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ABSTRACT
ANTIOXIDANT POTENTIAL ANALYSIS OF COLUMN
CHROMATOGRAPHIC FRACTIONS OF EUPHORBIA PLANT EXTRACT
Elkouha, Muna Zuam Emhemed
M.S., Department of Chemical Engineering and Applied Chemistry
Chemical Engineering and Applied Chemistry Master Program
Supervisor: Assoc. Prof. Dr. S. Belgin İşgör
January 2018, 47 pages

The aim of this study was to assess quantity determination of Polyphenols
(Total phenolic content; TPC, Total flavonoid content; TFC) and evaluate
antioxidant potential of Euphorbia macroclada Boiss. leaves extract followed by
their effect on antioxidant enzymes; Superoxide dismutase (SOD), Glutathione-Stransferase (GST) and Catalase (CAT).
The methanolic leaves extract of the E.macroclada was separated with ethyl
acetate, n-hexane with a volume ratio of 1:10 into four fractions by using Column
Chromatography (CC) technique. Folin-Ciocalteu’s and Aluminium chloride
colorimetric method was used to analyse TPC and TFC, respectively while the
antioxidant activities of column fractions were analysed by DPPH free radical
scavenging assay. The inhibitory effects of E.macroclada extract were performed by
testing the column fractions of extract on the activities of various antioxidant
enzymes; SOD, GST, CAT.
The results have shown that the TPC of the plant sample and its column
fractions ranged from 43.61 to 7.26 mg/ g Gallic acid equivalent while TFC ranged
from 37.05 to 2.93 mg/ g Quercetin equivalent. The DPPH IC50 values of column
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fractions of E.macroclada extract; FII, FIII and FIV were found to be 0.2541, 0.3409
and 3.42 g/l, respectively.
The enzyme assays showed that the inhibitory effects of FII, FIII and FIV on
GST enzyme activities were 92%, 98% and 78% respectively. Moreover, the
inhibitory effects of both fraction; FII, FIII on CAT enzyme were about 99% while
for FIV was just about 63%. Although all column fractions have strong inhibitory
effects (especially FII, FIII) on GST and CAT enzyme activity, no inhibitory effects
were observed on SOD.

Keywords: Euphorbia macroclada Boiss., polyphenolic compounds, DPPH assay,
radical scavenging, antioxidant enzymes, column chromatography.
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ÖZ
SÜTLEĞEN BİTKİ EKSTRESİNİN KOLON KROMATOGRAFİK
FRAKSİYONLARININ ANTİOKSİDAN POTANSİYEL ANALİZİ
Elkouha, Muna Zuam Emhemed
Yüksek Lisans., Kimya Mühendisliği ve Uygulamalı Kimya Bölümü
Kimya Mühendisliği ve Uygulamalı Kimya Yüksek Lisans Programı
Tez Danışman: Doç. Dr. S. Belgin İşgör
Ocak 2018, 47 sayfa

Bu çalışmanın amacı, Sütleğen (Euphorbia macroclada Boiss.) yaprak
özütüne ait polifenollerin (toplam fenolik içerik, toplam flavonoid içeriği) miktar
tayininin değerlendirilmesi ve Sütleğen yaprak özütünün antioksidan potansiyelinin
ardından Süperoksit dismutaz (SOD), Glutatyon-S-transferaz (GST) ve Katalaz
(KAT) gibi antioksidan enzimler üzerindeki etkilerinin değerlendirilmesidir.
ekstraktının metanolik yaprakları, kolon kromatografisi tekniği kullanılarak
dört fraksiyona (etil asetat, n-heksan/1:10) ayrıldı. kolon fraksiyonlarının antioksidan
aktiviteleri DPPH serbest radikal süpürme testi ile analiz edilirken toplam fenolik ve
toplam flavonoid içeriğini analiz etmek için Folin-Ciocalteu’s ve Alüminyum klorür
kolorimetrik yöntemleri kullanıldı. Sütleğen ekstraktının oksidan önleyici etkileri,
ekstraktın kolon fraksiyonlarının SOD, GST, KAT antioksidan enzimlerinin
aktivitesi üzerindeki etkilerinin test edilmesiyle gerçekleştirildi.
Sonuç olarak, numunenin kolon fraksiyonlarının toplam fenolik madde
miktarı 43.61 ila 7.26 mg/g Galik asit eşdeğeri arasında değişirken toplam flavonoid
37.05 ila 2.93 mg/g Quercetin eşdeğeri arasında değişmektedir. DPPH IC50 değerleri,
Sütleğen ekstraktı kolon fraksiyonları idi; FII, FIII ve FIV sırasıyla, 0.2541, 0.3409
ve 3.42 g/l olarak bulundu.
v

Enzim deneyleri, FII, FIII ve FIV'nin GST enzim aktivitesi üzerindeki
önleyici etkilerinin sırasıyla 92%, 98% ve 78% olduğunu gösterdi. Üstelik, FII, FIII
için her iki fraksiyonun KAT enzimi üzerindeki önleyici etkileri; yaklaşık 99% iken
FIV fraksiyonu için 63% olarak hesaplandı. Tüm kolon fraksiyonları GST ve KAT
enzim aktivitesi üzerine iyi bir inhibitör etkisine (özellikle FII, FIII) sahip olmalarına
rağmen, SOD üzerine herhangi bir inhibisyon etkisi gözlemlenmemiştir.

Anahtar Kelimeler: Sutleğen, polifenolik bileşikler, DPPH, radikal süpürücü,
antioksidan enzimler, kolon kromatografisi.
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CHAPTER 1

INTRODUCTION

The connection between plants and human beings dates back to the birth of
humans. Since ancient times, people used to utilize plants as medication for many
diseases [1]. The use of herbs and their extracts to heal different illnesses was first
used by Hippocrates in 460-370 BC when he experienced the art of remedy using
plants as a source of medicines [2].
Medicinal plants are of extensive significance especially for individual’s
health and communities in general [3]. The use of medicinal plant in the prevention
and treatment of illnesses is studied and concerned by different researchers all over
the world [2]. This statement is established by the World Health Organization in its
mission to support basic health care to the individuals [4].
People have made utilize of their native plant, not only as a source of
nutrient, whereas for drugs, garment, fuel, house building and chemical
manufacturing [5]. In actuality, it has been evaluated that about 25% of all prescribed
medicines nowadays are substances derived from plants [4]. In this time, It is known
all over the world that between 50.000 and 70.000 plant species are used in
traditional and modern medicinal systems [6].
Internationally, millions of humans in most developing countries depend on
traditional medicine and medicinal herbs for maintaining and keeping good health,
income generation and livelihood improvement [6;7]. Moreover, a growing
dependence on the use of medicinal herbs in the industrialised countries has been
traced to the extraction and development of various drugs and chemotherapeutics
from these plants and also from traditionally used rural herbal medicines [8].
1

Plants are considered very rich source of bioactive components that are
known as secondary metabolites [9]. The most significant of these compounds of
plants are polyphenolic compounds which have been used by humans for several
purposes, especially for making medicines [10;11]. The usage of plants as herbs and
spices approves that the oxidative and antimicrobial components are existed
currently in all parts of the plants including roots, stalks, tree barks, fruits, and leaves
[12].
It is believed that plants are to be a significant source of natural antioxidants,
which can prevent the formation of free radical effectively by scavenging them or
boosting their disintegration and repressing numerous disorders in humans’ body
[13].
These days, there is an obvious attention in antioxidants from natural sources
rather than synthetic ones [14]. Some of synthetic antioxidants have been added to
foodstuffs such as propyl gallate; PG, butylated hydroxyl toluene; BHT,
tertbutylhydroquinone; TBHQ and butylated hydroxyl anisole ;BHA,. In spite of
these synthetic antioxidants are effective and inexpensive, they are alleged of having
some side effects because they accumulate in our body and result in liver cell
damage and carcinogenesis [15;16]. Hence search for natural antioxidants has
received more interest and attempts to identify natural constituents that can serve as
appropriate antioxidants to substitute synthetic antioxidants [15]. At present, there is
increasing attention towards natural antioxidants of herbal sources. Epidemiological
and in vitro studies on medicinal herbs and vegetables, powerfully reinforced this
idea that plants are capable of exerting defensive effects versus oxidative stress in
living organisms [13].
1.1. General Information about Euphorbia Genus
Euphorbiaceae family (Spurge family) is considered as the fourth largest
group of the angiosperms including more than 300 genera and nearly 7500 species
spread broadly in tropical Africa [17]. The Euphorbiaceae plants are trees, shrubs,
herbs or rarely lianas [18]. In general, they have characteristic milky latex [19] and
sticky sap [20].
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The genus Euphorbia is the biggest in the plant family Euphorbiaceae,
consisting of around 2000 species ranging from annuals to trees. All of them contain
unique flower structures and latex. An important percentage, mainly those
originating in Africa and Madagascar, are succulent [21].
Euphorbias have therapeutic properties due to the existence of many
compounds, which are found as secondary metabolites in these plants such as
flavonoids, phenolic compounds and terpenoids [1].
Euphorbia genus is familiar for containing a wide diversity of isoprenoid
components, ranging from mono-, sesqui-, and diterpenes to triterpenoids and
steroids. Euphorbia diterpenes had possessed a great attention due to their various
structures and curative significance [1]. These constituents, which were isolated from
Euphorbia species and extracts perform many diverse biological activities, including
antiproliferative, antitumor, antimicrobial, antiviral and anti-inflammatory, cytotoxic,
and antioxidant activities [21;22].
1.1.1. Euphorbia macroclada Boiss.
Euphorbia macroclada Boiss. is a species of the Euphorbia genus and it
grows in arid and semi-arid land countries including Iran, Turkey, Armenia, Georgia,
Azerbaijan, Iraq, Syria, Lebanon and Palestine. In Turkey E.macroclada Boiss
grows in 14 provinces including Ağrı, Iğdır, Bitlis, Erzurum, Gümüşhane, Bayburt,
Erzincan, Osmaniye, Kayseri, Yozgat, Çorum, Ankara, Afyonkarahisar and Denizli
[23;24;25].
The classification of Euphorbia macroclada Boiss.;
Kingdom; Plantae (Plants)
Subkingdom; Tracheobionta
Division; Magnoliophyta
Class; Magnoliopsida
Subclass; Rosidae
Order; Euphorbiales
Family; Euphorbiaceae (Spurge family)
Genus; Euphorbia L. (Spurge)
Species; Euphorbia macroclada Boiss. [25].
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A

Figure 1.1: Photograph of Euphorbia macroclada Boiss. used in this study
A) Fresh aerial parts, B) Dried aerial parts.

1.1.2. Traditional Medicine with Euphorbia Species in Turkey
Plant diversity is considered of great importance for Turkey as it has various
kinds of plants that make it very rich country. Up to date, about 10.500 plant species
have been known within their borders and 30% of them are endemic [5]. The
proportion of endemism is a standout amongst the significant indicators to assess the
ecological value of a region. In Turkey, the rate of endemism in plant species is
comparatively high when compared with other European nations [6].
Turkey also has a great history of traditional medication. Medical folklore
studies regarding diseases in which herbal medicines are used colloquially in Turkey,
their influence and names have been increasingly going up since Republican.
Historical records show that a considerable number of herbal medications were
exported at the time of the Ottoman Empire. For centuries, Turkish people have been
using herbal drugs for the remedy of some daily illnesses. Recently, a great majority
of researches and studies have placed great importance on investigating the plants –
which were traditionally used for healing purposes [6].
Due to the rich flora and the rich cultural, a fortune of knowledge of folk and
traditional medicine has been amassed in Turkey [1]. About 91 Euphorbia species
are grown up in Turkey [26]. In various provinces of Turkey, some of Euphorbia
species have been used in folk medicines to treat some diseases such as skin illnesses
and wounds, wart cures, intestinal parasites, migraines and gonorrhea [27]. The used
parts of Euphorbia species include seeds, roots, latex, stem, leaves, flowers and
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whole plants [1]. Different Euphorbia species and therapeutic uses have been shown
in Table 1.1.

Table 1.1. List of plants used as a remedy in different regions of Turkey [1;11;28].
Scientific name

Therapeutic uses

E. virgata Waldst. & Kit.

Eczema
Wound healing, eczema, warts, snake & scorpion
bites, anti-haemorrhoidal, analgesic in toothache,
fungal infection, Antipyretic in malaria
Wound healing, warts, snake & scorpion bites
Laxative
Constipation, wound healing
Constipation
Anti-inflammatory, wound healing , antipyretic in
malaria

E. macroclada Boiss.
E. coniosperma Boiss.
E. apios L.
E. armena Prokh.
E. heteradena Jaub. & Spach.
E. seguieriana Necker
E. falcata L. supsp. falcata var.
falcate
E.rigida Bieb.
E. nicaeensis All. subsp.
lasiocarpa Boiss.
E. stricta L.
Euphorbia sp.
E. myrsinites L.

Fungal infection, eczema
Anti-haemorrhoidal, anthelmintic
Antifungal, anthelmintic
Analgesic in toothache, callus
Constipation
Anthelmintic

1.2. Free Radicals
Free radicals are highly reactive substances containing one or more unpaired
electrons in their outer shell, which are products of cells normal metabolism or from
external sources, can be harmful to living organism if it overcomes the body’s
antioxidant defense system [29;30].
Free radical molecules can be classified into two types;


Reactive oxygen species (ROS);
The term ROS indicates to different products that results from the partial

reduction of oxygen, including;
5

a) Oxygen free radicals; Superoxide anion (O2•-), hydroxyl (OH•), peroxyl
(RO2•), perhydroxyl radical (HO2•), and alkoxyl (RO•).
b) Non-radical derivatives of oxygen such as; Hydrogen peroxide (H2O2),
singlet oxygen (1O2), Triplet oxygen (3O2), and hypochlorous acid (HOCl)
[31].


Reactive nitrogen species (RNS);
ROS can be further modified to RNS such as nitric oxide (NO•-),

peroxynitrite (ONOO•-), nitrogen dioxide (NO2•-), and other oxides of nitrogen [30].

1.2.1. Sources of Free Radicals
The main sources of free radicals are:


Exogenous origin: Some external sources of free radicals are ionising radiations,
UV (ultraviolet) light, certain drugs, anesthetics, xenobiotics, environmental
pollutant, pesticides, industrial solvents and cigarette smoke [32; 33].



Endogenous origin: Some internal sources of free radicals are mitochondrial
respiration, metabolic pathways, prostaglandin synthesis, oxidative burst, inflammation, phagocytosis and reactions including transition metals such as, iron
(Fe+2) and copper (Cu+2) [32;33].



Physiological Factors: These include mental status (like stress, emotion etc.) and
diseases, which are also serve as a source of free radicals [33].

In spite of that the exposure of the biological system to free radicals is very
high from exogenous origins, the exposure to endogenous origins is much more
significant and extensive, because it is a persistent process through the life span of
each cell in living organism [32]. The various types of ROS, their sources,
antioxidant scavengers and byproducts are summarized in the Table 1.2.
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Table 1.2. The major ROS molecules and their neutralizing antioxidants [34;35;36].
Type of free
Radical

Superoxide
radical (O2•-)

Hydrogen
peroxide
(H2O2)

Hydroxy
radical (OH•)

Nitric oxide
(NO)

Scavenger
Source
Electron transport
chain, Xanthine
oxidase, activated
phagocytes
Product of
dismutation of
superoxide
radical, NADPH
oxidase
Xanthine oxidase
Product of
interaction of
transition metals
such as Fe+2 and
Cu+2 with O2•- and
H2O2
Nitric oxide
synthase

Products

Enzymatic
Antioxidant

Non-Enzymatic
Antioxidant

Superoxide
dismutase
(SOD)

Vitamin C,
Glutathione,
Flavonoids

Catalase,
Glutathione
peroxidase

Vitamin C, Vitamin
E, Glutathione, βcarotene,
Flavonoids, lipoic
acid

H2O +
O2, H2O
+ GSSG

-

Vitamin C,
Glutathione
Flavonoids and
Lipoic acid
Peroxiredoxins

H2O

Glutathione
reductase

Glutathione

GSNO

H2O + O2

1.3. Oxidative Stress (Damages and diseases coused by ROS)
In some circumstances, an imbalanced state between the formation and
elimination of free radicals in the body may occur [37]. This is known as oxidative
stress, where unremoved oxidants can react with some cellular biomolecules such as
lipids, proteins and DNA. Clinical evidence indicates that oxidative stress has
significant role in a wide diversity of pathological processes [38]. For example,
oxidation of lipids leads to lipid peroxidation and membrane damage, oxidation of
proteins and enzymes causes fragmentation and loss of their vital function, and
oxidation of DNA results in random cross linking, leading to the death of the cells
[39] (Figure 1.2.). The secondary effect of oxidative stress is believed to play a great
role in effect on human health by causing the development of chronic and
degenerative diseases, such as aging, cancer, diabetes, autoimmune disorders,
cardiovascular diseases, neurodegenerative disorders (Alzheimer, Parkinson….etc.),
liver diseases and several other disorders [29;40].
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1.3.1. Lipid Peroxidation
Lipid peroxidation is an ordinary metabolic process that extends under
regular situations [41]. Phospholipids are essential part of the membranes that
surround the cells and other cellular structures, such as the nucleus and mitochondria
[35]. Lipid peroxidation is one of the main investigated results of free radicals (ROS)
actions on membrane structure and function. This leads to membrane degeneration
[41] and ageing [35] of cells.

1.3.2. Protein Damage
Enzymes are proteins that stimulate the important biochemical reactions in
human’s body. Among the twenty amino acids comprising an enzyme histidine,
cysteine and methionine residues are an easy target for reactive oxygen species
(ROS) damage. Therefore, any enzyme includes these amino acids can subject to
oxidation due to the existence of ROS, making the enzyme inactive, which in turn
blocks the vital biological activities. During the oxidation process of protein, the
damge can be evaluated by the quantity of formation of carbonyl group (C=O),
which is released [35]. Protein damage by reactive oxygen species causing
modification in its structure and function [42].

1.3.3. Oxidation of DNA
DNA is the most important biomolecule and any permanent alteration in the
DNA base pairing can make mutation. ROS is a potential carcinogen and possess
role in causing mutagenesis, formation and spreading of tumours. The damage to
DNA caused by ROS comprises mispairing mutation or transversions (G-T). Under
stress G:C base pair is more susceptible to mutation than A:T base pair. The
activation of oncogenes is also a consequence of transversion. If mutation happens in
p53 tumor suppressor gene, then it gives rise to formation of cancers. The p53 gene
plays important role in fighting cancer, prevention of tumour generation and also
keep safe the DNA from damage [35].
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Figure 1.2: The mechanisms of oxidative cellular damage leading to cell death [36].

1.4. Antioxidants Defense System
Antioxidants are molecules that neutralize free radicals and stop the damage
produced by them. These substances can considerably decrease the damage caused
by free radicals (ROS, RNS), scavenging them before they attack on biological
molecules, either by stopping chain reactions or by stopping the stimulation of
oxygen to highly reactive products [29,43].
Defense against oxidative stress is supported by a system of enzymatic and
non-enzymatic antioxidants which capable of neutralizing free radicals and
preventing overproduction of reactive oxidative species (ROS) [42].
The term “Antioxidants Defense System” involves a wide range of
components which are classified into:
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Exogenous antioxidant: Exogenous antioxidants are substances that are supplied
through dietary intake and can help the body to scavenge free radicals effectively,
including:


Polyphenols: Polyphenols consist of phenolic acids and flavonoids that
are the major class of exogenous antioxidants.





Vitamins (vitamin E, vitamin K, vitamin A and vitamin C).



Carotenoids e.g., β-carotene, lycopene and lutein.



Minerals such as zinc, copper and selenium.



Organosulfur compounds e.g., allium, allyl sulphide and indoles [36].

Endogenous antioxidants: Endogenous antioxidants include the substances that
are synthesized in the body to scavenge free radicals , including:


Enzymes; include Glutathine-S-Transferase (GST), Glutathione Peroxidase (GPx), Superoxide Dismutase (SOD), and Catalase (CAT) [36].



Low molecular weight compounds; such as bilirubin and its oxidation
product biliverdin, the reduced form of α-lipoic acid, α-keto acids (αketoglutarate), uric acid, oestrone and oestradiol derivatives, melatonin
and glutathione [44].




Enzyme cofactors; such as ubiquinone (coenzyme Q) [36;45].

Metal binding proteins: Metal binding proteins sequester free iron (Fe+2) and
copper (Cu+2) ions that are capable of catalyzing oxidative reactions, which are
divided into:


Copper binding proteins such as Albumin, Ceruloplasmin and
Metallothionein.



Iron binding protein such as Myoglobin, Haptoglobin, Transferrin and
Ferritin [36].

1.4.1. Enzymatic Antioxidants
A network of several antioxidant enzymes induce chemical pathways to
convert reactive oxygen species (ROS) into non-toxic substances (i.e. to water; H2O).
The first line of cellular defense against oxidative stress enzymes are: the family of
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Superoxide Dismutases (SODs), Glutathione Peroxidases (GPXs), and Catalase
(CAT) enzymes. These are the major free radical scavenging enzymes that
decomposing superoxide anion radicals (O2•-) and hydrogen peroxide (H2O2) (Figure
1.3). In addition, Glutathione-S-Transferase (GST) plays a paramount role in the
protective mechanisms by catalyzing the conjugation of reactive electrophilic agent
to reduced Glutathione (GSH) [42].
One enzyme activity leads to the production of a substrate for other one,
whereby the excess of hydrogen peroxide (H2O2) may act as a factor of SOD
inhibition. On the other hand, GPx may be inhibited by the superoxide radical (O2•-)
excess. Consequently, GPx is protected from its inhibition by superoxide radical just
by the increase SOD activity [46].

Figure 1.3: The chemical reactions involving ROS and antioxidant enzymes.

1.4.1.1. Superoxide Dismutase (SOD; EC 1.15.1.1)
Superoxide dismutase; metalloenzyme belongs to the group of oxidoreductases. SODs are present in nearly all aerobic cells and also in anaerobic
organisms, in all subcellular compartments [47]. SOD is an essential intracellular
antioxidant scavenging enzyme that defends the organism against damaging effect of
superoxide anion radicals (O2•-) by catalyzing the conversion of toxic superoxide
anion to oxygen molecule (O2) and hydrogen peroxide (H2O2) (which is less harmful)
[32;42].
2O2•- + 2 H+

SOD

H2O2 + O2
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The active site of the Superoxide dismutase enzyme contains one or two
different atoms of a transition metal in a certain oxidation state, thereby SODs are
classified depending on their metalcofactors into four isozymes [47]:
1) Cu/Zn-SOD isozymes; Cu/ZnSODs containing one copper (Cu+2) per subunit
joined to one zinc (Zn+2) by a bridging of imidazole ring of histidine [48]. They
are found in both prokaryotes, eukaryotes [32] and also present in plants [47].
2) Mn-SOD isozymes; MnSODs, containing one manganese (Mn+3) per subunit, are
found in the mitochondrial matrix [49]. The prokaryotic MnSOD is dimers,
whereas eukaryotic one is tetramers. MnSODs are also found in plants [47].
3) Fe-SOD isozymes; FeSODs are dimers found in prokaryotes [47]. Although these
isozymes are often not detected in plants, they are usually associated with the
chloroplast compartments [50].
4) Ni-SOD isozymes; NiSODs are homohexamers. They are the most recent classes
of SOD, which was discovered in Streptomyces and Cyanobacteria [51].

All SODs isozymes are known to have very similar catalytic rate constants,
pH dependence, and catalytic functions [47]. There are three known human
isoforms of SOD, which are summarized in Table 1.3.

1.4.1.2. Glutathione-S-Transferase (GST; EC2.5.1.18)
Glutathione-S-transferase has also been called Glutathione Transferase. These
enzymes are present in nearly most organisms such as microbes; plants; flies; fish;
and mammals. GSTs catalyze nucleophilic attack by reduced Glutathione on
nonpolar compounds that contain an electrophilic carbon, nitrogen, or sulphur atom.
Their substrates include halogeno-nitrobenzenes, arene oxides, quinones, and α,βunsaturated carbonyls [32;54].
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Table 1.3. Biological property of three types of Human SODs [31;42;48;49;52;53].
SOD1

SOD2

SOD3

Metal
cofactors
(Isozymes)

Cu/ZnSOD

MnSOD

Cu/ZnSOD-containing
glycoprotein

Location

Cytoplasm,
lysosomes, nucleus,
peroxisomes and
mitochondrial intermembrane space

Mitochondrial matrix

Extracellular fluids,
such as plasma, lymph
and synovial fluids

Number of
subunit

Homodimer

Homotetramers

Homotetramers

Molecular
conformation

α-helix and
β- folding (main)

α-helix (main) and
β-folding

α-helix and
β- folding

32

96

130

Protein
structure

Molecular
Mass (KDa)

Three major families of glutathione-S-transferase isoenzymes found in
mammals, which are widely distributed in nature exhibit glutathione-S-transferase
activity. These families comprise: cytosolic GSTs, mitochondrial GSTs, which are
soluble enzymes and have some similarities in their three-dimensional structure, and
microsomal GSTs that are known as membrane-associated proteins in eicosanoid and
glutathione (MAPEG) metabolism [54].
The majority of cytosolic GSTs are found in the cytoplasm of the cell.
Cytosolic GST isoenzymes have been particularly well characterized, and were
originally classified into 7 classes according to their substrate/inhibitor specificity,
primary and tertiary structure similarities and immunological identity [55],
denominated Alpha; α, Mu; μ, Pi; π, Theta; ϴ, Zeta; ξ, Omega ;ω and Sigma; σ
classes. They have two domains (dimers) that are; N-terminal domain (domain 1) and
C-terminal domain (domain 2). (Figure 1.4). Mammalian cytosolic GSTs are all
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dimeric with subunits of 199–244 amino acids. At least 16 cytosolic GST dimers
exist in the human. As those in the Alpha (α) and Mu (μ) classes can form
heterodimers. The mammalian mitochondrial GSTs isoenzyme (which are in Kappa
class; ҡ) are homodimeric and comprise subunits of 226 amino acids [54].
GSTs have important role in the detoxification against highly toxic
substances that produced after the exposure to electrophilic xenobiotics such as;
drugs, industrial intermediates, pesticides, herbicides, environmental pollutants, and
carcinogens, because they are able to catalyze the conjugation of reduced glutathione
(GSH) with oxidation end products such as quinones, epoxides and hydroperoxides,
to form less active products that are readily excreted from the body. Moreover, GSTs
have protective effects against reactive compounds produced in the body during
oxidative stress and represent as a second line of defense system against the cytotoxic substances produced by ROS-mediated reaction [54;56].

Figure 1.4: Mammalian cytosolic Glutathione S-Transferases (GSTs) structures.
Structures of individual GST subunits are shown. The domain 1 is coloured green,
while the domain 2 is blue; (a) human Alpha class, (b) human Pi class, (c) rat Mu
class, (d) human Theta class [57].
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1.4.1.3. Catalase (CAT; EC.1.11.1.6)
Catalase is a homotetrameric enzyme (Figure 1.5) with molecular mass 240
kDa (60 kDa per subunit), each of subunits contains a ferric (Fe+3) haem group bound
to its active site [48;58] (4 heme groups per tetramer) [47]. It is present in humans,
plants, animals and in mostly all aerobic organisms [35]. CAT is localized primarily
in the peroxisome of mammalian cells [32;47] and is also found in rat heart
mitochondria [32]. CAT catalyzes the conversion of hydrogen peroxide (H2O2) to
water (H2O) and oxygen molecule (O2) [35] by using iron cofactor (heme group)
[32], therefore iron deficiency causes a significant decrease in catalase activity.

H2O2

CAT

H2O + O2

CAT can reduce the concentration of H2O2 at lower level and hence plays
important role in the prevention of cancer [35]. It has the highest turnover rate among
all enzymes, one molecule of CAT can convert approximately six million molecules
of H2O2 to H2O and O2 per minute and the pH optimum obtained from different
sources is 6.8-7.5 [47].
Catalase is an important scavenger in the cytosol [31]. Humans with low
catalase levels (acatalasemia) have an increased risk for diabetes mellitus; while the
clinical features of acatalasemia are oral gangrene, altered lipid, carbohydrate,
homocysteine metabolism and the increased risk of diabetes mellitus and lower
levels of catalase activity in other tissues, seem to be asymptomatic [32].

1.4.2. Non-Enzymatic Antioxidants
The non-enzymatic antioxidants are the second line of defense oxidative
stress [31] and can be classified into several classes (Figure 1.6), of which
polyphenols are the largest [45].
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Figure 1.5: The protein structure of Catalase enzyme

Low-molecularweight antioxidants
Minerals
Polyphenols

Non-Enzymatic
antioxidant

phenolic
acids
Flavinoids

carotenoids
organosulfur
compounds
Vitamins
Enzyme
cofactors

Figure 1.6: The classification of non-enzymatic antioxidant compounds
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1.4.2.1. Polyphenols Compounds
Polyphenols are the main class of exogenous antioxidants as well as they are
non-enzymatic antioxidant that found in plant kingdom and can help human’s health.
The secondary metabolism of plants is accountable for the formation of phenols and
polyphenols, which include multiple structures, but normally one or more aromatic
rings, respectively [59]. The major classes of polyphenols are categorized as
flavonoids and phenolic acids [29;43]. The phenolic antioxidant (Ph-OH) is capable
of ending the oxidation pathway. The following reaction happens:
Ph-OH + ROO•

ROOH + PhO•

Because of the PhO• radical so formed is a stable molecule, the propagation
of the reaction does not happen [60].

1.4.2.1.1. Phenolic Acids
Phenolic acids can be classified into two major groups;


Hydroxycinnamic acids such as Caffeic and Ferulic acids, are the most usual
compounds found in fruits and seeds, and the monophenols, which have a single
benzene ring [59].



Hydroxybenzoic acids such as Ellagic acid and Gallic acid, are the second group
of phenolic acids, but their content in plants is very low [29]. Figure 1.7 shows
the chemical structures of hydroxycinnamic and hydroxybenzoic acids with its
examples.

17

Hydroxy-benzoic acids

Hydroxy-cinnamic acids

Gallic acid

Caffeic acide

Figure.1.7: Basic Chemical Structures of Phenolic Acids and their examples

1.4.2.1.2. Flavonoids
Flavonoids are the class of plant secondary metabolites. Flavonoids and their
glycosides are complicated molecules, composed of multiple aromatic rings [45].
These comprise 4,000 kinds of flavonoids, which divided into many classes (Figure
1.8). Of these, Quercetin is the more plentiful dietary flavonol, is a potent antioxidant
because it has all structural features for free radical scavenging activity [42] (Figure
1.9). Flavinoids is a significant class of polyphenolic antioxidants as they constitute a
very important role in remedying human’s illnesses [61] and result in lessening the
level of many cancers like that of pancreas, stomach, lungs, and breast because of
their antioxidant potential [60].

18

Flavoniods

Flavonols

e.g.,
Quercetine

Flavones

e.g.,
Luteoline

Isoflavones

e.g.,
Genistein

Anthocyanins

e.g.,
Cyanidin
Catechins

e.g.,
Epicatechins

Proanthocyanidins

e.g.,
Procyanidin
B-2

Flavanols

Flavonones

e.g.,
Hesperetin

Figure 1.8: The classification of Flavonoid compounds and their examples

a)

b)

Figure 1.9: Flavonoid compounds. a) Basic Chemical Structure of Flavonoids,
b) Quercetin Chemical Structure
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1.5. Plants as Stimulators of Antioxidant Mechanisms
The plants having chemopreventive potential are known to contain numerous
antioxidants [47]. Polyphenolic components (phenolic acids and flavonoids) are the
natural ingredients of plants [62]. The antioxidant properties of plants are mostly
because of the existence of these components [63]. Polyphenols exert a particularly
strong antioxidant effect. They ptotect membrane lipids by preventing their
oxidation, and are accountable for preserving the appropriate level of glutathione in
the cells. Flavonoids and their derivatives with the strongest antioxidant potential
have been demonstrated that they inhibit the production of free radicals by forming
permanent complexes with transition metals such as (Cu+2) and (Fe+2), which are
responsible for Fenton reactions [44]. Nowadays, it is strongly believed that by
creating few changes in the diet intake by including antioxidants, the happening of
diseases can be decreased [64].
Several researches and studies strongly showed a correlation between
polyphenols, mostly those found in cereals, spices, herbs, vegetables, and fruits, and
their high antioxidant capacities. Others have showed that their orderly consumption
can help to significantly decrease the occurrence of illnesses linked to oxidative
stress, because polyphenols act as potent free radical scavengers [65;66]. Given that,
there has been an important increase in research focused on natural antioxidants, not
just for their health benefits, but also as replacements for synthetic additives in food
and pharmaceuticals [45].
1.6. Scope of Study
The main objective of this study is to predict the medicinal use of Euphorbia
macroclada Boiss. as a natural antioxidant. First, by determine the total phenolic and
flavonoid contents of extract and separate it into its fractions by using column
chromatography technique. Then, test the

antioxidant activity of these column

fractions and evaluate its effects on the antioxidant enzymes which are; superoxide
dismutase (SOD), glutathione-S-Transferase (GST) and catalase (CAT).
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CHAPTER 2

MATERIALS AND METHODS

2.1. Materials:
2.1.1. Equipment and Instrument
Molecular Devices SpectraMax M2 Microplate Reader, RE-100-Pro Rotary
Evaporator, T80 UV–VIS Spectrophotometer, Refrigerator, Ultrapure Water
Apparatus, UV Light Detector (366nm), Electronic Balance, PH Meter, Magnetic
Stirrer-Heater, Vortex Mixer, Micro Pipettes, Manual Multichannel Pipettes, Heating
Mantle and Lab Oven.
Many glassware included Test Tubes, Beakers, Conical Flasks, Funnels,
Graduated Cylinders, Round Bottomed Flasks, Condenser, TLC Chamber, Soxhlet
Apparatus, Glass Column for Chromatography, Moher Pipettes and Pasteur Pipettes.
Other tools included Plastic Cuvates, 96-well Microplates, Eppendorf Tubes, Plastic
Pipettes, Mortar & Pestle, Test Tube Rack, Spatulas, Forceps and Parafilm
Laboratory Roll.
2.1.2. Chemicals and Reagents
The following chemicals were obtained from Sigma-Aldrich Chemical
Company Ltd. (USA):, Quercetin Dihydrate, Absolute Ethanol (99.9%), Absolute
Methanol (99.5%), Dichlorohydroxy Benzene Sulfonic Acid (DHBS), Ethylene
Diamine Tetra Acetic Acid (EDTA), Folin-Ciocalteu’s phenol reagen;N2, LGlutathione Reduced and Xanthine.
Gallic acid, Organic Solvents (n-hexane, ethyl acetate), Silica gel 60 (35-70
µm), TLC plates (TLC Silica gel 60 F254), Monopotassium phosphate (KH2PO4),
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Dipotassium phosphate (K2HPO4), Aluminium Chloride Hexahydrate were obtained
from Merck (Pvt.) Ltd. (Germany).
Other chemicals were obtained from different companies such as ; Dimethyl
Sulfoxide (DMSO) (Riedel-deHaen), Sodium Acetate Trihydrate and Hydrogen
Peroxide (H2O2) (Aklar Kimya), Nitro Blue Tetrazolium (NBT) and Sodium
Carbonate Anhydrous (Fisher Scientific), 1-Chloro-2,4-Dinitrobenzene (CDNB) and
Horse Reddish Peroxidase (HRP) (Fluka), 2,2-Diphenyl-1-Picrylhydrazyl (DPPH)
and Xanthine Oxidase (Calbiochem), 4-Amino Antipyrine (4-AAP) and Sodium
Azaide (Acros).
Catalase Enzyme (CAT; 100.1u/mL) was purchased from its company Sigma
– Aldrich whereas Bovine Liver Cytosol was extracted in our laboratory from the
bovine liver was obtained from slaughter house in Kazan-Ankara.

2.2. Plant Material
Fresh aerial parts of Euphorbia macroclada Boiss. were collected from Balâ,
Town in Ankara, Turkey, at 39°33'0" N and 33°7'0" E, in June, 2016 by Prof. Dr.
Atilla Cihaner, Department of Chemical Engineering and Applied Chemistry, Atilim
University and identified by Prof. Dr. Fatmagül Geven, Department of Biology,
Ankara University.
The plant materials were washed under tap water and then air-dried in shade
for about one week. After that, E.macroclada separated into leaves, flowers and
stems. Dried leaves of E.macroclada were grinded into powder by using mortar &
pestle and stored in clean labelled airtight bottle.
2.3. Preparation of E.macroclada Extract
Soxhlet extraction was used in this experiment to extract the E.macroclada
plant. For Soxhlet extraction, a powder leaves is weighted approximately 2 g and put
into the extract chamber of the Soxhlet extractor and 150 ml of methanol (99.5%,
v/v) was used as a solvent for 24 hour extraction. The extract solution was then
evaporated to dryness using a rotary evaporator under reduced pressure at 40 °C.
Then the crude extract was weighted and dissolved in absolute methanol (known
volume), so the concentration of E.macroclada extract was determined. The extract
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was then stored in refrigerator at 4-5 °C until it analysed, the percentage yield of the
crude extract was calculated by using Equation:
Y extract = m extract/m plant ×100
Where; m extract is the crude extract mass in grams (g) and m plant is the extracted plant
mass.
2.4. Column Chromatography Technique for E.macroclada Extract
In this experiment, Silica gel 60 (35-70 µm) was used as a stationary phase. A
mixture of ethyl acetate/n-hexane in ratio of 1:10 was used as a mobile phase to
separate E.macroclada extract into their fraction. The 29.5 cm of diameter and 1.5
cm of height of glass column was used. A 0.0368 gram (36.8 mg) of crude extract of
E.macroclada was dissolved in 3 ml of the same ratio of solvent mixture (1:10) and
loaded to the column which was slurry packing of silica gel. The flow rate of solvent
system was obtained as 4.58 ml/min.
The column was washed with same solvent system (1:10) and various eluates
were collected in test tubes separately and checked by TLC plate with a ratio (1:3)
of Ethyl acetate/n-hexane mixture. Then the eluates, which gave similar-looking
spots on TLC plate were combined together. As a result of this, three separated
fractions were collected and labelled as FI , FII and FII. The remaining sample on
silica gel column were collected by washing the column with absolute methanol as
final fraction (FIV). At the end of this experiment, four fractions were collected and
checked by TLC plate with ethyl acetate/n-hexane mixture (1:3). After that, each
fraction were evaporated, weighted and dissolved in known amount of absolute
methanol. Then, All fractions were stored in clean labelled bottles, saved under
nitrogen gas and kept in refrigerator at 4-5 °C for further analysis.

2.5. Determination of Polyphenol levels of E.macroclada Extract
Gallic acid and Quercetin was used as a standard to estimate Total Phenolic
Content (TPC) and Total Flavonoid Content (TFC) respectively. The average
absorbance values obtained at different concentrations of Gallic acid or / Quercetin
were used to plot the calibration curve. Results were expressed as milligrams of
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Gallic acid equivalents per gram of dry weigh of extract (mg GAE/g DW) or
Quercetin equivalents per gram of dry weigh of extract (mg QE /g DW) for TPC and
TFC respectively by using Equation:
(TPC, TFC) = C*V/m
Where, C = concentration of Gallic acid or /Quercetin obtained from the calibration
curve in (mg/ml), V = volume of plant extract in (ml), m= mass of pure plant extract
in gram (g).
The evaluation of polyphenol contents (TPC and TFC) in plant extract and its
column fractions (FI, FII, FII and FIV) were assayed in duplicate, and mean values
were calculated.
Incubation period in all experiments was at room temperature (21 – 25 oC) in
dark place and T80 UV–VIS Spectrophotometer was used to measure the absorbance
of all samples in following experiments. Following analytical assays were performed
on studied fractions.

2.5.1. Determination of Total Phenolic Content (TPC) in E.macroclada Extract
and its Fractions
The total phenolic contents of E.macroclada extract and their fractions were
achieved by the Folin-Ciocalteu’s reagent (F-C method) according to Singleton and
Rossi method with a slight modification [67;68]. This method based on the principle
that phenolic compounds reacts with FC reagent gives greenish-blue colour in alkali
medium, which are measured Spectrophotometrically at750 nm. Gallic acid was used
as a standard. Various concentrations of Gallic acid solution were prepared in
Dimethyl sulfoxide; DMSO (50, 100, 200 and 300 µg/ml) and various concentrations
of the plant extract and its fractions were prepared. First, either 100 µl of the
extract/fractions or Gallic acid standard were placed into test tube. To this, 1 ml
(1/10) dilution of Folin-Ciocalteau’s reagent was added into each tube and incubated.
After 5 min, 1ml of sodium carbonate solution; Na2CO3 (2%, w/v) was added into
each. The mixture was shaken well by using vortex and incubated for 1 hour. The
blank was performed using DMSO instead of sample. Then the absorbance of all
samples was measured at 750 nm versus a prepared blank. In short, the TPC assay
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was shown in Table 2.1. Results were expressed as milligrams of Gallic acid
equivalents per gram of dry weigh of extract (mg GAE/g DW).

Table 2.1. The reaction components of TPC determination assay
Blank

Standard

Plant Extract/ fractions

100 μl of DMSO

100 μl of Gallic acid

100 μl of Plant Extract

+
1 ml of Folin-Ciocalteau’s reagent (1/10 dilution)
Incubation for 5 minutes
+
1 ml of Na2CO3 (2%)
Incubation for 60 minutes and read at 750 nm

2.5.2. Determination of Total Flavonoid Content (TFC) in E.macroclada Extract
and its Fractions
Aluminium chloride colorimetric assay was used for flavonoid determination
of E.macroclada extract and its fractions. The total flavonoid content was evaluated
in accordance with the method of Woisky & Salatino with little modification [69;70].
This method based on formation of aluminium complex. The Quercetin at 25, 50 and
100 µ/lm in ethanol (80%, v/v) was used as standard and different concentrations of
the extract and its fractions were prepared. 250 µl of each sample (each concentration
of extract, fractions and standard) were introduced into test tubes; 750 µl of ethanol
(95%, v/v), 50 µl of Aluminum Chloride; AlCl3 (10% w/v), 50 µl of Sodium Acetate;
CH3COONa (1M) and 1.4 ml of DMSO were added into each. The tubes were mixed
thoroughly and allowed to stand in dark condition at ambient temperature for 30 min.
Absorbance was read at 415 nm versus reagent blank containing ethanol (80%, v/v)
instead of the sample. Briefly, the TFC assay was shown in Table 2.2. The
calibration curve was plotted using standard Quercetin. Total flavonoid contents of
the extract and its fractions were expressed as mg Quercetin equivalents (QE) /g of
dry sample.
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Table 2.2. The reaction components of TFC determination assay
Blank

Standard

Plant Extract/ fractions

250 µl of 80% of
EtOH

250 µl of Quercetin

250 µl of Plant Extract

+
750 µl ml of EtOH (95%)
+
50 µl of AlCl3 (10%)
+
50 µl of CH3COONa (1M)
+
1.4 ml of DMSO (absolute)
Incubation for 30 minutes and read at 415 nm

2.6. Antioxidant Assays
In this study, all enzyme assays were applied on only three fractions of
E.macroclada extract (FII, FIII, FIV), FI was excluded because of the total phenolic
and Flavonoid contents could not determine.
The concentrations of column Fractions of E.macroclada extract (FII, FIII,
and FIV), which were used in all enzyme assays, were prepared as 1:3 serial
dilutions for each fraction of the stock sample and six concentrations from each
fraction were analysed, while SOD assay just five concentrations were analysed.
The reaction components, which describe separately in each enzyme assay is
a single reading for one well of 96-well microplates and multi-mode plate reader
(Spectra maxM2) was used to follow all enzyme assays.
The estimation of antioxidant activity in each column fraction of
E.macroclada extract and its effects on the antioxidant enzyme assays was carrying
out in duplicate in microplate. All incubation period was at room temperature (21 –
25 oC) under dark condition.
The cytosol that was extracted from bovine liver in our laboratory was used
as Superoxide Dismutase and Glutathione S-Transferase enzyme source but, catalase
enzyme was commercially available from Sigma-Aldrich Chemical Company.
Following analytical antioxidant assays were performed on studied fractions.
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2.6.1. Evaluation of Antioxidant Activity of E.macroclada Fractions Using 2,2Diphenyl-1-Picrylhydrazyl (DPPH•) Method
The DPPH• free radical scavenging assay; a colorimetric method, which can
be used to determine the capacity of plant extract to donate an electron or a hydrogen
radical from extract to DPPH• free radical. The solution of DPPH• has a maximum
absorbance at 517nm, that will decrease when it accept an electron or a proton from
an antioxidant (plant extract) becomes a stable diamagnetic molecule (DPPH-H),
resulting in discoloration of the solution from deep purple to light yellow. The DPPH
molecular (oxidant and reduce) formula and the decrease in its absorption were
shown in Figure 2.1
The 2,2-Diphenyl-1-Picrylhydrazyl (DPPH) radical scavenging assay was
modified from the protocol reported by Blois [71;72;73]. The concentrations of
column fractions of E.macroclada extract (FII, FIII, and FIV) used in this assay were

Absorbance

shown in Table 2.3.

Wavelength (nm)

Figure 2.1: DPPH reduction by an antioxidant compound

Commonly, 100 μl of methanol (99.5%, v/v) and 50 μl of E.macroclada
extract was mixed with 50 μl of DPPH• methanol solution (200 µM). The methanol
and DPPH• solution without plant extract served a baseline control (blank). Seven
concentrations of Quercetin, and Gallic acid standards were used as positive control
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(Table 2.4). The mixture was incubated for 25 min. Then the optical density (OD)
was measured at 517 nm against blank. The DPPH• assay was given in Table 2.5 and
the decolouration reaction in micro-plate was given in Figure 2.2. Antioxidant
activity, expressed as percentage of DPPH radical scavenging activity (RSA).The
percent of DPPH decolouration of the samples was calculated as follows, Equation:

% RSA = [(Abs blank − Abs sample)/Abs blank] × 100%
The concentrations of column fractions of plant extract giving 50% inhibition
(IC50) were found by interpolation from the plot of inhibition percentage.

Table 2.3. Concentrations of column fractions of E.macroclada extract (FII, FIII
and FIV) that were used in DPPH• assay

Dilutions
1
2
3
4
5
6

Concentrations of E.macroclada column fractions (mg/ml)
FII
FIII
FIV
Stock
Final
Stock
Final
Stock
Final
conc.
conc.
conc.
conc.
conc.
conc.
1.900
0.475
2.550
0.638
25.460
6.365
0.633
0.158
0.850
0.213
8.487
2.122
0.211
0.053
0.283
0.071
2.828
0.707
0.070
0.018
0.094
0.024
0.943
0.236
0.023
0.006
0.031
0.008
0.314
0.079
0.008
0.002
0.010
0.003
0.105
0.026
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Table 2.4. Concentrations of Gallic Acid and Quercetin that were used in DPPH
assay

Dilutions
1
2
3
4
5
6
7

standards concentration (µg/ml)
Quercetin
Gallic Acid
Stock
Final
Stock
Final
conc.
conc.
conc.
conc.
180.00
5.40
60.00
1.80
60.00
1.80
20.00
0.60
20.00
0.60
6.67
0.20
6.67
0.20
2.22
0.07
2.22
0.07
0.74
0.02
0.74
0.02
0.25
0.007
0.25
0.007
0.08
0.002

Table 2.5. The DPPH radical scavenging assay procedure
Blank

150 μl of MeOH,
(absolute)
+
50 μl of DPPH (2,2diphenyl-1picrylhydrazyl), (200
μM)

Standards
6 μl of
Gallic acid

6 μl of
Quercetin

+
144 μl of MeOH,
(absolute)
+
50 μl of DPPH, (200
μM)

E.macroclada
Extract
50 μl of Plant Extract
+
100 μl of
MeOH,(absolute)
+
50 μl of DPPH,(200
μM)

Incubation for 25 minutes and read at 517 nm

Figure 2.2: The micro-plate reaction mixture of DPPH assay used in this study
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2.6.2. Evaluation of Enzyme Activity of Superoxide Dismutase (SOD) on
E.macroclada Column Fractions
Superoxide dismutase (SOD) activity was measured according to the method
described by Geller & Winge [74] with some modification for microplate
application. In the SOD assay, xanthine and xanthine oxidase (XOD) are used to
generate superoxide anion radicals (O2•-), which can react with nitroblue tetrazolium
(NBT) to form NBT-diformazan (reduced NBT), which absorbs light at 560 nm.
Then SOD inhibits the formation of NBT-diformazan by converting the superoxide
anion radicals (O2•-) to oxygen (O2). The concentrations of column fractions of
E.macroclada extract (FII, FIII, and FIV) used in this assay were shown in Table 2.6.
In this assay, the total volume in each well was 290 μL. Where 213 μL of
Assay Buffer mixture was mixed with 5μL of E.macroclada extract, 10 μL of bovine
liver cytosol, 57μL of deionized water (DDW), and then 5 μL of Xanthine Oxidase
(XOD) was added. The Control was performed using DDW instead of plant extract.
The mixture was Incubated for 30 min, then the absorbance was recorded at 560 nm.
The maximum reduction of NBT was noted in the absence of the Cytosol (blank).
The reaction components in SOD assay was mentioned in Table 2.7.

Table 2.6. Concentrations of column fractions of E.macroclada extract (FII, FIII,
and FIV) that were used in SOD assay
Concentrations of E.macroclada column fractions (mg/ml)
FII
FIII
FIV
Dilutions
Stock
Final
Stock
Final
Stock
Final
conc.
conc.
conc.
conc.
conc.
conc.
0.633
0.0109
0.850
0.0147
8.487
0.1463
1
0.211
0.0036
0.283
0.0049
2.828
0.0488
2
0.070
0.0012
0.094
0.0016
0.943
0.0163
3
0.023
0.0004
0.031
0.0005
0.314
0.0054
4
0.008
0.0001
0.010
0.0002
0.105
0.0018
5
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Table 2.7. The reaction components in SOD assay
Reagents

Added Volumes

Assay Buffer (in total amount of 7.6 mL)
25 mM Nitroblue tetrazolium chloride (NBT)

100 μL

200 mM Sodium carbonate buffer (pH10.0)
containing 10 mM EDTA

2.5 mL

0.3 mM Xanthine

5 mL

Take 213 µL from mixture above and then added
E.macroclada extract

5 µL

Bovine liver cytosol

10 µL

Distilled water

57 µL

2U/mL Xanthine oxidase (XOD)

5 µL

Incubation for 30 minutes and read at 560 nm

2.6.3. Evaluation of Enzyme Activity of Glutathione-S-Transferase (GST) on
E.macroclada Column Fractions
This assay can be performed based on the miniaturized method of Habig &
Jakoby [75;76] by conjugation of the thiol group of reduced Glutathione (GSH) to 1chloro-2,4-dinitrobenzene (CDNB) substrate. Therefore Glutathione-S-transferase
activity was measured by monitoring the formation of GSH-CDNB conjugate. The
concentrations of column fractions of E.macroclada extract (FII, FIII, and FIV) used
in this assay were shown in Table 2.8.
The reaction mixture consisted of 200 μL of Assay Buffer mixture, 12μL of
E.macroclada extract, 18μL of phosphate buffer and then 20 μL of bovine liver
cytosol was added. The total volume in each well would be 250 μL. The Control was
performed using phosphate buffer instead of plant extract and the absorbance was
recorded at 340 nm. The reaction components in GST assay was mentioned in Table
2.9.
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Table 2.8. Concentrations of column fractions of E.macroclada extract (FII, FIII,
and FIV) that were used in GST assay

Dilutions
1
2
3
4
5
6

Concentrations of E.macroclada column fractions (mg/ml)
FII
FIII
FIV
Stock
Final
Stock
Final
Stock
Final
conc.
conc.
conc.
conc.
conc.
conc.
0.633
0.0304
0.850
0.0408
8.487
0.4074
0.211
0.0101
0.283
0.0136
2.828
0.1358
0.070
0.0034
0.094
0.0045
0.943
0.0453
0.023
0.0011
0.031
0.0015
0.314
0.0151
0.008
0.0004
0.010
0.0005
0.105
0.0050
0.003
0.0001
0.003
0.0002
0.035
0.0017

Table 2.9. The reaction components of GST enzyme assay
Reagents

Added Volumes

Assay buffer (in total amount of 10 mL)
100 mM Phosphate buffer (pH 6.5)

9.2 mL

200 mM Reduced Glutathione (GSH(

200 µL

50 mM 1-chloro-2,4-dinitrobenzene
(CDNB)

600 µL

Take 200 µL from mixture above and then added
E.macroclada extract

12 µL

Phosphate buffer (200 mM, PH 6.5)

18 µL

Bovine liver cytosol

20 µL

Read at 340 nm

2.6.4. Evaluation of Enzyme Activity of Catalase (CAT) on E.macroclada
Fractions
Catalase activity can be assayed following the methods of Weydert & Cullen
[77] with some modification for microplate application [78]. Catalase activity was
measured by monitoring the decomposition of hydrogen peroxide substrate into
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water. When the reaction was stopped by sodium azide (NaN3), the remaining
hydrogen peroxide in the reaction mixture helps coupling reaction between DHBS
and 4-AAP in presence of HRP as a catalyst to form quinoneimine dye. The
concentrations of column fractions of E.macroclada extract (FII, FIII, and FIV), that
were used in this assay given in Table 2.10.
In this assay, the enzyme activity was followed by measuring the remaining
hydrogen peroxide (H2O2) which was calculated from the calibration curve. Firstly,
chromogen solution was prepared (Table 2.11) and then for each 10 mL chromogen,
1 μL of Horse Reddish Peroxidase (HRP) was added. Secondly, the assay mixture
was prepared in microplate by mixed 4 μL of plant extract, 26 μL of phosphate
buffer, 20 μL of catalase and then 50 μL of H2O2 was added to starting the reaction.
The mixture was incubated for 2 minutes, after that the reaction was stopped by
adding 50 μL of NaN3 and then this mixture was incubated again for 3 min. Finally,
5 μL of this prepared assay mixture was taken in new wells and mixed with 225 μL
of chromogen with HRP. The final mixture was incubated for 40 min and the
absorbance was read at 520 nm. The control was without plant extract by adding
phosphate buffer instead of the plant extract, which had 100% sodium azide activity.
The reaction components for the CAT enzyme assay and its reaction in micro-plate
was given in Table 2.11 and Figure 2.3 respectively.

Table 2.10. Concentrations of column fractions of E.macroclada extract (FII, FIII
and FIV) that were used in CAT assay

Dilutions
1
2
3
4
5
6

Concentrations of E.macroclada column fractions (mg/ml)
FII
FIII
FIV
Stock
Final
Stock
Final
Stock
Final
conc.
conc.
conc.
conc.
conc.
conc.
0.633
0.0253
0.850
0.0340
8.487
0.3395
0.211
0.0084
0.283
0.0113
2.828
0.1132
0.070
0.0028
0.094
0.0037
0.943
0.0377
0.023
0.0009
0.031
0.0013
0.314
0.0126
0.008
0.0003
0.010
0.0004
0.105
0.0042
0.003
0.0001
0.003
0.0001
0.035
0.0014
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Table 2.11. The reaction components in CAT assay
Reagents

Added Amount

Chromogen (in total amount of 15 mL)
1.25 mM 4 Amino antipyrine (4-AAP)

3 mL

10 mM 3,5-Dichloro-2-Hydroxy-Benzene
sulfonic acid (DHBS)

3 mL

150 mM Phosphate buffer (PH7.0)

9 mL

For each 15 mL chromogen, 1.5 μL HRP was added
Assay mixture
E.macroclada extract

4 μL

50 mM Phosphate buffer (PH7.0)

26 μL

100.1U/ml Catalase

20 μL

10 mM Hydrogen peroxide (H2O2)

50 μL

Incubation for 2 minutes
15 mM Sodium azide (NaN3)

50 μL

Incubation for 3 minutes
Take 5 μL from the above mixture and added 225 μL chromagen
with HRP
Incubation for 40 minutes and read at 520 nm

Figure 2.3: The micro-plate reaction mixture of CAT assay used in this study
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CHAPTER 3

RESULTS

3.1. Extraction of E.macroclada leaves
Soxhlet extractor with absolute methanol was used in this experiment to
extract E.macroclada leaves. The yield and concentration of the E.macroclada
extract was calculated as 38.39% (w/w) and 26.27 mg/ml (mg of dry weight /ml of
solvent) respectively.
3.2. Column Chromatography Technique (CC) of E.macroclada Extract
Four different fractions were separated by column chromatography (CC) of
E.macroclada leaves extract. The fractions namely FI, FII, FIII and FIV were
monitored by TLC, using the mixture of (ethyl acetate: n-hexane, 1:3) under UV
Light Detector (366 nm). The TLC results are presented in Table 3.1. The original
sample and FI were containing the spots at the same place, whereas one more spot
was appeared in FII and FIII when they were checked by TLC and there were no
spots observed in FIV. Although the spots of FI were too pale, they were very similar
in the place to original sample, FII and FIII. The spots, which obtained from FII and
FIII, were identical in the place, but the FII spots were very denser. In original
sample, one of the spots was very similar to FII while other one was identical to FIII
both in the intensity and the place. Due to these results the total phenolic and
flavonoid contents of each fraction were tested.
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3.3. Total Phenolic Contents (TPC) of E.macroclada Extract and its Column
Fractions
The total phenolic content of E.macroclada extract was estimated with the
Folin-Ciocalteu’s reagent (F-C method) and expressed as Gallic acid equivalents (mg
GAE/g dry weight) by reference to the equation: (y = 3.4774X -0.0227; r2 = 0.9997),
which was obtained from the calibration curve of standard Gallic acid (Figure 3.1).
E.macroclada extract (original sample) had the highest total phenolic content 43.61
mg GAE/g, followed by their fractions; FII, FIII and FIV which were 18.57, 18.46
and 7.26 mg GAE/g, respectively. The phenolic content of fraction I (FI) could not
determine in this study.

Absorbance (a.u.) at 750 nm

1.2
Y = 3.4774x - 0.0227
R² = 0.9997

1
0.8
0.6
0.4
0.2
0
0

0.1
0.2
0.3
Concentration of Gallic acid (mg/ml)

0.4

Figure 3.1: Gallic acid standard calibration curve

3.4. Total Flavonoids Contents (TFC) of E.macroclada Extract and its Column
Fractions
The amount of flavonoid content of E.macroclada extract was achieved by
using the Aluminium chloride method. Quercetin was used as a standard compound
and the total flavonoid contents were expressed as quercetin equivalent (mg QE/g dry
weight) by reference to standard curve equation: (y = 3.9806X +0.0016; r2 = 0.9998).
For this purpose, the calibration curve of quercetin was drawn (Figure 3.2). It was
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found that E.macroclada crude extract also had the highest flavonoid content which
was 37.05 mg QE/g, followed by their fractions; FII and FIV which were 19.88 and
2.93 mg QE/g, respectively. The flavonoids content of (FI and FIII) could not
determine in this study. Figure 3.3 shows the diagram of total phenolic contents
(TPC) and total flavonoid contents (TFC) found in the E.macroclada extract and its

0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05
0

Y = 3.9806x + 0.0016
R² = 0.9998

0

0.02
0.04
0.06
0.08
0.1
Concentration of Quercetin (mg/ml)

0.12

Figure 3.2: Quercetin standard calibration curve

mg/g

Absorbance (a.u.) at 415 nm

column fraction.

45
40
35
30
25
20
15
10
5
0

Sample

FI

FII

FIII

FIV

TFC
mg (QE)/g(D.W.)

37.05

-0

19.88

-0

2.93

TPC
mg (GAE)/g(D.W.)

43.61

-0

18.57

18.46

7.26

Figure 3.3: TFC & TFC of E.macroclada extract
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The summary of the TLC results of fractions and original sample together
with their respective TPC and TFC of E.macroclada extract is given in table 3.1

Table 3.1. TLC image, Total Phenolic Contents (TPC) and Total Flavonoids
Contents (TFC) of E.macroclada extract
Before
column
chromatogramphy

TPC
mg(GAE)/g(D.W.)
TFC
mg (QE)/g(D.W.)
D.W.* (g)
Total volume (ml)
Concentration
(mg/ml)

After column chromatography

sample

Fraction
I

Fraction
II

Fraction
III

Fraction
IV

43.61

ND*

18.57

18.46

7.26

37.05

ND*

19.88

ND*

2.93

0.0788

0.0008

0.0038

0.0051

0.0764

3

1.5

2

2

3

26.27

0.53

1.90

2.55

25.46

TLC
UV lamb at 366nm

ND* = not determined, D.W.* = dry weigh of sample (extract).

3.5. Determination the Effect of Column Fractions of E.macroclada Extract on
Enzyme Activity
The data analysis has been applied by using the Graph Pad Prism 6.0 program
(Graph Pad Software, San Diego, CA). The kinetic results are reported as inhibition
of enzyme activity with respect to control (inhibition as % of control). IC50 values
were obtained from dose-response curves, which were plotted.
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3.6. Determination of Free Radical Scavenging Activity of Various Column
Fractions of E.macroclada Extract Using DPPH• Method
Antioxidant activity of column fractions of E.macroclada extract was
measured by 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay. This method based on the
ability of E.macroclada extract to scavenge DPPH• free radical and the reaction
capability was determined by a decrease in absorbance at 517 nm.
In this study, different concentrations of various column fractions of
E.macroclada extracts were used. Therefore it can be clearly seen that the
scavenging activity of E.macroclada extracts is directly proportional to the
concentration of the samples.
FII, FIII and FIV of E.macroclada leaves extract exhibited a maximum
DPPH scavenging activity approximately 100% while for Quercetin and Gallic acid
(standards) found to be about 58% and 73%, respectively. The IC50 values of
E.macroclada column fractions; FII, FIII, FIV and standards (GA, QC) were found
to be 0.2541, 0.340, 3.42 and (18.07, 595.7) (g/L), respectively. The relationship
between the radical scavenging activity (% inhibition) and logarithm concentrations
of column fractions of E.macroclada extract and standards with IC50 values, are
shown in Figure 3.4
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Figure 3.4: DPPH Radical Scavenging Activity of Column Fractions of
E.macroclada Extract (FII, FIII and FIV) with GA and QC Standards

3.7. The Effect of Various Column Fractions of E.macroclada Extract on
Glutathione-S-Transferase (GST) Enzyme Activity
The bovine liver cytosol with the protein amount 0.928 mg/mL was used as
GST enzyme source. GST enzyme activity without E.macroclada extract was taken
as Control.
FIII of E.macroclada leaves extract exhibited a maximum GST inhibition of
98% followed by FII whose GST inhibition was 92%. Whereas for FIV were found
to be 78%. The IC50 of fractions of E.macroclada extract; FII, FIII and FIV values
were found to be 1.336, 0.2974 and 5.518 (mg/L), respectively. The relationship
between the Glutathione-S-Transferase (GST) inhibition percentage of column
fractions of E.macroclada extract and logarithm concentrations with IC50 values, are
shown in Figure 3.5
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Figure 3.5: Inhibitory Effects of Column Fractions of E.macroclada Extracts (FII,
FIII and FIV) on Glutathione-S-Transferase (GST) Enzyme Activity

3.8. The Effect of Various Column Fractions of E.macroclada Extract on
Catalase (CAT) Enzyme Activity
The commercial available enzyme was used as a CAT enzyme source. CAT
enzyme activity without E.macroclada extract was taken as control.
FII and FIII of E.macroclada leaves extract exhibited same maximum CAT
inhibition of 99%. In contrast, FIV was found to be 63%. The IC50 values of fractions
of E.macroclada extract; FII, FIII, FIV were found to be 52.16 µg/l, 9.107 µg/l,
6.995 mg/l, respectively. The relationship between the Catalase (CAT) inhibition
percentage of column fractions of E.macroclada extract, and logarithm
concentrations with IC50 values are shown in Figure 3.6
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Figure 3.6: Inhibitory Effects of Column Fractions of E.macroclada Extracts (FII,
FIII and FIV) on Catalase (CAT) Enzyme Activity

3.9. The Effect of Various Column Fractions of E.macroclada Extract on
Superoxide Dismutase (SOD) Enzyme Activity
FII, FIII and FIV of E.macroclada column fractions were tested in this study
on the Superoxide dismutase (SOD) enzyme activity but unfortunately it did not give
any results.
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CHAPTER 4

DISCUSSION

Bioactive components extracted from natural sources can benefit human
health. Spurge (Euphorbia) plants from the Spurge family (Euphorbiaceae) is
extensive all over the world and have been make use in folk medicine for different
functions [1]. The biological research on Euphorbia species has propped up the use
of many herbs in traditional medicines or disclosed the new potentials on modern
pharmacological extents. The exhibited biological activities contain mostly antiinflammation, antipyretic-analgesic, anticancer, antimicrobial, molluscicidal, antifeedant activities and antioxidant [22].
Aslı Barla et al. [79], investigated the antioxidant potential of three
Euphorbia species, which were collected from Turkey, included E.acanthothamnos
Heldr., E.macroclada Boiss. and E.rigida Bieb with using three different solvents;
ethanol, acetone and petroleum ether to extract these plants. E.acanthothamnos
extract was the most active extract in all tests. The TPC of all extracts of
E.acanthothamnos have shown higher total phenolic contents than the other extracts,
the highest one was found in ethanolic extract. The acetone extract of E. macroclada
demonstrated the highest TFC whereas ethanolic extract exhibited the highest yield.
In the DPPH assay, ethanolic extract of E.acanthothamnos was found to be the most
active extract.
On the other hand Abu Arra Basma1 et al. [80], tested the methanolic extracts
of leaves, stems, flowers and roots of E.hirta L, which were collected from Malaysia,
for TPC, TFC and antioxidant activity (by DPPH assay). The leaves extract exhibited
a maximum DPPH free radical scavenging activity and had also the highest TPC and
TFC.
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In addition Hossein Nazemiyeh et al. [81], extracted the aerial parts of
E.petiolatam, an endemic Iranian medicinal plant, with three different solvents; nhexane, dichloromethane and methanol. Then all extracts were determined for
antioxidant activity. The methanol extract had significant DPPH scavenging
potential.
In this study, column chromatography technique was used to separate
E.macroclada methanolic leaves extract into four fractions (FI, FII, FIII and FIV).
Then, the total phenolic and flavonoid contents were determined for crud
E.macroclada extract and its column fractions, following by DPPH• free radical
scavenging activity assay.
The results from the present study showed that the total phenolic contents
(TPC) found in the E.macroclada extract and its column fractions were 43.61 and,
18.57, 18.46 and 7.26 milligrams Gallic acid equivalent per gram of dry weight
(mg/g) for original sample and, FII, FIII and FIV, respectively. The total flavonoid
content (TFC) of E.macroclada leaves extract was 37.05 (mg QE/g dry weight),
followed by their fractions; FII and FIV which were 19.88 and 2.93 mg /g Quercetin
equivalent, respectively. The higher phenolic and flavonoid contents were found in
crude extract of E.macroclada leaves. The DPPH IC50 values of column fractions of
E.macroclada extract; FII, FIII and FIV were found to be 0.25, 0.34 and 3.42 g/l,
respectively. These results showed that FII of E.macroclada extract has the strongest
antioxidant capacity.
There were no reported studies on the effect of the plants against antioxidant
system; however there were tests to define the antioxidant enzymes inside the plant
itself. It was shown that plants are essential on SOD and GST contain varying
activating levels when this plant used in folkloric medicine, the effect assessed by
significant antioxidant activity was defined with respect to the levels of GST, CAT
and SOD of the plant.
For the first time, the effect of E.macroclada on the antioxidant system was
measured in this study and the effect of plant extract was reported on the antioxidant
enzymes. The results showed that, the inhibitory effects of FII, FIII and FIV on GST
enzyme activity were 92%, 98% and 78% respectively. Moreover, the inhibitory
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effects of both fraction; FII, FIII on CAT enzyme were about 99% while for FIV
only about 63%. Although FII and FIII had the same CAT inhibition, FIII had the
lowest IC50 value of 9.107µg/l. In spite of FII and FIII of column fractions had
powerful inhibitory effects on CAT enzyme activity, no results were observed on
SOD enzyme activity.
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CONCLUSION

The present study indicates that E.macroclada leaves extract and their
column fractions possess an amount of both TPC and TPC. Comparatively, the data
obtained indicate that the FII and FIII of E.macroclada extract possesses higher
contents than FIV.
Additionally, FII and FIII were able to scavenge DPPH• free radical
effectively when compared with FIV. Our findings provide a basic relationship
between polyphenolic contents and free radical scavenging activity. Column
fractions of E.macroclada leaves extract have a strong GST and CAT inhibitory
effects.
Consequently, this investigation would be useful to treat and prevent the free
radical damages occurring in humans worldwide and therefore it can be used as drug
supplement after further studies have been performed in near future.

.

The data suggest that, the active components of E.macroclada leaves extract
especially in FII and FIII should be isolated and identified to understand what kind of
compounds are responsible for the antioxidant activity and which one have the
inhibitory effect of antioxidant enzymes such as GST and CAT.
.
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