin GÜRAY 

   Ortak Tez Yöneticisi: Doç.Dr. Dilek TELCİ 

 

Eylül 2014, 135 sayfa 

 

Prostat kanserinde gözlenen metabolik değişiklikler hem hastalığın gidişatı hem de 

uygun tedavinin kararlaştırılması için çok önemlidir. Prostat kanserinde anti-tümör 

etki gösteren kemoterapötik ajanlardan biri de Dosetaksel'dir. Bu ilacın 

metabolizması etkinliği açısından önemlidir. 

Bu çalışmada CYP1A1, CYP3A4 ve GSTP1 enzim inhibitörlerinin dosetaksel 

üzerindeki etkisini belirledik. Bu amaçla, PC3 (androjene duyarsız PC hücre hatları) 

ve PNT1A (ölümsüzleştirilmiş prostatik hücre hatları) hücrelerinde gerçek zamanlı 

PZR ve enzim aktivite analizleri kullanılarak gen ekspresyonları ve enzim aktiviteleri 

analiz edilmiştir. Alfa-naftoflavon, ketokonazol ve kuersetin sırasıyla CYP1A1, 

CYP3A4 ve GSTP için enzim inhibitörleri olarak kullanılmıştır. Dosetaksel 

metabolizmasında bu inhibitörlerin potansiyelini araştırmak için, PC3 ve PNT1A 

hücreleri dosetaksel-inhibitör kombinasyonları ile müdahale edilmiştir. Hücre 

canlılığı ve hücre ölümü (apoptoz/nekroz) değerlendirmeleri sırasıyla WST-1 ve 

Aneksin V analizleri ile gerçekleştirilmiştir. 
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Sonuçlarımıza göre, 24. ve 48. saatlerde sırasıyla %70 ve %60 canlılık veren 

konsantrasyonlar dosetaksel için 4 µM, alfa-naftoflavon için 1000 nM, ketokonazol 

için 56.5 µM ve kuersetin için 300 µM olarak belirlenmiştir. Aktivite analizlerine 

göre belirlenen IC50 değerleri, alfa-naftoflavon için 15.1 µM, ketokonazol için 118.7 

µM ve kuersetin için 692 µM olarak hesaplanmıştır. Tek başına dosetaksel 

uygulaması ve inhibitörlerle birlikte kombinasyon terapisi, daha önceden belirlenen 

konsantrasyonlarda uygulanan veya uygulanmayan PC3 ve PNT1A hücrelerinde 

mRNA düzeylerinde ve hücre canlılığı durumlarında farklılıklar göstermiştir. 

Sonuç olarak elde ettiğimiz veriler, enzim spesifik inhibitörler ile kombinasyon 

terapinin PC3 hücrelerinde dosetakselin etkisini artıdığını ve bu nedenle 

kombinasyon tedavinin daha etkili olduğunu göstermiştir. İlaç metabolizmasına 

ilişkin yapılan daha fazla sayıda çalışma, ilaçların etkinliğini artıracak bir tedavinin 

geliştirilmesi için yardımcı olacak ve böylelikle hastanın daha yüksek sağkalım şansı 

olabilecektir. 

 

Anahtar kelimeler: Prostat kanseri, dosetaksel, alfa-naphtoflavon, ketokonazol, 

kuersetin, CYP1A1, CYP3A4, GSTP1  
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

 

1.1 Prostate Cancer 

Prostate cancer (PCa) is the cancer that forms in the tissues of prostate and according 

to World Health Organizations, it is one of the most common types of cancer in men 

(Bott et al., 2010). In Turkey, PCa has also high incidence (24.33/100 000), such that 

it is the second most commonly seen cancer type. After lung and prostate cancers, 

skin, breast and stomach cancers are other most commonly observed ones (Figure 

1.1) (Yılmaz et al., 2010). 

 

 

 

 

 

Figure 1.1 Incidence of cancer types in Turkey (1/100.000) (Yılmaz et al., 2010) 
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As the diagnosis of PCa is used since 60s and 70s, the opportunity for interventions 

to prevent or slow the progression of the cancer is possible. Prostate cancer usually 

grows slowly and initially remains confined to the prostate gland, where it may not 

cause serious harm. Also its latent period is long and it takes 10 to 12 years to be 

clinically obvious (Brooks et al., 2001). Severity of the disease shows variability 

from patient to patient, such as indolent tumours to those aggressive cancers. This 

means that the disease may require little or no treatment or radical therapies (Bott et 

al., 2010). These treatments range from surveillance to radical local treatment or 

androgen-deprivation treatment. Although most tumours relapse within 2 years to an 

incurable androgen-independent state, in advanced PCa, symptoms are reduced by 

androgen deprivation in 70–80% of patients approximately (Crawford et al., 2003). 

A positive family history comes with strong evidence as a risk factor, followed by 

age and ethnic origin (African; American) (Crawford et al., 2003; Damber et al., 

2008). The development of PCa may also be related to exogenous factors, including 

food consumption, pattern of sexual behaviour, alcohol consumption, exposure to 

ultraviolet radiation, chronic inflammation, and occupational exposure (Heidenreich 

et al., 2014). 

1.2 Types of Prostate Cancer 

Prostate cancers have been categorized with respect to testosterone dependency.  

Prostate cancer cells growing in the presence of testosterone are said to be 

"androgen-dependent" or "androgen-sensitive". Early-stage prostate cancers depend 

on androgens for growth and survival. In this situation, regression is obtained via 

androgen ablation therapy (Feldman et al., 2001). 

Prostate cancer cells, that can still grow with very, very low levels of testosterone are 

named as "castration-resistant" or “androgen-insensitive” or “androgen-independent” 

cancers. In this case prostate cancer cells can grow even when there is no longer 

source of testosterone from testicles. The cancer continues to grow with the rest of 

the testosterone remaining in a body. Prostate cancers which are not improved by  

  

http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR00000445079&version=Patient&language=English
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surgery become androgen insensitive in the end, resulting in anti-androgen therapy 

ineffective (Feldman et al., 2001). 

1.3 Pharmacotherapy of Prostate Cancer 

The purposes of pharmacotherapy for prostate cancer are induction of remission, 

reduction in morbidity level and prevention from complications. At present, the 

surgical or medical castration are main therapy options for ablation of the production 

of testosterone (T), dihydrotestosterone (DHT) and related androgens by the testes. 

Nevertheless these treatments do not affect the production of androgen by adrenal, 

prostate and other tissues, these agents are often used in combination with androgen 

receptor antagonists to prevent their action (Vasaitis et al., 2011). Luteinizing 

hormone–releasing hormone (LHRH) analogue, androgen antagonists, gonadotropin-

releasing hormone (GnRH) agonists, bisphosphonates, antifungal agents, 

chemotherapeutic agents, corticosteroids and immunologic agents are used for 

prostate cancer treatment. 

Early stages of prostate cancer are usually androgen sensitive. Therefore, the first 

choice of therapy is the testosterone ablation therapy. In this case, LHRH agonists 

are preferred for the therapy. These agonists show its effect on the pituitary-testicular 

axis and decrease the level of testosterone secretion (Dondi D et al., 1994). 

Bone metastasis is observed approximately 75% of advanced prostate cancer 

patients. This results in some complications such as bone pain, hypercalcemia and 

skeletal related events (Fizazi et al., 2009). Zoledronic acid is a biphosphonate for 

the prevention or delay of the prostate cancer associated skeletal events which may 

require surgery or radiation therapy to bone (Schumacher et al., 2008). 

Antifungals, such as ketoconazole, can take an action like antiandrogens and can be 

used if androgen deprivation therapy fails. These agents are also remarkable since 

they inhibit a variety of cytochrome P-450 enzymes (11-beta-hydroxylase and 17-

alpha-hydroxylase) which in order inhibits steroid synthesis (Yap et al., 2008). 
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Chemotherapy is another treatment for prostate cancer if metastasis occured or 

hormone therapy fails. Examples of these chemotherapeutic agents are docetaxel, 

cabazitaxel, mitoxantrone, estramustine, doxorubicin, etoposide, vinblastine, 

paclitaxel, carboplatin and vinorelbine. For example, docetaxel and cabazitaxel show 

improvement in overall survival in patients with metastatic, castrate-resistant prostate 

cancer. If patient can not tolerate the taxane based treatment, mitoxantrone is another 

ahent preferred for palliation (Decastro et al., 2012; Huerta et al., 2013). 

Docetaxel, mitoxantrone and abiraterone are used in combination with corticoteroids. 

Corticosteroids have an anti-inflammatory features that modify the immune system 

of patient. These agents result in deep and various metabolic effects, such that they 

counteract toxic effects related to specific cancer therapeutics and manage tumor-

associated symptoms (Dorff et al., 2012). 

1.4 Drug metabolism  

Over the last decades, several studies have showed that cancer cells have a specific 

metabolism when compared to normal cells (Herling et al., 2011). Metabolic changes 

are important since it is thought that these changes affect transformation of normal 

cells into cancer cells and result in drug resistance during chemotherapeutic therapy 

(Cree, 2011). In addition to these various metabolic and signalling pathways 

differentiated in cancer cells, changes in the expression and activity of various drug 

metabolizing enzymes take important role in drug resistance (Rochat et al., 2009). 

Thus, metabolism of drugs by host organism is the most important determinant for 

the drugs’ pharmacokinetic profile.  

High metabolic activity usually results in poor bioavailability and high clearance. 

Therefore, any factor affecting the rate and extent of the drug metabolism will 

change the overall tendency of the xenobiotic. Metabolism of drugs results in 

inactivation mostly. In addition to this, active, reactive or toxic intermediates or 

metabolites may be also produced after the metabolic transformation (Kumar et al., 

2001). 

http://www.cancer.org/ssLINK/mitoxantrone
http://www.cancer.org/ssLINK/estramustine
http://www.cancer.org/ssLINK/doxorubicin
http://www.cancer.org/ssLINK/etoposide
http://www.cancer.org/ssLINK/vinblastine
http://www.cancer.org/ssLINK/paclitaxel
http://www.cancer.org/ssLINK/carboplatin
http://www.cancer.org/ssLINK/vinorelbine
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Studies showed that the expression and regulation of cytochrome P450 (CYPs) and 

other biotransformation enzymes have increased the role of drug metabolism in early 

drug development. Because they are key enzymes in cancer formation and cancer 

treatment. They mediate the metabolic activation of numerous precarcinogens and 

participate in the inactivation and activation of anticancer drugs (Rodriguez-Antona 

and Ingelman-Sundberg, 2006). 

1.5 Biotransformation 

Xenobiotic biotransformation is the important mechanism in order to maintain 

homeostasis when the organisms expose to foreign molecules, such as drugs. A 

limited number of enzymes with wide substrate specificities take role in xenobiotic 

biotransformation. Although these enzymes are expressed constitutively, the 

xenobiotic triggers the synthesis of these biotransformation enzymes in some cases 

(Parkinson et al., 2001). 

Xenobiotics are mostly lipophilic in nature, so they are poorly excreted. However 

these xenobiotics take part in metabolic conversion reactions mediated by enzymes, 

termed as biotransformation, in vivo (Buhler et al., 1988). In biotransformation 

reactions most drugs and other xenobiotics become more water-soluble and 

efficiently excreted. In phase I biotransformation reactions, a modest increase in 

hydrophilicity is observed by the introduction of a functional group into the 

xenobiotic substrate. In phase II biotransformation reactions, highly polar 

endogenous moieties are added to phase I products in order to produce more readily 

excreted metabolites (Obligacion et al., 2006).  In biotransformation reactions Phase 

I and Phase II enzymes usually work together in a sequential manner. On the other 

hand, there is a competition between Phase I and Phase II enzymes for xenobiotic or 

its metabolites (Buhler et al., 1988). Cytochrome P450s (CYPs) family is the most 

important phase I enzymes and major activating enzymes in the body. These 

enzymes make xenobiotics more electrophilic and reactive or in some cases more 

mutagenic and carcinogenic. On the other hand, in detoxification system phase I and  
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II drug metabolizing enzymes, including aldehyde reductase (AR), glutathione 

reductase (GR), epoxide hydrolase (EH), glutathione S-transferase (GST), quinone 

reductase (QR) and UDP-glucuronosyltransferase (UGT) can compete with these 

cytochrome P450s in order to eliminate reactive electrophiles by conjugation 

reactions. As shown in Figure 1.2, these reactions render electrophiles more water 

soluble and more readily excretable from the cell and the body ( Kensler et al., 1997; 

Jiang et al., 2003). Phase I or phase II drug-metabolizing enzyme can activate or 

detoxicate xenobiotics simultaneously relying on the catalyzed chemical reaction 

(Cantelli-Forti et al., 1997). 

 

 

 

 
 

Figure 1.2. Scheme of cellular xenobiotic metabolism (Bock et al., 1991) 

 

 

 

Although biotransformation reactions take place in all organs and tissues, liver has 

the highest concentrations of these xenobiotic metabolizing enzymes since it is the 

most important site for biotransformation (Buhler et al., 1988). 

There are many factors affecting drug biotransformation. When the enzyme is 

induced by certain substrates (e.g. drugs, environmental pollutants),  
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biotransformation process is accelerated, causing reduction in unmetabolized drug. 

As a result of rapid metabolism, most drugs can show decrease in efficacy. On the 

other hand, if the drug metabolites are active after enzyme induction, this results in 

increase in drug effect and/or its toxicity. In some situations, when the drug is pro-

drug, biotransformation reactions are necessary to make the drug active, but if there 

is an inhibition, the efficacy of drug is decreased. In addition, genetic polymorphism, 

disease, age, and gender are other factors affecting biotransformation process (Ogu et 

al., 2000). 

The cytochrome P450 (CYPs), epoxide hydrolase and glutathione S-transferases 

(GSTs) are major groups of enzymes in activating and detoxifying therapeutic drugs. 

Therefore, the expression of these enzymes in malignant tumours are also related to 

mechanism of anti-cancer drug resistance.  

According to immunohistochemical studies of Muray and his collegues, the P450 

subfamilies CYP1A, CYP2C, and CYP3A were present in 63%, 25%, and 61% of 

prostate tumour samples, respectively. Epoxide hydrolase, another phase I enzyme, 

was identified in %96 of prostate tumour samples. In addition, GSTA and GSTM 

were observed in 29% and 41% of prostate tumour samples, respectively, but they 

detected no expression of the GSTP in prostate tumour samples. Although GSTP is 

expressed frequently in other types of malignant tumour, it is absent in prostate 

cancer (Murray et al., 1995). GST-P predominates in basal cells and secretory acinar 

epithelium of normal and benign prostatic hyperplasia tissues, but is consistently 

absent in incidental prostate cancer cells, in prostatic intra epithelial neoplasia and in 

malignant prostate tumor (Obligacion et al., 2006). 

They also showed that CYP1A, CYP2C, epoxide hydrolase and the different forms 

of GST were expressed in non-neoplastic prostatic epithelium, but immunoreactivity 

for CYP3A was not the case (Murray et al., 1995). This result showed that with 

respect to the CYP3A prostate expression, there  was found no CYP3A protein in  
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normal prostate tissue, but they detected expression in 61% of prostate tumor 

samples (Leskela et al., 2007).  

Another important issue affecting drug biotransformation is pharmacogenetics. In 

this area, there is a few marker in order to guide physicians for the best course of 

treatment (Pinto et al., 2011). Polymorphism, thus genetic variability, in drug 

metabolizing enzymes results in large differences in the degree or rate at which a 

drug is transformed to its metabolites. Polymorphisms observed in drug metabolizing 

enzymes and transporters can affect drug efficacy and toxicity. As a result, this 

variability causes different responses of patients to standard dose of drug treatment. 

This leads to failures in the treatment or occurance of side effects (Meyer et al., 

1997). Therefore it is important for physicians to undertand the relationship between 

the genetic variability in drug metabolizing enzymes and the efficacy and/or toxicity 

of a medication to optimize the therapy according to medicine (Pinto et al., 2011). 

1.5.1 Cytochrome P450s (CYPs) 

The most important of Phase I reactions are oxidation reactions catalyzed primarily 

by cytochrome P450-dependent mixed-function oxidases (MFOs;  also referred to as 

monooxygenases).  Hydroxylation of aliphatic and aromatic compounds, epoxidation 

of aliphatic and aromatic compounds, N-dealkylation of amines and O-dealkylation 

of ethers are cytochrome P-450-mediated oxidations. 

The cytochrome P-450 MFO system is a coupled electron-transport system including 

cytochrome P-450 and NADPH-cytochrome P-450 reductase. The phospholipid 

matrix of the endoplasmic reticulum is the place for these enzymes. Electrons are 

transferred from NADPH through the flavoprotein to cytochrome P-450 which then 

inserts one atom of oxygen into the substrate and reduces the second oxygen atom to 

form water (Figure 1.3) (Buhler et al., 1988). 
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Figure 1.3. Generalized reaction catalyzed by the cytochrome P450 dependent 

monooxygenases  

 

 

 

Characterization and classification of the human CYP genes have been performed 

according to their structures. The function of main CYP enzymes (CYP1, CYP2, and 

CYP3) is the oxidative metabolism of drugs/xenobiotics (Chauret, 1999). The 

important xenobiotic-metabolizing CYP families takes role in detoxification 

pivotally, that is why they are primarily expressed in the liver. On the other hand, 

these enzymes are also expressed in extrahepatic tissues, such as CYP1A1, CYP1B1, 

CYP2B6 and CYP3A4 expressed in the human prostate (Finnström et al., 2001; 

Rodriguez-Antona and Ingelman-Sundberg, 2006; Fujimura et al., 2009).  

Cytochrome P450 is responsible for the biotransformation of several drugs. Drug 

toxicities, reduced pharmacological effect and adverse drug reactions are occurred as 

a result of several drug interactions and CYP enzymes are important for the 

determination of these drug interactions. The drug may be used as enzyme substrates, 

inducers or inhibitors (Ogu et al., 2000). Therefore, it is important to know its way of 

function in order to prevent clinically significant interactions (Figure 1.4). 
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Figure 1.4. Several outcomes of CYP–drug interaction (Purnapatre et al., 2008). 

 

 

 

CYP P450 enzymes have been known for their role in phase I metabolism of 

chemotherapeutic drugs until recently. The important issue is that these enzymes 

may be a target for drug development in cancer. In this respect, the first target 

enzyme was CYP19 (aromatase) in breast cancer therapy. In addition to this, a new 

strategy plan has been begun with aromatase inhibitors in hormone ablation therapy 

for estrogen dependent cancers (CYP17 inhibition with abiraterone).  Vitamin D3 

and vitamin A have anti-cancer metabolites that are inactivated by CYPs. These 

CYPs have also stimulated the development of new agents. Over-expression of 

exogenous metabolizing enzyme, CYP1B1, has evoked the development of inhibitors 

for chemoprevention and prodrugs designed to be activated by CYPs only in cancer 

cells. Another development is the bioreductive molecules which are activated by 

CYPs in cancer cells under hypoxic conditions (Bruno et al., 2007). 

Targeting of CYPs with natural or synthetic molecules provides benefits in cancer 

prevention and therapy potentially. Strategies to target these enzymes include: (i) 

designing molecules that inhibit the enzymes; (ii) designing prodrugs activated by 

the enzymes; (iii) immuno-based therapies targeting immune responses toward the  
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enzymes; (iv) genetic therapy strategies to express specific CYPs in cancer cells 

(Bruno et al., 2007). The main goal of cancer search is to develop therapeutic agents 

which target cancerous cells and to eliminate the toxicity and the CYP P450 enzymes 

show such therapeutic action (Morag et al., 2004). 

1.5.1.1 Cytochrome P450 1A1 (CYP1A1) 

Cytochrome P450, family 1, subfamily A, polypeptide 1 (CYP1A1) has an ability to 

biotransform polycyclic aromatic hydrocarbons found in carcinogens such as 

polycyclic aromatic hydrocarbons (benzo[a]pyrene in tobacco smoke) into 

carcinogens. CYP1A1 expression is mainly low. However, when this enzyme 

interacts with its own substrates (particularly the PAHs), its expression can be 

increased greatly (Walsh et al., 2013). Although CYP1A1 is expressed primarily in 

the liver, it has been also detected in extrahepatic tissues, such as prostate (Shaik et 

al., 2009; Quinones et al., 2009). 

CYP1A1 is an important enzyme in the metabolism due to the fact that it plays role 

in the conversion of pro-carcinogenic compounds to highly carcinogenic metabolites. 

It has an importance of being a therapeutic tool for the bioactivation of prodrugs, 

particularly cytotoxic agents (Anwar-Mohamed et al., 2009). Also, CYP1A1 has 

gained status along with other cytochrome P450 enzymes in the metabolism of drugs 

and mediating drug–drug interactions, such that it takes role partly in docetaxel 

metabolism (Anwar-Mohamed et al., 2009, Van Schaik et al., 2008; Mathijssen et al., 

2006).  

1.5.1.2 Cytochrome P450 3A4 (CYP3A4) 

CYP3A4 has the action of hydroxylation of testosterone in the liver and prostate. 

This function causes hormone deactivation, such that, recently it has been reported 

that variation in CYP3A4 increased the availability of testosterone which is related to 

PCa. Fujimura and coworkers (2009) demonstrated that the level of CYP3A4 mRNA 

expression in PCa was significantly lower than that in normal prostatic tissue,  
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indicating that, CYP3A4 expression was different in prostatic tissues. Therefore this 

decrease in CYP3A4 expression might be related to the development of cancer. 

Similarly, Chen and coworkers also found lower expression of CYP3A4 in PCa 

(Chen et al., 2012).  

It is well known that CYP3A4 also has a main role in the biotransformation of 

pharmaceutical drugs (Fujimura et al., 2009). Likely, CYP3A4 converts docetaxel 

into its inactive hydroxylated metabolites. As a result, a high CYP3A4 activity 

causes a poor therapeutic outcome of the drug. Engels and coworkers (2004) reported 

that, when docetaxel was applied with the potent CYP3A4 inhibitor ketoconazole in 

cancer patients, docetaxel clearance was decreased with the rate of 49%. Similar 

results were obtained by other researchers (Akhdar et al., 2012; Rodriguez-Antona et 

al., 2006). 

 1.5.2 Glutathione S-transferases (GSTs) 

Multi-functional glutathione S-transferases (GSTs) are Phase II enzymes which takes 

role in detoxification (Frova et al., 2006). These enzymes are categorized as 

mitochondrial, microsomal and cytosolic. Among them, cytosolic GST family is 

mostly found ones and according to chromosomal location and sequence similarity, 

cytosolic GSTs are classified as alpha (GSTA), mu (GSTM), pi (GSTP), theta 

(GSTT), kappa (GSTK), zeta (GSTZ) and omega (GSTO). In addition, each 

cytosolic class includes multiple members and is found in a specific chromosomal 

cluster (Polimanti et al., 2013).  

Cytosolic GST reactions catalyze the nucleophilic addition of the sulfhydryl (“thiol”) 

group of reduced glutathione (GSH) to electrophilic centers in a large number of 

structurally diverse physiological and xenobiotic compounds (Figure 1.5).  

 



13 

 

 

 

Figure 1.5. Glutathione conjugation reactions (Towsend et al., 2003). 

 

 

 

The aim of cytosolic GST reactions is to make these compounds more water soluble 

for the elimination from the body, regarded as “detoxification” (Fischer et al., 2012). 

Reactive electrophiles' detoxification, biosynthesis of leukotrienes, prostaglandins, 

testosterone and progesterone and tyrosine degradation are also other catalytic 

processes in which GSTs are active (Polimanti et al., 2013).GST enzymes may also 

play important role in the development of drug resistance which is one of the main 

failure of chemotherapy treatment (Towsend et al., 2003) in cancers. 

1.5.2.1 Glutathione S-Transferase P1 (GSTP1) 

GSTP1 encoding the pi-class glutathione S-transferase is an enzyme resposible of 

detoxification and protection of cellular DNA from oxidative damage (Dumache et 

al., 2009; Yu et al., 2005; Henrique et al., 2004). GSTP1 can detoxify several 

anticancer drugs by conjugating them with glutathione. This is why GSTP1 is 

considered in the mechanism of drug resistance to chemotherapy. For example, 

conjugation of docetaxel metabolites with glutathione is the second phase of 

docetaxel metabolism in which GSTP1 takes role. According to Park and coworkers  
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results (2002), the decreased anti-tumour activity could be the result of the 

upregulated GSTP1 expression by the metabolism of the drug. In order to understand 

the effect of GSTP1 on docetaxel metabolism, the relationship of intra-tumoral 

concentrations of docetaxel and their metabolites as a result of GSTP1 expression 

should be further investigated (Arai et al., 2008). 

The epigenetic silencing of the glutathione-S-transferase P1 (GSTP1) gene is the 

most common (>90%) genetic alteration so far reported in prostate cancer  (Dumache 

et al., 2009; Singal et al., 2001; Henrique et al., 2004). When GSTP1 is inactivated in 

prostate cells, this causes increase in vulnerability to somatic alterations as a result of 

chronic exposure to genome-damaging stresses such as oxidants and electrophiles 

(Dumache et al., 2009). 

Interestingly, GSTP1 expression is increased in androgen-independent prostate 

cancers when compared to androgen-dependent cancers. GSTP1 is highly expressed 

in PC3 (human prostate cancer cell lines, androgen independent) compared to 

LNCaP (human prostate cancer cell lines, androgen dependent) and according to 

these result, Hokaiwado and coworkers suggested that, GSTP1 might play a key role 

in the proliferation of androgen-independent human prostate cancer cells 

(Hokaiwado et al., 2008). 

1.6 Chemotherapeutic agents and inhibitors 

Luteinizing hormone–releasing hormone (LHRH) analogues, androgen antagonists, 

gonadotropin-releasing hormone (GnRH) agonists, bisphosphonates, antifungal 

agents, chemotherapeutic agents, corticosteroids and immunologic agents are widely 

used medicines for prostate cancer treatment. Among the chemotherapeutic agents, 

docetaxel is also used because of its antitumoral activity against prostate cancer. 

Since the metabolism of docetaxel by patient is the most important determinant for 

its pharmacokinetic profile, it is important to know the mechanism of docetaxel 

metabolism well. 
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1.6.1 Chemotherapeutic agents 

Conventional chemotherapeutic drugs are now becoming insufficient for the 

treatment of an advanced stage of prostate cancer such as metastatic androgen-

independent type. As a result, new mechanism-based and targeted strategies are 

necessary. 

1.6.1.1 Docetaxel 

Docetaxel is a clinically well-established anti-mitotic chemotherapy drug known as a 

taxane that works by interfering with microtubules, hence cell division. It shows 

antitumor activity against solid tumors, including PCa, and is highly effective as 

monotherapy and combination therapy (Li et al., 2004, Herbst et al., 2003).  On the 

other hand, the length of the docetaxel treatment and systemic side effects result in 

disease relapse. Docetaxel resistance is either intrinsic or acquired due to different 

mechanisms which are highly related with genetic variability (Figure 1.6).  Several 

combination therapies and small P-glycoprotein inhibitors have been offered to 

improve the therapeutic outcome of docetaxel in prostate cancer (Ganju et al., 2014). 
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Figure 1.6. De novo and acquired resistance mechanisms that mediate docetaxel 

therapy in many prostate cancer cells and patients (Ganju et al., 2014) 

 

 

 

Docetaxel is a semisynthetic anticancer agent derived from baccatin III of the 

needles of Taxus baccata. It was found that weekly docetaxel in patients with 

metastatic hormone-refractory prostate cancer is well tolerated and related to clinical 

benefit. Thus, docetaxel is the most important anticancer drugs in cancer treatment. 

Basically, it binds to tubulin and deranges the equilibrium between microtubule 

assembly and disassembly during mitosis. As a result, microtubules are stabilized 

and mitosis is corrupted (Li et al., 2004; Herbst et al., 2003).  

Studies in the literature suggested that there are other mechanisms on which 

docetaxel show its activity. It was reported that docetaxel increases bcl-2 

phosphorylation and decreases bcl-xl expression. This results in inhibition of the 

antiapoptotic function of bcl-2 family (Stein et al., 1999, Boudny et al., 2002, Haldar 

et al., 1997, Li et al., 2004). In another study with human leukemia cells, it was 

found that after docetaxel treatment p21 WAF1 and p53 expressions were increased 

and apoptosis was induced (Avramis et al., 1998, Li et al., 2004). Docetaxel has  
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pleiotropic effects, since it also regulates expression of cytokine genes in human 

cancers (Li et al., 2004). Therefore, docetaxel has multiple effector targets, such as 

apoptosis, angiogenesis and gene expression processes. This is why docetaxel can be 

used in combination with a variety of novel anticancer agents, because of its multiple 

functions (Herbst et al., 2003). 

Li and coworkers obtained comprehensive gene expression profiles in order to show 

such molecular mechanism(s) in both PC3 and LNCaP cell lines following docetaxel 

application. After Affymetrix Human Genome U133A Array, they found that a total 

of 166, 365, and 1785 genes showed greater than two-fold change in PC3 cells after 

6, 36, and 72 hours of treatment, respectively compared to 57, 823, and 964 genes in 

LNCaP cells. In the same study, decrease in microtubule-targeting effect of docetaxel 

tubulin expression and increase in microtubule-associated proteins expression 

confirmed microtubule-targeting effect of docetaxel. Expression of some genes 

related to cell proliferation and cell cycle were decreased while some genes related to 

induction of apoptosis and cell cycle arrest have higher expression profile after 

docetaxel application. These results showed that docetaxel effects a wide range of 

genes, many of which are associated with prostate cancer (Li et al., 2004). They also 

demonstrated that in PC3 cell lines CYP1A1 gene expression increases after 

docetaxel application at 6, 36 and 72 hours. In another study, induced GST 

expression was detected in combination treatment with estramustine in PC3 cells. On 

the other hand, when docetaxel or estramustine applied as a monotherapy, there was 

no change in the expression of GSTs (Li et al., 2005; Li et al., 2005).  

CYP3A4 converts docetaxel into its inactive hydroxylated metabolites (Figure 1.7, 

Table 1.1). As a result, a high CYP3A4 activity causes a poor therapeutic outcome 

of the drug (Akhdar et al., 2012) because, metabolites of docetaxel are substantially 

less active than the parent drug and contribute very little to docetaxel activity 

(Makhov et al., 2012).  Engels and coworkers reported that when docetaxel was 

applied with the potent CYP3A4 inhibitor ketoconazole in cancer patients, docetaxel  
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clearance was decreased with the rate of 49% (Engels et al., 2004, Akhdar et al., 

2012). CYP3A5 has also been found to function in docetaxel metabolism but its 

affinity is 10-fold lower compared to CYP 3A4 (Makhov et al., 2012). 

 

 

 

Table 1.1. Role of CYP450 isoforms in docetaxel metabolism (Van Schaik et  

al.,2008) 

 
 1A1 1A2 2A6 1B1 2B6 2C8 2C9 2C19 2D6 2E1 3A4 3A5 3A7 

Docetaxel + + +  + + +  + + +++ ++ ++ 

+:Potential contribution; ++:Minor contribution; +++:Major contribution 

 

 

 

 

 

Figure 1.7. Metabolism of docetaxel (Van Schaik et al., 2008) 
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Docetaxel treatment also resulted in the induction of intracellular oxidative stress and 

GSH deletion (Geng et al., 2005). In order to determine the ROS and GSH levels 

Geng and coworkers, treated SMMC-7721 cells (hepatocellular carcinoma cells) 

with different doses of docetaxel. After 24 or 48 hours, they showed that drug-treated  

 

SMMC-7721 cells increased ROS levels, but GSH levels decreased compared to that 

of the control group significantly. Decreased level of GSH was known to be tightly 

coupled with a number of downstream events in apoptosis, caspase activation and 

chromatin related events. Thus, GSH depletion may act as a link between oxidative 

stress and apoptosis (Lavrentiadou et al., 2001, Geng et al., 2005). In addition, 

increased ROS and GSH deletion may be involved in the action mechanism of 

docetaxel in SMMC-7721 cells (Geng et al., 2005). 

1.6.2 Drug metabolizing enzyme inhibitors 

Targeting drug metabolizing enzymes in tumor cells induces beneficial effects in 

chemoprevention and chemotherapy. One of the strategy to target these enzymes is 

designing molecules that inhibit the enzymes. Thus, inhibition of these endogenous 

enzymes in tumor cells may provide a novel target for producing new anticancer 

agents or new combinations. The first target enzyme was CYP19 (aromatase) in 

breast cancer therapy in the literature (Bruno et al., 2007). The first successful 

aromatase inhibitor, 4-hydroxyandrostenedione was demonstrated by Angela Brodie 

and colleagues to have efficacy against breast cancer tumors in 1977 (Brodie et 

al.,1977). Since then, several selective inhibitors of aromatase have been developed. 

The use of aromatase inhibitors has resulted in a new strategy plan, such as CYP17 

inhibition with Abiraterone for hormone ablation therapy for estrogen dependent 

cancers (Bruno et al., 2007). 

1.6.2.1 Alpha-naphthoflavone 

Flavonoids are polyphenolic molecules including three rings (A, B and C). They 

have supported chemopreventive activity by the inhibition of CYP1-catalyzed  
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carcinogenic product formation,  DNA adduct production and tumor development in 

vitro and in vivo experiments (Androutsopoulos et al., 2011). Alpha-naphthoflavone 

is a synthetic flavanoid, widely studied as a modifier/inhibitor of chemically induced 

carcinogenesis (Figure 1.8) (Lundgren et al., 1987).  

 

 

 

 
 

Figure 1.8. Structure of alpha-naphthoflavone (C19H12O2) (Bruno et al., 2007) 

 

 

 

It is first thought that, the influence of alpha-naphthoflavone on carcinogenesis is 

associated with the inhibition of specific cytochrome P-450 isozymes. These 

enzymes are necessary for the metabolic activation of carcinogens (7,12-

dimethylbenz(a)anthracene, 3-methylcholanthrene and benzo(a)pyrene) in to reactive 

metabolites (Lundgren et al., 1987). Then it was found that alpha-naphthoflavone 

functions as an inhibitor of certain types of cytochrome P450 enzymes including 

CYP1A1 and as an antagonist at the aromatic hydrocarbon receptor (AhR) (He et al., 

2013; Walsh et al., 2013).  

1.6.2.2 Ketoconazole 

Ketoconazole, an antifungal drug, blocks steroidogenesis via inhibition of the 

cholesterol side chain cleavage so it has been used for in the treatment of hormone- 

dependent prostate cancer (Figure 1.9) (Forgue-Lafitte et al., 1992).  
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Figure 1.9. Structure of ketoconazole (C26H28Cl2N4O4) (Bruno et al., 2007). 

 

 

 

While ketoconazole shows indirect effect on hormone-dependent cancers,  it also 

inhibits hepatic metastasis from a human pancreatic adenocarcinoma in the nude 

mouse and reduces the incidence of pulmonary metastasis in a mouse melanoma 

(Tzanakakis et al., 1990, Nardone et al., 1988).  In addition, ketoconazole exerts a 

cytotoxic effect in various cancer cell lines such as breast,  colon,  pancreas,  prostate 

and leukemia and potentiates the antitumor effect of interleukin1α  on murine RIF 

tumors [mainly by inhibiting the secretion of corticosterone] (Rochlitz et al., 1988, 

Braunschweiger et al., 1990). Ketoconazole inhibits the activities of cytochrome     

P-450 enzymes and arachidonic acid lipoxygenases. In addition, it has also 

antiglucocorticoid properties (Forgue-Lafitte et al., 1992). 

Ketoconazole has two different effects on prostate cancer according to usage as a 

single agent or combination with chemotherapeutic agents. If it is applied as 

monotherapy, it shows direct cytotoxic effects. On the other hand if it is used as a 

combination, it shows synergistic effects preclinically and clinically. For example, 

ketoconazole and doxorubicin combination therapy causes a 55% PSA response rate  

(Figg et al., 2010).  

Figg and coworkers reported that, the addition of ketoconazole increased the 

antitumor effects of microtubule-active drugs, like paclitaxel or vinblastine, on 

prostate cancer cell lines. Same group also showed that combination of docetaxel and  
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ketoconazole has significant antitumor effect in castration-resistant prostate cancer 

with tolerable toxicities (Figg et al., 2010). 

One of the preclinical study in mice showed that, docetaxel metabolism is 

significantly changed via ketoconazole addition (Kamataki et al., 1998, Figg et al., 

2010). For example, when ketoconazole is added to primary culture, 95% of 

docetaxel metabolism is inhibited in human hepatocytes. Similarly, 99% of docetaxel 

metabolism is inhibited in human liver microsomes (Marre et al., 1996, Figg et al., 

2010).    

The underlying mechanism of ketoconazole-docetaxel interaction is not fully 

understood, but ketoconazole shows its effect in three ways: inhibiting androgen 

synthesis, potentiating antitumor activity of docetaxel and increasing concentration 

of docetaxel with CYP3A4 inhibition (Figg et al., 2010). 

Ketoconazole is not highly selective and in addition to CYP3A4 it inhibits several 

other isoforms from the 1B, 2B and 2C family (von Moltke et al., 1998,  Sevrioukova 

et al., 2013).  

1.6.2.3 Quercetin 

The natural product quercetin (3,5,7,3′,4′-pentahydroxyflavone) is a flavonoid found 

in many fruits and vegetables The natural product quercetin (3,5,7,3′,4′-

pentahydroxyflavone) is a flavonoid found in many fruits and vegetables (Figure 

1.10). Quercetin has been found to inhibit the onset/growth of prostate cancer in 

literatures. A 27% risk reduction was observed for prostate cancer when the person 

consumes at least 26 mg of quercetin a day. Quercetin and its metabolites are potent 

antioxidants with oxygen radical scavenging properties. They also inhibit xanthine 

oxidase and lipid peroxidation in vitro. Previous research has  shown that quercetin 

takes role in anti-tumor, anti-inflammatory, anti-allergic and anti-viral activities. 

However, knowledge of the molecular mechanisms of quercetin-induced apoptosis is 

not well understood (Vijayababu et al., 2005; Lee et al., 2008). Quercetin has been 

found to inhibit the onset/growth of prostate cancer in literatures. A 27% risk  
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reduction was observed for prostate cancer when the person consumes at least 26 mg 

of quercetin a day. Quercetin and its metabolites are potent antioxidants with oxygen 

radical scavenging properties. They also inhibit xanthine oxidase and lipid 

peroxidation in vitro. Previous research has  shown that quercetin takes role in anti-

tumor, anti-inflammatory, anti-allergic and anti-viral activities. However, knowledge 

of the molecular mechanisms of quercetin-induced apoptosis is not well understood 

(Vijayababu et al., 2005; Lee et al., 2008). 

 

 

 

 
 

Figure 1.10. Structure of quercetin (C15H10O7) (Chen et al., 2010) 

 

 

 

Quercetin has taken much attention as a potential anti-cancer agent. There are several 

reports about the chemopreventive and anti-genotoxic effects of quercetin. The 

cancer-preventive effects have been asociated with various mechanisms: the anti-

oxidative activity, the inhibition of enzymes that activate carcinogens, the 

modification of signal transduction pathways and interactions with receptors/other 

proteins. There are several cellular receptors reported to be involved in the cancer  
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protection of quercetin, including an aryl hydrocarbon receptor (AhR), (Fukuda and 

Ashida et al., 2008) the androgen receptor (Xing et al., 2001), the ErbB protein 

family which is also known as the epidermal growth factor receptor (EGFR) family 

(Kimet et al.,  2005), death receptor (DR) (Chen et al., 2007), and so on.  

Quercetin is multitargeted. For example, quercetin can trigger DNA fragmentation, 

up-regulation of Bax and posttranslational modification of anti-apoptotic Bcl-2 

(Duraj et al., 2005). Quercetin can enhance TRAIL (tumor necrosis factor–related 

apoptosis-inducing ligand)-induced apoptosis through engagement of death receptors 

(Psahoulia et al., 2007) and also induce apoptosis through the activation of 

mitochondrial pathway by reduction in caspase-3,-9, and Bax levels and the blockade 

of pro-survival signaling by inhibition of Akt and ERK phosphorylation (Granado-

Serrano et al., 2006). Quercetin also inhibits hGSTP1-1 irreversibly, probably 

leading to covalent modification of Cys47 following disulfide bond formation. The 

net reaction included quercetin oxidation of GST (Das et al., 2011). In addition, it 

was shown that quercetin decreased the formation of aberrant crypt in a rat colon 

cancer induction model. This suggested the importance of quercetin in the prevention 

of colon cancer by reducing cancer initiating events (Volate et al., 2005) (Chen et al., 

2010). 

Quercetin has been related with a variety of anti-cancer pathways. When it is applied 

with cytotoxic agent such as paclitaxel, tamoxifen and etoposide, it was found that, 

this combination might exert anti-cancer action through mechanisms other than the 

reversion of MDR (Chen et al., 2010). 

1.7 Scope of the study 

Several molecules play role in prostate cancer. In this study, we aimed to study the 

combined role of CYP1A1, CYP3A4 and GSTP1 in docetaxel metabolism in 

prostate tissue culture cells.  For this purpose, the expression and the activity of these 

enzymes were determined in both prostate cancer cell line PC3 (androgen-

independent PC cell lines) and control cells, PNT1A (immortalized prostatic cell  
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lines) by using real-time PCR and activity assays. Alpha-naphthaflavone, 

ketaconozole and quercetin were used as the inhibitors of CYP1A1, CYP3A4 and 

GSTP1. In order to investigate the potential of these inhibitors to overcome docetaxel 

resistance,  PC3 cells were treated with inhibitors in combination with docetaxel and 

the cell viability and cell death was analyzed by using WST-1 and Annexin V assays, 

respectively. Results will provide further evidence for the effect of these ezymes on 

the mechanism of action of the chemotheurapatic agents such as docetaxel. 
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CHAPTER 2 

 

 

MATERIALS AND METHODS 

 

 

 

2.1 Instruments, Equipments, Chemicals, Kits and Solutions and Cell lines 

The instruments used in this study are Laminar flow cabinet (ESCO Labculture Class 

II Biohazard Safety Cabinet Type 2A, Singapore), CO2 incubator (Nuaire 

NU5510/E/G, USA), Inverted phase contrast microscope (Nikon Eclipse TS-100, 

USA), Centrifuge (Hettich mikro 22R, Germany and SIGMA 2-5 centrifuge, 

Germany), Vortex (Stuart SA8, UK), pH meter (Hanna Instruments PH211, 

Germany), Spectrophotometer (Implen Nanophotometer, USA), PCR Thermal 

Cycler (Biorad MyCycler, USA), Real-time PCR Thermal Cycler (Biorad iCycler iQ 

multicolor detection system, USA), Mini-PROTEAN Tetra Cell Electrophoresis 

System (Bio-Rad 165-8001, USA), Chemiluminescence imaging system (DNR 

Systems MF-ChemiBIS 3.2, Israel), -80 °C freezer (Thermo Forma -86C ULT 

Freezer, USA), ELISA plate reader (Bio-Tek Elx800, USA), ELISA plate reader 

(SpectraMax® Paradigm® Multi-Mode Detection Platform), Fluorescence 

spectroscopy (Cary Eclipse Fluorescence Spectrophotometer), BD FACSCalibur 

Flow Cytometer (BD Biosciences, USA), 

The laboratory equipments used in this study are T-25/T-75 Cell culture flasks and 6 

well/96-well cell culture plates (TPP, Switzerland or Grenier-Bio, Germany), 

Cryovials (TPP, Switzerland), Micro pipettes; 1000, 200, 100, 10, 2.5 μl (Thermo 

Scientific, USA), Polypropylene centrifuge tubes; 50 ml, 15 ml, 2 ml, 1 ml, 0.5 ml 

(Isolab, Germany), Serological pipettes; 25, 10, 5, 2 ml (Lp Italiana Spa, Italy  or 

Axygen, USA), BrightLine Hemacytometer  (Marienfeld,  Germany) 

The chemicals used in this study are RPMI 1640 Medium with stable glutamine 

(Biochrom, UK), Fetal Bovine Serum (FBS) – Cell culture tested (Sigma Aldrich,  
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USA), Non-essential amino acid (Sigma Aldrich, USA), Trypsin-EDTA (Biochrom, 

Germany), 2-propanol (AppliChem, Germany), Absolute Ethanol (AppliChem, 

Germany), Chloroform (Sigma Aldrich, USA), Methonol (AppliChem, Germany), 

Dulbecco’s Phosphate Buffered Saline (DPBS) (PAN Biotech, Germany), L-

Glutamine (Invitrogen, USA), Penicillin-streptomycin (Thermo Scientific SV30010, 

USA or Biochrom A2213, Germany), Trizol (peqGOLD RNA Pure 30-1010, UK), 

Docetaxel (Mustafa Nevzat), Alpha-naphthaflavone (Sigma Aldrich, USA), 

Ketoconazole (Sigma Aldrich, USA), Quercetin (Sigma Aldrich, USA), Glutathione 

(Sigma, USA), 1-Chloro-2,4-dinitrobenzene (Sigma, USA), Ethacrynic acid (Sigma, 

USA), 7-ethoxyresorufin (Santa Cruz, USA), Dicumarol (Sigma, USA), Resorufin 

(Sigma, USA), Erythromycin (Sigma, USA), HEPES (Sigma, USA), NADPH 

(Sigma, USA), Perchloric acid (AppliChem, Germany), Acetylacetone (Sigma, 

USA), Ammonium acetate (Sigma, USA), Glacial acetic acid (Sigma, USA), 

Formaldehyde (Sigma, USA), Bovine  Serum  Albumin  (Santa Cruz , USA), 

Dimethyl Sulfoxide (Santa Cruz, USA).  

The commercially available kits that were used in this study were Cell Proliferation 

Reagent WST-1 (Roche 05015944001, Germany), Oligo dT primer (Qiagen 79237, 

Germany), QuantiTect Primer Assay for CYP1A1 (Qiagen QT00012341, Germany), 

QuantiTect Primer Assay CYP3A4 (Qiagen QT01672608, Germany), QuantiTect 

Primer Assay GSTP1 (Qiagen QT00086401, Germany), QuantiTect Primer Assay β-

actin (Qiagen QT01680476, Germany), QuantiTect Primer Assay GAPDH (Qiagen 

QT01192646, Germany), QuantiTect SYBR Green PCR Kit (Qiagen 204145, 

Germany), Sensiscript RT Kit (Qiagen 205213, Germany), AnnexinV-FLUOS 

Staining Kit (Roche 11 858 777 001, Germany), Pierce Comassie Protein Assay Kit 

(Pierce, Thermo Scientific, USA). 

The adherent cell lines used in this study are PC3 (ATCC -- CRL-1435™) and 

PNT1A (ECACC) cell lines 
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2.2.  Cell Culture Methods 

2.2.1 Cells and Culture Conditions 

PC3 (androgen-independent PC cell lines) and PNT1A (immortalized prostatic cell 

lines) cells were used. The PC3 cells were obtained from American Cell Culture 

Collection (ATCC; USA) and PNT1A cells were obtained from European Collection 

of Cell Cultures (ECACC; UK). All cell lines were kindly provided by Assoc. Prof. 

Dr. Elif Damla ARISAN. All cell lines were grown in RPMI 1640 supplemented 

with 10% charcoal-stripped fetal bovine serum, 1% L-glutamine (if the medium do 

not include glutamine), 1% non-essential amino acids and 1% 

Penicillin/Streptomycin with a change of this medium every 3–4 days. All cell lines 

were cultured in complete medium and maintained as monolayers and incubated in a 

humidified atmosphere containing 5% CO2 at 37
o
C. 

2.2.2 Cell Passaging   

PC3 and PNT1A Cell Lines: 

After removal of media, PC3 and PNT1A cells were washed once with DPBS 

solution containing 137 mM NaCl, 2.7 mM KCl, 10 mM sodium phosphate dibasic, 

2 mM potassium phosphate, pH 7.4. The cells were detached with adding 1 volume 

of trypsin (0.5 g/l)-EDTA (0.2 g/l) solution (1 ml for T-25 flasks, 2.5 ml for T-75 

flasks) and incubating the flask for 3-5 minutes at 37°C with 5% CO2 humidified 

incubator. The detached cells were collected in a centrifuge tube and 2 volumes of 

10% (v/v) FBS supplemented medium was added to neutralize trypsin. After 

centrifugation of the mixture at 300 x g for 5 minutes, the supernatant was discarded 

and the cell pellet was resuspended in growth media to be seeded cells in a new flask. 

2.2.3 Cell Counting 

Cell counting was performed using the hemocytometer. Following cell detachment, 

10 μl of cell solution was added to hemocytometer. The cells were counted using  
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inverted phase contrast microscope (Nikon, USA). The circled area on the 

hemocytometer represents 1/10000 of 1ml (Figure 2.1). The cells on this square 

were counted for 4 different times and then average of these numbers was used to 

calculate the number of cells per ml using the formula: 

 

 

Cells/ml = The Average Number x 10
4
 x Dilution Factor 

(Equation 2.1) 
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Figure 2.1. Hemocytometer chamber (a) showing counting chambers (b) 

showing coverslip in place (c) showing fill points (d) showing cell suspension 

in capillary space between coverslip and slide (e) showing inverted phase 

contrast microscope and close up view of a counting square 
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2.2.4 Cell Freezing 

After trypsinization and cell counting, cell suspension was centrifuged at 300 x g for 

5 minutes, supernatant was removed and cell pellet was resuspended in freezing 

media that contains 90% (v/v) FBS, 10% (v/v) dimethylsulfoxide (DMSO) at a 

concentration of 1x10
6
 cells/ml. Cells dissolved in freezing media was placed in 

cryovials to be transferred to -80°C for short term storage. For long-term storage, the 

cells were transferred to liquid nitrogen from -80°C freezer. 

2.2.5 Cell Thawing 

The frozen cell vial was taken from -80°C freezer or liquid nitrogen and was rapidly 

thawed at 37°C. Cell solution was transferred to a centrifuge tube and 5 ml of 

supplemented media was added slowly with gentle shaking. The tube was 

centrifuged at 300 x g for 5 minutes and the supernatant was discarded. The cell 

pellet was resuspended in growth media and cells were seeded on T-25 flask. The 

following day, culture media was removed; cells were washed with PBS, pH 7.4 and 

fresh media was added.  

2.3. WST-1 Cell Proliferation Assay 

The effects of drug and inhibitors (docetaxel, quercetin, alpha naphthaflavone and 

ketoconazole) on cell viability were determined by the WST-1 (4-[3-(4-Iodophenyl)-

2-(4-nitrophenyl)-2H-5-tetrazolio]-1, 3-benzene disulfonate) assay. WST-1 is a 

water-soluble tetrazolium salt, the rate of WST-1 cleavage by mitochondrial 

dehydrogenases correlates with the number of viable cells. Exponentially growing  

cells were harvested and seeded at 10000 cells/100μl/well in a 96-well microtiter 

plate in triple combinations for each drug application. After 24 hour incubation for 

cell growth, agents or RPMI medium as the untreated control were added and 

incubated for 24, 48 and 72 hour incubation conditionally with docetaxel and 

inhibitors. After each incubation period, cells were treated with 50 μl WST-1 reagent 

and incubated for 1 hour of period. The absorbance was measured with a 

microculture plate reader at 450 nm. The percent of cytotoxicity was calculated using 

the following formula: 



33 

 

Cytotoxicity% = [(absorbance of experimental well - absorbance of blank)/ 

(absorbance of untreated control well - absorbance of blank)] x 100% 

(Equation 2.2) 

 

 

 

2.4. Drug and Inhibitors Application 

Concentrations of drug and inhibitors, which would be applied, were determined 

according to % cell viability. Calculated concentration of chemicals that gave %70 

and %60 and %50 cell viabilities for 24, 48 and 72 hours respectively were chosen as 

optimum concentrations to treat PC3 and PNT1A cell lines. 

2.5. RNA Isolation 

2.5.1. RNA Isolation from cells 

Cells that were treated or untreated (control) with docetaxel were cultured for 24, 48 

and 72 hours and then RNA isolation was carried out. To isolate RNA from cells 

grown in suspension, cells were sedimented and lysed by the addition of 1 ml 

peqGOLD RNAPureTM per 5-10 x 10
6 

cells. Cells grown in monolayer were lysed 

directly in the culture dish by the addition of peqGOLD RNAPure
TM

 (1 ml per 3.5 

cm petri dish). RNA was solubilized by passing the lysate a few times through the 

pipette. Then each homogenized sample was incubated for 5 minutes at +15°C to 

+25°C to ensure the complete dissociation of nucleoprotein complexes. Chloroform 

was added to each sample. 0.2 ml chloroform for each 1 ml RNAPure Isolation  

Reagent was required in the initial homogenization. Tube was capped securely, and 

shaked vigorously for 15 seconds. Tube was incubated on ice (or at 4°C) for 5 

minutes. To separate the solution into three phases, tube was centrifuged at 12,000 x 

g for 15 minutes at 4°C. After centrifugation, the colorless upper aqueous phase was 

used for the RNA isolation. The lower organic phase and the interphase contained 

the DNA and proteins. The volume of the aqueous phase was about 50% of the initial 

volume of peqGOLD RNAPureTM plus the volume of tissue used for 

homogenization. The aqueous phase was transferred into a fresh tube, an equal 

volume of isopropanol was added, mixed and the samples were stored for 15 minutes 

at 4° C. Samples then centrifuged for 15 minutes at 12.000 g (4°C). RNA precipitate 
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(often invisible before centrifugation) formed a white-yellow pellet at the bottom of 

the tube. The supernatant was removed and the RNA pellet was washed once with 

75% ethanol by vortexing and subsequent centrifugation for 10 minutes at 12,000 x g 

(4°C). The washing step was repeated if necessary (phenol smell!). At least 0.8 ml of 

ethanol per 50-100 μg RNA was used. The excess ethanol was removed from the 

RNA pellet by air-drying or placing the sample under vacuum for 5–10 minutes. 

Finally RNA pellet was resuspended in RNase-free water.  

2.5.2. Gel Electrophpresis of RNA 

RNA molecules are negatively charged, and they migrate toward the anode in the 

presence of an electric current during gel electrophoresis. RNA samples were heated 

at 70
o
C and run on 1.2% agorose/0.5X TBE gel. Fifteen µl of sample was loaded into 

wells. 80 volts and 75 milliampere electric field were applied for 60 minutes. Gel 

photograph was obtained with UV transilluminator. 

2.5.3. Quantification of RNA 

The concentrations of isolated RNA samples were determined by using 

spectrophotometer (Implen Nanophotometer). RNAse-free water was used as blank 

and RNA samples were measured at 260 nm. RNA concentration was calculated 

from the absorbance at 260 nm using equation below: 

 

Concentration of RNA Sample (ng/µl)= 40 X A260 X Dilution Factor (DF) 

(Equation 2.3) 

 

 

 

As proteins give absorbance at 280 nm, the protein contamination in RNA samples 

was measured by calculating the A260/A280 ratio. 
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2.6. Polymerase Chain Reaction 

2.6.1. Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) 

Reverse transcriptase polymerase chain reaction (RT-PCR) for synthesis of 

complementary DNA (cDNA) Qiagen Sensiscript RT Kit was used. After 

quantification of RNA sample, 1000 ng template RNA was transferred to a new tube 

in 13 μl Rnase-free water. Then, 7 μl reaction mixture that contains 2 μl 10x Buffer 

RT, 2 μl dNTP Mix (5 mM each dNTP), 2 μl Oligo-dT primer (10 μM), 1 μl 

Sensiscript Reverse Transcriptase was added to the tube and 20 μl total volume was 

obtained. The samples were then incubated at 37°C for 60 minutes. After incubation, 

reaction mixture was diluted (4 fold) and samples were stored at -20°C. 

2.6.2. Quantitative Polymerase Chain Reaction 

The mRNA expression levels of GSTP1, CYP1A1, CYP3A4 in the PC3 and PNT1A 

cell lines with and without docetaxel application were determined using QuantiTect 

SYBR Green PCR Kit in Bio-Rad iCycler iQ5 instrument. Each reaction containing 

6.25 μl SYBR Green PCR master mix, 1.25 μl  primer mix (QuantiTect Primer 

Assays, GSTP1, CYP1A1, CYP3A4, β-actin as internal control) and 50 ng cDNA (2 

μl) in a total volume of 12.5 μl was performed at conditions given at Table 2.1. 
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Table 2.1. Real-time PCR conditions 

 

 
 

 

 

Figure 2.2 represents the PCR amplification/cycle graph or real-time PCR analysis. 

The specificity of PCR products were checked by melting curve analysis which was 

shown further in Figure 2.3 (as an example of one of the PCR results). Each sample 

was studied in duplicate. The quantification of results was carried out by using 

standard curve method in which normalization of GSTP1, CYP1A1 and CYP3A4 

expressions was performed against the β-actin expression values. Figure 2.4 also 

shows a standard curve graph of one of the PCR analysis.  
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Figure 2.2. PCR amplification/cycle graph of one of the PCR results 

 

 

 

 

 

Figure 2.3. Melt curve analysis of one of the PCR results 
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Figure 2.4. Standard curve of one of the PCR results in PC3 cell lines 

 

 

 

2.7.  Protein Isolation 

2.7.1. Preparation of Total Cell Lysates 

Whole cell lysate was obtained with lysis buffer prepared manually (20 mM Tris-

HCl, 150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 0.1% Na-deoxycholate). 300.000 

cells were seeded on 6-well plates. After 24 hours, cells were applied with docetaxel 

or inhibitors except control wells. After 48 hours, cells were washed once with 

DPBS, pH 7.4 and 30 μl complete lysis buffer (1% protease inhibitor cocktail, 1% 

PMSF and 1% sodium orthovanadate were added freshly to lysis buffer) was added 

on to cell monolayers. Cells lysates were collected by a cell scraper in a new tube 

and homogenized on ice and stored at -80°C up to one month. 

2.7.2. Bradford Assay  

For the determination of the protein content Pierce Comassie Protein Assay Kit was 

used (Pierce, Thermo Scientific, USA). BSA standards were prepared by the serial 

dilution of 2 mg/ml BSA solution (Sigma, USA) at a working range of 0.05-0.5 

mg/ml. To each well of a microtiter plate, 10 μl of each BSA solution and 10 μl 

unknown protein sample were added dublicately and incubated with 200 μl of 

Comassie reagent in dark at room temperature for 10 minutes. If necessary, unknown  
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protein samples were diluted with a dilution factor of 10 to 50. The absorbance was 

measured at 590 nm using an ELISA plate reader (Bio-Tek, USA). The standard 

curve graph was prepared using absorbance values of BSA standard samples vs. their 

concentration to calculate the protein content of samples. 

2.8.  Enzyme Activities 

2.8.1. GST Total Activity 

CDNB is a common substrate for all isozymes. GSTs catalyze glutathione (GSH) 

oxidation which was monitored by the increase in absorbance at 340 nm due to the 1-

glutathione-2,4-dinitrobenzene-(DNB-SG) formation (Figure 2.5)  (Habig et.al., 

1974). 

 

 

 

 
 

Figure 2.5.  Common reaction catalyzed by all GST isozymes 

 

 

 

This reaction was performed in 0.1 M potassium phosphate (pH 6.5) at 25°C in a 

total volume of 100 µl after optimization process. The rate of the enzyme-catalyzed 

reaction was determined by subtracting the rate of reaction occurring in the absence 

of cytosol. For total GST activity, cell lysates (40 µg of protein) was incubated with 

CDNB (5 mM; dissolved in 95% ethanol and stored in dark) and GSH (1 mM;  
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dissolved in dH2O) and the time course of the reaction was monitored at 340 nm with 

Ɛ=0.0096 µM
-1

cm
-1

 (Beaumont PO, et al. 1998). The GST total activity was 

measured by ELISA plate reader (SpectraMax® Paradigm® Multi-Mode Detection 

Platform) . 

 

 

 

 

(Equation 2.4) 

 

 

 

2.8.2. GSTP1 Activity 

Spectrophotometric assays with GST class-selective substrates were conducted 

according to the method of Habig et al. (Habig et.al., 1974). 

This reaction was performed in 0.1 M potassium phosphate (pH 6.5) at 25°C in a 

total volume of 100 µl after optimization process. The rate of the enzyme-catalyzed 

reaction was determined by subtracting the rate of reaction occurring in the absence 

of cytosol. For GSTP1 activity, cell lysates (40 µg of protein) were incubated with 

ethacrynic acid (1.5 mM; dissolved in ethanol:dH2O (3:2)) and GSH (0.7 mM; 

dissolved in dH2O) and the time course of the reaction was monitored at 270 nm with 

Ɛ=0.005 µM
-1

cm
-1

 (Figure 2.6) (Beaumont PO, et al., 1998). The GST total activity 

was measured by ELISA plate reader (SpectraMax
®

 Paradigm
®

 Multi-Mode 

Detection Platform) . 
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Figure 2.6. Reaction catalyzed by GSTP1 

 

 

 

 

(Equation 2.5) 
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2.8.3. CYP1A1 Activity 

CYP1A1 enzyme activity was measured by using EROD activity assay (Figure 2.7) 

(Alfieri et al.,2011). 

 

 

 

 

 

Figure 2.7 Reaction catalyzed by CYP1A1 

 

 

 

After the treatment on 96-well plates, cells were washed with PBS and the medium 

in each well was replaced with 100 µl of the assay medium containing 8 µM ethoxy- 

resorufin (dissolved in DMSO) and 10 µM dicumarol (to inhibit cytosolic 

diaphorase; dissolved in 1% NaOH in dH2O). The cells were then incubated at 37
o
C 

for 60 min and the 75 µl of assay medium was transferred to another 96 well plate 

containing 125 µl of ice cold methanol. Resorufin-associated fluorescence was 

measured at excitation 550 nm and emission 585 nm. After removal of the medium, 

the cells were lysed and protein concentrations were measured to normalize the 

fluorescence intensities (Okamura K, et al., 2010; Zdarilova A, et al., 2006; Alfieri et 

al.,2011). A standard resorufin calibration curve was constructed and the slope of this 

curve was used for calculation of enzyme activity. The EROD activity was measured 

by Cary Eclipse Fluorescence Spectrophotometer. 
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(Equation 2.6) 

 

 

 

2.8.4. CYP3A4 Activity 

N-demethylation of Erythromycin is associated with CYP3A isozyme of cytochrome 

P450 enzyme family (Combalbert et. al., 1989; Wang et. al., 1997). Erythromycin is 

N-demethylated by P450 dependent mixed function oxidases in the presence of 

molecular oxygen and formaldehyde is produced (Figure 2.8). 

Erythromycin N-demethylase activity were determined by measuring the amount of 

formaldehyde formed according to the method of Nash (1953) as modified by 

Cochin and Axelrod (1959). The typical assay mixture for erythromycin N-

demethylation contained 100 mM HEPES buffer pH 7.8, 1.0 mM erythromycin 

(dissolved in DMSO), 2 mg protein and finally 5 mM NADPH (dissolved in dH2O) 

in a final volume of 0.5 ml (Cochin and Axelrod et al., 1959). 

Erythromycin N-demethylation reaction was initiated by the addition of 0.075 ml of 

NADPH generating system to incubation mixture and to zero time blanks to which 

0.5 ml of 0.75 N perchloric acid was added just before the additon of the cofactor. 

The reaction was then carried out at 37 
0
C for 60 minutes  with constant moderate 

shaking in a shaking water bath. After 15 minutes, the enzyme reaction was finalized 

by the addition of 0.5 ml 0.75 N percloric acid solution. The denatured proteins were 

then transferred to the eppendorf centrifuge tubes, and centrifuged at 13 000xg at 

microcentrifuge for 25 minutes at 4 
0
 C.   
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Figure 2.8. Reaction catalyzed by CYP3A4 
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After centrifugation, 0.5 ml aliquots were mixed with 0.375 ml Nash reagent 

(prepared by the addition of 0.4 ml acetylacetone, just before use, to 100 ml solution 

containing 30.8 g ammonium acetate and 0.6 ml of glacial acetic acid)  again in 

eppendorf tubes and the mixture was incubated for 10 minutes at 50 
0
C in a water 

bath. The formaldehyde amount was then determined by measuring the absorbance at 

412 nm using ELISA plate reader (SpectraMax® Paradigm® Multi-Mode Detection 

Platform) .  

A 0.5 mM freshly prepared formaldehyde solution was used as a standard. The tubes 

containing standards at four concentrations (12.5, 25, 50, 100 nmoles) with other 

incubation constituents were run under the same conditions as for reaction tubes. A 

standard formaldehyde calibration curve was constructed and the slope of this curve 

was used for calculation of enzyme activity, as indicated below. 

 

 

 

(Equation 2.7) 

 

 

 

2.9.  Cell Death Determination Using Annexin-V Fluos Staining Assay 

For the detection and quantification of apoptotic and/or necrotic cell death initiated 

by the toxic effect of docetaxel, inhibitors and combination treatments. Annexin-V-

FLUOS staining kit was used (Roche, Germany). Both PC3 and PNT1A cells were 

seeded onto the 6 -well plates at a density of 300,000 per well. After 24 hours of 

incubation for cell attachment, the media of the cells was changed with media 

containing docetaxel or inhibitors or combinations except for the control. At the end 

of 24 hours of incubation times, cells were collected. In order to prevent the loss of 

death cells, the media and the DPBS after washing step were collected in an  
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eppendorf tube. After trypsinization of living cells on the well surface, the trypsin 

solution was added into the eppendorf tube. Centrifugation at 200 xg was performed 

and collected cell pellet was resuspended in DPBS and the cell numbers were 

detected. To prepare the staining solution, 20 µL of each Annexin-V and propidium 

iodide (PI) solutions were mixed with 500 µL of incubation buffer. After the second 

centrifugation, obtained cell pellet was suspended in the staining solution of 100 µL 

per one million cells. Cells were incubated at room temperature for 15 minutes. 500 

µL of incubation buffer was added onto the cells, and analysis was carried on flow 

cytometer using 488 nm excitation and a 515 nm bandpass filter for fluorescein 

detection and a filter greater than 600 nm for PI detection.  

The working principle of this assay relies on the analysis of phosphatidylserine (PS) 

on the outer leaflet of apoptotic cell membranes by using Annexin-V-Fluorescein. 

Annexin-V is a calcium dependent phospholipid-binding protein and has a high 

affinity for PS. Because of that property, this protein is used to detect PS exposure 

upon the outer leaflet of cell membrane and therefore suited for apopototic cell 

detection. Since PS exposure also happens in necrotic cells because of the loss of 

membrane integrity, PI is used to stain DNA of leaky necrotic cells. As a result, low 

Annexin and low PI staining indicates the normal cells, high Annexin and low PI is 

for early apoptotic, and high levels of both Annexin and PI staining is for late 

apoptotic and/or necrotic cell determination. 

2.10.  Determination of Reduced Glutathione (GSH) Concentration 

GSH determination is based on the oxidation of reduced GSH by 5,5'-dithiobis-(2-

nitrobenzoic acid), [DTNB] to produce pale yellow color that gives its maximum 

absorbance at 412 nm. DTNB method measures the ability of SH groups to reduce 

DTNB to form 1 mole of 2-nitro-5-mercaptobenzoic acid (yellow) per mole of SH 

group (Sedlak and Lindsey, et al., 1968).   

To the 0.25mL appropriately diluted cytosolic fractions (1/5 and 1/10), or GSH 

standard solutions ranging between 0.1 to 1mM, 0.75mL Tris buffer (0.2M Tris,  
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20mM EDTA, pH 8.2), 0.05mL DTNB (10mM freshly prepared) and 3.95mL 

methanol were added and mixed. They were then incubated at room temperature for 

30 min with occasional shaking. After incubation, the samples were centrifuged at 

3000g for 15 min to remove proteins having SH group and reacting with DTNB. 

GSH standard calibration curve was drawn and the slope was used to determine GSH 

concentration. The results were expressed as μmol GSH per mg protein. 

2.11.  Statistical Methods 

The differences between results of the gene expressions of two cell lines were 

analyzed by using student’s t-test. The IC50 values of GST Total, GSTP1, CYP1A1 

and CYP3A4 were calculated by using nonlinear and linear regression analysis. 

Nonlinear regression, linear regression and one way anova analyses for activity 

assays were performed in GraphPad Prism (version 5.0) analysis program. All results 

were considered statistically significant when P<0.05. 
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CHAPTER 3 

 

 

RESULTS AND DISCUSSION 

 

 

 

3.1.  Effect of Docetaxel and Phase Enzyme Inhibitors on the Viability of PC3 

Cell Lines 

Effects of the drug, docetaxel and the inhibitors on the cell viability were analyzed 

by using WST-1 assay in PC3 cell lines.  

 3.1.1. Docetaxel Effect on the Viability of PC3 Cell Lines 

 

The effect of docetaxel on cell viability of PC3 cells were analyzed by using WST-1 

assay. At the end of the analysis, the concentration of docetaxel that decreased PC3 

cell viability to 70%, 60% and 50% at 24 hours, 48 hours and 72 hours were 

determined. These percent of cell viabilities were assigned according to the fact that 

we should have alive cells for the rest of the analysis. Docetaxel concentration 

determined with respect to PC3 cells at the end of the assay was also used for 

PNT1A cells for the rest of the study to see the effects on immortalized prostatic cell 

lines which are used as control. The reason for this is that the target of our 

pharmacotherapy research is PC3 cells and we aimed to compare PC3 cells and 

PNT1A cells according to concentrations which affect the PC3 cells.   

Docetaxel concentrations were used in the range of 0 µM to 100 µM for PC3 cells 

during this part of the study. The concentrations were tried until 70%, 60% and 50% 

cell viabilities were observed for 24 hours, 48 hours and 72 hours, respectively. 

Therefore, concentrations were reduced at every stage in order to catch these 

viability percentages. When the expected cell viabilities were observed, the 

experiment was repeated for at least three times at these concentrations to get 

reproducable results. The results are given in Figure 3.1-3.4. 
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Figure 3.1. Docetaxel effect on cell viability of PC3 cell lines at 24 hour 

 

 

 

In order to pick the desired concentration of docetaxel, broad range of docetaxel 

concentrations between 5 µM and 100 µM were analyzed in PC3 cell lines. Greater 

concentrations than 5 µM resulted in higher cell death ratio in PC3 cell lines. 

Therefore, lower concentrations than 5 µM of docetaxel were applied to PC3 cell 

lines as the second turn. 
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Figure 3.2. Docetaxel effect on cell viability of PC3 cell lines at 24 hour 

 

 

 

 

 

Figure 3.3. Docetaxel effect on cell viability of PC3 cell lines at 48 hour 
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Figure 3.4. Docetaxel effect on cell viability of PC3 cell lines at 72 hour 

 

 

 

Cell viability of 70% was wanted to be picked at the first 24 hour, which gave a 

possibility of a window to apply phase enzyme inhibitors. Four µM of docetaxel 

gave more or less close values to 70%, 60% and 50% cell viabilities as wanted. From 

these, during the rest of the study what was desired was if 70% of cell viability could 

be pulled down a little bit lower. If it could be pulled down, only 4 µM concentration 

of docetaxel in combination with phase enzyme inhibitors were enough to kill all of 

the cells. 

3.1.2. Treatment with Inhibitors  

The effects of inhibitors (alpha-naphthoflavone, ketoconazole and quercetin) on cell 

viability were also determined by using WST-1 assay in PC3 cell lines. At the end of 

the analysis, the concentrations of phase enzyme inhibitors that decreased PC3 cell 

viabilitiess to 70% and 60% at 24 hours and 48 hours were determined. 

Concentrations of inhibitors determined with respect to PC3 cell viabilities at the end 

of the assay were also used for the analysis of PNT1A cells for the rest of the study  
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to see the effects on immortalized prostatic cell lines which were used as control. The 

reason for this was that the target of this pharmacotherapy research of combination 

therapy was PC3 cells. Therefore, PC3 cells and PNT1A cells' comparison were 

performed according to concentrations which affected the PC3 cell lines.  

3.1.2.1. Alpha-naphthoflavone 

Alpha-naphthoflavone (α-NF) concentrations were used in the range of 100 nM to 

1000 nM for PC3 cell lines during this part of the study in order to pick the desired 

concentration of α-NF. The concentrations were tried until 70% and 60% cell 

viabilities were observed for 24 hours and 48 hours, respectively. Therefore, 

concentrations were reduced at every stage in order to catch these viability 

percentages. When the expected cell viabilities were observed, this concentration 

was also analyzed in combination with docetaxel in order to understand if docetaxel 

gave significant decrease in cell viabilities or not. Finally, the experiment was 

repeated for at least three times at these concentrations to get reproducable results. 

The results are given in Figure 3.5-3.8.   
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No change in PC3 cell viability was seen between 1 nM to 750 nM of α-NF for both 

24 and 48 hours (Figure 3.5-3.6). 

 

 

 

 

 

 Figure 3.5. α-Naphthoflavone effect on cell viability of PC3 cell lines at 24 hour 
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Figure 3.6. α-Naphthoflavone effect on cell viability of PC3 cell lines at 48 hour 

 

 

 

As seen from Figure 3.5-3.6, α-NF was not physiologically toxic to the cell under 

normal conditions at 24 hours and 48 hours. On the other hand, 1000 nM of α-NF 

gave subtle changes (79% and 76%, 24h and 48h application, respectively) in the  

cell viability of PC3 cells (Figure 3.5-3.6). In the literature, the maximum 

concentration of α-NF used in the analysis was 1000 nM. Therefore, 1000 nM was 

used in the following part of this analysis to see if combination therapy of α-NF and 

docetaxel would effect the cell viability of PC3 cell lines. In other words, if α-NF 

would increase the effect of docetaxel. 

 

 

 

  

100% 
100% 

112% 
111% 105% 

76% 

0 

20 

40 

60 

80 

100 

120 

140 

0 nM 100 nM 250 nM 500 nM 750 nM 1000 nM 

C
el

l 
v

ia
b

il
it

y
 (

%
) 

α-naphthoflavone concentration (nM) 



56 

 

 
 

Figure 3.7. α-Naphthoflavone effect on cell viability of PC3 cell lines at 24 hour 

 

 

 

 

 

Figure 3.8. α-Naphthoflavone effect on cell viability of PC3 cell lines at 48 hour 
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As seen from Figure 3.7- 3.8 when docetaxel was applied in combination with α-NF, 

docetaxel showed significant decrease in cell viability at 24 hours and 48 hours when 

compared to α-NF or docetaxel treatment alone (p<0.01). A thousand nM of α-NF 

determined with respect to PC3 cells was also used for PNT1A cells for the rest of 

the study to see the effects of α-NF on immortalized prostatic cell lines which are 

used as control. 

  

3.1.2.2. Ketoconazole 

Ketoconazole concentrations were used in the range of 56.5 µM - 75.3 µM for PC3 

cell lines during this part of the study. The concentrations were tried until 70% and 

60% cell viabilities were observed for 24 hours and 48 hours, respectively. 

Therefore, concentrations were reduced at every stage in order to catch these 

viability percentages. When the expected cell viabilities were observed, this 

concentration was also analyzed in combination with docetaxel in order to  

understand if docetaxel gave extra decrease in cell viabilities or not. Finally, the 

experiment was repeated for at least three times at these concentrations to get 

reproducable results. The results are given in Figure 3.9-3.12.   

Ketoconazole was found to be slightly toxic. 75.3 µM of ketoconazole caused 45% 

decrease in cell viability at 24 hours and  65.9 µM of ketoconazole caused 57% 

decrease in cell viability at 48 hours. On the other hand, 56.5 µM ketoconazole gave 

close cell viabilities to expected values of cell viabilities at 24 hours and 48 hours 

respectively (Figure 3.9-3.10). Therefore, 56.5 µM ketoconazole was used in the 

following part of this analysis to see if combination therapy of ketoconazole and 

docetaxel would effect the cell viability of PC3 cell lines. In other words, if 

ketoconazole would increase the effect of docetaxel. 
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Figure 3.9. Ketoconazole effect on cell viability of PC3 cell lines at 24 hour 

 

 

 

 

 

Figure 3.10. Ketoconazole effect on cell viability of PC3 cell lines at 48 hour 
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Figure 3.11. Ketoconazole effect on cell viability of PC3 cell lines at 24 hour 

 

 

 

 

 

Figure 3.12. Ketoconazole effect on cell viability of PC3 cell lines at 48 hour 
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As seen from Figures 3.11-3.12 if docetaxel was applied in combination with 

ketoconazole, docetaxel showed significant decrease in cell viability at 24 hours and 

48 hours when compared to ketoconazole or docetaxel treatment alone (p<0.01). It 

was observed that ketoconazole showed its effect much better at 48 hours 

combination therapy. This indicated that 48 hours application gave prominant result 

with 72% decrease in cell viability. Therefore, 56.5 µM ketoconazole determined 

with respect to PC3 cells was also used for PNT1A cells for the rest of the study to 

see the effects on immortalized prostatic cell lines which are used as control.  

 

3.1.2.3. Quercetin 

Quercetin concentrations were used in the range of 0 µM to 500 µM for PC3 cell 

lines during this part of the study. The concentrations were tried until 70% and 60% 

cell viabilities were observed for 24 hours and 48 hours, respectively. Therefore, 

concentrations were reduced at every stage in order to catch these viability 

percentages. When the expected cell viabilities were observed, this concentration 

was also analyzed in combination with docetaxel in order to  understand if docetaxel 

gave extra decrease in cell viabilities or not. Finally, the experiment was repeated for 

at least three times at these concentrations to get reproducable results. The results are 

given in Figure 3.13-3.17.   

In the first trial, quercetin did not decrease the cell viability up to 200 µM (Figure 

3.13). Therefore, higher concentrations of quercetin were applied to pick up the 

desired concentration. In the second trial, higher concentrations of quercetin were 

applied to PC3 cell lines and 300 µM of quercetin showed the expected result for 24 

hours (Figure 3.14). On the other hand, quercetin application for 48 hours gave a 

very drastic reduction in cell viability (Figure 3.15). This was why 24 hour 

application will be used in the next steps of this study in order to standardize the 

analysis. 
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Figure 3.13. Quercetin effect on cell viability of PC3 cell lines at 24 hour 

 

 

 

 

 

Figure 3.14. Quercetin effect on cell viability of PC3 cell lines at 24 hour 
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Figure 3.15. Quercetin effect on cell viability of PC3 cell lines at 48 hour 

 

 

 

After determination of the concentration which was close to the desired cell viability 

ratio, PC3 cells were treated with the combination therapy of quercetin and docetaxel 

in order to observe if combination therapy of quercetin and docetaxel would effect 

the cell viability of PC3 cell lines 
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Figure 3.16. Quercetin effect on cell viability of PC3 cell lines at 24 hour 
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Figure 3.17. Quercetin effect on cell viability of PC3 cell lines at 48 hour 

 

 

 

As seen from the Figures 3.16-3.17 when docetaxel was applied in combination with 

quercetin, docetaxel showed significant decrease in cell viability at 24 hours when 

compared to quercetin or docetaxel treatment alone (p<0.05). On the other hand, 

docetaxel in combination with quercetin resulted in increase in cell viability at 48 

hours when compared to quercetin treatment alone. This might be due to cell 

acivities that was overlapping. According to this result, quercetin might be used as 

intratumoral injection itself to kill the cells without killing normal cells. In addition, 

300 µM of quercetin determined with respect to PC3 cells was also used for PNT1A 

cells for the rest of the study to see the effects on immortalized prostatic cell lines 

which are used as control. 

3.2.  Enzyme Activity Determinations  

In this part of the study, IC50 values of alpha-naphthaflavone, ketoconazole and 

quercetin with respect to CYP1A1, CYP3A4, total GST and GSTP1 activities in PC3 

cells were analyzed in order to confirm the concentrations determined by WST-1  
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analysis. It was aimed to determine if these concentrations should have decreased the 

enzyme activities. In order to observe the effect of docetaxel on CYP1A1, CYP3A4, 

total GST and GSTP1 activities, docetaxel was also applied to PC3 and PNT1A cells 

and enzyme activities were determined. 

3.2.1. Cytochrome P4501A1 activity in PC3 cell lines 

Cytochrome P4501A1 (CYP1A1) activity in the presence of different concentrations 

of alpha naphthaflavone was determined as described in “Methods”.  

The substrate, 7-ethoxyresorufin, concentration was held  at  10 µM  while  alpha 

naphthoflavone concentration was changed from 5 µM to 100 µM to investigate the 

effect of alpha naphthaflavone on CYP1A1 activity in PC3 cell lines.  

Figure 3.18 shows the effect of increasing concentrations of alpha naphthaflavone 

on CYP1A1 activity in PC3 cell lines. As seen from the figure, α-NF inhibited 

CYP1A1 activity in a dose dependent manner in PC3 cell lines. 
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Figure 3.18. Effect of alpha-naphthoflavone on CYP1A1 activity. Inhibition 

experiments of CYP1A1 activity in order to determine IC50 values were performed at 

7-ethoxyresorufin concentration of 10 µM. 

 

 

 

IC50 value of alpha naphthoflavone was determined by plotting total CYP1A1 

activity percent against logarithmic alpha-naphthoflavone concentration by graphpad 

as shown in Figure 3.19. Alpha-naphthoflavone inhibited CYP1A1 activity in a dose 

dependent manner with an IC50 value of 15.1 µM. On the other hand, 1000 nM 

showed 100% activity, which was meant no decrease in CYP1A1 activity. It was 

concluded from this result that cellular processes might be overlapping under normal 

conditions.  
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Figure 3.19. Determination of IC50 value for alpha naphthoflavone  

 

 

 

3.2.2. Cytochrome P4503A4 activity in PC3 cell lines 

Cytochrome P4503A4 (CYP3A4) activity in the presence of different concentrations 

of ketoconazole was determined as described in “Methods”.  

Erythromycin (substrate) concentration was held at 1 mM while ketoconazole 

concentration was changed from 5 µg/ml to 70 µg/ml to investigate the effect of 

ketoconazole on CYP3A4 activity in PC3 cell lines. 

Figure 3.20 shows the effect of increasing concentrations of ketoconazole on 

CYP3A4 activity in PC3 cell lines. As seen from the figure, the activity started to 

decrease after 37.7 µM of ketoconazole. 

  

y = -64,96x + 127,13  
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Figure 3.20. Effect of ketoconazole on CYP3A4 activity. Inhibition experiments of 

CYP3A4 activity to determine IC50 values were performed at erythromycin 

concentration of 1 mM. 

 

 

 

IC50 value of ketoconazole was determined by plotting total CYP3A4 activity percent 

against logarithmic ketoconazole concentration by graphpad as shown in Figure 

3.21. From the equation of the plot, IC50 value for ketoconazole was calculated. 

Ketoconazole  inhibited  CYP3A4 activity in a dose dependent manner with an IC50 

value of 118.8 µM. On the other hand, 56.5 µM showed 73% activity, which was 

meant 27% decrease in CYP3A4 activity.  
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Figure 3.21. Determination of IC50 value for ketoconazole 

 

 

 

3.2.3. Total GST Activity  

Total GST activity in the presence of different concentrations of quercetin was 

determined as described in “Methods”.  

The substrate, CDNB, concentration was held at 5 mM and GSH concentration was 

held at 1.0 mM while quercetin concentration was changed from 50 nM to 1000 nM 

to investigate the effect of quercetin on total GST activity in PC3 cell lines. 

Figure 3.22 shows the effect of increasing concentrations of quercetin on total GST 

activity. As seen from the figure, quercetin inhibited total GST activity in a dose 

dependent manner in PC3 cell lines. 
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Figure 3.22. Effect of quercetin on total GST activity in PC3 cell lines. Inhibition 

experiments of GST activity to determine IC50 values were performed at a substrate 

CDNB concentration of 5 mM and GSH concentration of 1 mM. 

 

 

 

IC50 value of quercetin was determined by plotting total GST activity percent against 

logarithmic quercetin concentration as shown in Figure 3.23. From the equation of 

the plot, IC50 value for quercetin was calculated. Quercetin inhibited total GST 

activity in a dose dependent manner with an IC50 value of 692 µM. On the other 

hand, 300 µM showed 80% activity, which meant 20% decrease in total GST 

activity.  
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Figure 3.23. Determination of IC50 value for quercetin  

 

 

 

3.2.4. Glutathione S-Transferase (GST) P1 activity  

GSTP1 activity in the presence of different concentrations of quercetin was 

determined as described in “Methods”.  

The substrate, Ethacrynic acid (EA), concentration was held at 1,5 mM and GSH 

concentration was held at 0,7 mM while quercetin concentration was changed from 

50 nM to 1000 nM to investigate the effect of quercetin on GSTP1 activity in PC3 

cell lines. 

Figure 3.24 shows the effect of increasing concentrations of quercetin on GSTP1 

activity. Like the total GST activity, GST P1 activity was also inhibited with 

quercetin. 
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Figure 3.24. Effect of quercetin on GSTP1 activity. Inhibition experiments of 

GSTP1 activity to determine IC50 values were performed at a substrate erythromycin 

concentration of 1 mM. 

 

 

 

IC50 value of quercetin was determined by plotting GSTP1 activity percent against 

logarithmic quercetin concentration as shown in Figure 3.25. From the equation of 

the plot, IC50 value for quercetin was calculated. Quercetin inhibited GSTP1 activity 

in a dose dependent manner with an IC50 value of 417,3 µM. On the other hand, 300 

µM showed 56% activity, which was meant 44% decrease in GSTP1 activity.  
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Figure 3.25. Determination of IC50 value for quercetin 

 

 

 

3.2.5. Effect of Docetaxel on Enzyme Activities in PC3 cell lines 

3.2.5.1. Docetaxel effect on CYP1A1 activity 

CYP1A1 activity in the presence of 4 µM docetaxel was determined as described in 

“Methods” in PC3 cells. The results are given in Figure 3.26. 
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Figure 3.26. Docetaxel effect on CYP1A1 activity in PC3 cells. K is for untreated 

control cells and T is used for treated cells. ***p<0.001 

 

 

 

Docetaxel showed time dependent effect on CYP1A1 activity in PC3 cell lines. After 

24 hours application of docetaxel, CYP1A1 activity was significantly decreased 

compared to control (p<0.001). On the orher hand, after 48 hours application of 

docetaxel, CYP1A1 activity was significantly increased again when compared to 

control (p<0.001) cells. PC3 cells showed CYP1A1 activity when there was no 

application, since cancerous cells had been well prepared for everything. CYP1A1 

activity increased more at 48 hour. Thus, PC3 cells gave late response to docetaxel. 

Thus, inhibition of CYP1A1 might make docetaxel stay in the cell longer. This was 

one explanation why docetaxel was more potent drug. 
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3.2.5.2. Docetaxel effect on CYP3A4 activity 

CYP3A4 activity in the presence of 4 µM docetaxel was determined as described in 

“Methods” in PC3 cell lines. The results are given in Figure 3.27. 

 

 

 

 

 

 

 

 

 

Figure 3.27. Docetaxel effect on CYP3A4 activity in PC3 cell lines. K is for 

untreated control cells and T is used for treated cells. ns: not significant 

 

 

 

CYP3A4 was already active in the PC3 cells. After both 24 and 48 hours application 

of docetaxel, the observed CYP3A4 activity was slightly increased compared to 

control, but this change was not found statistically significant. Therefore, CYP3A4 

was well responsive to docetaxel treatment 
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3.2.5.3. Docetaxel effect on GST total activity 

GST total activity in the presence of 4 µM docetaxel was determined in PC3 cell 

lines as described in “Methods”. The results are given in Figure 3.28. 

 

 

 

 

 

 

 
   

Figure 3.28. Docetaxel effect on GST total activity in PC3 cell lines. K is for 

untreated control cells and T is used for treated cells. ns: not significant. 

 

 

 

As seen from Figure 3.28, docetaxel increased the GST total activity in PC3 cells 

slightly at 24 and 48 hour, but this increase was not statistically significant. PC3 cells 

showed total GST activity when there was no application, since cancerous cells had 

been well prepared for everything. This might be also due to the fact that, PC3 cells 

also had their own metabolites to be solubilized. 
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3.2.5.4. Docetaxel effect on GSTP1 activity 

GSTP1 activity in the presence of 4 µM docetaxel was determined in PC3 cell lines 

as described in “Methods”. The results are given in Figure 3.29. 

 

 

 

 

 

 
 

Figure 3.29. Docetaxel effect on GSTP1 activity in PC3 cells. K is for untreated 

control cells and T is used for treated cells. *p<0.05, **p<0.01, ns: not significant. 

 

 

 

Docetaxel treatment first decreased (24 hr) then increased the GSTP1 activity with 

time. GSTP1 activity was significantly increased after 48 hours application compared 

to control cells (p<0.05). Interestingly GSTP1 activity also increased in control cells 

with increasing time 
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3.2.6. Effect of Docetaxel on Enzyme Activities in PNT1A cell lines 

3.2.6.1. Docetaxel effect on CYP1A1 activity 

CYP1A1 activity in the presence of 4 µM docetaxel was determined in PNT1A cells 

as described in “Methods”. Results are shown in Figure 3.30. 

 

 

 

 

 

 

 

Figure 3.30. Docetaxel effect on CYP1A1 activity in PNT1A cells. K is for 

untreated control cells and T is used for treated cells. ***p<0.001 

 

 

 

Untreated PNT1A cell lines showed no CYP1A1 activity. After 24 hours application 

of docetaxel, CYP1A1 activity was significantly increased compared to control cells 

(p<0.001). But then, after 48 hours application of docetaxel, CYP1A1 activity was 

significantly decreased (p<0.001). PNT1A cells gave response after docetaxel 

application immediately and this was normal mechanism of action. 
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3.2.6.2. Docetaxel effect on CYP3A4 activity 

CYP3A4 activity in the presence of 4 µM docetaxel was determined as described in 

“Methods” in PNT1A cell lines, as shown in Figure 3.31. Pattern is similar to 

CYP1A1. 

 

 

 

 

 

 

Figure 3.31. Docetaxel effect on CYP3A4 activity in PNT1A cell lines. K is for 

untreated control cells and T is used for treated cells. **p<0.01, ***p<0.001 

 

 

 

Similarly, untreated PNT1A cell lines showed no CYP3A4 activity. After 24 hours 

of application of docetaxel, CYP3A4 activity was significantly increased compared 

to control (p<0.001). On the other hand, after 48 hours application of docetaxel, 

CYP3A4 activity was significantly decreased (p<0.01). PNT1A cells gave response 

after docetaxel application immediately and this was normal mechanism of action. 
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3.2.6.3. Docetaxel effect on GST total activity 

 

GST total activity in the presence of 4 µM docetaxel was determined in PNT1A cell 

lines as described in “Methods”. Results are given in Figure 3.32. 

 

 

 

 

 

 

Figure 3.32. Docetaxel effect on GST total activity in PNT1A cell lines. K is for 

untreated control cells and T is used for treated cells. *p<0.05, **p<0.01, 

***p<0.001, ns: not significant. 

 

 

 

Docetaxel showed time dependent effect on GST total activity in PNT1A cell lines. 

After 24 hours application of docetaxel, GST total activity was significantly 

increased compared to control (p<0.05). Further application of docetaxel, increased 

total GST activity significantly compared to control values (p<0.001). PNT1A cells 

gave response after docetaxel application, this was normal mechanism of action. 
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3.2.6.4. Docetaxel effect on GSTP1 activity 

 

GSTP1 activity in the presence of 4 µM docetaxel was determined as described in 

“Methods” in PNT1A cell lines and results are given in Figure 3.33. 

 

 

 

 

 

 

 

Figure 3.33. Docetaxel effect on GSTP1 activity in PNT1A cell lines. K is for 

untreated control cells and T is used for treated cells. *p<0.05, ***p<0.001, ns: not 

significant. 

 

 

 

Though the total GST activity was found to be higher in untreated cells, GSTP1 

izozyme is higher compared to docetaxel treated cells for 24 hours. After 24 hours 

application of docetaxel, GSTP1 activity was significantly decreased compared to 

control (p<0.05). Then, after 48 hours application of docetaxel, GSTP1 activity was 

significantly increased compared to control (p<0.001). PNT1A cells gave response 

after docetaxel application, this was normal mechanism of action. 
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3.3.  RNA Isolation 

 

RNA was isolated with peqGOLD RNAPure
TM

. Gel electrophoresis and 

quantification of RNA were done after isolation in order to be sure if RNA is good 

and pure enough to study with for the following steps, thus for cDNA synthesis and 

quantitative real time PCR.  Gel electrophoresis photograph obtained in this study is 

shown in Figure 3.34. 

 

 

 

 

 

Figure 3.34. Gel electrophoresis of RNAs 

 

 

 

3.4.  Gene expression in PC3 and PNT1A Cell Lines 

The mRNA expression levels of GSTP1, CYP1A1 and CYP3A4 in the PC3 and 

PNT1A cell lines were determined with quantitative real time polymerase chain 

reaction (qRT-PCR). Genes were normalized with β-actin. This housekeeping gene 

was chosen with respect to its stable expression level in studied cell lines, but there  
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were flactuations at 72 hours after docetaxel application. This is why qRT-PCR was 

carried out after 24 and 48 hour applications. 

3.4.1. Gene expression in PC3 Cell Lines 

3.4.1.1. CYP1A1 gene expression 

 

The results of CYP1A1 gene expressions in treated and untreated cells are given in 

Figure 3.35. 

 

 

 

 

 

Figure 3.35. qRT-PCR results for CYP1A1 expression in PC3 cell lines (Excel 

statistics). 

 

 

 

After 24 hours application of docetaxel, CYP1A1 expression was significantly 

decreased by 2.78 fold compared to control (p=0.026). On the other hand, after 48 

hours application of docetaxel, CYP1A1 expression was increased by about 1.75 fold  
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compared to control,  but the increase was not statistically significant (p=0.17). The 

results also showed that, time period of incubation caused increase in the expression 

of CYP1A1. These results were statistically significant for control group (p=0.013), 

but not significant for docetaxel treated group (p=0.06). 

 

3.4.1.2. CYP3A4 gene expression  

 

Figure 3.36 shows the results of the CYP3A4 gene expressions in PC3 cells. 

 

 

 

 
 

Figure 3.36. qRT-PCR results for CYP3A4 expression in PC3 cell lines (Excel 

statistics). 

 

 

 

After 24 hour application of docetaxel, CYP3A4 expression was increased by 1.57 

fold compared to control (p=0.17). Likewise, after 48 hour application of docetaxel,  
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CYP3A4 expression was increased by 1.7 fold compared to control (p=0.17). The 

results also showed that, time period of incubation caused an increase in the gene 

expression of CYP3A4. But these results were not statistically significant for both 

control (p=0.7) and docetaxel treated group (p=0.9). 

 

3.4.1.3. GSTP1 gene expression 

 

The results of GSTP1 gene expressions in treated and untreated cells are given in 

Figure 3.37. Both cells showed decreased gene expression levels compared to 

controls. 

 

 

 

 

 

Figure 3.37. qRT-PCR results for GSTP1 expression in PC3 cell lines (Excel 

statistics). 
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After 24 hours application of docetaxel, GSTP1 expression was significantly 

decreased by 2.72 fold compared to control (p=0.03). Likewise, after 48 hour 

application of docetaxel, GSTP1 expression was decreased by 1.26 fold compared to 

control (p=0.3). It was also shown that, time period of incubation caused an increase 

in the expression of GSTP1. These results were not significant for control group 

(p=0.14), but significant for docetaxel treated group (p=0.03). 

 

3.4.2. Gene expression in PNT1A Cell Lines 

3.4.2.1. CYP1A1 gene expression  

 

The results of CYP1A1 gene expressions in treated and untreated PNT1A cells are 

given in Figure 3.38. 

 

 

 

 
 

Figure 3.38. qRT-PCR results for CYP1A1 expression in PNT1A cell lines (Excel 

statistics). 
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After 24 hours application of docetaxel, CYP1A1 expression was significantly 

increased compared to control (p=0.0009), where no expression was observed in 

untreated PNT1A cells. Likewise, after 48 hour application of docetaxel, CYP1A1 

expression was increased compared to control (p=0.3). It was important to point out 

that there was no expression of CYP1A1 at all before docetaxel application. It was 

also shown that time period of incubation caused increase in expression of CYP1A1 

in treated cell lines by 2,01 fold. 

 

3.4.2.2. CYP3A4 gene expression 

 

The results of CYP3A4 gene expressions in both treated and untreated cells are given 

in Figure 3.39. 

 

 

 

 
Figure 3.39. qRT-PCR results for CYP3A4 expression in PNT1A cell lines (Excel 

statistics). 
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Like CYP1A1, in LNT1A cells no CYP3A4 expression was observed. After 24 hours 

of application of docetaxel, CYP3A4 expression was increased drastically compared 

to control (p=0.162). Likewise, after 48 hour application of docetaxel, CYP3A4 

expression was increased compared to control (p=0.139) but the increase is smaller. 

The time period of incubation caused decrease in the expression of CYP3A4 in 

treated cell lines by 7,06 fold. 

 

3.4.2.3. GSTP1 gene expression 

 

The results of GSTP1 gene expressions in docetaxel treated and untreated cells are 

given in Figure 3.40. 

 

 

 

 
 

Figure 3.40. qRT-PCR results for GSTP1 expression in PNT1A cell lines (Excel 

statistics.) 
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After 24 hours of application of docetaxel, GSTP1 expression was decreased 

compared to control (p=0.9). However, after 48 hours application of docetaxel, 

GSTP1 expression was increased statistically, compared to control (p=0.49) cells. 

The results also showed that, time period of incubation caused increase in expression 

of GSTP1 in treated cell lines by 1,16 fold.  

 

3.5.  Detecion of Apoptosis by Annexin-V FLUOS Staining Assay 

 3.5.1 Cell death determination in PC3 cell lines 

In order to determine the effect of docetaxel, inhibitors and their combinations on 

PC3 cell death, Annexin-V staining was performed after 24 hours of treatments. For 

that purpose, FITC-conjugated Annexin-V protein was used which has a high affinity 

to PI on dying cells’ surface. Results are given in the following pages in Table 3.1, 

Figure 3.41A-H and Figure 3.42A-D. 

When docetaxel was applied to PC3 cells, the cell viability was decreased 

significantly (p<0.001, compared to untreated PC3 cells). Similarly, the application 

of inhibitors alone/in combination with docetaxel showed decrease in the cell 

viability (p<0.001, compared to untreated PC3 cells). Alpha- naphthoflavone and 

ketoconazole in combination with docetaxel resulted in lower cell viability when 

compared to only inhibitor applications (p<0.001). On the other hand, quercetin 

caused lower cell viability itself compared to combination therapy with docetaxel 

(p<0.001) (Figure 3.41A-H and Figure 3.42). 

In PC3 cells after docetaxel treatment, the early apoptosis was increased significantly 

(p<0.001, versus untreated PC3 cells). Similarly, the application of inhibitors 

alone/in combination with docetaxel also showed increase in the early apoptosis 

(p<0.001, versus untreated PC3 cells). Alpha-naphthaflavone and ketoconazole in 

combination with docetaxel resulted in higher early apoptosis when compared to  
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only inhibitor applications (p<0.001). On the other hand, quercetin caused higher 

apoptosis itself compared to combination therapy with docetaxel (p<0.001) (Figure 

3.41A-H and Figure 3.42B).  

Late apoptosis was increased significantly (p<0.001, versus untreated PC3 cells) 

when docetaxel was applied to PC3 cells,   Similarly, the application of inhibitors 

alone/in combination with docetaxel showed increase in the late apoptosis (p<0.001, 

versus untreated PC3 cells). Alpha-naphthaflavone, ketoconazole and quercetin in 

combination with docetaxel resulted in higher late apoptosis when compared to only 

inhibitor applications (p<0.001) (Figure 3.41A-H and Figure 3.42C).  

Finally, docetaxel treatment, decreased necrosis significantly (p<0.001, versus 

untreated PC3 cells). Similarly, the application of inhibitors alone/in combination 

with docetaxel showed a drastic decrease in the necrosis (p<0.001, versus untreated 

PC3 cells) also (Figure 3.41A-H and Figure 3.42D). 

 

 

 

Table 3.1. Early Apoptotic, Late Apoptotic, Necrotic and Viable PC3 Cells (%) 

 

Applications EA (%) LA (%) Nec. (%) Viable (%) 

Control 0 0,77% 10,75% 88,48% 

Docetaxel 71,92% 17,85% 0% 10,22% 

α-NF 60,51% 26,70% 0,07% 12,71% 

α-NF+Docetaxel 66,13% 30,68% 0,03% 3,16% 

Ketoconazole 48,41% 11,77% 0% 39,82% 

Ketoconazole+Docetaxel 80,13% 17,29% 0,03% 2,16% 

Quercetin 65,43% 33,90% 0,38% 0,28% 

Quercetin+Docetaxel 29,45% 39,21% 0,28% 31,07% 
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Figure 3.41. The effect of docetaxel (B), alpha-naphthaflavone (C), alpha-

naphthaflavone + docetaxel (D), ketoconazole (E), ketoconazole + docetaxel (F), 

quercetin (G), quercetin + docetaxel (H) for 24 hours treatment, stained with FITC- 

Annexin-V.  
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Figure 3.42. The effect of docetaxel, inhibitors, combination on cell death of PC3 

cells.  Statistical analysis of flow cytometer data of (A) viability, (B) early apoptosis 

(C) late apoptosis and (D) necrosis for 24 hours treatment, stained with FITC-

Annexin-V. 
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Figure 3.42. Continued. 
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 3.5.2 Cell death determination in PNT1A cell lines 

In order to determine the effect of docetaxel, inhibitors and combinations on PNT1A 

cell death, Annexin-V staining was used after 24 hours of treatments. For that 

purpose, FITC-conjugated Annexin-V protein was used. The results are given in 

Table 3.2, Figure 3.43A-H and Figure 3.44A-D.   

When docetaxel was applied to PNT1A cells, the cell viability was decreased 

significantly (p<0.001, versus untreated PNT1A cells). Similarly, the application of 

inhibitors alone/in combination with docetaxel showed decrease in the cell viability 

significantly except alpha-naphthoflavone and docetaxel combination (p<0.001, 

versus untreated PNT1A cells). Alpha- naphthoflavone and its combination with 

docetaxel resulted in lower decrease in cell viability when compared to other 

applications. (Figure 3.43A-H and Figure 3.44A).  

After docetaxel application to PNT1A cells, the early apoptosis was increased 

significantly (p<0.001, versus untreated PNT1A cells). Similarly, the application of 

inhibitors alone/in combination with docetaxel showed increase in the early 

apoptosis (p<0.001, versus untreated PNT1A cells). Ketoconazole alone and in 

combination with docetaxel resulted in higher early apoptosis when compared to 

other inhibitor applications (p<0.001). On the other hand, alpha-naphthaflavone and 

quercetin caused higher early apoptosis itself compared to combination therapy with 

docetaxel (p<0.001) (Figure 3.43A-H and Figure 3.44B).   

When PNT1A cells were treated with docetaxel, the late apoptosis was increased 

(versus untreated PNT1A cells). Similarly, the application of inhibitors alone/in 

combination with docetaxel showed an increase in the late apoptosis (versus 

untreated PNT1A cells). Quercetin alone and in combination with docetaxel resulted 

in higher and significant late apoptosis when compared to other applications 

(p<0.001) (Figure 3.43A-H and Figure 3.44C).   
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When docetaxel was applied to PNT1A cells, like PC3 cells, necrosis was decreased 

significantly (p<0.001, versus untreated PNT1A cells). Similarly, the application of 

inhibitors alone/in combination with docetaxel showed decrease in necrosis 

(p<0.001, versus untreated PNT1A cells) (Figure 3.43A-H and Figure 3.44D). 

 

 

 

Table 3.2. Early Apoptotic, Late Apoptotic, Necrotic and Viable PNT1A Cells (%)  

 

Applications EA (%) LA (%) Nec. (%) Viable (%) 

Control 0.19 0.08 25.32 74.41 

Docetaxel 89.20 6.76 0.05 3.99 

α-NF 55.06 2.06 0.12 42.76 

α-NF+Docetaxel 28.73 1.36 0.09 69.81 

Ketoconazole 93.51 5.03 0.09 1.37 

Ketoconazole+Docetaxel 91.87 5.64 0.21 2.28 

Quercetin 44.92 49.19 0.19 5.70 

Quercetin+Docetaxel 11.65 85.75 0.1 3.21 
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Figure 3.43. The effect of docetaxel (B), alpha-naphthoflavone (C), alpha-

naphthaflavone + docetaxel (D), ketoconazole (E), ketoconazole + docetaxel (F), 

quercetin (G), quercetin + docetaxel (H) for 24 hours treatment, stained with FITC-

Annexin-V. 
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Figure 3.44. The effect of docetaxel, inhibitors, combination on cell death of PNT1A 

cells. Statistical analysis of flow cytometer data of (A) viability, (B) early apoptosis 

(C) late apoptosis and (D) necrosis for 24 hours treatment, stained with FITC-

Annexin-V. 
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Figure 3.44. Continued. 
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3.6. Determination of Reduced Glutathione Concentration 

Glutathione which is a tripeptide functions as a principle reducing agent in biological 

systems. The most important function of this tripeptide is to maintain intracellular 

redox status and protect cells from reactive oxygen species (Çavdar et al., 2006). In 

this analysis, in order to observe the oxidative stress occured after docetaxel, 

inhibitors and combination treatments in PC3 and PNT1A cells, reduced GSH 

concentrations were determined. 

In PC3 cells, reduced GSH level was the highest for untreated PC3 cells (Figure 

3.45). The application of docetaxel and inhibitor alone or combination therapies 

showed significant reduction in reduced GSH levels when compared to control cells 

(p<0.001). This demonstrates that after applications, there may be increased 

oxidative stress due to reactive oxygen species in PC3 cells. 
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Figure 3.45. Reduced GSH concentration in PC3 cells at 24 hour 

 

 

 

In PNT1A cells, reduced GSH level was the highest for quercetin+docetaxel 

application (Figure 3.46). The application of docetaxel and inhibitor alone or 

combination therapies showed significant reduction in reduced GSH levels when 

compared to contol cells except quercetin alone and quercetin+docetaxel therapies 

(p<0.001). This demonstrates that after applications, there may be increased 

oxidative stress due to reactive oxygen species in PNT1A cells except quercetin 

alone or quercetin+docetaxel applied cells. 
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Figure 3.46. Reduced GSH concentration in PNT1A cells at 24 hour 

 

 

 

As seen from the Figures 3.45-3.46, docetaxel and inhibitors affected reduced GSH 

levels as monotherapy or combination therapies in both PC3 and PNT1A cells in 

general. 
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CHAPTER 4 

 

 

DISCUSSION 

 

 

 

Prostate cancer is one of the mostly seen cancer type in world and in also in Turkey 

and for treatment it is important to use both convenient and efficient 

pharmacotherapy. The purpose of pharmacotherapy is the induction of remission, 

reduction in morbidity level and prevention of complications. Chemotherapy is one 

of the treatment options for prostate cancer especially if metastasis occured or 

hormone therapy failed. It is well known that docetaxel is one of the chemotherapy 

drug used as treatment for prostate cancer and it shows improvement in overall 

survival in patients with metastatic, castrate-resistant type prostate cancer. Several 

studies were carried out in order to study the docetaxel metabolism (Makhov et al., 

2012, Li et al., 2004, Li et al., 2005,  Li et al., 2005, Pienta et al., 2006, Petrylak, 

2005, Rosing et al., 2000, Hayashi et al., 2005, Schmidt and Bastians, 2007; Pasquier 

et al., 2006, Baker et al., 2006, Baker et al.,2005; Goh et al., 2002; Tran et al., 2006; 

Yamamoto et al., 2005, Shou et al., 1998, Clarke and Rivory,1999, Shou et al., 1998, 

Komoroski et al., 2005, Goh et al.,2002, Puisset et al., 2004, Bosch et al., 2006, Tran 

et al., 2006, Amirimani et al., 2003; Schirmer et al., 2006, Baker et al., 2008, Puisset 

et al., 2007). In this study, we further investigate the importance of Phase I enzymes, 

namely, CYP1A1 and CYP3A4 and an important Phase II enzyme, GSTP1 in the 

metabolism of docetaxel in prostate cancer cell line, PC3 (androgen-independent PC 

cell lines) and in control cells, PNT1A (immortalized prostatic cell lines) by using 

real-time PCR and activity assays. 

Novel combinations of docetaxel with biologic response modifiers are in early stages 

of development. Phase II studies suggest that the addition of estramustine to 

docetaxel results in higher response rates but also increased toxicity. Docetaxel with 

and without estramustine is being evaluated in Phase III studies that will provide  
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definitive information about its role in androgen-independent prostate cancer (Beer et 

al. 2003). Similarly, in metastatic breast cancer these include the monoclonal 

antibody agents trastuzumab and bevacizumab as well as novel agents directed at 

molecular targets (Tripathy et al., 2007). In addition, in a dose-dense study as 

neoadjuvant treatment in women with breast cancer, the combination of docetaxel 

and vinorelbine is currently under investigation. The combination of EGFR-TK and 

VEGF inhibitors was also evaluated in women with metastatic breast cancer. In the 

same way, a number of investigators are conducting exploratory trials that 

incorporate docetaxel into multimodality approaches for high-risk localized prostate 

cancer treatment (Beer et al. 2003).  

In this study, the effects of docetaxel and phase enzyme inhibitors (quercetin, alpha 

naphthaflavone and ketoconazole) on cell viability were determined by the WST-1 

assay. In the assay, after 24 hour incubation for cell growth, cells were incubated 

with the agents and analyzed after 24, 48 and 72 hours of incubation. According to 

WST-1 analysis, docetaxel and enzyme specific inhibitors showed cell viability of 

70% and 60% with different concentrations at 24 and 48 hours, respectively. These 

concentrations were found to be 4 µM for docetaxel, 1000 µM for alpha-

naphthaflavone, 56.5 µM for ketoconazole and 300 nM for quercetin. Our results 

showed that, when the combination therapy of docetaxel with inhibitors were applied 

to PC3 cell lines, decreases in cell viability were observed. Docetaxel and alpha-

naphthoflavone combination resulted in 14% decrease in cell viability at 24 hour 

(p=0.01), while it caused 12% reduction in cell viability at 48 hour when compared 

to docetaxel alone treatment (p=0.007). Docetaxel and ketoconazole combination 

showed 20% decrease in  cell viability at 24 hour (p=0.003), while 29% reduction in 

cell viability were determined at 48 hour when compared to docetaxel alone 

treatment (p=0.01). Docetaxel and quercetin combinations resulted in 17% decrease 

in  cell viability at 24 hour (p=0.034), while it caused 40% decrease in cell viability 

at 48 hours when compared to docetaxel alone treatment (p=0.006).  
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Docetaxel and alpha-naphthoflavone combination resulted in 27% decrease in cell 

viability at 24 hour (p=0.002), while it caused 31% reduction in cell viability at 48 

hour when compared to alpha-naphthaflavone alone treatment (p=0.002). Docetaxel 

and ketoconazole combination showed 28% decrease in cell viability at 24 hour 

(p=0.002), while 30% reduction in cell viability were determined at 48 hour when 

compared to ketoconazole alone treatment (p=0.008). Docetaxel and quercetin 

combinations resulted in 20% decrease in cell viability at 24 hour (p=0.003), while it 

caused 13% increase in cell viability at 48 hours when compared to quercetin alone 

treatment (p=0.003). 

Because some breast cancers respond to estrogen, lowering estrogen production at 

the site of the cancer (i.e. the adipose tissue of the breast) with aromatase inhibitors 

has been proven to be an effective treatment for hormone-sensitive breast cancer in 

postmenopausal women. In this perspective, the first target enzyme was CYP19 

(aromatase) in breast cancer therapy in the literature. The use of aromatase inhibitors 

has resulted in a new strategy plan, such as CYP17 inhibition with abiraterone for 

hormone ablation therapy for estrogen dependent cancers (Bruno et al., 2007). 

Similarly, inhibition of hepatic CYP3A4 activity with piperine (amajor plant 

alkaloid/amide) resulted in an increased area under the curve (actual body exposure 

to drug after administration of a dose of the drug), half-life and maximum plasma 

concentration of docetaxel when compared to docetaxel monotherapy. Therefore, the 

synergistic administration of piperine and docetaxel significantly improved the anti-

tumor efficacy of docetaxel in animal model of human castration-resistant prostate 

cancer (Makhov, et al. 2012). When docetaxel was applied with the potent CYP3A4 

inhibitor ketoconazole in cancer patients, docetaxel clearance was decreased with the 

rate of 49% (Engels et al., 2004, Akhdar et al., 2012). 

IC50 is commonly used as a measure of antagonist drug potency in pharmacological 

research. According to the FDA, IC50 represents the concentration of a drug that is 

required for 50% inhibition in vitro. These analysis showed that concentration of 

inhibitor applications were in range for evaluating the docetaxel activity.  
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Blagosklonny and his collegues (2000) determined IC50 values for ketoconazole as, 4 

to 5 µg/ml, 12 µg/ml, and 25 µg /ml for LNCaP, PC3/PC3M, and DU145 cells, 

respectively, indicating its cytostatic effect on human different prostate cancer cell 

lines (Blagosklonny et al, 2000). According to CYP3A4 inhibition ketoconazole 

showed IC50 value of 0.0037 – 0.18 µM in human liver microsome. 

Quercetin shows inhibition on the proliferation of cell lines, with IC50 values ranging 

from 0.1 pM to 45 µM, depending on the cell type and experimental conditions (van 

der Woude, 2006). Quercetin has IC50 value of 45 µM in PC3 cells, 15 µM in MCF7 

cells, 45 µM in Caco-2 cells, 2 µM in ALL cells, 18 µM OCM-1 cells and 15 µM in 

OVCA-433 cells according to growth inhibitions. In another study, it was 

demonstrated that IC50 value of quercetin is 19.44 µM for  LNCaP, 33.41 µM for 

PC3, 480 µM for MCF7 and 480 µM for PRSC cell lines (Haddad et al., 2006). In 

GSTP1-1 transfected MCF7 cells, quercetin showed the strongest inhibition with 

IC50 value of 1.3mM (van Zanden et al., 2004). Arunakaran et al. (2013), calculated 

the IC50 value of quercetin as 100 µM in PC-3 cells. In the same study, IC50 value of 

breast cancer cells such as MCF-7, MDA-MB-231 were calculated as 4 µM and 6 

µM, respectively. Alpha-naphthaflavone inhibited CYPs 1A1 and 1A2 with IC50 

values of 0.4-0.5 µM (Chang et al., 1994).  

According to FDA, alpha-naphthaflavone inhibited CYP1A2 with an IC50 value of 

0.01 µM in human liver microsomes  

According to our results, IC50 values in PC3 cell lines were calculated as 15.1 µM for 

alpha-naphthaflavone, 63.1 µg/ml for ketoconazole, 692 µM and 417,3 µM for 

quercetin in the activity assays (p<0,0001). Quercetin was found to be the most 

potent inhibitor with respect to its concentration.  

As expected, the results of activity assays and mRNA expressions were similar, thus 

consistent. In PC3 cell lines, all CYP1A1, CYP3A4 total GST enzyme activities 

increased after 48 hours treatment. On the other hand, GSTP1 showed slight decrease 

at 48 hour. In PNT1A cell lines, GST total and GSTP1 enzyme activities were 

increased in a time dependent manner. On the oher hand, no CYP1A1 and CYP3A4 

enzyme activities were observed in untreated PNT1A cell lines. However, docetaxel 
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application stimulates the CYP1A1 and CYP3A4 enzyme activities. Thus, both 

activities were observed after 24 and 48 hours application of docetaxel. 

Real time PCR analysis results showed differences in mRNA levels after application 

of docetaxel. CYP1A1 has a potential role in docetaxel metabolism (van Schaik, et 

al., 2008). Docetaxel was found to increase mRNA expression of CYP1A1 after 

treatment for both 24 and 48 hours applications in treated and untreated PC3 cell 

lines.  Similarly, Li and his collegues found that CYP1A1 expression increased after 

docetaxel application at 6, 36 and 72 hours in PC3 cell lines. According to their 

study, docetaxel and furtulan combination therapy also showed an increase after 

docetaxel application (Li., et al. 2005). Thus, increase in enzyme expression can 

result in the decrease in docetaxel activity, however, docetaxel has antiangiogenic 

effects and inhibition in tumor cell proliferation can be the case (Sterling, et al., 

2004). On the other hand, activation of CYP1A1 expression by drugs could also 

result in the metabolism of xenobiotics to which the individual may have been 

exposed and could result in the activation of procarcinogens. In PNT1A cell lines, no 

CYP1A1 expression was observed at 24 and 48 hours for untreated cells. After 

docetaxel application CYP1A1 expression level was increased by time. Therefore, 

we found that docetaxel also stimulates CYP1A1 expression in control prostate cell 

lines, changing the metabolic pathways and this can be very important for the 

activation of procarcinogens in normal cells after docetaxel treatment. 

CYP3A4 has a major role in docetaxel metabolism (Fujimura et al., 2009). A low 

expression of CYP3A4 in breast tumors resulted in a better response of docetaxel 

(Miyoshi et al., 2005). According to our results, docetaxel was found to increase 

mRNA expression of CYP3A4 after docetaxel treatment in both 24 and 48 hours 

applications in PC3 cell lines. Increase in enzyme expression will result in a 

reduction in docetaxel activity and decrease in aggressiveness (Zeigler-Johnson, et 

al., 2004). In PNT1A cell lines, no CYP3A4 expression was observed at 24 and 48  
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hours for untreated cells. After docetaxel application, CYP3A4 expression level was 

increased in a time dependent manner. However, the level of mRNA expression is 

lower after 48 hours treatment. Therefore, docetaxel also stimulates CYP3A4 

expression in control prostate cell lines changing the metabolism of drugs in these 

cells.  

GSTP1 is a secondary enzyme in docetaxel metabolism (Arai, et al., 2008). 

Docetaxel was found to increase mRNA expression of GSTP1 after treatment for 

both 24 and 48 hours in PC3 cell lines. Similarly, Li et al. (2005), showed that GST 

levels were increased with docetaxel when used in combination with estaramustine. 

The increase in ROS which resulted in GSH depletion, can increase the GST 

expression (Geng, et al., 2005). In agreement with these studies, our results showed 

that in PNT1A cell lines, GSTP1 expression was observed in both treated and 

untreated cells. There is an increase in mRNA expression of GSTP1 after docetaxel 

treatment in PNT1A cell lines and it increases with time. Therefore, docetaxel also 

stimulates GSTP1 expression in control prostate cell lines, which might be effective 

in the removal of ROS.  

The introduction of docetaxel in the treatment of hormone refractory prostate cancer 

(HRPC) has made a small but significant impact on patient survival. However, its 

effect is limited by intolerance and resistance (Howard EW., et al. 2008) In our study 

in order to investigate the potential of inhibitors to overcome docetaxel resistance, 

PC3 cells were treated with inhibitors in combination with docetaxel and the cell 

death was analyzed using Annexin V assays. The results of Annexin V cell death 

analysis showed that, in docetaxel treatment and combination with enzyme specific 

inhibitors resulted in differences in cell viabilities, early apoptosis, late apoptosis and 

necrosis. When docetaxel was applied to PC3 cells as alone or in combination with 

the inhibitors, the level of cell viability and necrosis was decreased significantly 

(p<0.001, versus untreated PC3 cells). On the other hand, when docetaxel was 

applied to PC3 cells as alone or in combination with the inhibitors, the level of early  
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and late apoptosis was increased significantly (p<0.001, versus untreated PC3 cells). 

Therefore, application of docetaxel with these inhibitors as a combination therapy in 

prostate cancer can be more effective by stimulating the apoptosis.  

PNT1A cells were also treated with inhibitors in combination with docetaxel and the 

cell death was analyzed by using Annexin V. The results show differences in cell 

viability, early apoptosis, late apoptosis and necrosis. When docetaxel was applied to 

PNT1A cells as alone or in combination with the inhibitors, the level of cell viability 

and necrosis was decreased significantly (p<0.001, versus untreated PNT1A cells). 

On the other hand, the level of early and late apoptosis was increased significantly 

(versus untreated PNT1A cells). So the effect of the docetaxel and inhibitors on cell 

viability by stimulating appoptosis is not cell specific. Our results also suggest that, 

inhibitors and docetaxel combination can have a synergistic effect on cell viability 

compared to individual treatments of docetaxel and inhibitors.  

Glutathione (GSH) takes an important role in several cellular processes, such as cell 

differentiation, proliferation, and apoptosis. Disturbances in GSH homeostasis are 

taken role in the etiology and progression of many human diseases including  cancer. 

While GSH deficiency, or a decrease in the GSH/glutathione disulphide (GSSG) 

ratio, results in an increased susceptibility to oxidative stress implicated in the 

progression of cancer, increased  GSH levels increase the antioxidant capacity and 

the resistance to oxidative stress as observed in many cancer cells (Traverso et al., 

2013).  

Therefore, in this analysis, reduced GSH concentrations were determined in PC3 and 

PNT1A cells and the results were compared. Freitas and his collegues demonstrated 

that PC3 cells have higher reactive oxygen species production when compared to 

HPV10 and RWPE1 cells but also the highest GSH levels , possibly contributing to 

oxidative stress resistance (Freitas et al., 2012).  In this thesis study, untreated 

PNT1A cells have higher reduced GSH levels when compared to untreated PC3  
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cells. Kadam and Abhang found that administration of chemotherapeutic drugs in 

adjuvant setting in breast cancer patients causes increase in oxidative stress as 

indicated by decreased levels of antioxidant glutathione (Kadam and Abhang, 2013).  

In another study, quercetin treatment did not show any notable effect on intracellular 

levels of glutathione in human RPE cells (Kook et al., 2008), but increased GSH 

content in HepG2 cells In addition, co-incubation of ketoconazole and clozapine with 

lipopolysaccharide decreased the levels of glutathione in human precision-cut liver 

slices (Hadi et al., 2013). In this analysis, the application of docetaxel or inhibitor as 

monotherapy or combination therapies showed significant reduction in reduced GSH 

levels when compared to control cells. This shows that after applications, there may 

be increased oxidative stress due to reactive oxygen species in PC3 cells. On the 

other hand, in PNT1A cells, reduced GSH level was the highest for 

quercetin+docetaxel application. The application of docetaxel or inhibitor as 

monotherapy or combination therapies showed significant reduction in reduced GSH 

levels when compared to control cells except quercetin alone and 

quercetin+docetaxel therapies.  
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CHAPTER 5 

 

 

CONCLUSION 

 

In conclusion, according to our results, the application of docetaxel with enzyme 

spesific inhibitors is more effective by increasing the effects of docetaxel in PC3 

cells. Further studies about the metabolism of drugs will help for the development of 

a therapy that would increase the efficacy of the drugs which might provide a better 

chance for the patience survival. 
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