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ABSRACT

THE BIOCHEMICAL ANALYSIS OF SELECTIVE AND NONSELECTIVE ADRENERGIC RECEPTOR INHIBITORS: PROPRANOLOL AND
METOPROLOL

MUNA M.ABOUBAKAR FARAJ
M.SC., Department of Chemical Engineering and Applied Chemistry
Supervisor: Doç.Dr. S. Belgin İŞGÖR
Co-Supervisor: Assoc. Prof. Dr. Yasemin İŞGÖR
July 2017, 49 pages

The objective of the study is to predict the medical purposes of beta-blocker
drugs beside to their antihypertensive action, by evaluating their effects on antioxidant
defense enzymes. In order to accomplish this aim, firstly propranolol hydrochloride and
metoprolol tartrate solubility and stability was performed using UV spectrum of drugs
measured at maximum wavelengths of 290nm and 275nm, respectively. Then, their
effects on the activity of antioxidant enzymes were studied for the first time with
commercially available or isolated enzyme targets. Antioxidant effects of beta-blocker
drugs were analyzed by measuring the changes on the activity of antioxidant enzymes;
glutathione-S-transferase (GST), superoxide dismutase (SOD), catalase (CAT) and
glutathione peroxidase (GPx) upon exposure to various concentrations of drugs. The
results have shown that the stability of propranolol hydrochloride in water, as best
solvent, was up to one month when stored at -200C. Metaprolol was injectable, ready for
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use form, so no stability testing required. The enzyme assays showed that the inhibitory
effects of propranolol and metoprolol on superoxide dismutase (SOD) were about 100%,
the effect on glutathione peroxidase (GPx) activities were about 80% with IC50 of
0.0052g/L for propranolol and 90% with IC50 of 0.00072g/L for metoprolol. The
inhibitory effects of both drugs on glutathione-S-transferase (GST) enzyme activity were
less than 20%, however, no inhibitory effects were observed on catalase (CAT) enzyme
activity.

Keywords: Beta-Blocker Drugs, Antioxidant Enzymes, Glutathione-S-Transferase,
Superoxide Dismutase, Catalase, Glutathione Peroxidase
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ӦZ

SEÇİCİ VE SEÇİCİ OLMAYAN  ADRENERGIC RECEPTOR
INHİBİTÖRLERİ: PROPRANOLOL VE METOPROLOL’UN
BİYOKİŞMYASAL ANALİZİ

MUNA M.ABOUBAKAR FARAJ
Yüksek Lisans., Kimya Mühendisliği ve Uygulamalı Kimya Bölümü
Supervisor: Assoc.Dr. S. Belgin İŞGÖR
Co-Supervisor: Assoc. Prof. Dr. Yasemin İŞGÖR
Temmuz, 2017, 49 sayfa

Bu çalışmanın amacı, beta bloker ilaçların antihipertansif etkilerinden başka tıbbi
amaçlarının olup olmadığının antioksidan savunma enzimlerine olan etkilerinin
incelenmesiyle tespitidir. Bu amacı gerçekleştirebilmek için propranolol hidroklörür ve
metoprolol tartarat ilaçlarının öncelikle çözünürlük ve kararlılıkları kızıl ötesi
spektrumda en yüksek absorpsiyon yaptıkları dalga boyları olan sırasıyla 290nm ve
275nm de ölçümlenerek çalışılmıştır. Sonrasında, literatürde ilk defa, bu ilaçların
antioksidan enzimler üzerine olan etkileri piyasada bulunan veya izole edilmiş saf
enzimler kullanılarak çalışılmıştır. Beta bloker ilaçların farklı dozlarına maruz
kalındığında Glutatyon-S-Transferaz (GST), Süperoksit Dismutaz (SOD), Katalaz
(CAT) ve Glutatyon Peroksidaz (GPx) enzim aktivitelerindeki değişimlerin ölçülmesi ile
antioksidan etkileri belirlenmiştir.
v

Sonuçlar göstermiştir ki propranolol en iyi çözgeni olan suda, -20C’de, bir aya
kadar kararlılığını korumuştur. Metoprolol enjeksiyon formunda kullanıma hazır
olduğundan kararlılık testine ihtiyaç duyulmamıştır. Enzim analizlerine göre propranolol
ve metoprolol’ün en yüksek dozlarında %100 SOD inhibisyonu olduğu, GPx
inhibisyonunun sırasıyla %80 (IC50: 0.0052g/L), % 90 (IC50 0.00072g/L) olduğu
gösterilmiştir. Bu iki ilacın GST üzerine olan inhibisyon etkisinin 20% dan az olduğu,
buna rağmen CAT aktivitesi üzerine hiçbir inhibitör etkinin olmadığı gözlenmiştir.

Anahtar Kelimeler: Beta bloker ilaçlar, Antioksidan enzimler, Glutatyon-S-Transferaz,
Süperoksit Dismutaz, Katalaz, Glutatyon Peroksidaz.
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CHAPER 1
INTRODUCTION

Most of the modern drugs target particular molecules treating a disease at the
molecular level, but some of these drugs have a new task for other diseases. Researchers
claimed that drugs approved for one disease could successfully treat another considering
a common phrase “old drugs new trick” (Collin Francis, 2012).
A good case at point is Aspirin; recent studies have shown that aspirin helps in
lowering the risk of heart attacks by 47% in some men who had never previously
suffered attacks, strokes or other serious illness, in addition to its original function as
anticlotting agent (Ashburn TT, 2004). There are other examples for this common multipurpose use like antihistamines, nonsteroidal anti-inflammatory drugs (NSAIDS),
antihypertensive drugs and others.
One of the most common antihypertensive drugs is beta-blockers; beta-blockers are
commonly utilized for the treatment of high blood pressure (hypertension) and anxiety,
also recognized as beta-adrenergic blocking agents which work to block the effect of
hormones epinephrine and also to improve blood flow by helping blood vessels open up
(Cruickshank JM., 2010). Recently there are many researches mentioned that betablockers have another antitumor effect besides to their medical use as hypotensive
agents (Masur K, 2001).
There are many types of beta-blocker drugs, propranolol hydrochloride and
metoprolol tartrate are commonly used beta-adrenergic blocking drugs which were
chosen in our study, these drugs decrease high blood pressure
mechanisms.
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but with different

1.1 Propranolol Hydrochloride
It is a drug of the beta blocker type with IUPAC name of (RS)-1-{(1-methylethyl)
amino}-3-(1-naphthalenyloxy)-propran-2-ol.HCL,

the

molecular

formula

for

propranolol HCL is (C16H21NO2.HCL) with 295.809 g/mole molecular weight and 31898-9 CAS number (Figure 1.1).

It can be taken orally or by injection into vein.

Propranolol circulates in the blood after 30 minute and has maximum effect over 90
minute when given orally. Familiar side effects including changing in sex drive or
performance, diarrhoea, dry eyes, hair loss, nausea, and weakness.

Figure1.1: chemical structure of propranolol hydrochloride (Erran SV, 1994))
James W. Black has developed propranolol in the 60s and in 1988; he was granted
the Nobel Prize for this discovery. Propranolol is a non-selective beta blocker which
prevents the action of epinephrine and norepinephrine on both 1and 2 adrenergic
receptors. It has less intrinsic sympathomimetic action, but has powerful membrane
stabilizing activity only at high blood concentrations (e.g. over dosage).
Inderal is the trade name of this drug which is utilized to treat high blood pressure,
angina pectoris, myocardial infarction, performance anxiety and essential tremors. It is
soluble in water 50%, in alcohols and in DMSO. It also dissolved in a combination of
water and methanol (1:1) by adding water first then methanol. In 2015, an experiment in
women with epithelial ovarian cancer showed that the intake of a non-selective Bblocker was related with a longer survival in comparison with no beta-blocker or β1selective. Currently, this study conducted at the M.D. Anderson Cancer Centre (Sood
K.et al, 2015) to examine the ability of a non-selective B-blocker with standard
2

chemotherapy (paclitaxel and carboplatin or possibly docetaxel) for the ovarian cancer
to be treated.
1.2 Metoprolol Tartrate:
Metoprolol Tartrate is a beta 1 selective blocking agent (cardio-selective) which acts
on the adrenergic receptors, it comes in designs that can be taken orally or by injection
(C15H25NO3)2. C4H6O6 (Figure 1.2) .The drug is often taken two times a day and also an
extended release form is found which taken once per day. Metoprolol may be combined
with diuretic “hydrochlorothiazide” in a tablet. Its chemical name is (1(isopropylamino)-3-[p-(2-methoxyethyl) phenoxy]-2-propanol (2:1) dextro-tartrate salt),
with 684.824 g/mole molecular weight and 56392-17-7 CAS number, respectively. The
common commercially available drug’s trade name is Lopressor.

Figure 1.2: chemical structure of metoprolol tartrate (Chitlange S, 2008))
Metoprolol is used with or without other medicines to decrease high blood pressure,
to avoid strokes, heart attacks, and kidney complications. This treatment is also useful in
treating chest pain (angina) and improves survival after heart attack.

Drowsiness,

dizziness, tiredness, and slow heartbeat are known as adverse effects of the drug. This
drug may diminish blood stream towards hands and feet, causing them to fell cool.
Metoprolol was first made in 1969. It is on the List of Essential Medicines of World
Health Organization (WHO), the most significant drugs needed in a basic health system.
In 2013, Metoprolol was the 19th most recommended medicine in the United States.
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Metoprolol tartrate reduces the heart rate and cardiac output at rest and upon
exercise, also reduces the systolic blood pressure. It is also inhibits beta-2-adrenergic
receptors which mainly found in the bronchial and vascular musculature. This drug is
very soluble in water, easily soluble in methylene chloride, in chloroform, and in
alcohols. Its solubility in acetone is little, and it is insoluble in ether (Garg G, 2008).
1.3 Antioxidant protection system
Humans have evolved a complicated antioxidant protection and defence system. It
involves both endogenous and exogenous components, which synergistically acting to
neutralize free radicals.
A) Endogenous antioxidants


Bilirubin,



Thiols



NADPH and NADH,



Ubiquinone (coenzyme q10),



Uric acid,



Enzymes such as Glutathine-S-Transferase (GST), Glutathione Peroxidase (GPx),

( glutathiol, lipoic acid , N-actyl cysteine),

Superoxide Dismutase (SOD), and Catalase (CAT).
B) Exogenous dietary antioxidant


Vitamin (C,E),



Beta carotene and alternative carotenoid,



Polyphenols e.g. flavonoids.

C) Metal binding proteins


Copper binding proteins :
-Albumin
-Ceruloplasmin
-Metallothionein



Iron binding protein:
-Myoglobin
-Transferrin and ferritin.
4

1.3.1 Enzymes as Endogenous Antioxidant:
There are several enzyme systems that catalyse reactions to neutralize free radical
and reactive oxygen species. These form the body’s endogenous protection system to
defence the cell against free radical damages. To optimize their catalytic activity, co
factors are important, such as selenium, iron, copper, zinc, and manganese. It has been
proposed that an insufficient dietary intake of these trace minerals may reduce the
efficiency of these antioxidant resistance mechanisms.
Free radicals that either generated in the body during any normal metabolic
process, or introduced from the environment, are inherently unstable as they possess
lone pair of electrons and hence become highly reactive. They are capable of attacking
the healthy cells of the body, react with cellular molecules such as proteins, lipids, and
carbohydrates, denaturates them. As a result, vital cellular structure and function are
lost, which ultimately results in various pathological conditions. Such that, cellular
damages caused by free radicals appear to be the major contributor for aging and also for
various diseases including cancer, heart disease, and immune system disorders (Mark
Percival, 1998). xenobiotics, such as environmental pollutants and drugs, or endobiotics,
such as hormones are converted from lipid insoluble into water soluble substances by
the metabolic detoxification system in the body.The outcome of such process is the
formation of

less toxic molecules that can be easily excreted via kidneys.. These

defence systems consist of two phases, namely phase I and phase II detoxification
systems and composed of

metabolizing enzymes in which their activities lead to

biotransformation of xenobiotics.
Cytochrome p450, as part of Phase I biotransformation enzymes, convert
xenobiotics into hydrophilic metabolites which may bind to proteins and nucleic acid
causing denaturation. The resulting metabolites can be further combined with the
glutathione, called conjugation reaction, and this reaction is catalyzed by phase II
biotransformation enzymes which are known as Glutathione-S-transferases (GSTs).
GSTs are enzymes which convert phase I metabolites into more water soluble and less
toxic compounds to be eliminated and excreted through bile duct and kidneys.
Antioxidant enzymes are capable of stabilizing or deactivating free radicals before they
5

attack cellular components, they act by reducing the energy of the free radicals or by
giving up some of their electrons for its use, thereby causing it to become stable.

1.3.1.1 Glutathione-S- Transferase Enzyme:
Glutathione-S-transferase (GST; EC2.5.18) isoenzymes are naturally found in
various organisms like microbes, insects, animals and humans (Hayes and pulford,
1995). It is commonly abbreviated as GST, which refers to a group of enzymes that
utilize glutathione in various biotransformation reactions, to convert some compounds
such as therapeutic drugs, carcinogens, and molecules involved in oxidative stress.
Therefore, GSTs are considered, among several others, to contribute to the phase II
biotransformation of xenobiotics. Drugs, poisons, and other compounds not traditionally
listed in either group are usually somewhat modified by the phase I and/or phase II
mechanisms, and finally excreted from the body.

The GST family consists of three superfamilies (Boyland and Chasseaud, 1969 and
Mannervik, 1985) the cytosolic, mitochondrial, and microsomal – also known as
membrane-associated protein in eicosanoid and glutathione metabolism (MAPEGproteins).

Cytosolic GSTs can constitute up to 10% of cytosolic protein in mammalian organs
(Hayes and Pulford, 1995), which catalyse the conjugation of GSH- via sulfhydryl group
to electrophilic centers on a wide variety of substrates in order to make the compounds
more water soluble (Hayes Mclellan and , 1999; Mannervik 1986). Previously, GSTs
were known as ligandins; where they play an important role in catalysing different
reaction and accept xenobiotics and endogenous substrates in both eukaryotes and
prokaryotes.Glutathione is an essential metabolic compound that is produced in the liver
of humans and animals. Actually the major functions of GSTs are highly dependent on
constant supply of GSH which is from two synthetic enzymes glutathione synthetase and
gamma glutamylcysteine. This relationship is linked to other actions offered by defined
transporters that help in the removal of GSH conjugates from cells.
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Human cytosolic GSTs are alpha, zeta, theta, mu, pi, sigma, and omega classes,
while six isozymes belonging to classes I, II, and IV of the MAPEG superfamily are
known to exist (Ketterer et al., 1990). Cytosolic GST has two domains: C- and Nterminal domain, where C is characterized by α-helixes and N-domain by thioredoxin–
like domain characterized by βαβαββα topology (Figure 1.3).

Figure 1.3: The structure of Glutathione S-Transferase (Wolf K, Backer A et al., 2003)

Classes from the cytosolic superfamily of GSTs possess more than 40% sequence
homology; other classes may have less than 25%. Cytosolic GSTs are divided into 13
classes depending on structure: alpha, beta, delta, epsilon, zeta, theta, mu, nu, pi, sigma,
tau, phi, and omega. Mitochondrial GSTs are in class kappa, the MAPEG superfamily of
microsomal GSTs consists of subgroups designed I-IV, which less than 20% identity.

In chemotherapy, GST overexpression in tumours results in resistance to the
therapeutics that target DNA; causing problems to patients rather than benefits (Morrow
et al., 1998). Therefore, GST inhibition may provide a therapeutic benefit for such cases.
On Moreover, highly detailed studies show that GST plays a vital role in identifying the
cell sensitivity to a wide spectrum of harmful chemical.

7

1.3.1.2 Catalase (CAT) Enzyme:
Catalase (EC1.11.1.6, H2O2:H2 ,O2 oxidoreductase), which is also known as hydro
peroxidase, existed in almost all living organisms exposed to oxygen such as animal,
plants and bacteria. It is a tetramer of four polypeptide chain (Figure 1.4), every one up
to 500 amino acids long (KlotzM.G., Klassen G., 1997). Each subunit has one group of
ferriprotoporphyrin as a prosthetic group. The molecular mass of enzyme is 240 KDa
(Aebi HE., 1978). The optimum PH for human catalase is around 7 (Zamocky, M.,and
Koller, F 1999). and differs among 4 and 11 based on the various species. Otherwise
catalase has one of the maximum turnover numbers of all enzymes means can translate
millions of H2O2 to H2O every second. Catalase antioxidant enzyme plays an essential
role in detoxification of hydrogen peroxide “H2O2”, which cause the breakdown of
hydrogen peroxide “H2O2” in living tissue:
2 H2O2 → 2 H2O + O2

Figure 1.4: A Tetrameric Subunit of Catalase Enzyme. (Evans S., 1993).
Catalase can also catalyze the oxidation, by hydrogen peroxide, of various
metabolites and toxins, including formaldehyde, formic acid, phenols, acetaldehyde and
alcohols. It does so according to the following reaction:

H2O2 + H2R → 2H2O + R

8

For a healthy cell, hydrogen peroxide is a harmful byproduct of many metabolic
processes; to prevent damage to cells and tissues, it must be quickly converted into less
dangerous substances. Catalase is frequently used by cells to rapidly catalyze the
decomposition of H2O2 into less-reactive molecular oxygen and water ((Turrens JF.,
Crapo JD. et al., 1984)

In general, CAT plays a vital role to develop appropriate cellular response
against oxidative stress. It works on protecting the cells from peroxides which are
produced by cell itself. In addition to CAT, hydrogen peroxide is also decomposed by
glutathione peroxidase (GPx).

1.3.1.3 Superoxide Dismutase (SOD) Enzyme:
SOD (EC 1.15.1.1) is an important component of antioxidant defense in nearly all
living cells exposed to oxygen. SODs which discovered in 1968 were previously known
as a group of metalloproteins with unknown function; for example, CuZnSOD was
known as erythrocuprein, hemocuprein, or cytocuprein and was also known as the
veterinary anti -inflammatory drug "Orgotein" (Fridovich, 1986).
There are three major families of SOD (Figure 1.5), based on the protein foldind
and use of metal cofactor: 1) Cu/Zn type which binds both copper (Cu) and zinc (Zn), 2)
Fe and Mn types which bind either iron (Fe) or manganese (Mn), and 3) Ni type which
binds only to nickel. Cu and Zn are most commonly used metals by eukaryotes,
including humans. The cytosols of virtually all eukaryotic cells contain an SOD enzyme
as Cu/Zn type (Cu-Zn-SOD), but Fe (Fe SODs) or Mn type SODs (Mn SODs) used by
prokaryote and protista, and present in mitochondria and chloroplasts( Lah M.S, and
Dixon et al., 1995).
SOD enzymes deal with the superoxide radical by alternately adding or removing an
electron from the superoxide molecules it encounters, thus changing the O 2− into one of
two less damaging species: either molecular oxygen (O2) or hydrogen peroxide (H2O2).
This SOD-catalyzed dismutation of superoxide may be written, for Cu-Zn SOD, with the
following half-reactions:
9

Cu2+-SOD + O2− → Cu+-SOD + O2
Cu+-SOD + O2− + 2H+ → Cu2+-SOD + H2O2

Figure 1.5: Superoxide Dismutase Enzymes: A) Cu-Zn SOD, B) Fe SOD, C) Mn SOD
(Lah M.S., Dixon et al., 1995 and Ramirez D.C.et al. 2009).

SOD has powerful anti-inflammatory activity. For example, SOD is a highly
effective experimental treatment of chronic inflammation in colitis. Treatment with SOD
decreases reactive oxygen species generation and oxidative stress and, thus, inhibits
endothelial activation and indicates that modulation of factors govern adhesion molecule
expression and leukocyte-endothelial interactions. Therefore, such antioxidants may be
important new therapies for the treatment of inflammatory bowel disease.Three forms of
superoxide dismutase are present in humans, in all other mammals, and most chordates.
SOD1 is located in the cytoplasm, SOD2 in the mitochondria, and SOD3 is extracellular.
The first is a dimer (consists of two units), whereas the others are tetramers (four
subunits). SOD1 and SOD3 contain copper and zinc, whereas SOD2, the mitochondrial
enzyme, has manganese in its reactive centre. The genes are located on chromosomes
21, 6, and 4, respectively (21q22.1, 6q25.3 and 4p15.3-p15.1).
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1.3.1.4 Glutathione peroxidase (GPx) enzyme:
GPx (EC 1.11.1.9) is the general name of an enzyme family with peroxidase
activity whose main biological role is to protect the organism from oxidative damage.
The biochemical function of glutathione peroxidase is to reduce lipid hydroperoxides to
their corresponding alcohols and to reduce free hydrogen peroxide to water. It also
maintains the ratio of GSSG/GSH present in the cell is a key factor in properly
maintaining the cellular oxidative balance. It is critical that the cell maintains high levels
of the reduced glutathione and a low level of the oxidized glutathione disulfide (Figure
1.6).

Figure 1.6: Glutathione Redox system

There are several isozymes encoded by different genes, which are found in
different locations inside the body. Glutathione peroxidase 1 (GPx1) is the most
abundant in the cytoplasm of nearly all mammalian tissues, whose preferred substrate is
hydrogen peroxide. Glutathione peroxidase 4 (GPx4) has high preference for lipid
hydroperoxides; it is expressed in nearly every mammalian cell. Glutathione peroxidase
2 (GPx2) is an intestinal and extracellular enzyme, while glutathione peroxidase 3
(GPx3) is extracellular, especially abundant in plasma. (Muller FL Lustgarten MS,
JangY. Richardson A. Van Remmen H 2007) So far, eight different isoforms of
glutathione peroxidase (GPx1-8) have been identified in humans.

11

Mammalian GPx1, GPx2, GPx3, and GPx4 are selenium-containing enzymes,
whereas GPx6 is a selenoprotein in humans with cysteine-containing homologues in
rodents. GPx1, GPx2, and GPx3 are homotetrameric proteins, whereas GPx4 has a
monomeric structure (Figure 1.7).

As the integrity of the cellular and subcellular

membranes depends heavily on glutathione peroxidase, its antioxidative protective
system itself depends heavily on the presence of selenium. The main reaction that
glutathione peroxidase catalyzes is:
2GSH + H2O2 → GS–SG + 2H2O
GS–SG represents glutathione disulfide; the mechanism involves oxidation of the
selenol of a selenocysteine residue where GSH represents reduced monomeric
glutathione, and by hydrogen peroxide. This process gives the derivative with a
selenenic acid (RSeOH) group. The selenenic acid is then converted back to the selenol
by a two steps process that begins with reaction with GSH to form the GS-SeR and
water. A second GSH molecule reduces the GS-SeR intermediate back to the selenol,
releasing GS-SG as the by-product. A simplified representation is shown below (Bhabak
KP.Mugesh.G, 2010).
RSeH + H2O2 → RSeOH + H2O
RSeOH + GSH → GS-SeR + H2O
GS-SeR + GSH → GS-SG + RSeH

Glutathione reductase then reduces the oxidized glutathione to complete the cycle:

GS–SG + NADPH + H+ → 2 GSH + NADP+
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Figure 1.7: Structure of Glutathione Peroxidase1

1.4 Scope of study:

The objective of the study is to predict the possibly novel medical purposes of
beta-blocker drugs beside to their antihypertensive action, by evaluating their effects on
antioxidant defense enzymes which are GST, SOD, CAT, and GPx.
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CHAPTER 2
MATERIAL AND METHODS

2.1 Materials:
Propranolol hydrochloride tablets (Dideral 40mg, Sanofi Aventis Company),
Metoprolol Tartrate injection (Beloc IV 5mg/5ml, AstraZeneca Company). Pure
Ethanol, Methanol, Mono potassium phosphate and Di potassium phosphate
(Riedel.dehean), Reduced form of Glutathione (Sigma-Aldrich), 1-Chloro-2,4Dinitrobenzene (CDNB) (Fluka), Bovine Liver Cytosol Glutathion-Transferse
enzyme(GST,0.928 mg protein / mL) was extracted in our laboratory from the bovine
liver was brought from slaughter house in Kazan-Ankara, Ethacrynic acid, sodium
carbonate, Ethylene Diamine Tetra acetic acid Disodium salt Dihyrate (EDTA)(Sigma),
Nitro Blue Tetrazolium Chloride (NBT) (Thermo), Xanthine Oxidase (Calbiochem),
Xanthine (Sigma-Aldrich), Bovine Serum Albumin (BSA), Superoxide Dismutase pure
enzyme(SOD,4807u/mg) (Sigma-Aldrich) from bovine erythrocytes, Hydrogen Peroxide
(H2O2) (J.T.Baker), Dichlorohydroxy Benzene Sulfonic Acid (DHBS-Sigma), 4-Amino
Antipyrine (4-AP) (Acros), Horse Reddish Peroxidase (HRP), Sodium Azide ( Acros),
Catalase enzyme (CAT,100u/mL) was purchased from its company Sigma – Aldrich,
Nicotinamide

Adenine

Dinucleotide

Phosphate

(NADPH)(Gerbu),

Glutathione

Reductase enzyme (GR) (Sigma ,G3664-500U), Tertiary Butyl Hydro Peroxide
(Acros)(tBUOOH), Tris HCl, Glutathione Peroxidase enzyme (GPx,0.25u/ml), was
purchased from its company Sigma.
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2.2 Methods:
2.2.1 Preparation of Propranolol solution:
Propranolol Hydrochloride solution was prepared using with Dideral 40mg tablets
which were dark red in color with lot number of 028045 and expires at March, 2018, to
prepare solution, one tablet (0,1983g) was grounded to powder (0,1899g), and then
dissolved in 20mLof distilled water with constant stirring for 10 minutes, followed by
addition of 20mL of distilled water.
The drug solution was also prepared by using methanol which dissolves all the
matrix of the tablet to give a solution red in colour rather than uncoloured solution
prepared with water.
Upon completion of 20min of stirring, the solution was centrifuged at 3000rpm for
5 minutes; the aqueous phase (supernatant) was collected to give 1g/L stock drug
solution.
2.2.2 Preparation of Metoprolol Tartrate solution:
Metoprolol Tartrate (Bleoc IV ampule 5mg/5ml), is a clear uncoloured solution, has
no smell in glass ampule. This solution is diluted with water or with 100mM potassium
phosphate buffer PH 7.5 to give 1g/L concentration as drug stock solution according to
the enzyme assay protocol.
2.2.3 Stability test for Propranolol Hydrochloride Tablet:
From the drug solution 1g/L, 3ml standard stock solution was prepared with a
concentration of 0.4 g/L water, the standard stock solution should prepared with the
same solvent which dissolves the drug.
The drug solution with the ratio of 1:1, 1:2, 1:3, 1:5 and 1:10, were prepared
in separate vials from the stock solution (0.4 g/L) by using the appropriate
solvent. The absorbance of each vial which has different concentration (Table1)
was measured by using UV-VIS spectrophotometer at 290 nm maximum
wavelength (Pantullu ARP, 1993). This process repeated for four weeks, in
15

each week a new sample was also prepared in addition to the previous prepared
one and the absorbance were measured for the all samples which already kept
in -200C. To conclude about the stability of the drug for one month period of
time the absorbances of all sets (set1, set2, set3, and set4) were measured.
Table 1: The concentrations of diluted vials

Solvent
(mL)

Concentration
( mg of the drug /
ml of the solvent )

Dilution
number

Dilution
ratio

Drug solution
(mL)

1

1:1

1

2

1:2

0.5

0.5

0.2

3

1:3

0.3

0.6

0.12

4

1:5

0.2

0.8

0.08

5

1:10

0.1

0.9

0.04

_
0.4

Briefly, Set 1 was measured four times each week , set 2 three times , set 3
two times and set 4 just one time to show if there is any change in the
absorbance of these samples or not during one month .
2.2.4 Spectrophotometric analysis of Metoprolol Tartrate:
The absorbance spectrum of metoprolol was measured in water or 100mM
potassium phosphate buffer PH7.5 within the wavelength average of (190300nm).The original drug is water which was kept at room temperature as
suggested by manufacture. This drug solution was considered as stock solution
which used in all enzymatic assays.
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2.2.5 The Effect of Beta-Blocker Drugs on Glutathione S-Transferase (GST)
Enzyme Activity:
The reaction depends on the determination of the conjugation product of “1-chlolro2, 4-dinitrobenzene (CDNB) with reduced glutathione (GSH) according to Habig et al.,
(Habig et al, 1974) with small modification. The cytosol that was extracted from bovine
liver in our laboratory was used as GST enzyme source and ultra violet
spectrophotometer was used to follow GST enzyme assay. The concentrations of
Propranolol and Metoprolol drugs used in the enzyme assay was given in Table 2 which
was 1:3 serial dilutions for both drugs from 1g/L stock. The components of the assay
mixture were described in Table 3.

Table2: The concentrations of both drugs used in GST assay

Dilutions

Stock Drug concentrations

Final drug concentrations

(mg/ mL)

(mg/ mL)

Stock solution

1

0.048

1

0.333

0.024

2

0.111

0.012

3

0.037

0.006

4

0.01235

0.003

5

0.00412

0.0015

6

0.00137

0.00075

17

Table3: The components of assay mixture used in GST enzyme assay

Components

Added volumes

Drugs

12µL

K2PO4 100mM PH6.5

20 µL

Cytosol

18 µL

Assay buffer mixture

200 µL

*The assay mixture without enzyme was considered as blank.

The total volume of the assay was 250µL and the assay was started by
adding 20µL of phosphate buffer to 12µL of each drug, then adding 18µL
bovine liver cytosol (Table 3). Finally 200µL buffer assay mixture was added
to each drug and mixed well which contain 600µL of 50mM CDNB substrate
and 200µL 200mM GSH (Table 4).

Table4: The components of buffer assay mixture

100 mM K2HPO4
PH 6.5

GSH
(200 mM)

5mL

4600 µL

100 µL

10mL

9200 µL

200 µL

600 µL

20mL

18400 µL

400 µL

1200 µL

Assay buffer

18

CDNB
(50 mM)

300 µL

2.2.6 The Effect of Beta-Blocker Drugs on Superoxide Dismutase (SOD) Enzyme
Activity:
SOD is the enzyme which acts to inhibit of nitroblue tetrazolium (NBT) reduction
by using the method of (Bruce and Winge, 1984) with some modifications (Isgor, B. S.,
2013). The reduction of NBT results from the action of superoxide radicals to blue
colored formazan, and the measurement of this color change was carried out at 560 nm.
The concentrations of the drugs are showed in (Table 5), and the reaction components in
SOD assay was explained in Table 6, in which 213 µL of assay mixture was mixed with
10 µL 0f SOD enzyme (60U/mL), 42 µL of deionized water (DDW). The mixture was
incubated for 2 minute in dark then 20 µL of Xanthine Oxidase was added. The final
volume of the assay was 300 µL.

Table 5: The concentrations of drugs that used in SOD assay

Dilutions

Stock Drug concentrations

Final drug concentrations

(mg/ mL)

(mg/ mL)

Stock solution

1

0.05

1

0.333

0.0167

2

0.111

0.0056

3

0.037

0.00185

4

0.01235

0.000617

5

0.00412

0.00021

6

0.00137

0.0000685
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Table 6: The reaction components in SOD assay
Reagents

Added Volumes (µL)

Assay buffer
3 µL, 25mM NBT (nitroblue tetrazolium)
,150 µL 0.3 mM xanthine , 75µL ,
200 mM sodium carbonate bufferPH10 with 10
mM EDTA and BSA
Drug

213

15

SOD enzyme (60U/mL)

10

DDW

42
Incubation for 2 minute

XOD(2U/mL)

20

*Control was without drugs; (DDW) was added instead of drug samples

2.2.7 The Effect of Beta-Blocker drugs on Catalase Enzyme Activity:
This assay is used to monitor the CAT enzyme activity. This assay relies on the
measure of remaining hydrogen peroxide substrate once the action of the enzyme was
stopped by sodium azide. The remaining H2O2 was determined by colorimetric method
that depends on the formation of red quinoneimine dye (Aebi, 1984; Bai et al., 1999;
Fossati et al., 1980) by measuring the absorbance at 520 nm. The assay was adopted for
microplate application (Isgor B S., 2013). The concentrations of propranolol and
metoprolol dilutions used in assay were given in Table 7. Finally, the reaction
components for single reading of CAT enzyme assay were explained in Table 8. Briefly,
in the assay, 4µL of drug samples were mixed with 20 µL of catalase 100U/mL, 50 µL
of 10mM H2O2, and 26 µL of 50mM phosphate buffer. Then, the mixture was incubated
for 2 minute in dark, and the reaction was stopped by adding 50 µL of 15mM NaN3, and
further incubated for 3 minutes in dark. After completion of incubation 5 µL of the assay
mixture of each dilutions were transferred to new wells of microplate. Then to each well,
225 µLof chromogen solution with horse reddish peroxidase (HRP) was added. The
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final mixture was incubated for 40minute in dark. The absorbance was read at 520nm.
(Chromogen was prepared by mixing 1 mL of 10mM DichloroHydroxy Benzene
Sulfonic Acid (DHBS) with 3mL 150mM Phosphate Buffer and 1mL of 1.25mM of 4amino antipyrine (4 -AP). For each 10mL chromogen, 1 µL of HRP was also added. The
enzyme activity was followed by measuring the remaining H2O2 which was calculated
from calibration curve constructed in range of 0.00192-0.12308 mM of hydrogen
peroxide. The reaction mixture without enzyme was read as blank.

Table 7: The concentrations of drugs used in catalase assay
Stock Drug concentrations

Final drug concentrations

Dilutions

(mg/ mL)

(mg/ mL)

Stock solution

1

0.04

1

0.333

0.01332

2

0.111

0.00444

3

0.037

0.00148

4

0.01235

0.000494

5

0.00412

0.0001648

6

0.00137

0.0000548
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Table 8: The reaction components used in a single reading of CAT assay
Components

Assay mixture

Stock Solution

Added Amount

Drug sample

4 µL

100U/mL Catalase

20 µL

Hydrogen peroxide,

50 µL

10mM
Phosphate buffer ,

26 µL

50Mm
Incubation for 2 minute
NaN3

Sodium azide, 15 Mm

50 µL

Incubation for 5 minute
Take 5 µL from the above mixture and added 225 µL chromogen

Chromogen

(4AP),1.25mM

1mL

(DHBS),10mM

1 mL

KP buffer,150mM

3 mL

Incubation for 40 minutes and read at 520 nm
*The reaction mixture without enzyme was read as H2O2 blank.
*The control was without drug samples and added phosphate buffer instead of
drug, which had 100% NaN3 activity.
2.2.8 The Effect of Beta-Blocker Drugs on Glutathione Peroxidase (GPx) Enzyme
Activity:
GPx activity was measured indirectly by coupled reactions with glutathione
reductase

(GR).

Oxidized

glutathione

(GSSH),

formed

upon

reduction

of

hydroperoxides by GPx, and then converted to its reduced state by GR and
NADPH. The measurement was measured at 340 nm. The concentrations of the
drugs used are showed in (Table 9), and the components used in GPx assay
were explained in (Table 10), in which 42 µL of enzyme mixture (3 µL GPx
enzyme with 3 µL Tris HCl buffer PH 8) was mixed with 8 µL drug, and 30 µL
of assay mixture which shown in (Table 10), then 120 µL of substrate buffer
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was mixed. (Substrate buffer was composed of 2 µL, 30mM tertiary butyl
hydroperoxide (tBUOOH), and 118 µL Tris HCl buffer with EDTA PH8. The
total volume of assay was 200 µL and the absorbance was measured at 340 nm.
Table 9: The concentrations drugs used in GPx assay
Dilutions

Stock Drug concentrations

Final drug cocentrations

(mg/ mL)

(mg/ mL)

Stock solution

1

0.04

1

0.333

0.0133

2

0.111

0.0044

3

0.037

0.00148

4

0.01235

0.000494

5

0.00412

0.0001648

6

0.00137

0.0000548

Table 10: The reaction components used in GPx assay
Reagents

Added Volumes (µL)

Drugs

8

Enzyme mixture(0.25U/ mL)
3 mL of 20mM GPx enzyme
3mL of Tris HCl buffer

42

Assay mixture
20 µL 20 mM GSH
30
5 µL 20 U/mL GR
5 µL 10mM NADPH
Substrate buffer
2 µL 30 mM tBUOOH
120
118 µL 50 mM Tris HCl buffer PH8
Incubation for 5minute and read at 340 nm
*Control was without drugs, tris HCl buffer was added instead of drug samples
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CHAPTER 3
RESULTS AND DISCUSSION

3.1 Stability test for Propranolol Hydrochloride:
Five different dilutions were prepared from the standard stock solution of
propranolol hydrochloride tablet; these vials had different concentrations mentioned in
Table 1 under Methods section. After measuring the absorbance values for these
dilutions, a decrease in absorbance was observed according to the concentrations
(Figure3.1). This method was applied in particular to measure the absorbance values of
one set (five dilutions) weekly over one month in order to show if the drug is stable or
not after a period of time. After four weeks, there was no difference in the absorbance
values which indicates the stability of the drug (Figure3.2).

Figure 3.1: Different absorbance values for five dilutions for the same stock solution of
propranolol hydrochloride.
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Figure 3.2: absorbance values of propranolol HCl stock solution which measured
weekly over one month
The absorbance value of Propranolol Hydrochloride solution (PRH) was measured at
λmax 290nm ((Pantullu ARP, 1993). Water was used as solvent. The absorbance values at
first week and fourth week were 0.641 and 0.643 respectively, which were considered as
good evidence about the stability of this sample (PRH) which was kept as aliquots in
tightly sealed vials at -200C . Thus, these aliquots can be reused later up to one month.
3.2 Spectrophotometric analysis of Metoprolol Tartrate:
Metoprolol Tartrate (MET) and the commercially available Beloc 5mg/5mL IV
ampule was used in this study and was solved in water and in potassium phosphate
buffer separately. The results presented in (Figure 3.3) and (Figure 3.4) showed that the
spectrum curves for this drug which was measured at the λ max of 275 nm ((Rahman N et
al., 2007) gave the absorbance value around 0.409.
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Figure 3.3: The absorbance spectrum of Metprolol Tartrate solution prepared in water.

Figure3.4: The absorbance spectrum of Metprolol Tartrate solution prepared in
potassium phosphate buffer.

3.3 The Effect of Beta–Blocker Drugs on Glutathione-S-Transferase (GST)
Enzyme Activity:
Bovine liver cytosol (0.928 mg protein / mL) was used as glutathione –S-transferase
enzyme source. The reaction components without drug samples were taken as control
and it has maximum enzyme activity between 0.0023 and 0.0024 µ mole / min.µL. The
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concentrations of beta- blocker drug samples used in the assay were given in Table 2
under Methods section.
The effect of propranolol hydrochloride and metoprolol tartrate on glutathione-Stransferase enzyme activity towards its substrate is given in Figure 3.5 and Figure 3.6,
respectively. The figures exposed that the enzyme activity was inhibited by about 10%
for propranolol hydrochloride samples and less than 22% for metoprolol tartrate
samples, seven different concentrations of beta-blocker drug samples were used in this
assay. It was not possible to determine the IC50 value from dose-response curves. Hence,
the drugs are said to have no significant effect on glutathione-S-transferase activity.

Figure 3.5: Effect of propranolol hydrochloride on glutathione –S-transferase enzyme is
about 10% inhibitory effect with respect to control.
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Figure 3.6: Effect of Metoprolol Tartrate on glutathione-s-transferase enzyme activity is
less than 22% inhibitory effect with respect to control

3.4 The Effect of Beta-Blocker Drugs on Superoxide Dismutase (SOD)
Enzyme Activity:
The

commercial

superoxide

dismutase

enzyme

from

bovine

erythrocytes

with the unit of 4807u/mg was used as enzyme source. The effect of betablocker

drugs

on

enzyme

activity

was

tested

by

using

seven

different

concentrations of both drug samples as it was mentioned under Methods section
(Table 5).
The

effects

superoxide

of

dismutase

propranolol

hydrochloride

activity were

given

in

and
Figure

metoprolol
3.7

and

tartrate

on

Figure

3.8

respectively. Since the maximum inhibitory effect of both drugs were 100%,
but there were no IC50 because all drugs concentrations were consumed to
inhibit the enzyme.
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Figure 3.7: Effect of propranolol hydrochloride on superoxide dismutase enzyme
activity with maximum 100% inhibitory effect with respect to control.

Figure 3.8: Effect of Metoprolol Tartrate on superoxide dismutase enzyme activity with
maximum 100% inhibitory effect with respect to control.
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3.5 The Effect of Beta – Blocker Drugs on Catalase (CAT) Enzyme
Activity:
The commercially available catalase enzyme was used in the assay with enzyme
activity of 100u/mL, and hydrogen peroxide as substrate. In the assay seven
concentrations of both drugs were used to measure the effect of beta-blocker drugs on
catalase enzyme activity which was mentioned under Method section (Table7).
There were no inhibitory effects for propranolol hydrochloride and metoprolol
tartrate on catalase enzyme activity, which shown in Figure 3.9 and Figure 3.10
respectively.

Figure 3.9: Effect of propranolol hydrochloride on catalase enzyme Activity.
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Figure 3.10: Effect of Metoprolol Tartrate injection on catalase enzyme activity.

3.6 The Effect of Beta – Blocker Drugs on Glutathione Peroxidase (GPx)
Enzyme Activity:
The commercially available GPx enzyme was used in the assay with enzyme activity
of 0.25u/ml, and tertiary butyl hydroperoxide as substrate. In the assay seven
concentrations of both drugs were used to measure the effect of beta-blocker drugs on
GPx enzyme activity which was mentioned under Method section (Table 9). Glutathione
peroxidase enzyme activity was inhibited by around 80% of the control due to
propranolol HCl (Figure 3.11) and about 90% for metoprolol tartrate (Figure 3.12). The
IC50 of drugs were 0.0068 g/L for propranolol HCl and 0.00027g/L for metoprolol
tartrate.
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Figure 3.11: Effect of propranolol hydrochloride on glutathion peroxidase enzyme
activity with maximum 80% inhibitory effect with respect to control
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Figure 3.12: Effect of Metoprolol Tartrate on glutathione peroxidase enzyme activity
with maximum 90% inhibitory effect with respect to control.

The data study was applied with the Graph Pad Prism 6.0 Program (Graph Pad
Software, San Diego, CA). The kinetic results were stated as inhibition of enzyme
activity with respect to control (inhibition as % of control)
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DISCUSSION

The selection of solvent for analysis was carried out by examining the effect of
different solvents on the pure drug (ampule form) and tablet powder. Previously some
studies suggested to use methanol, isopropyl alcohol and 0.1M HCl as a solvent to
dissolve propranolol tablet in addition to water (Chaturvedi SC, 1998; Chitange S, 2008;
Whbi AM, 1995). Recently propranolol was shown to be dissolved with water at 50mM
concentration and stored safely at 40C. However, in our study, the solution was stored
at-200C to improve the stability of drug in water for about four weeks. Propranolol and
metoprolol solutions were prepared by dissolving the drugs in water then serially diluted
(1:3) with the same solvent to obtain seven dilutions with different concentrations; all
enzymatic assays were conducted by using these vials.
Recent clinical trials proved that the use of beta-blocker drugs such as propranolol
hydrochloride tablets before, after or together with chemotherapy could increase overall
survival in cancer patients (Zhang D, 2009). In this concept the administration of
propranolol was shown of possibly the main advancement in the treatment of
angiosarcomas which is a cancer of blood vessels as well as breast cancer (William
chow, Brad-Bryan, 2015) Previous literature also suggested that the use of beta-blocker
drugs throughout chemotherapy and radiotherapy may help to prevent or reduce the
metastases, and could help directly or indirectly to improve the life quality of cancer
patients (Wang H.M, 2013).
In the literature most of the studies are actually based on clinical trials and results
derived from population-based evaluations, among those only a few are shown to
consider biological mechanisms underlying the function of antihypertensive drugs on
cancer development or therapy (Thomas, Barron, Roisin M. Connolly, Linda Sharp,
Kathleen Bennett, and Kala Vis Vanothan, 2011). Such that beta-adrenoreceptor
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antagonists are shown to decrease whole body’s stress response that may possibly lead
to cancer (Preston. j Campbell et. al,2012; Antoni, M.H et. al,2001), moreover those
drugs are also shown to inhibit enzymes such as phosphatidate phosphohydrolase and
protein kinase C which are found highly active during cancer development (Silvano S.,
et.al., 1992), in addition, kinases are well known for cancer development upon change in
their activities, and such activities are found to be controlled by other enzymes that have
function in cellular defences as CAT, GPx, SOD, GR and GST. In general, there is no
research has been conducted yet to study the effect of beta-blocker drugs on these
enzymes.
In this study, the effects of beta-blocker drugs propranolol hydrochloride and
metoprolol tartrate on antioxidant system were measured and both showed about 100%
inhibitory effect on SOD activity at their all possible doses in assays. However, the
inhibitory effect on GPx by propranolol HCl was about 80% and that of metoprolol
tartrate about 90% at their highest doses only. The inhibitory effects of both drugs on
GST enzyme activity were less than 20% and both drugs gave no effects with catalase
enzyme. To our knowledge, there is no enzyme target studied of such drugs with CAT,
GST, GPx or SOD to compare directly with the data we presented here.
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CONCLUSION

The study aimed to show possible effect of beta-blocker drugs on cellular defence
system enzymes revealed the promising role of those on GPx and SOD activity, since
GPx and SOD controlled mechanisms are defined in both cancer development and
progress, our study may conclude that Beta-Blockers propranolol and metoprolol are
good GPx and SOD inhibitors as presented in good dose- response curves. Therefore
metoprolol possibly the better drug to be used in combination with chemotherapy
protocols. Clinical trials should be conducted to decide the timing and dosage to use.
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