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ABSTRACT
BIOCHEMICAL ANALYSIS OF ACE INHIBITORS AS COMMERCIALLY
AVAILABLE ANTIHYPERTENSIVE DRUGS: CAPTOPRIL AND
LISINOPRIL

AHMED EID A. A. ELBANNA
M.Sc., Department of Chemical Engineering and Applied Chemistry
Supervisor: Assoc. Prof. Dr. S. Belgin İşgör
Assoc. Prof. Dr. Yasemin G. İşgör
Feb 2018, 60 Pages

Angiotensin-converting enzyme (ACE) inhibitors have been under question
about their relation with chemotherapeutic drugs resistance or cancer development.
There has not been a certain prove about that concern.
In our study, we investigate the effect of selected ACE inhibitors drugs on the
following enzymes Super Oxide Dismutase (SOD), Catalase (CAT), Glutathione
Peroxidase (GPx) and Glutathione-S-Transferase (GST), for the first time in the
literature. Moreover, the solubility and stability of the drugs were tested with new data
revealed about their behavior when stored under certain conditions. Sodium phosphate
buffers with pH: 6.5 and pH: 7 were used and the drugs were stored at +4 °C and- 20°C.
The drugs were found to be stable for 30 days (the period required to run the enzymatic
assays). Captopril showed 98% inhibition for SOD enzyme, 85% inhibition for GST
enzyme, only 5% inhibition for CAT enzyme and 11% inhibition for GPx enzyme
activities. While Lisinopril showed 99% inhibition for SOD enzyme, 98% inhibition for
GST enzyme, 70% inhibition for CAT and 53% inhibition for GPx enzyme activities.

i

Keywords: Lisinopril; Captopril; Angiotensin-converting enzyme (ACE)
inhibitors; Antioxidant Enzymes, Glutathione-S-Transferase; Catalase; Glutathione
Peroxidase; Superoxide Dismutase.
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ÖZ
Asetilkolin esteraz inhibitörleri Biyokimyasal Analizi gibi Piyasada Bulunan
ANTİHİPERTENSİF ilaçlar: KAPTOPRIL AND LISINOPRIL
AHMED EID A. A. ELBANNA
Yüksek Lisans, Kimya Mühendisliği ve Uygulamalı Kimya Anabilim Dalı
Süpervizör: Doç. Dr. S. Belgin İşgör
Doç. Prof. Dr. Yasemin G. İşgör
Şubat 2018, 59 Sayfa

Asetilkolin esteraz inhibitörleri kemoterapötik ilaç direnci veya kanser gelişimiyle ilişkisi
merak
edici bir
konudur.Bunula
ilgili
belli
bir kanıtlama
yoktur.
Bu çalışmada, ilk defa laboratuvarda seçilmiş ACE inhibitörlerin ilaçlarının şu enzimler
üzerine etkisini incelemekteyiz: Super Oxide Dismutaz (SOD), Catalaz (CAT),
Glutathione Peroxidaz (GPx)
ve
Glutathione-S- Transferaz
(GST).
Bunun yanında, ilaçların çözünürlüğü ve istikrarı belli koşullar altında muhaveze
edilğinde uğradığı değişimler tespit edilmektedir Sodium phosphate tamponlar ve PH:6.5
ve 7 kullanılmıştır. İlaçlar ise +4 C ve -20C derecede muhavaze edimiştir. 30 gün
boyunca ilaçlar hiç bir değişikliğe uğramamıştır ( enzim denemesini yapmak için gereken
süredir). Kaptopril SOD enzimini 98% GST enzimi 85% orantıyla, CAT enzimi ise
sadece 5% ve GPx enzimini 11% orantıyla engellemiştir. Ancak Lisinopril SOD enzymi
99% orantıyla, GST enzimi 98% orantıyla, CAT enzimi ise 70% ve GPx enzimini 53%
orantyla
engellemiştir.
Anahtar Kelimeler: Lisinopril; Kaptopril; Asetilkolin esteraz inhibitörleri; Antioksidanlar
Enzimler, Glutathione-S- Transferaz; Catalaz; Glutathione Peroxidaz; Superoxide
Dismutaz.
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CHAPTER 1

INTRODUCTION

1.1 Hypertension:
More than 1 billion people globally are living with high blood pressure (Zhou, Bin
et al., 2017). Hypertension is a chronic disease, which is considered as a serious risk factor
that affects the kidney and the cardiovascular system. It may also lead to severe
complications such as heart attacks and death. Normal blood pressure is 120 over 80 mm
of mercury (mmHg), but hypertension is higher than 130 over 80 mmHg.

Varieties of drugs are available as a treatment for hypertension including:


Vasodilators



Beta-blockers



Alpha-blockers



Calcium-channel blockers



Diuretics



Angiotensin-converting enzyme (ACE) inhibitors.
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1.2. Angiotensin-converting enzyme (ACE) inhibitors

ACE inhibitors are widely used throughout the world to treat patients with
hypertension. The efficacy of ACE inhibitors has been tested with great results. That is
why they are the first line of therapy for hypertension treatment for certain patients.
Angiotensin II causes vasoconstriction via stimulation of smooth muscle AT1
receptor (Münzel & Keaney, 2001). ACE-I competitively block the conversion of
angiotensin-I into angiotensin-II reducing the circulating and local levels of angiotensinII (Sendón et al., 2004, p 1454–1470).
Renin (an enzyme produced by the kidney) acts on angiotensinogen (a hormone
released by the liver) to form angiotensin I. Subsequently, angiotensin I is converted into
angiotensin II through the action of angiotensin converting enzyme (ACE). ACE has
another vasoconstriction effect by breaking down bradykinin (a peptide that
promotes blood vessels to dilate). ACE inhibitors works mainly by inhibiting the
formation of angiotensin II (Figure 1.1), thus increasing the amount of bradykinin in the
circulation. That leads to vasodilation of the blood vessels and decrease the blood pressure
(Fox et al., 1996).

Figure 1.1: Mechanism of action of ACE inhibitors
2

1.2.1 Captopril

Captopril is a short acting ACE inhibitor (Giles et al., 1989). It is bioavailable
orally with a molecular weight of 217.283 g/mol. The IUPAC name is (2S)-1-[(2S)-2methyl-3-sulfanylpropanoyl] pyrrolidine-2-carboxylic acid (Figure 1.2).
Captopril is commercially available in tablet form with the following strengths:
12.5 mg; 25 mg; 50 mg and 100 mg. Its crystalline powder is in white to off-white color
with Slight acid-sulfhydryl odor. The solubility differs according to the solvent; it is freely
soluble in water, chloroform and alcohol (pubchem.com).

Figure 1.2: Chemical structure of Captopril
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1.2.2 Lisinopril

Lisinopril is an ACE inhibitor and one of the most commonly used drug for the
treatment of hypertension. It is also used in cases of congestive heart failure (Natesh,
Schwager, Sturrock & Acharya, 2003).
Lisinopril is a long acting ACE inhibitor, which is also bioavailable orally. It has
a molecular weight of 441.525 g/mol. The IUPAC name is (2S)-1-[(2S)-6-amino-2-[[(1S)1-carboxy-3-phenylpropyl]amino]hexanoyl]pyrrolidine-2-carboxylic

acid;dihydrate

(Figure 1.3).
Lisinopril is commercially available in tablet form with the following strengths:
2.5 mg; 5 mg; 10 mg; 20 mg and 40 mg. Its solubility (mg/ml) is as following (Water: 97
mg/ml, methanol 14; ethanol < 0.1; acetone < 0.1; acetonitrile < 0.1; chloroform < 0.1;
N,N-dimethylformamide < 0.1) (pubchem.com).

Figure 1.3: Chemical structure of Lisinopril.
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1.3 Free radicals

A free radical can be defined as any molecular species capable of independent
existence that contains an unpaired electron in an atomic orbital (Figure 1.4) (Lobo, Patil,
Phatak & Chandra, 2010). These free radicals are highly reactive and may cause serious
issues inside the human body. Due to the presence of unpaired electron, they can either
donate or accept electrons from other molecules to fulfil their outer atomic orbit.
The main concern about free radicals comes from the uncontrolled damage they
can cause to the DNA and other cellular components. Which may lead –as a result- to cell
death. Aging is associated with the accumulation of free radicals in the body. Other
diseases such as cancer and Alzheimer are linked with free radicals (Young and Woodside
2001).

.
Figure 1.4: Free radical (Lobo, Patil, Phatak & Chandra, 2010).
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Antioxidants are the body’s first line of defense against free radicals. They can
safely scavenge free radicals and terminate the chain reaction before further damage
occurs by giving electrons to free radicals without destabilizing themselves, thus
protecting the cellular components.

Antioxidants can be found naturally in fruits and vegetables. Some vitamins
and minerals act as antioxidants inside the body such as Vitamin C, Vitamin E and
Selenium (Ames, Shigenaga & Hagen, 1993, p 7915–7922).

Figure 1.5: An antioxidant stabilizing a free radical.

1.3. Oxidative stress

Oxidative stress is defined as a disturbance in the balance between the production
of reactive oxygen species (free radicals) and antioxidant defenses (Betteridge, p 3, 2000).
The oxidation processes, which occur continuously inside human bodies, are the main
reason for oxidative stress. These processes produce free radicals as byproducts of

6

metabolism, breathing and detoxification. This may lead to pathophysiological conditions
in the body (Lobo, Patil et al. 2010).

1.4. Antioxidant Enzyme Systems:

The various antioxidant enzymes exert their effect by scavenging superoxide,
or by activating of a battery of detoxifying/defensive proteins (Matés, 2000). As a
result, the cellular components (including DNA) will be protected against harmful
hazards and uncontrolled mutations.

Antioxidant enzymes are regulated by multiple factors. Oxidative status of the
cell is the primary factor regulating gene expression and activity of these enzymes
(Rodriguez et al., 2003). The role of these enzymes is to keep the level of free radicals
low and avoid the oxidative stress state. It is critical to maintain the antioxidant
enzyme systems by increasing the intake of organic food and avoid pollutants as much
as possible. Keeping the levels of the antioxidant enzymes normal is vital.

There are several enzymes utilized by the body to form its endogenous defense
mechanism such as superoxide dismutase (SOD), glutathione peroxidase (GPx),
glutathione s-transferase (GST) and catalase (CAT).

1.4.1. Superoxide dismutase (SOD)

Superoxide dismutase (SOD) is a potent enzyme that breaks down reactive
oxygen molecules in the cellular level. It also plays a critical role in inhibiting
oxidative inactivation of nitric oxide (Fukai Ushio-Fukai, 2011). SOD is present in all
living cells, both inside and outside cell membranes. SOD controls radio
responsiveness of tissues. As a result, it affects radiotherapy (Holley et al., 2014).
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SOD is a copper and zinc-containing enzyme and is part of family
metalloenzymes (Ma, Deng et al. 2017). It converts two superoxide anions to triplet
oxygen and hydrogen peroxide. There are four types of SOD depending on the metal
co-factor linked with the enzyme, as following:


iron SOD (class I)



manganese SOD (class I)



copper-zinc SOD (class II)



nickel SOD (class III)

SOD is also known for its detoxification effect against Superoxide radicals (ROS)
to form hydrogen peroxide, which undergoes further detoxification by peroxiredoxin (Prx)
and glutathione peroxidase (GPx) (Figure 1.6).

Figure 1.6: Sources and means of detoxification of ROS in the cell (Holley et al., 2014).
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1.4.2. Glutathione Peroxidase (GPx)

Glutathione Peroxidase (GPx) is a very important antioxidant enzyme in the body.
It functions in inactivating hydrogen peroxidase and catalyzing degradation of lipid
peroxide due to the selenocysteine group per subunit of enzyme (Ma, Deng et al. 2017).
Selenium a potent antioxidant mineral, takes part in the formation of GPx (Rotruck, Pope,
Ganther, Swanson, Hafeman, Hoekstra, 1973). There are about eight different types of
GPx; all of them have the same function with different tissue specificity.
GPx catalyzes the chemical reduction of lipid peroxides or H2O2 to respective
alcohols and water by glutathione (GSH) which forms glutathione disulfide (GSSG).
Glutathione reductase catalysis the reduction of GSSG back to GSH in the presence of
NADPH (Figure 1.7) (Mattmiller, CarlsonL, Sordillo, 2013).

Figure 1.7: Reaction mechanisms for antioxidant glutathione peroxidase (GPx).

Since catalase enzyme is not present in mitochondria, GPx plays an important role
there. It also has a role in maintaining the GSSG/GSH ratio to keep the cellular oxidative
balance in its normal state (Wilson, Kirkman et al. 1980).
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1.4.3. Glutathione S-Transferase (GST)

Glutathione S-Transferase (GST) is responsible for the detoxification of
electrophilic compounds in the body as well as protecting the cell from hydroperoxides,
which form during oxidative stress. Its action involves the conjugation of glutathione to
target molecules (Mathers et al., 2016). GST is also present in prokaryotes and eukaryotes
where they catalyze different reactant substrates. Moreover, GST is utilized at phase II
drug metabolism following phase II which is catalyzed by cytochrome P450 (Sherratt and
Hayes 2002).
GST is divided into eight classes GST; alpha (A); mu (M); pi (P); sigma (S); theta
(T); omega (O) and zeta (Z). The classification is according to their degree of sequence
identity; all those subclasses are soluble in the cytosol and called cytosolic GST.
GST has two different unique functions; it plays a great role in drug resistance
through direct detoxification besides inhibiting the MAP kinase pathway (Townsend &
Tew, 2003). GST is mostly active in tissues where tumors are present compared to normal
tissues, so it can be used as a marker for malignant tumors (Cazenave, Moscow, Myers,
& Cowan, 1989). Due to its drug-resistance property, it causes resistance to
chemotherapeutic drugs, decreasing its efficacy in cancer patients (Ramsay & Dilda,
2014).
GST is a globular protein, which has a crystallographic structure with two
terminals, N-terminal mixed helical and beta-strand domain and a helical C-terminal
domain, characterized by βαβαββα topology (Figure 1.8).
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Figure 1.8: Crystallographic structure of GST (Fritz-Wolf, Becker et al. 2003).

1.4.4. Catalase (CAT)
The Catalase (CAT) enzyme is composed of four identical subunits, each with its
own active site buried deep inside. CAT uses iron to help in speeding the reaction. The
four different subunits interweave together to stabilize the enzyme. CAT is classified into
three subgroups, which are typical catalase, atypical catalase and catalase-peroxidase.
Only the first and the third subgroups contain heme, but heme is absent in the third group
(Figure 1.10) (Ma, Deng et al. 2017).
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Figure 1.9: Catalase, with the heme in red and the central iron in green (Ma, Deng
et al. 2017).

Hydrogen peroxide is well known for its toxicity for cell components (Zamocky
Furtmüller, & Obinger, 2010). So rapid and effective removal of hydrogen peroxide is
essential. Catalase enzyme acts by degrading hydrogen peroxide so it is considered as a
housekeeper for the cell. That is why CAT is used in the food industry in the preservation
of foodstuff (Figure 1.10).

Figure 1.10: Catalase Enzyme antioxidation activity.
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The oxidation of hydrogen peroxide occurs in two different steps. Firstly, the
enzyme brakes apart H2O2 and the iron within CAT binds with the released oxygen atom.
Secondly, another H2O2 gets broken apart and its pieces bind with the ironbound oxygen
atom to release water and oxygen gas. CAT can be easily detected in the tissue by direct
addition of H2O2 and observing the formed bubbles (Wilson, Kirkman et al. 1980).

1.5. Scope of the study:
Determining the possible effects of Lisinopril and Captopril on the antioxidant
enzymes SOD, GST, CAT and GPx and using this way to predict the possible medical
purposes of ACE inhibitors beside their antihypertensive action.

13

CHAPTER 2

MATERIALS AND METHODS

2.1. Materials:

The commercially available drugs, Lisinopril anhydrous 20 mg (Zestril,
AstraZeneca company) and Capoten (Captopril, smithkline beecham company), were
used in this study. Pure Ethanol, Methanol, Superoxide Dismutase pure enzyme,
Benzene Sulfonic Acid, Double-distilled water, Dichlorohydroxy Benzene Sulfonic
Acid, Ethylene Diamine Tetra acetic acid Disodium Salt Dihydrate, Nicotinamide
adenine dinucleotide phosphate, Nitro Blue Tetrazolium Chloride (Thermo), Tris HCl,
Glutathione Peroxidase enzyme (Sigma-Aldrich), Sodium Azide, 70% Solution in water
and Sodium Azide NaN3, Ethacrynic acid,sodium carbonate, Hydrogen peroxide,
Xanthine Oxidase. 4-Amino Antipyrine, Sodium carbonate and bicarbonate salt, bovine
serum albumin, Dichlorohydroxy Benzene Sulfonic Acid, hydrogen peroxide, horse
reddish peroxidase (HRP), Tertiary butyl hydroperoxide, Glutathione S-Transferase,
Catalase, Superoxide dismutase, 1-Chloro-2,4-trihydrate (CDNB) (Fluka), EDTA,
Mono potassium Phosphate, Bovine liver cytosol extracted in our laboratory from the
bovine liver was brought from slaughter house in Kazan-Ankara.
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2.2 Methods

2.2.1 Preparation of Captopril stock solution:
Capoten used in study was of 50 mg strength. It was grinded well in a porcelain
mortar and dissolved in two different solvents, water and sodium phosphate. For 100mM
sodium phosphate buffer Two different pHs were used during the study, pH= 6.5 and pH=
7 Double distilled water was used to prepare the buffer. The final concentration of the
drug solution was 1mg drug/ml of water.

2.2.2 Preparation of Lisinopril stock solution:
Lisinopril used in this study was of 20 mg strength. So after grinding, the solution
was prepared by dissolving ground drug in Sodium phosphate buffer (100mM) of pH: 7
and pH: 6.5 separately. Since the tablet was red in color, the prepared solution was
filtered to remove the colored particles.

2.3. Stability tests:
All the samples were measured using the UV/VIS spectrophotometer double beam
optical system. The range of the spectrum was 200-300 nm (Christopher et al., 2005). The
solutions for both drugs were kept at refrigerator at -20 °C and +4 °C throughout this
study.
The measurements were done once a week to check whether there were any
changes in stability or not. Different dilutions were prepared by using relative buffer as it
was explained before and the diluted solution was used to determine the best
concentration to use in further studies. The drug solution 1mg/ml was used to prepare a
serial dilution. Those dilutions used in this study are presented in table 1.
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Table 1: Dilution factors of Lisinopril and Captopril
Dilution factor

final concentration of drug

Buffer amount

solution (mg/ml)

(µL)

2.5

400

600

5

200

800

10

100

900

20

50

950

2.4. Enzymatic assay
All the enzymes assays were followed by using multimode-microplate reader
(Molecular devices spectramax M2)

2.4.1. Superoxide Dismutase (SOD) Assay

In Superoxide Dismutase (SOD) Assay, superoxide ions (O-2) which is generated
by xanthine oxidase (XOD) conversion of xanthine to uric acid and hydrogen peroxide,
converts nitroblue tetrazolium(NBT) to NBT-diformazan (isgor, b.s., 2013). Inhibiting
nitroblue tetrazolium, which is used as an indication for the inhibition of SOD activity.
The final blue color is measured at 560 nm.

For each well of the microplate, 235µL of assay mixture mixed with 5 µL of
drug with different concentrations (Table 2). 5 µL 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 5 µL of XOD (0.5 U/ml) was added and immediately absorbance at
560 nm was measured. The concentrations of drug solutions used and the assay mixture
for determining sod activity were given in table 2 and 3 respectively.
16

Table 2: Concentration of Lisinopril and Captopril in SOD assay
stock drug concentration
Dilution

final drug concentrations

(mg/ml)

(mg/ml)

1

1.000

0.05

2

0.333

0.0167

3

0.111

0.0056

4

0.0370

0.00185

5

0.0123

0.000617

6

0.004115

0.00021

7

0.00137

0.0000685

Table 3: Assay mixture for SOD
Reagents

Amount to

Details

added per well (µL)
Assay Buffer

235µL

10µL of NBT,25mM,
75 µL of xanthine,0.3 mM
150 µL of 200 mM sodium carbonate
buffer with 10 mM EDTA pH 10

Drug

5 µL

From drug serial dilutions

SOD

5µL

60 U/ml

Incubation for 2 minutes.
XOD

5 µL

0.5 U/mL

Control was without drug; DDW was added instead of the drug.
Read the absorbance at 550nm.
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2.4.2. Catalase (CAT) Assay
CAT producing water, decomposes hydrogen peroxide and oxygen, the reaction
rate depends mainly on the concentration of CAT used in the assay. By measuring the
amount of remained H2O2, we can determine the activity of CAT. Sodium azide was
used to stop further reaction; the total time of the reaction was one minute. Using HRP,
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). After the reaction mixture was 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. After incubation, 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 520 nm. Each 5 ml of chromogen contain 4 AP(1.25 mM),
DHBS, (10 mM) and potassium phosphate buffer (150 mM at pH 7) with a volume
(mL) ratio of 1:1:3.

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 4 shows the concentration of drug used in the assay and table 5 shows the
assay protocol used to determine CAT activity.
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Table 4: Concentration of Lisinopril and Captopril in CAT assay
stock drug concentrations
Dilution

final drug concentrations

(mg/mL)

(mg/mL)

1

1.000

0.05

2

0.333

0.0167

3

0.111

0.0056

4

0.0370

0.00185

5

0.0123

0.000617

6

0.004115

0.00021

7

0.00137

0.0000685

Table 5: The assay mixture used for CAT
Amount
Reagents
Assay mixture

per well (µL)

Details

100 µL

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 POTASSIUM PHOSPHATE
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
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2.4.3. Glutathione-S-Transferase (GST) Assay

In glutathione-s-transferase (GST) assay, the GST activity was measured by
determining GS-DNB conjugate of CDNB with GSH (habig, pabst et al. 1974), Using the
following protocol (Isgor and Isgor 2011). Here, cytosol was used as GST source, which
extracted from bovine liver at BIOCHEMISTRY LABORATORY, Atilim University.
In the assay mixture, the total volume was 250µL, which was started by adding
30µL of potassium phosphate buffer, 10µl of each drug with varying concentrations (table
6), then adding 10µL bovine liver cytosol. Finally, 200µL buffer assay mixture was mixed
which contain 600µL of 50mM CDNB substrate and 200µL 200mM GSH (table 7).

Table 6: Concentration of Lisinopril and Captopril in GST assay
stock drugs concentrations
Dilution

Final drug concentrations

(mg/mL)

(mg/mL)

1

1.000

0.05

2

0.333

0.0167

3

0.111

0.0056

4

0.0370

0.00185

5

0.0123

0.000617

6

0.004115

0.00021

7

0.00137

0.0000685
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Table 7: The assay mixture used for GST
Components

Added volumes

Drugs

10µL

K2PO4 100mM PH6.5

30 µL

Cytosol

10 µL

Assay buffer mixture

200 µL
184 µL Phosphate buffer 100 mM
pH 6.5, 4 µL GSH 200 mM, 12 µL of
CDNB 50 mM

2.4.4 Glutathione Peroxidase (GPx) Assay

The determination of Glutathione Peroxidase (GPx) activity depends mainly on the
decrease of NADPH absorbance. As H2O2 is reduced, The oxidized glutathione (GSSG)
is formed by oxidation of reduced glutathione (GSH). GSSG is then used as a substrate
by glutathione reductase (GR) and converted back to GSH while oxidizing the NADPH
to NADP+. The GPx activity is measured at 340 nm, the decrease in absorbance is directly
proportional with GPx concentration.
The drug concentrations and assay mixtures are given in table 8 and 9 respectively.
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Table 8: Concentration of Lisinopril and Captopril in GPx assay
Drugs concentrations
Dilution

Final drug concentrations

(mg/mL)

(mg/mL)

1

1.000

0.05

2

0.333

0.0167

3

0.111

0.0056

4

0.0370

0.00185

5

0.0123

0.000617

6

0.004115

0.00021

7

0.00137

0.0000685

Table 9: The assay mixture used for GST
Reagents
GPx

Amount per
well (µL)
42 µL

Details
0.25 U/ mL

Drug

8 µL

From drug serial dilutions

Assay
mixture

30 µL

Substrate
buffer

120 µL

20 µL of GSH 20 mM
5 µL of GR 20 U/mL
5 µL of NADPH 10Mm
2 µL of t-BuOOH 30 mM
118 µL of (Tris HCl,50 mM pH 8 with EDTA 0.5
mM)
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CHAPTER 3

RESULTS AND DISCUSSION

3.1. Solubility and Stability tests of Captopril

Since captopril is freely soluble in water, solubility of drug in water was measured
by US;NG UV/VIS spectrophotometer (Figure 3.1)

Figure 3.1: Solubility of captopril in double distilled water

The drug was completely soluble in water with visible precipitates of other tablet
components. After filtration, it was not possible to get a clear spectrum curve so sodium
phosphate buffer was used instead.
Two sodium phosphate buffers (100mM) pH: 7 and pH: 6.5 were prepared freshly
and kept in the refrigerator for future use and their pH were measured before each reading
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every week. The study showed that captopril was soluble in both pHs of the buffer. The
concentrations of captopril and its absorbance spectrum at 200-300 nm range were given
in table 10 and Figure 3.2 respectively

Table 10: serial dilution for captopril:
Dilution factor

Drug solution amount

Buffer amount

(µL)

(µL)

2.5

400

600

5

200

800

10

100

900

20

50

950

The stability data of Captopril with Freshly prepared buffer at pH: 6.5 were measured and
obtained in (Figure 3.2)
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Figure 3.2: Spectral curve of Captopril at pH: 6.5 for dilution factors 2.5, 5, 10
and 20 respectively.
25

The stability data of Captopril with Freshly prepared buffer at pH=7 were
measured and obtained in (Figure 3.3)

Figure 3.3: Spectral curve of Captopril at pH: 7 for dilution factors 2.5, 5, 10
and 20 respectively.
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After one month, the whole data were collected into one graph (Figure 3.4) and
all absorbance measurements for captopril throughout one month were presented in (table
11) as follow:

Figure 3.4: Spectral curve of captopril after the first month

Table 11: Absorbance (Abs) measurements for captopril during the first month
Abs 1

Abs 2

Week 1

2.100

--

Week 2

2.238

0.391

Week 3

2.257

0.365

Week 4

2.139

0.318

From the final data, we observed no significant difference in stability for drug
samples stored at both +4 ⁰c and -20 ⁰c degrees. By changing the dilution factor (DF), the
absorptivity was not affected significantly. Also by increasing the DF, the wavelength
was slightly shifted to the left, probably due to pH sensitivity. DF: 20 showed a better
spectral curve. Both pH: 6.5 and pH: 7 showed the same abs, so the same solubility.
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3.2. Solubility and Stability tests of Lisinopril

The same protocol and storage conditions were followed as it was mentioned
before for captopril. The 100 mm sodium phosphate buffer with two different pHs 6.5 and
7 respectively were used in this study. The serial dilutions are mentioned in Table 12.

Table 12: serial dilution for Lisinopril:
Dilution factor

Drug solution amount

Buffer amount

(µL)

(µL)

2.5

400

600

5

200

800

10

100

900

20

50

950

The stability data of Lisinopril with Freshly prepared buffer at pH: 6.5 were measured
and obtained in (Figure 3.5).
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Figure 3.5: Spectral curve of Lisinopril at pH: 6.5 for dilution factors 2.5, 5, 10
and 20 respectively.
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The stability data of Lisinopril with Freshly prepared buffer at pH: 7 were measured and
obtained in (Figure 3.6)

Figure 3.6: Spectral curve of Lisinopril at pH: 7 for dilution factors 2.5, 5, 10
and 20 respectively.
30

DF: 5 showed a better spectrum curve so the rest of the measurements were
continued using it.
Lisinopril was stored under two different temperatures, +4 ⁰C and -20 ⁰C. After
one week of storage, the stability was measured and the following data were obtained
(Figure 3.7) (Figure 3.8).

Figure 3.7: Spectral curve of Lisinopril at pH: 6.5 stored at -20 ⁰C and +4 ⁰C
respectively.
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Figure 3.8: Spectral curve of Lisinopril at pH: 7 stored at -20 ⁰C and +4 ⁰C respectively.
As a result, pH 6.5 showed much greater stability than pH 7.Also with clearer
spectrum curve at DF: 5

The tests were continued using pH 6.5 for one month and the final stability data of
Lisinopril obtained as follow (Figure 3.9):
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Figure 3.9: Final Spectral curve of Lisinopril stored at -20 ⁰C and +4 ⁰C respectively
after one month

As observed, -20 ⁰C showed slightly better stability than +4 ⁰C.
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3.3. Enzymatic assay results

3.3.1. The effect of Drugs on SOD Activity

As it was mentioned

under methods, determination of SOD activity was

determined by following the nitro blue tetrazolium (NBT) reduction at 560nm, which
forms a blue colored formazan dye (Figure 3.10).

Figure 3.10: the effect of Captopril and Lisinopril on SOD activity
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The results showed that Lisinopril totally inhibits the enzyme activity while
captopril inhibiting almost 98%. The IC50 values for captopril and Lisinopril were
calculated as IC50= 0.3634 mg/ml and 48.656 ng/ml respectively.

3.3.2. 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

By following the protocols mentioned under methods part, the following results
were obtained.
As observed, the highest dose of Captopril showed inhibition up to 80% and the
percent inhibition decreases as the concentration decreases. While Lisinopril showed
inhibition up to 95% for the highest dose and the percent inhibition decreases as the
concentration decreases (Figure 3.11).
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Figure 3.11: the effect of Captopril and Lisinopril on GST activity
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Captopril shows an IC50 of 29.327 ng/ml while Lisinopril shows an IC50 of 1495
ng/ml.

3.3.3. The effect of Drugs on CAT Activity

The assay of CAT depends on remaining H2O2 (Aksoy, Balk et al. 2005) 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 as discussed earlier. (Figure 3.12)
The maximum concentration of captopril used in the assay showed only 5%
inhibition while the lowest concentration showed 2.5% inhibition. The effect of captopril
on the enzyme is not significant and does not affect the enzyme to a greater extend.
On the contrary, the maximum concentration of Lisinopril used in the assay ended
up with 70% inhibition of the enzyme activity while the lowest concentration showed
only 10%. This may be a negative sign to cancer patients who suffer from hypertension.
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Figure 3.12: the effect of Captopril and Lisinopril on CAT activity

3.3.4. 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 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.
The maximum concentration of captopril used in the assay showed only 11%
inhibition while the lowest concentration showed no inhibition to the enzyme activity
IC50=0.3441 g/L
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While the maximum concentration of Lisinopril used in the assay showed 53%
inhibition of the enzyme activity while the lowest concentration showed only 7%
inhibition with IC50=0.005669 g/L (Figure 3.13).

Figure 3.13: the effect of Captopril and Lisinopril on GPx activity
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DISSCUSSION

In this study, we used the tablet form of drugs available in the pharmacies. Since
the tablets contained other ingredients, we decided to look for the best solvent to dissolve
the target component (Captopril or Lisinopril) in the tablet and precipitate the other
ingredients. First, we started with water since the drugs were completely soluble in it. For
the stability test of both drug solutions prepared in water, we could not get a sharp readable
spectral curve using it, so we decided to use other solvent that mimics the same conditions
in the human body (pH, ionic strength, stability, etc...).
By using 100 mM sodium phosphate buffer, we could get a clear sharp spectral
curve. According to the beer-lambert law (mcnaught and mcnaught 1997), the absorbance
of a molecule is directly proportional to its concentration. Therefore, the drug solubility
and stability were observed at the wavelength where the maximum absorption was
observed for each drug solution (kamath, shivram et al. 1993, kuntawar and mulgund
2014). We followed the absorptivity for Captopril at 230 nm wavelength and for
Lisinopril at 220nm.
Both drugs showed complete solubility in the buffer at two pH values (6.5 and 7).
Stability was tested for two different temperatures (-20 °C and +4 °C). Captopril showed
the same stability under these two different temperatures for one month (the period
required to run the enzymatic assays), and also completely soluble at both pHs tested.
On the contrary, pH6.5 showed better stability than pH7 because the spectral curve
was not changing, but the drug was completely soluble in both pHs. While captopril
showed same stability under both tested temperatures (-20 °C and +4 °C), Lisinopril
showed a slightly better stability at -20 °C.
For enzymatic assay, Lisinopril showed inhibition of all the enzymes tested which
is means that it is a double-edged weapon.
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GST has a significant role in cancer development and chemotherapeutic drug
resistance (Hayes JD, Flanagan JU, Jowsey IR 2005). In addition, they are responsible for
the cleavage of radicals and protecting the cellular components from their damage As a
result, inhibiting the GST enzyme is an advantage since the resistance to chemotherapy
will be decreased making it more effective in the body. However, it may be considered as
a disadvantage because it inhibits GST enzyme; as this enzyme is responsible for drug
resistance that decreases the efficacy of chemotherapeutic drugs for cancer patients so by
taking Lisinopril, The efficacy of chemotherapeutic drugs will increase significantly.
.
Captopril has the same action as Lisinopril except that it has much lower inhibition
for CAT enzyme. This result can be considered as an advantage over Lisinopril for drug
selection for patients.

Both drugs showed complete inhibition to SOD enzyme, which is a serious
warning sign to cancer patients. Therefore, these drugs may not be preferred to be used in
certain cases. While for GPx, Captopril showed much lesser inhibition than that of
Lisinopril.
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CONCLUSION
Captopril and Lisinopril showed stability for one month when dissolved in
100mM sodium phosphate buffer at pH 6.5 and stored under -20 °C.

Captopril showed 98% inhibition for SOD enzyme, 85% inhibition for GST
enzyme, only 5% inhibition for CAT enzyme and 11 % inhibition for GPx enzyme
activities. On the other hand, Lisinopril showed 99% inhibition for SOD enzyme, 98%
inhibition for GST enzyme, 70% inhibition for CAT and 53% inhibition for GPx enzyme
activities.
It is concluded that Lisinopril is not recommended to cancer patients even though
the drug decreases resistance against chemotherapy as it will lead to more free radicals
in the body. However, Captopril has the advantage over Lisinopril, as it will lead to
lesser free radicals in the body while decreasing resistance to chemotherapy as well.
Captopril is more recommended than Lisinopril to hypertensive patients who
have family history with cancer.
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