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ABSTRACT
Introduction: The study of free radical chemistry has received

considerable attention in recent years. Our bodies produce free
radicals through a variety of endogenous systems, exposed to
various physiochemical or pathological conditions.

Obijective: The study aimed to assess the in-vitro antioxidant
properties of Acacia ferruginea plant stem and to screen for their
phytochemical components.

Methodology: The stem was examined for enzymatic and non-
enzymatic antioxidants, radical scavenging activity in three solvents
with varying polarities, and phytochemical analyses.

Result: The stem of Acacia ferruginea possessed considerable levels
of enzymatic and non-enzymatic antioxidants.

Conclusion: Although the three extracts had high scavenging
properties, in-vitro assays did not show any significant DNA
preventive properties. Phytochemical screening indicated the
presence of alkaloids, flavonoids and phenols.
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Introduction

The value of medicinal plants is growing globally,
and as a result, there is a resurgence in interest in
traditional medicine primarily because there is a
current widespread belief that “green medicine” is
safer and more reliable than expensive synthetic
drugs as the deleterious side effects of many
modern drugs along with the development of drug-
resistant organisms have brought back attention to
ethnomedicinal studies. -3 Many natural compounds
extracted from plants have demonstrated
biological  activities, notably  antibacterial,
antifungal and antioxidant properties. 4

Reactive Oxygen Species (ROS) or free radicals
are reactive chemicals that have unpaired electrons
in their outer orbitals which can induce oxidative
damage to vital cellular and molecular compounds
including DNA and proteins and can cause various
diseases. 57 ROS, which are the by-products of
regular cellular metabolism, can either harm or
benefit living systems. The effects of oxidative stress
on cellular metabolism can cause cell damage or
death and it has been implicated in several
diseases including cancer, atherosclerosis, and
neurodegenerative diseases such as Parkinson’s
disease, Alzheimer’s and Huntington’s disease. 81!

The organism and human body have developed a
variety of defence mechanisms to lower the levels
of reactive oxidants and also to reduce free
radical-induced damage. 12 The defence mechanism
involves enzymes such as catalase, superoxide
dismutase, peroxidase etfc. in addition to the
protective endogenous enzymatic antioxidants, the
consumption of dietary antioxidants like tocopherol
and carotenoids is of great importance.

Phytochemicals serve as plant defence mechanisms.
13

Acacia ferruginnea is familiarly known as Banni tree
which is known for treating rabies, epilepsy,
conjunctivitis and helminthiasis, the tee’s leaves act
as demulcent, alleviating mouth and throat irritation
to protect the mucus membrane. Additionally, it has
been recognised as an effective herbal remedy for
chlorea.

This study was carried out to assess the potential of
Acacia ferruginea plant stem to scavenge the free
radicals and to characterise the enzymatic and non-
enzymatic components to serve as antioxidants
reducing the action of free radicals on biomolecules
especially DNA preventing the diseases associated
with the oxidative stress. The study of antioxidants
also emphasizes the potential to expand our
knowledge on how the medicinal plants and their
bioactive components can lead to new antioxidant
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treatments and aid in fighting against the diseases
affected by oxidative stress, advancing the modern
medicines and health care significantly.

Despite the recognised medicinal value of the plant,
there has been limited investigations conducted on
the plant’s biochemical composition therefore, this
study aims to analyse the phytochemicals and its
properties enhancing the scientific understanding of
the same.

Materials and Methods

This project was designed to assess the enzymatic
and non-enzymatic antioxidant contents Acacia
ferruginea of the Acacia ferruginea plant stem. In
addition, it emphasises how the stem acts as a
radical scavenger.

Enzymatic Antioxidants

Catalase, Peroxidase and Glutathione  S-
transferase (GST), were the enzymatic antioxidants
analysed for the study. Catalase activity was
measured by the enzyme-catalyzed decomposition
of hydrogen peroxide, a method given by Luck
(1974)14. The peroxidase activity by the method of
Reddy et al. (1995)'% and the method proposed by
Habig et al. (1974)'¢ was adopted for assaying the
activity of GST.

Non-enzymatic Antioxidants

The non-enzymatic antioxidant ascorbic acid was
estimated in the stem of Acacia ferruginea by the
method of Roe and Kuether (1943)'7. Tocopherol
by using Emmerie- Engel reaction explained by
Rosenberg (1992)'8. Total Carotenoids and
Lycopene by Zakaria et al. (1979)'9 method. Total
phenols, flavonoids, chlorophyll and reduced
glutathione were measured by using methods
proposed by Mallick and Singh (1980)29, Cameron
et al. (1943)2!, Witham et al( 1971)22 and Moron
et al. (1979)23respectively.

Sample Preparation

The fresh stem of the Acacia ferruginea plant was
obtained from the University of Agricultural Science,
GKVK, Hebbal, Bangalore, and analyzed for its
enzymatic and non-enzymatic antioxidant content.
To estimate each parameter, fresh plants were
purchased. They were cleaned under running water
to remove any surface impurities before being
patted dry between the layers of soft tissue paper.

Radical Scavenging Method

Preparation of Plant Extract

The plant with its fresh stem of Acacia ferruginea
was collected washed in water to remove surface
contaminants and dried on tissue paper. Then the
stem was air-dried in shade without exposure to
sunlight for 10 days. The completely dried stem was
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then ground to a fine powder and weighed. The
different solvent extracts were prepared by
following the successive extraction procedure. The
extracts were prepared by using three different
solvents- hexane, ethyl acetate and isopropanol
varying in their polarity. 10g of grounded powder
of Acacia ferruginea stem was dissolved in 100ml of
hexane solvent and placed in a shaker incubator for
24 hours. The next day the solution was filtered and
the filtrate was hexane extract, stored for further
analysis. The residue was air-dried, weighed and
dissolved again in 100ml of ethyl acetate and the
same procedure was continued for both ethyl
acetate extract and isopropanol extract.

The free radical scavenging effects of the stem
were analysed against hydrogen peroxide and
hydroxyl radicals. The hydrogen peroxide was
determined according to the method of Ruch et al.
(1989)24 and the scavenging capacity for hydroxyl
radical was measured according to the method of
Elizabeth and Rao (1990)25. Brown et al (1998)2¢
was used to analyse the chelating property of
Acacia ferruginea.

Agarose gel electrophoresis

The extent of damage to goat liver DNA by
hydrogen peroxide in the presence and the
absence of the extracts of Acacia ferruginea stem
were studied by following the migration pattern of
the treated DNA on agarose gels. The Goat liver
DNA was isolated by the method of Marmur
(1961)%7. For electrophoresis 1% agarose gel was
prepared and the samples were loaded in the well
by mixing 2UI of 6x gel loading dye to 15 [l of
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DNA as control DNA. 15 I of different plant
extracts were mixed with 15 [l of DNA separately
along with 6x gel loading dye and loaded in
respective wells. DNA was induced to damage by
generating free radicals by the addition of
hydrogen peroxide and loaded in respective wells.
DNA with extracts and hydrogen peroxide was
mixed and loaded into a well for the migration

pattern. The gel electrophoresis was carried out in
100volts.

Preliminary Phytochemical screening

The extracts of Acacia ferruginea stem were tested
for the presence of various phytochemicals as
described by Khandelwal (2002)28. Mayer’s test,
Dragendroff’s test, and Wagner’s test were used
for alkaloid detection followed by the Lead
Acetate and Ferric Chloride test for phenolics. To
detect flavonoids Sodium hydroxide and Sulphuric
acid tests were conducted respectively.

Results

Enzymatic and Non-enzymatic antioxidants
Antioxidants are substances that can neutralize ROS
by different chemical reactions. The findings from
the study of Enzymatic (CAT, POD, and GST) and
Non-enzymatic (ascorbate, tocopherol, total
carotenoids, lycopene, reduced glutathione,
chlorophyll, total phenols, and flavonoids)
antioxidants in the stem of Acacia ferruginea are
shown in Tables 1 and 2 respectively. The results
revealed that the stem of Acacia ferruginea
possesses considerable levels of enzymatic and
non-enzymatic antioxidant content.

Table 1: Levels of Enzymatic antioxidant in the stem of Acacia ferruginea

Enzymes Acacia ferruginea stem
Catalase (U#/g) 17.74 £ 0.05
Peroxidase (U@/g) 5.56 £ 0.09
Glutathione s transferase (U%/g) | 0.043 = 0.005

The values are Mean * Standard deviation of triplicates
# 1 Unit = Amount of enzyme required to decrease the absorbance at 240 nm by 0.05units/minute

@1 Unit = Change in absorbance at 430 nm /minute

$1 unit = nmoles of CDNB conjugated / minute

Table 2: Levels of Non-enzymatic antioxidants in the stem of Acacia ferruginea

Parameters Acacia ferruginea stem
Ascorbic acid (mg/g leaf) 4.42 +0.02

Alpha Tocopherol (Ug/g leaf) 228.30 + 1.89
Carotenoids (mg/g leaf) 64.33 + 0.57
Lycopene (mg/g leaf) 0.18 + 0.004

Total Phenols (mg/g leaf) 67.43 + 1.64
Flavonoids(mg/g leaf) 19.43 £ 0.12
Reduced Glutathione (nmoles/g leaf) | 369.29 + 0.40
Chlorophyll (mg /g leaf) 0.67 * 0.001

The values are Mean t Standard deviation of triplicates
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Radical Scavenging Property

Antioxidants delay or inhibit cellular damage
mainly through their free radical scavenging
property. Figure 1 represents the radical
scavenging ability of the three different extracts of
Acacia ferruginea stem showed considerable
hydrogen peroxide scavenging activity. The ethyl
acetate extract of the stem showed strong
hydrogen peroxide activity followed by
isopropanol and hexane extracts. The hydroxyl
radical scavenging results are represented in Figure

2. It was observed that the ethyl acetate extract
had a more scavenging effect compared with that
of hexane and isopropanol stem extracts. The
chelating property of Acacia ferrugenia stem
extract is graphically represented in Figure 3. The
maximum per cent of inhibition was shown by
hexane extract followed by ethyl acetate and
isopropanol. Agents that chelate free iron can
reduce ROS-mediated damage including radiation-
induced damage.

Figure 1: Graphical Representation of Hydrogen peroxide radical scavenging effect of Acacia ferrunginea

stem extracts

Graphical Representation of Hydroxyl radical scavenging effect of Acacia ferrunginea stem
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Figure 3: Graphical Representation of Chelating property of Acacia ferrunginea stem extracts
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DNA protective action of Acaia ferruginea stems
extract on the damage induced by hydrogen
peroxide

The ethyl acetate extract of Acacia ferruginea stem
showed minimal DNA protection against hydrogen

peroxide radical damage. Hexane and
Isopropanol extracts, on the other hand, did not
exhibit much significant protection against
hydrogen peroxide damage. The resultant pattern
of agarose gel is represented in Figure 4.

Figure 4: Agarose gel electrophoresis- DNA protective ability of the three extracts from Acacia ferruginea

stem against hydrogen peroxide radical damage

DNA treated with and without stem extracts of Acacia ferruginea against Hydrogen peroxide (H202) (Left-
Right) Wi: Goat liver DNA, W2: DNA+H202, W3: DNA+ Hexane extract, W4: DNA+ Isopropanol extract,
Ws: DNA+ Ethyl acetate extract, We: DNA+ Hexane extract+ H202, W7: DNA +lIsopropanol extract +H202,

Wa: DNA +Ethyl acetate extract +H202

Preliminary Phytochemical screening

In the present study, polyphenols, alkaloids and
flavonoids were identified as the major active
phytochemical components. The results of
phytochemicals of the Acacia ferruginea stem of
three different extracts are presented in Table 3.

Discussion

Medicinal plants have been globally used for their
bioactive components and the potential of
phytochemicals to provide therapeutic benefits to
mankind. Studying the properties of antioxidants
within medicinal plants like Acacia ferruginea helps
in understanding the immediate effect and its
significance in treating diseases. These antioxidants
present in plants combat damage caused by free
radicals. Several studies are going on around the
world to identify antioxidant compounds that are

pharmacologically potent with a low profile of side
effects. Ayurveda, the oldest medical system in the
world, provides lots of lead to find active and
therapeutically useful compounds from plants.

The term "oxidative stress" is sometimes used to
describe the oxidative damage that occurs when
the critical balance between the production of free
radicals and innate antioxidant defences s
unfavourable. It has been associated with
pathological conditions like cancer, inflammation,
and cardiovascular disease. An interconnected
network of antioxidant enzymes, including
Superoxide dismutase and Catalase, protects cells
from oxidative stress. Plants are also regarded as
a rich source of non-enzymatic antioxidants like
ascorbic acid, tocopherol, and uric acid. 29-30
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This study specifically focuses on assessing the
potential of the Acacia ferruginea plant stem in
scavenging free radicals, a critical part of
preventing oxidative stress related diseases. Acacia
ferruginea is a deciduous tree whose products have
been used to treat pathologies such as
haemorrhage, irritable bowel syndrome, leprosy
and diarrhoea.3! In the present study, 10 in-vitro
methods were used to screen antioxidants, 3 in-vitro
methods were used to study radical scavenging and
phytochemical screening was also done. In addition
to this DNA protection assay was also conducted, to
see the protective effects of antioxidants present in
the plant against damage caused by hydrogen
peroxide radicals.

In the ancient system of medicine, several Indian
medicinal plants have been widely used as
rejuvenators, preventing infection, slowing the
ageing process, and healing related disorders.
Several such plants have already been highlighted
e.g. Emblica officinalis, Curcuma longa, Mangifera
indica, Santhum album, Withania somnifera, etc., for
their rich enzymic and non-enzymic antioxidant
activity. 32

Among various species in the Piper plant family, the
highest GSH activity was observed in Piper nigrum
seeds and the highest catalase activity was
observed in Piper longum seeds. Ascorbic acid is
associated with better scavenging activities in-vivo
compared to enzymatic antioxidants as they are

present in both intracellular and extracellular fluids.
33

Increased hydrogen peroxide radical causes the
death of mesophyll and palisade parenchyma
tissue in catalase-deficient plants. The free radical
participates in resistance mechanisms, such as
reinforcement of plant cell walls, phytoalexin
production and resistance. 3435 Catalase directly
reacts with hydrogen peroxide and prevents the
cell from damage by decomposing the radical. 3¢
Lipid peroxidation is caused by hydroxyl radicals
and such damage causes a decrease in membrane
fluidity. Hydroxyl radicals are the most common
ROS produced during photosynthesis. 37-38

In-vitro Antioxidant and Radical Scavenging Properties of Acacia Ferruginea Plant Stem

Iron is considered to be an important contributor to
the generation of reactive oxygen species.
Polyphenolic compounds, including flavonoids,
present in several medicinal plants have been
reported to possess metal-chelating properties 3.
Trichopus zeylanicus is a rich source of polyphenols
which  have antioxidant and iron-chelating
properties and can combat oxidative stress 0. In the
present study, polyphenols, alkaloids and
flavonoids were identified as the major active
components, which are probably responsible for the
protective effects rendered by the Acacia
ferruginea stem extracts.

The findings of this study not only help in
understanding the effects of phytochemicals, and
abilities of specific antioxidants in Acacia
ferrunginea but also provides opportunities for

further studies in  medicinal  applications.
Understanding the interaction between
antioxidants, free radicals and biomolecules

provides valuable insight into mechanism in which
medicinal plants provide protection against disease
associated oxidative stress. Consequently, this study
advances the development of new studies based on
antioxidants.

Conclusion

The results have shown that Acacia ferruginea is a
rich source of antioxidants and it also exhibited
powerful antioxidant activity against various in
vitro oxidative systems. Whereas, the DNA
protective assays of the three extracts did not show
much significant effect in protecting the DNA
against hydrogen peroxide radicals. This could be
due to the difference in the interaction between
antioxidants and DNA in in-vivo and in-vitro
conditions. However, the presented data s
inconclusive and further studies are needed to
understand the mechanism.

Evidence suggests that antioxidants are best
acquired  through  whole-food  consumption.
Increasing the consumption of fruit and vegetables,
whole grains, and soy, which are packed with
antioxidants, is a practical strategy for consumers
to optimize their health and reduce the risk of
chronic diseases.
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