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ABSTRACT
THE BIOCHEMICAL ANALYSIS OF CALCIUM CHANNEL BLOCKERS AS
ANTIHYPERTENSIVE DRUGS

MAGED, Mustafa
M.Sc., Department of Chemical Engineering and Applied Chemistry
Supervisor: Assoc. Prof.Dr. S. Belgin İşgör
Assoc. Prof. Dr.Yasemin G.İşgör
Jul 2017, 49 Pages
Many studies have proven the association between calcium channel blockers (CCBs),
especially Diltiazem and Verapamil, and their relation to cancer development or their
role on the chemotherapeutic drug efficacy. In this study, the commercially available
drugs, diltiazem and verapamil were used to test their effects on the antioxidant
enzymes, namely Superoxide Dismutase (SOD), Catalase (CAT), Glutathione
Peroxidase (GPx) and Glutathione-S-Transferase (GST), with their relation to cancer
development or chemotherapeutic drug resistance; to our knowledge, for the first
time in the literature. The solubility of drugs were also performed, where certain
amount of tablets extracted in different solvents, such as water, methanol and
potassium phosphate buffer (KP, 100 mM, pH 6.2). Since the higher solubility was
observed with KP buffer, the stability tests were performed with the same solvent.
For stability tests, the extracts were kept at +4ºC and the absorbance measurements
were done daily at wavelength of 236 nm for diltiazem, and 278 nm for verapamil.
Both drugs were found stable for 49 days at +4ºC. Their effect on enzyme activities
were analyzed with varying doses, and reported as percent inhibition of each enzyme
with respect to control. The results showed that diltiazem inhibited SOD activity
about 100% but verapamil increased the SOD activity about 90%. The GST activity
showed that verapamil activates the enzyme about 100% but diltiazem shows
i

inhibitory effect about less than 22%. For GPx, diltiazem resulted in 90% inhibition
and verapamil in 100%. On the other hand, on CAT there was no significant effect
by both drugs

Keywords: Diltiazem Hydrochloride; Verapamil Hydrochloride; Calcium Channel
Blockers; Antioxidant Enzymes; Superoxide Dismutase; Catalase; Glutathione
Peroxidase; Glutathione-S-Transferase.
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ÖZ
ANTİHİPERTANSİF KALSİYUM KANALI BLOKER İLAÇLARININ
BİYOKİMYASAL ANALİZİ

MAGED, Mustafa
Yüksek Lisans., Kimya Mühendisliği ve Uygulamalı Kimya Bölümü
Danışman: Doç.Dr. S. Belgin İşgör
Doç.Dr. Yasemin G. İşgör
Temmuz 2017, 49 sayfa

Birçok çalışma kalsiyum kanal önleyici ilaçların, özellikle Diltiazem ve
Verapamil’in kanser riski veya kemoterapötik ilaç etkinliği ile aralarında bağ
bulunduğunu ortaya koymuştur. Bu çalışmada, piyasada varolan ilaçlardan diltiazem
ve verapamil’in antioksidan enzimler; Süperoksit Dismutaz (SOD), Katalaz (CAT),
Glutatyon Peroksidaz (GPx), ve Glutatyon-s-tramsferaz (GST) üzerine olan etkileri
ve bu yolla kanser gelişimi veya kemoterapötik ilaç direnci ile ilişkileri, bildiğimiz
kadarıyla literatürde ilk defa test edilmiştir. Bu çalışmada ilaçların çözünürlüğü, belli
miktardaki ilaçların su, methanol ve fosfat tamponu (100 mM, pH 6.5) gibi farklı
çözücülerle çalışılmıştır. En yüksek çözünürlüğün fosfat tamponuyla bulunması
nedeniyle kararlılık testleri bu çözücüyle gerçekleştirilmiştir. Kararlılık testlerinde
ilaç ekstreleri 4ºC de saklanmış ve günlük olarak diltiazem için 236 nm ve verapamil
için 278 nm dalgaboyunda absorpsiyon ölçümleri yapılmıştır. İlaçların ikisinin de 49
gün boyunca 4ºC’de kararlı olduğu bulunmuştur. Enzim aktivitelerine olan etkileri
ilaçların farklı dozlarında analiz edilmiş ve sonuçlar kontrole kıyasla inhibisyon
yüzdesi olarak verilmiştir. Sonuçların ortaya koyduğu biçimiyle Diltiazem ve
Verapamil SOD enziminin faaliyetini yaklaşık %90 oranında arttırmıştır. İlaçların
GST üzerindeki etkisi; Verapamil için enzim aktivitesi %100 oranında artarken,
iii

Diltiazem %22’den düşük inhibisyon yaptığıdır. GPx için sonuçlar Diltiazem’in
%90, Verapamil’in ise %100 oranında inhibisyon yaptığı şeklindedir. Diğer yandan
CAT enzimi ile yapılan çalışmaların sonucunda Diltiazem ve Verapamil’in herhangi
bir önemli etkiye yol açmadığı görülmüştür.

Anahtar Kelimeler: Diltiazem hidroklorür; Verapamil Hidroklorür; Kalsiyum Kanal
Blokerleri ilaçlar; Antioksidan Enzimler; Süperoksit Dismutaz; Katalaz; Glutatyon
Peroksidaz; Glutation-S-transferaz.
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CHAPTER 1

INTRODUCTION

Biochemical analysis is the most important field of modern drug discovery, design
and development. It is a key component of drug design and engineering. The
solubility and the stability are the main subject in the biochemical analysis for drug
discovery, because of their importance in practical drug analysis, and in providing
optimum conditions of drugs in an aqueous environment.
Calcium Channel Blockers (CCBs) are drugs prescribed to treat hypertension, angina
pectoris, arrhythmia and hypertrophic cardiomyopathy, by relaxing (dilating) blood
vessels (Vasodilatation) and increasing the supply of oxygenated blood to the heart
(Stone, Antman et al. 1980).
The effects of CCBs on the development and spread of cancer have been carefully
investigated over the past years. Results have provided important insights into the
biologic relationship between cell calcium regulation and mechanisms of
proliferation (Mason 1999). However, until today there is no clear study to provide
or cover the relation between those drugs and cancer via antioxidant enzymes which
directly proportional to the risk of cancer.
Antioxidant system is the first line of the defense against free radicals damage (Ray
and Husain 2002). Therefore, to maintain optimal cellular health, the main goal of
the antioxidants is to stabilize or deactivate free radicals before they attack to cells.
The most important in metabolism is the balance between the free radicals and the
antioxidants which have been implicated in the pathogenesis of at least 50 diseases
(Percival 1998), because cellular deficiency in antioxidant amount or inhibition of
antioxidant enzymes, there will be no regulation of the free radicals. This case is
1

known as oxidative stress, which causes damage to the variety of biomolecules
including lipids, proteins, and DNA in cells (Lobo, Patil et al. 2010).
Recent studies are focused on the field of free radicals such as Reactive Oxygen
Species (ROS) and Reactive Nitrogen Species (RNS) generated endogenously by
human metabolism (Fang, Yang et al. 2002).
In this study, the Biochemical analysis of CCBs (diltiazem and verapamil) and their
effect on the antioxidant enzymes will be evaluated to provide the total effect of
those drugs on the free radicals (Percival 1998).

1.1 High Blood Pressure (Hypertension):
Blood pressure is the ability of the heart to pump the nutrient and oxygen enriched
blood through the body by contraction and dilatation of heart muscles. Generally,
there are no certain symptoms observed for the high blood pressure that is known as
hypertension for the long term. However, it is found as the main risk factor for
coronary artery disease (CAD), stroke, heart failure, peripheral vascular disease
(PVD), vision loss, and chronic kidney disease (Mendis, Puska et al. 2011, Lackland
and Weber 2015).
The main risk factor that contributes to the development of cardiovascular diseases is
therefore attributed to the hypertension, which increases the risk of injury in the
vascular beds of various target organs such as retina, brain, heart, and kidneys. Since
morbidity and mortality related with hypertension are mainly associated with
cardiovascular complications, and therefore it is shown that, by controlling blood
pressure the risk of CVD was also reduced (Chobanian, Bakris et al. 2003).

2

1.2 Calcium Channel Blockers (CCBs):
CCBs are a group of medications has been used widely for treatment of
hypertension, angina pectoris, and other cardiovascular diseases since first
introduced in the 1960s. The mechanism of action of CCBs is by blocking the entry
of calcium into the cells of the heart and arteries, which reduces the calcium levels
inside the cells leading to decrease of heart muscle contraction, and dilation of
arteries which provides more oxygen-carrying blood to the heart(Ma, Prueksaritanont
et al. 2000, Elliott and Ram 2011).
CCBs are classified into three groups according to their pharmacokinetic properties
and

chemical

compositions:

Phenylalkylamines,

Benzothiazepines,

and

Dihydropyridines.

Figure 1.1: Classification of CCBs drugs.
In this study, Diltiazem hydrochloride and Verapamil hydrochloride are the
representing drugs of their belonging groups namely benzothiazepines and
phenylalkylamines, respectively.
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1.2.1 Diltiazem Hydrochloride:
Diltiazem hydrochloride or simply diltiazem, [(2S, 3S)-5-[2-(dimethylamino) ethyl]2-(4-methoxyphenyl)-4-oxo-2,3-dihydro-1,5-benzothiazepin-3-yl] acetate HCl, is a
benzothiazepine CCB with a molecular weight of 450.979 g/mol.
Diltiazem is in the form of white crystalline powder and freely soluble in water,
dichloromethane, methyl alcohol, chloroform, and formic acid (Mendonça, Barros et
al. 2011). It is commercially available in different forms with different doses,
including extended release tablets, immediate release capsules, extended-release
capsules or injectable dosage forms and used to treat cardiovascular diseases such as
angina pectoris, hypertension, and cardiac arrhythmias (Shafi, Siddiqui et al. 2013).
The structural formula of diltiazem hydrochloride is given in Figure 1.2.

Figure 1.2: Chemical structure of diltiazem hydrochloride

1.2.2 Verapamil Hydrochloride:
Verapamil hydrochloride, or simply verapamil, 2-(3,4-dimethoxyphenyl)-5-[2-(3,4dimethoxyphenyl) ethyl-methylamine]-2-propan-2-yl pentanenitrile hydrochloride, is
a phenylalkylamines CCB with molecular weight 491.062 g/mol.

4

Verapamil CCBs, is in the form of almost white crystalline powder, with a bitter
taste, freely soluble in several organic solvents; ethanol, methylene chloride,
methanol, propylene glycol and water (Offermanns and Rosenthal 2008). The
structural formula of verapamil hydrochloride is given in Figure 1.3.

Figure 1.3: Chemical structure of verapamil hydrochloride
Verapamil is used for controlling ventricular rate in supraventricular tachycardia and
in preventing migraine headache, also categorized under the class of antiarrhythmic
drugs (Koda-Kimble, Alldredge et al. 2012).
Generally, diltiazem and verapamil share the same ability to inhibit calcium entry
into the cells in arterial smooth muscles and the heart, but different in strength, that
is, calcium blocking by Verapamil is higher than that of Diltiazem (Offermanns and
Rosenthal 2008). Such difference may be associated with the difference in the
mechanisms where Diltiazem has one mechanism as blocking calcium entry, whereas
verapamil has two mechanisms in addition to calcium entry blocking such as
relaxation and prevention of coronary artery spasm or reduction of oxygen utilization
(Lee and Tsien 1983).

5

1.3 Free Radicals:
Free radicals are any molecular species that have an unpaired electron in their outer
atomic orbital, which makes it unstable and highly reactive. Free radicals are
classified into two main classes:


Oxygen free radicals - Reactive Oxygen Species (ROS), such as superoxide
(O-2•), hydroxyl (•OH), peroxyl (RO2•), alkoxyl (RO•), hydroperoxyl (HO2•)
radicals and numerous lipid peroxides.



Nitrogen free radicals - Reactive Nitrogen Species (RNS), such as
nitric oxide (•NO) and nitrogen dioxide (•NO2) (Fang, Yang et al. 2002).

Most radicals are highly reactive and can either donate an electron to, or extract an
electron from other molecules, therefore, free radicals work as oxidants or
reductants. This is due to high reactivity free radicals which have a very short halflife (10-6 seconds or less) inside the cell (Young and Woodside 2001).
Free radicals and their reactive species derived from two sources: 1) normal
metabolic processes inside the human body, such as enzymatic reactions, autooxidation reactions, mitochondrial leak and respiratory burst, or 2) external source,
such as X-ray, ozone, cigarette smoking, industrial chemicals or air pollutants
(Syndicate 1998). The most important free radicals associated with many diseases
are ROS, among those are especially superoxide (O2•–) and hydroxyl radicals (HO•).
The generation of ROS is explained with basic reduction-oxidation (REDOX)
reaction, where iron and copper, as transition metals, play an important role in
human disease by the production of hydroxyl radicals. This occurs by the reaction of
hydrogen peroxide with iron(II) (Fe2+) or copper(I) (Cu+) to produce a hydroxyl
radical, first defined by Fenton reaction (Stohs and Bagchi 1995).
Fe2+ + H2O2 → Fe3+ + OH• + OH−
Fe3+ + O2−→ Fe2+ + O2
The net result is:
O2− +H2O2 → OH− + OH•+ O2
6

Free radicals and other ROS are derived either from normal essential metabolic
processes in the human body or from external sources as shown in Figure 1.4.

Figure 1.4: Major sources of free radicals in the body and the consequences of free
radical damage (Young and Woodside 2001).
Both ROS and RNS derivatives play an important role in carcinogenesis such as
superoxide anion, hydrogen peroxide, hydroxyl and nitric oxide radicals that cause
DNA damage, including strand breaks, base modifications and DNA-protein
crosslinks (Lobo, Patil et al. 2010).
Free radicals can attack the healthy cells, causing them to lose their structure and
function. Cells damage due to free radicals is the most responsible agent for several
diseases such as cancer, cardiovascular disease, immune system decline and brain
dysfunction (Percival 1998). The controlled defense system inside the human body is
known as antioxidant defense system.
Antioxidants decrease the oxidative stress - disturbance in the balance between the
production of free radicals and antioxidant defenses (Sies 1985) by a direct
scavenging of ROS and/or by inhibiting cell proliferation secondary to the protein
phosphorylation (Lobo, Patil et al. 2010).
7

1.4 Antioxidant Defense System:
The human body has a highly sophisticated and complex antioxidant defense system,
to protect the cells and organs from the hazardous attacks of ROS and other free
radicals by scavenging or detoxifying it (Masella, Di Benedetto et al. 2005), This
system involves a variety of components (endogenous and exogenous) which work to
neutralize free radicals (Percival 1998). Table 1 shows various ROS and their
corresponding neutralizing antioxidants.
Antioxidant defense system can be classified into endogenous antioxidants, dietary
antioxidants as well as metal binding proteins.
Endogenous Antioxidants
a. Bilirubin
b. Thiols, e.g., glutathione, lipoic acid, N-acetyl cysteine
c. NADPH and NADH
d. Ubiquinone (coenzyme Q10)
e. Uric acid
f. Enzymes:


copper/zinc and manganese-dependent superoxide dismutase



iron-dependent catalase



selenium-dependent glutathione peroxidase

Dietary Antioxidants
a. Vitamins (C&E)
b. Beta carotene, oxycarotenoids, e.g., lycopene and lutein
c. Polyphenols, e.g; flavonoids, flavones and flavonol’s
Metal Binding Proteins
a. Albumin (copper)
b. Ceruloplasmin (copper)
c. Metallothionein (copper)
d. Ferritin (iron)
e. Myoglobin (iron)
f. Transferrin
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Table 1: Various ROS and their corresponding neutralizing antioxidants
ROS

NEUTRALIZING ANTIOXIDANTS

Hydroxyl radical

vitamin C, glutathione, flavonoids, lipoic acid

Superoxide radical

vitamin C, glutathione,flavonoids, SOD

Hydrogen peroxide

vitamin C, glutathione, beta carotene, vitamin E,
CoQ10, flavonoids, lipoic acid

Lipid peroxides

beta-carotene, vitamin E,ubiquinone, flavonoids,
glutathione peroxidase

There are four main antioxidant mechanisms against oxidative damage (Aguilar,
Navarro et al. 2016):
(1) Sequestration of transition metal ions
(2) Scavenging and quenching of ROS and RNS
(3) Ending of chain reactions by free radicals
(4) Molecular repairing of radical’s damages

1.5 Antioxidant Enzymes:
Antioxidant enzymes can stabilize or deactivate (detoxification) the free radicals
before they attack to cells by reducing the energy of free radicals or by giving up
some of their electrons for its use to become more stable. They also interrupt with
the oxidizing chain reaction to reduce the damage caused by free radicals (El-Missiry
2012).
The antioxidant enzymes SOD, CAT, and GPx - metabolize oxidative toxic
intermediates and require certain cofactors such as iron, copper, selenium, zinc, and
manganese for optimum catalytic activity, also they may need glutathione.

9

Glutathione is an important water-soluble antioxidant, is synthesized from amino
acids glycine, glutamate and cysteine. Glutathione directly quenches ROS like lipid
peroxides and plays an important role in xenobiotic metabolism (Percival 1998).
Antioxidant system enzyme SOD catalyzes the dismutation of the superoxide anion
(O2−⋅) into hydrogen peroxide (H2O2), which is then transformed by catalase into
H2O and O2. The third enzyme GPx is a selenium containing protein which also
protects the organism from oxidative damage by reducing lipidic or nonlipidic
hydroperoxides as well as H2O2 (Figure 1.5) through oxidizing of glutathione GSH
(İşgör, İşcan et al. 2008, Peng, Wang et al. 2014).
GPx is specific for its hydrogen donor, but nonspecific for H2O2, and it degrades
H2O2 using reduced glutathione (glutathione reductase GR) (Ma, Deng et al. 2017).

Figure 1.5: Selected Antioxidant defense system enzymes: SOD, CAT, GPx and
GST (İşgör, İşcan et al. 2008).
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1.5.1 Superoxide Dismutase (SOD)

Superoxide dismutase (SOD, EC 1.15.1.1) is widely expressed in all cells and one of
the important class of antioxidant enzymes, mainly it function to decompose
superoxide radicals into molecular oxygen and hydrogen peroxide inside cells, as
follows:

2O2-. + 2H+

O2 + H2O2

There are three classes of SODs according to functional metal cofactor located at the
active sites (Figure 1.6). While Class I requires manganese or iron for catalytic
activity (MnSOD and FeSOD), Class II is copper and zinc dependent (CuZnSODs),
and Class III contains nickel (NiSOD) (Ma, Deng et al. 2017).

Figure 1.6: Classes of SOD A) MnSOD, B) FeSOD, C) CuZnSODs and D) NiSOD
(Ma, Deng et al. 2017).
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1.5.2 Catalase Enzyme (CAT)
Catalase enzyme (CAT, EC 1.11.1.6) is also known as hydrogen peroxide
oxidoreductase and catalyzes the decomposition of hydrogen peroxide to water and
oxygen, also it widely exists in animals, plants, and microorganisms.
CAT–Fe (III) + H2O2

compound I

compound I + H2O2

CAT–Fe (III) + 2 H2O + O2

CAT can be classified according to the significant catalytic activity into three
subgroups: typical catalases, atypical catalases, and catalase‐peroxidases. Two of
subgroups, typical catalases, and catalase‐peroxidases contain heme, but the third
group has no heme, namely manganese catalases (Figure 1.7) (Ma, Deng et al. 2017).

Figure 1.7: The three‐dimensional structure of three types of catalases (Ma, Deng et
al. 2017).
(a) a typical catalase (depleted in iron) from Proteus mirabilis,
(b) a catalase‐peroxidase from Synechococcus elongatus PCC7942,
(c) a manganese catalase from Lactobacillus Plantarum

Catalase can also act as a regulatory protein, by releasing NADP+ once the cell is
under peroxidative stress leading to increased detoxification of hydrogen peroxide
through the glutathione reductase (Wilson, Kirkman et al. 1980).
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1.5.3 Glutathione Peroxidase (GPx)
Glutathione Peroxidase (GPx, EC 1.11.1.9) is a selenium‐containing enzyme which
protects cells from lipid peroxide damage and H2O2. GPx widely exists throughout
the body, and participates in glutathione redox cycle that consists of NADPH,
reduced glutathione GSH, glutathione reductase (GR), and glutathione peroxidase
(GPx)
NADPH + GSSR + H+

Glutathione reductase

NADP+ + 2GSH

Glutathione peroxidase
2GSH + H2O2

GSSG + 2 H2O

Glutathione peroxidase plays an especially important role in mitochondria where
catalase is absent. There are two kinds of GPx exist:
Classic glutathione peroxidase (cGPx), and Phospholipid hydroperoxide glutathione
peroxidase (PHGPx) (Denisov and Afanas' ev 2005).
The most important role of human GPx (Figure 1.8) is catalyzing degradation of lipid
peroxide due to the selenocysteine group per subunit of enzyme (Ma, Deng et al.
2017).

Figure 1.8: Three‐dimensional structure of human glutathione peroxidase (Ma, Deng
et al. 2017)
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1.5.4 Glutathione - S - Transferase (GST)
Glutathione-S-Transferase (GST, EC 2.5.1.18) is a group of intracellular isoenzymes
that catalyzes the conjugation of electrophilic substrate to GSH. This enzyme also
has GSH-dependent peroxidase and isomerase activities (Sherratt and Hayes 2002).
The most important role of GST is to protect the cells under oxidation stress from:
1) the toxicity of reactive species such as electrophilic xenobiotics including
anticancer drugs, carcinogens or pollutants. 2) endogenously alpha and betaunsaturated aldehydes and epoxides, and 3) hydroperoxides that are formed as
secondary metabolites during oxidative stress (Sheehan, MEADE et al. 2001).
Clinically, GST also plays important role in phase II of drug metabolism, to
contribute to the survival of cells by detoxication of foreign compounds, which
follows phase I of drug metabolism that catalyzed by members of cytochrome P450
(Sherratt and Hayes 2002).
There are three families of GST (Figure 1.9) which are widely present in various
organisms such as microbes, insects, plants, fishes, birds, and mammals. Two of
these families are soluble enzymes found in the cytosol and mitochondria. The
soluble cytosolic GST can be further classified into eight classes depending on their
degree of sequence identity; GST alpha (A), mu(M), pi (P), sigma (S), theta (T),
omega (O) and zeta (Z) (Figure 1.10). The three microsomal GSTs are MGST1,
MGST2 and MGST3 (Nebert and Vasiliou 2004). The third type is insoluble
microsomal GST is referred to as membrane-associated enzyme involved in
eicosanoid and glutathione metabolism (MAPEG) (Hayes, Flanagan et al. 2005,
Isgor and Isgor 2011).
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Figure 1.9: Structural comparison of GST enzyme (Fritz-Wolf, Becker et al. 2003)

Figure 1.10: The ribbon diagrams for the crystal structures of human GSTs
complexed with GSH and inhibitors (Isgor and Isgor 2011).

1.5.5 The Aim of the Study:
The main objective of this present study is to evaluate the effects of diltiazem and
verapamil hydrochloride on antioxidant enzymes SOD, CAT, GPx and GST. To
accomplish such goal, early aim of this study is to determine the solubility and
stability of drugs to provide suitable solvent and storage conditions required for
biochemical analysis of drugs on enzyme targets.
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CHAPTER 2

MATERIALS AND METHODS

2.1 Materials and Instrumentations:
Diltiazem 30 mg (Diltiazem hydrochloride, 30 mg tablet, Mustafa Nevzat
Pharmaceutical Company, Turkey). Isoptin 40 mg (Verapamil hydrochloride, 40mg
film-coated tablet, Abbott, USA-Turkey). Diltiazem 30 mg and Isoptin 40 mg tablet
drugs used in this study are commercially available and were obtained from
pharmacies at Ankara, Turkey. Methanol, Ethanol, Acetone, Mono potassium
Phosphate and Di potassium phosphate (Riedel dehaen, Germany),
Catalase, Superoxide dismutase, Dichlorohydroxy Benzene Sulfonic Acid (DHBS),
Xanthine, Ethylene Diamine Tetra acetic acid Disodium Salt Dihydrate (EDTA),
Reduced form of Glutathione, Glutathione Peroxidase and Glutathione Reductase
(Sigma-Aldrich). Horse Reddish Peroxidase (HRP), 4-Amino Antipyrine (AP), tertButyl hydroperoxide, 70% Solution in water and Sodium Azide NaN3 (Acros,
Germany). Nitro Blue Tetrazolium Chloride (NBT) (Thermo), Xanthine Oxidase
(Calbiochem), Bovine serum albumin (BSA), Sodium carbonate and bicarbonate salt
(Merck), Nicotinamide adenine dinucleotide phosphate reduced tetrasodium
trihydrate (NADPH) (GERBU), Hydrogen Peroxide (H2O2), 1-Chloro-2,4Dinitrobenzene (CDNB) (Fluka), Bovine liver cytosol was extracted in our
laboratory from the bovine liver was brought from slaughter house in Kazan-Ankara.
All spectroscopic measurements were carried out by T80 UV/VIS Spectrophotometer
double beam optical system with fixed bandwidth. 190-1100 nm. The enzyme
activities were performed by a Multi-mode microplate reader (Molecular Devices
Spectramax M2).
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2.2 Methods:
2.2.1 Preparation of Standard Drug Samples:
At the beginning, both drugs have dissolved in two different solvents (Distilled water
and Methanol) to compare the difference of the solubility of drugs in the solvents.
Distilled water was the best solvent for both drugs, depending on the results of
solubility that carried out by measuring the concentrations of the both solutions
spectrophotometrically. In addition, for enzymatic activity analysis, water is better
than other solvents because they do not strip the essential water from enzymes and
the enzymatic activity greatly increase upon an increase in the water content in the
solvents (Zaks and Klibanov 1988).

2.2.1.1 Drug Extracts:
After weighing and grinding of the tablets, powdered drug was dissolved in distilled
water with 100 mM potassium phosphate buffer at pH 6.2. The standard stock
solutions of both drugs were (1g/L) prepared by dissolving one tablet of each drug in
distilled water. Then to the aqueous solutions of each, 5ml of potassium phosphate
buffer was added to improve the solubility and stability of the drugs. The pH of the
buffer was 6.2 for diltiazem and 7.2 for verapamil (Tiwari and Vidyasagar ,
Mendonça, Barros et al. 2011).
2.2.1.2 Determination of λmax of Drugs:
Determination of drug solubility and stability, the analyses have carried out using
UV spectrophotometer (Figure 2.1) by obtaining spectrum between 200-1000 nm
range of wavelength, then measuring the absorbance of the solutions at maximum
absorbing wavelengths of drugs in accordance with available literature (Kamath,
Shivram et al. 1993).
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Here, the stock solution (1g/L) was 20 fold diluted with distilled water and phosphate
buffer. Then the solution was scanned in the range of 200-1000 nm against
water/phosphate buffer mixture as a blank to determine the λmax.
The serial dilutions used in enzyme assays at 1:3 ratios starting from standard stock
solution 1g/L to 0.00137g/L as showed in Table 2.

Figure 2.1: UV/VIS Spectrophotometer Double Beam Optical System
Table 2: Concentrations range of diltiazem and verapamil stock solutions that used
in enzyme assays
Dilutions

Stock Drugs Concentrations
(g/L)

1

1.000

2

0.333

3

0.111

4

0.0370

5

0.0123

6

0.004115

7

0.00137
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2.2.2 Enzyme Assays:
2.2.2.1 Superoxide Dismutase (SOD) Assay
The determination of SOD activity depends on the inhibition of nitroblue tetrazolium
(NBT) reduction by using previously published method (Isgor, Isgor et al. 2013).
Due to the activity of superoxide radicals with NBT, the amount of reduced NBT that
forming a blue colored Formazan dye was measured at 560nm. The reagents and
assay buffer mixture in this assay was explained in Table 3.
For each well of the microplate, 213µL of assay mixture mixed with 15 µL of drug
with dilutions, then 10µL of SOD (60 U/ml) and 42µL of deionized water (DDW)
was added to this mixture. Then the mixture incubated at dark for 2 minutes. Then 20
µL of XOD (0.5 U/ml) was added and immediately absorbance at 550nm was
recorded. In the control wells, 15 µL of DDW was added as drugs controls.
Table 3: The reagents mixture used in SOD assay
Reagents
Assay Buffer

Amount to added
per well (µL)
213µL

Drug

15 µL

SOD

10µL

Details
3µL of NBT,25mM,
150 µL of xanthine,0.3 mM
75 µL of 200 mM sodium
carbonate buffer with 10 mM
EDTA pH 10
From drug serial dilutions
60 U/ml

Incubation for 2 minutes.
Deionized water(DDW)

42µL

180ohm,22micron filtered

XOD

20µL

0.5U/mL

Control was without drug; DDW was added instead of the drug.
Read the absorbance at 550nm.
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The drug dilutions were prepared by serial dilutions from drug stock (1g/L) at 1:3
ratios, and the final drug concentrations in SOD assay for each dilution is given in
Table 4, where the dilution factor (DF) from stock to assay was 20.
Table 4: Concentrations of Diltiazem and Verapamil solutions that used in SOD
assay
Drugs Concentrations (stock)
(g/L)

Final Drug Concentrations in SOD
Assay (mg/L)

1.000
0.333
0.111
0.0370
0.0123
0.004115
0.00137

50.00
16.00
5.55
1.85
0.62
0.2
0.07

Dilutions

1
2
3
4
5
6
7

2.2.2.2 Catalase (CAT) Assay
CAT activity was measured indirectly by determining the remaining of hydrogen
peroxide (H2O2) from CAT catalysis. To perform that, the CAT activity was stopped
by the addition of sodium azide. Determination of the remaining of H2O2
concentration was performed by another enzyme horse reddish peroxidase (HRP).
HRP Here, the product that will react with a complex with chromogen mixture to
form red quinoneimine dye and change in color formation was measured at 520 nm
(Fossati, Romon et al. 1980, Aebi 1984). The assay performed here was optimized
and miniaturized for microplate applications (İşgör, İşcan et al. 2008). In this assay,
after the reaction mixture prepared and incubated for 2 minutes, 50 µL of sodium
azide (15 mM) was added to stop the CAT activity, and further incubated for 5
minutes. According to miniaturized protocol, 5 µL from each wells were taken and
transferred to following columns of microplates. For each dose, 225 µL of
Chromogen containing HRP was added and again incubated for 40 minutes before
reading the absorbance at 520nm as explained below in Table 5.
Each 5ml of chromogen contain three different compounds: 1)1ml of 4 AP,1.25 mM;
2)1ml of DHBS, 10 mM; and 3) 3ml of KP buffer 150mM, pH: 7.0
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For each 5ml of chromogen, 5 µL of horse reddish peroxidase (HRP) was required to
react with the remaining H2O2 from the CAT assay performed in previous step.
Table 5: The reagents mixture used in CAT assay
Reagents
Assay Mixture

Amount per
well (µL)
100µL

Details
4 µL drug serial dilutions or control*
20 µL 100U/ml CAT
50 µL H2O2 10 mM
26 µL KP buffer 50mM
Incubation for 2 minutes.
CAT Inhibitor
50 µL
Sodium azide, 15 mM
Incubation for 5 minutes
for 5 µL of the above mixture 225 µL of chromogen was added.
Chromogen
225 µL
45 µL of 4 AP,1.25 mM,
45 µL DHBS, 10 mM
135 µL KP buffer,150 mM, pH 7
For each 5 mL of chromogen, 5 µL of HRP was added.
Incubation for 40 minutes and read at 520 nm
*4 µL of phosphate buffer as drug control
Serial dilutions of drugs solutions used in this assay were 1:3 ratio from standard
stock solution 1g/L, and the final drug concentration of each dilution was obtained
with 25 fold (DF) further dilutions as shown in Table 6.

Table 6: Concentrations of Diltiazem and Verapamil used in CAT assay
Dilutions
1
2
3
4
5
6
7

Stock Drugs Concentrations
(g/L)
1.000
0.333
0.111
0.0370
0.0123
0.004115
0.00137
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Final Drugs Concentrations in
CAT Assay (mg/L)

40.00
13.33
4.44
1.48
0.494
0.165
0.055

2.2.2.3 Glutathione Peroxidase (GPx) Assay
The GPX activity was measured at 340 nm by following the decrease in the
absorbance of NADPH. The substrate t-BuOOH was converted to water while GSH
was oxidized to GSSG in the presence of GPx. The product GSSG was used as a
substrate by GR and converted back to GSH while oxidizing the NADPH to NADP+.
The assay was performed as explained in Table 7. the serial dilutions of drugs
solutions used in this assay and the final drug concentration of each dilution was
obtained with 25 fold (DF) further dilutions under assay conditions are given in
Table 8.
Table 7: The reagents mixture used in GPx assay
Reagents
GPx
Drug
Assay
mixture

Amount per
well (µL)
42µL
8 µL
30 µL

Details

0.25 U/mL
From drug serial dilutions
20 µL of GSH 20mM
5 µL of GR 20 U/mL
5 µL of NADPH 10Mm
Substrate
120 µL
2 µL of t-BuOOH 30mM
buffer
118 µL of (Tris HCl,50mM pH 8 with EDTA 0.5 mM)
*8µL of phosphate buffer as drug control.
* Read the absorbance at 340 nm.

Table 8: Concentrations of Diltiazem and Verapamil used in GPx assay
Dilutions

Stock Drugs Concentrations
(g/L)

Final Drugs Concentrations in
GPx Assay (mg/L)

1

1.000

40.00

2

0.333

13.33

3

0.111

4.44

4

0.0370

1.48

5

0.0123

0.494

6

0.004115

0.165

7

0.00137

0.055
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2.2.2.4 Glutathione-S-Transferase (GST) Assay
In this assay, the GST activity was measured by determining GS-DNB conjugate of
CDNB with GSH (Habig, Pabst et al. 1974), with using miniaturized protocol (Isgor
and Isgor 2011). Here, cytosol was used as GST source which extracted from bovine
liver at Atilim University. As shown in Table 9, 12 µL of different drug
concentrations added to the solution containing Phosphate buffer and cytosol, and to
this assay buffer containing 100 mM phosphate buffer, 200 mM GSH and 50 mM
CDNB was added. The absorbance change was followed at 340 nm as explained in
Table 10.
Table 9: Concentrations of Diltiazem and Verapamil used in GST assay
Dilutions

Stock Drugs Concentrations
(g/L)

Final Drugs Concentrations in
GST Assay (mg/L)

1

1.000

48.00

2

0.333

15.90

3

0.111

5.320

4

0.0370

1.780

5

0.0123

0.5926

6

0.004115

0.1975

7

0.00137

0.0657

Table 10: The reagents mixture used in GST assay
Reagents
Drug
Phosphate buffer
Cytosol
Assay buffer

Amount
per well
(µL)
12 µL
30 µL
8 µL
200 µL

Details

From drug serial dilutions
200 mM pH 6.5
Source of GST
184 µL of KP buffer
100 mM pH 6.5
4 µL of GSH 200 mM
12 µL of CDNB 50 mM
Read the absorbance at 340 nm
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The inhibitions of the enzymes in the presence of drugs were calculated by using
drug dose response curves obtained from enzyme assays. The inhibition against
enzyme was calculated as 50 % inhibitory concentration, or IC50 value, which is
defined as drug concentration that exerts 50 % inhibition on enzyme activity.
All enzyme assays in this work were performed in 96 well microplates, Spectramax
M2e (Figure 2.2-A), Multi-Mode Microplate Reader (Molecular Devices
Corporation, Sunnyvale, CA,USA) in 96 well microplates. IC50 values were obtained
by nonlinear regression analysis, with sigmoidal dose–response 4-parameter logistic
equation, GraphPad Prism version 4.0 for Windows (Figure 2.2-B), GraphPad
Software, San Diego, CA, USA. The selected pictures of a few microplates used in
assays were given in Figure 2.3.

Figure 2.2: A) Multi-Mode Microplate Reader (Molecular Devices Spectramax M2).
B) GraphPad Prism version 4.0 for Windows.

Figure 2.3: 96 well microplates that are used for A) SOD, B) CAT, C) GPx and D)
GST assays.
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CHAPTER 3
RESULTS AND DISCUSSION
3.1 Determination of λmax
The dilute solutions of both drugs (0.05 g/L) were scanned in the range of 190-1000
nm initially, and then the best scanning range was determined as 190-300 nm. The
dilutions were scanned in the range of 190–400 nm against distilled water/ phosphate
buffer as blank. The max absorbances, λmax of diltiazem was found as 236nm and for
verapamil as 278nm and the scan spectrum are given in Figure 3.1 and Figure 3.2.

Figure 3.1: The max absorbance, λmax of Diltiazem hydrochloride solution.

Figure 3.2: The max absorbance, λmax of Verapamil hydrochloride solution.
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3.2 Determination of the solvent for drug dilutions suitable for enzyme assays.
3.2.1 Solubility of Diltiazem and Verapamil in Water and Methanol
After λmax of each drug was determined, the solubility measurements of drugs were
performed. The absorbance is unique for a drug at certain λmax, and this is directly
proportional to the drug portion dissolved in the solvent. Therefore the observed
change in the drug concentration in different solvents can be compared with respect
to their absorbance at the same λmax (Kuntawar and Mulgund 2014). The results are
given in Figure 3.3 and Figure 3.4 shows how diltiazem and verapamil are more
soluble in distilled water than methanol.

Figure 3.3: Solubility of Diltiazem in water and methanol.

The differences in the absorbance and the shape of peaks between two different
solvents: water and methanol with diltiazem were clear as shown in Figure 3.3, but
not for verapamil (Figure 3.4). Since the peaks were not clearly visible for verapamil,
the insert is given in Figure 3.4 to show the difference in λ max of drug in water and
methanol.
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Figure 3.4: Solubility of Verapamil in water and methanol.
3.2.2 Solubility of Diltiazem and Verapamil in Water and Phosphate Buffer
There are several techniques used in this field to improve the solubility of the drugs,
and commonly one of them is the pH control by using suitable buffers (Devarakonda,
Otto et al. 2007). In accordance of this approach, here, the results showed diltiazem
and verapamil are more soluble in phosphate buffer (100mM) than distilled water
(Figure 3.5 and 3.6). The insert given in Figure 3.6 shows the difference in λ max of
verapamil in water and buffer.

Figure 3.5: Solubility of Diltiazem in water and in phosphate buffer.
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Figure 3.6: Solubility of Verapamil in water and in phosphate buffer.
3.2.3 Solubility of Diltiazem and Verapamil in Phosphate Buffer at pH 6.2
and 7.2
The solubility of many compounds depends strongly on the pH of the solution (Din,
Mukerjee et al. 1993). For that reason, in this work we made a comparison between
two different pH of phosphate buffer (6.2 and 7.2) and the results showed the
difference in solubility between two different ranges of pH for diltiazem (Figure 3.7)
and for verapamil (Figure 3.8). The results showed that at pH 6.2 both drugs were
more soluble than 7.2.

Figure 3.7: Solubility of Diltiazem in phosphate buffer at pH 6.2 and 7.2
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Figure 3.8: Solubility of Verapamil in phosphate buffer at pH 6.2 and 7.2
3.3 Stability Results of Diltiazem and Verapamil Solutions
Stability measurements were done with diltiazem and verapamil at a concentration of
0.05 g/L. The samples were stored at +4°C, and the stability was followed by
spectroscopic measurements for more than seven weeks and only 49 days of data is
presented here due to no change after that day. During that time both drugs were
stable and there was no significant change in the absorbance of the drugs or their full
spectra in the range of 190-300 nm. The results for diltiazem are given in Figure 3.9
and Figure 3.10, and for verapamil in Figure 3.11 and Figure 3.12.

Figure 3.9: Stability spectra for Diltiazem in phosphate buffer at pH 6.2
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Figure 3.10: 3D presentation for the stability of diltiazem in phosphate buffer at pH
6.2

Figure 3.11: Stability spectra for verapamil in phosphate buffer at pH 6.2

Figure 3.12: 3D presentation for the stability of verapamil in phosphate buffer at pH
6.2
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3.4 Results of the Enzyme Assays:
3.4.1 Results for the Effect of Drugs on SOD Activity
As mentioned before under methods, determination of SOD activity depends on the
determination of nitroblue tetrazolium (NBT) reduction, which formed a blue colored
formazan and measured at 560nm. The formazan dye formation is reduced with
respect to increase in SOD activity. Basically, SOD catalyzes the dismutation of
superoxide radicals (O2•–) to produce H2O2 and molecular oxygen (O2), where XOD
converts xanthine and O2 to uric acid and H2O2. The produced superoxide ions, then,
converts tetrazolium salt into a formazan dye, and this is the mechanism of action of
SOD as given in Figure 3.13 to lower the rate of formazan dye formation due to the
presence of superoxide anions. Therefore, the simple method to determine the change
in SOD activity is by measuring the percent inhibition of the formazan dye formation
with respect to control where no drug is present (Sun, Oberley et al. 1988)

Figure 3.13: SOD inhibition mechanism (Protocol 2010).
The commercially available SOD was used in the assay with seven different
concentrations of drugs as mentioned under methods, and details were given in Table
3 and Table 4. Diltiazem resulted in almost 100% inhibition with the dilutions used
throughout this study. As given in Figure 3.14, the estimated dose to inhibit SOD is
0.00485mg/L with respect to control. Since almost linear inhibition dose-response
curve observed, the result is no activation but total inhibition of the enzyme.
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Figure 3.14: Effect of diltiazem on SOD with respect to control.
For verapamil, the SOD activation was also observed but in a dose-dependent
manner, where the changes in activity was analyzed within the same concentration
range used in assay. As shown in Figure 3.15, at the highest concentration of
verapamil, minimum inhibition was determined which approximately 10%, and at
the lowest dose of the drug almost 90% SOD inhibition was observed. Such behavior
of drug is explained as activation based on dose-response graph given in Figure 3.15.
Here, the 50% enzyme activation was exerted by verapamil with the observed value
of 0.0106 mg/L.

Figure 3.15: Effect of verapamil on SOD with respect to control.
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3.4.2 Results for the Effect of Drugs on CAT Activity
The CAT activity was measured by the miniaturized protocol using hydrogen
peroxide substrate, in potassium phosphate buffer. The change in CAT activity was
monitored at 520 nm, after addition of chromogen solution supplemented with HRP.
Determination of CAT activity in this assay was done indirectly by measuring the
remaining H2O2 after the CAT activity was stopped by the addition of sodium azide.
The mechanism of action of CAT to decompose the hydrogen peroxide is shown in
-Phase and the mechanism of azide to stop the action of CAT is shown in β-Phase
reaction as given in Figure 3.16 (Aksoy, Balk et al. 2005) and the overall reaction
steps are as following:

Figure 3.16: Reaction of human catalase with hydrogen peroxide and azide (Aksoy,
Balk et al. 2005).
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Diltiazem resulted in no actual inhibition on CAT activity, such that the overall
inhibition observed were not exceeding 5%, as shown in Figure 3.17. The calculated
IC50 value was 0.05253 mg/L and an estimated value, not the actual one. Therefore,
no actual inhibition was found for diltiazem on CAT enzyme under the experimental
conditions. For verapamil, inhibition of CAT activity was observed in dosedependent manner. However at the highest drug concentration, the maximum
inhibitory effect was less than 20% with respect to control. The calculated IC50 value
was 3.15×10-4 mg/L, and no actual inhibition was reported as shown in Figure 3.18.

Figure 3.17: Effect of diltiazem CAT activity with respect to control.

Figure 3.18: Effect of verapamil on CAT with respect to control.
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3.4.3 Results for the Effect of Drugs on GPx Activity
In this assay 0.25U/mL of GPx enzyme supplied from Sigma-Aldrich mixed with
seven different concentrations as the reaction mixture mentioned in Table 8 under
methods. The determination of GPx activity depends on glutathione reductase (GR)
by reading the absorbance of its oxidation reaction of NADPH to NADP+ at 340nm.
Figure 3.19 below explain the mechanism of action of this assay and interconversion
of glutathione in its reduced form (GSH) and oxidized form (GSSG) by the action of
glutathione oxidase (GOx), glutathione reductase, and glutathione peroxidase
enzymes (Nimse and Pal 2015), as given in Figure 3.19.

Figure 3.19: Interconversion of GSH to GSSG by the action of GOx, GR, and GPX.
The effect of diltiazem on GPx is shown in Figure 3.20, where the maximum
inhibitory effect was 90% with the IC50 value of 54.08×10-5 mg/L. The effect of
verapamil on GPx with verapamil is given in Figure 3.21, where the maximum
inhibition was observed more than 100%, with the IC50 value of 2.39×10-3 mg/L.
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Figure 3.20: Effect of diltiazem on GPx with respect to control.

Figure 3.21: Effect of verapamil on GPx with respect to control.

The IC50 value for diltiazem against GPX target was 4.5 fold lower than that of
verapamil due to the steeper shape of the dose-response curve for diltiazem obtained
from the experiments, in comparing with verapamil.
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3.4.4 Results for the Effect of Drugs on GST Activity
GST acts by catalyzing the conjugation of GSH into GS-CDNB by the thiol group of
glutathione.
GSH + CDNB

GS-DNB conjugate+ HCl

GST

The effect of diltiazem on GST activity is given in Figure 3.22, the maximum
inhibition observed was 22% with respect to control, with the IC50 value of 1.6×10-4
mg/L. For verapamil, not the inhibition but the activation was observed in a dosedependent manner, where the changes in activity were analyzed within the same
concentration range used in assay, as given in Figure 3.23. For verapamil, therefore,
the maximum inhibitory effect was about 100% as a percent of inhibition at the
lowest concentration with respect to control, and the drug concentration that exert
50% activation was calculated as 38.05×10-5 mg/L.

Figure 3.22: Effect of diltiazem on GST with respect to control.
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Figure 3.23: Effect of verapamil on GST with respect to control.
The overall behavior of drugs on enzymes under study is summarized in Table.11,
where the % inhibition or activation results are shown. The inhibition tendencies at
highest drug dose are given for those having the inhibitory effect, and in parentheses
the results are given for drugs which have less or no effect on enzymes.
Table 11: Overall enzymes activity results with diltiazem and verapamil.
Enzymes

Diltiazem
hydrochloride

Verapamil
hydrochloride

SOD

Inhibition
(100 % inhibition)

Activation in a dosedependent manner

CAT

NO significant effect
(5% inhibition)

NO significant effect
(20% inhibition)

GPx

90 % inhibition

110 % inhibition

GST

22 % inhibition

Activation in a dosedependent manner
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Assay Details
Depends on the
Formazan dye
formation
Depends on
remaining H2O2
Depends on
NADPH formation
Depends on GSCDNB formation

DISCUSSION

In this study, to analyze the total effect of diltiazem and verapamil on antioxidant
enzymes, namely SOD, CAT, GPx and GST, initially the solubility and stability of
drugs were determined to provide suitable solvent and storage conditions that are
required for enzyme assays.
According to the Beer-Lambert Law (McNaught and McNaught 1997), the
absorbance of a molecule is directly proportional to its concentration, and such
relationship is linear. Therefore, at the wavelength where the maximum absorption
was observed for each drug solution (Kamath, Shivram et al. 1993, Kuntawar and
Mulgund 2014), so called λ max, the drug solubility and stability was also observed at
that wavelength for a certain time period. For diltiazem, λmax was found as 236 nm in
water (Figure 3.1). Except one study (Shafi, Siddiqui et al. 2013), where λ max
reported as 240 nm in Buffer : MeOH : ACN (50 : 25 : 25), our result was consistent
with all available data in the literature (Junyaprasert and Manwiwattanakul 2008,
Mendonça, Barros et al. 2011).
For verapamil, λmax was observed at 278 nm (Figure 3.2), and this result was also
consistent with current literature (Kulkarni, Dwivedi et al. 1997, Dimitrov and
Lambov 1999, Streubel, Siepmann et al. 2000).
For solubility, diltiazem was found more soluble in water with respect to methanol.
Then, it was also found highly soluble in phosphate buffer. Moreover, the
comparison for solubility in between buffer and methanol was found unnecessary;
since diltiazem was more soluble in buffer than water. When compare the pH of the
buffer used to dissolve diltiazem it was clear that drug is more soluble in mild acidic
conditions (pH 6.2) then neutral (pH 7.2), as consistent with literature (Kuntawar and
Mulgund 2014).
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Similar results were also observed with verapamil; however the solubility was not
improved as much with the use of buffer or water when compared to diltiazem.
Since drug were more soluble in 100 mM phosphate buffer at pH 6.2, the stability
analysis was performed with that buffer, and it was found that drugs were stable for
more than seven weeks at +4C°as mentioned under results (Figure 3.9 and 3.11).
In the second part of this work, the aim was to evaluate the effect of CCBs on
antioxidant enzymes activities, until today there is no such study to our knowledge,
for the first time in the literature.
The literature about this field, there have different and contradictory results to each
other's, some of these studies showed positive association between CCBs drugs and
risk of cancer - CCBs drug increase risk of cancer (Pahor, Guralnik et al. 1996, Jick,
Jick et al. 1997, Olsen, Sørensen et al. 1997, Li, Daling et al. 2013, Li, Shi et al.
2014, Huang, Poole et al. 2016). And the other results did not suggest any
association between long use of CCBs and risk of cancer, especially breast cancer
(Meier, Derby et al. 2000, Chen, Malone et al. 2015, Chang, Chiang et al. 2016,
Grimaldi-Bensouda, Klungel et al. 2016). Moreover all of above studies were in vivo
statistical studies, without biological or biochemical researches, that is no enzymes
were used as direct biological targets of drugs.
In the literature there is no significant effect of CCBs on SOD or CAT were reported
when they analyzed blood samples of patients under therapy with (Yamada, Yokota
et al. 1990, Sugawara, Tobise et al. 1994, Wu, Qiao et al. 2007). Moreover, in studies
on fertility and use of CCBs, it was shown that CCBs, such as diltiazem, nifedipine
and verapamil, cause significant oxidative stress in male rats (Morakinyo, Iranloye et
al. 2011). Such oxidative stress was reported to result in the decrease of CAT, SOD
and GR activities in circulation. In contrary to this study, it was reported (Ali, AlSwayeh et al. 1996) that diltiazem and verapamil are the inhibitors of superoxide
formation.
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Generally, we have discussed the overall resulted effect of diltiazem and verapamil
on antioxidant defense enzymes in this study and their relation to cancer
development or their role on the chemotherapeutic drug efficacy.
The inhibitory effect of diltiazem on the antioxidant enzymes may be advantages to
use this antihypertensive drug with patient under chemotherapy treatments or anticancer drug especially whose cancer cell developed resistance to chemotherapy.
For verapamil, the result gives a disadvantage to using it together with the anticancer
drug or chemotherapy treatment. But it will be better to use this drug with patient
who has family history of cancer disease
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CONCLUSION

The both drugs extracted from tablets have highest solubility with potassium
phosphate buffer (KP, 100 mM, pH 6.2) as compatible with available literature, and
drug dilutions were stable for 49 days at +4ºC.
Both drugs, diltiazem and verapamil, showed different effects on antioxidant
enzymes activities. Diltiazem exerted inhibition on SOD activity with linear
tendency around 100%, with all serially diluted concentrations tested. However,
verapamil appears to cause activation up to 90% in a dose dependent manner. The
inhibition of GST activity was observed by diltiazem but it did not exceed 22%. On
the contrary, Verapamil caused activation of GST up to 100% in a dose dependent
manner. Both diltiazem and verapamil exerted GPX inhibition in a dose dependent
manner, where almost 100% inhibition was observed at highest doses of the drugs.
On the other hand, on CAT there was no significant effect by both drugs, such that
no inhibition by diltiazem but less than 20% by verapamil was observed. Therefore
we conclude that Diltiazem inhibits the antioxidant enzymes, whereas Verapamil
generally increases or has no effects on the enzymes evaluated here. Considering
their overall effects, diltiazem can be suggested for use in chemotherapy protocols
with possible hypertension, angina pectoris or similar cardiovascular diseases.
However, use of verapamil during or sequentially after the chemotherapy protocol
concluded to cause possible risks, due to its effects on drug metabolizing and
antioxidant defense system enzymes.
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