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Abstract 
Enzymatic antioxidant activity of the ethanolic extract of the  fruit pulp of Cassia fistula L. was investigated by 

carrying out ascorbate oxidase, polyphenol oxidase, catalase, ascorbate peroxidase, glutathione s-transferase 

and superoxide dismutase enzyme activity assays. Enzyme activities of the crude extract were measured using 

standard spectrophotometric method. The results showed that Cassia fistula L. crude extract had good activity 

in all the enzymatic procedures tested. The activity levels of enzymatic antioxidants ascorbate oxidase, catalase, 

glutathione s-transferase and superoxide dismutase of the plant were found to be 6.746 ± 0.035; 7.57 ± 0.055 

6.761 ± 0.067; 5.40 ± 0.65 (units/g dry tissue) respectively. The value for polyphenol oxidase is 30.17 ± 1.76 

µmoles /g dry tissue 
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I. INTRODUCTION 
Humans and animals have been using plants as an important source of materials in the maintenance of 

health for thousands of years.
6
 They consume plants and plant products as a food, spices and condiments, as 

drink or as herbal medicine. Plants as natural chemical factories are a source of medicine for various kinds of 

ailments. A World Health Organization report estimates that up to 80 percent of people rely mainly on 

traditional remedies from herbs for their various health needs owing to better cultural acceptability, non-

noticeable side effects and better compatibility with the human body.
3
 In another report, it is stated that about 

25% of all medicinal drugs in developed countries are said to be based on plants and plant products while the 

estimate in the developing as well as underdeveloped countries is about 75%.
58

 The significant level of bioactive 

natural constituents present in dietary plants such as fruits, seeds, roots, vegetables and spices are beneficial to 

human health beyond basic nutrition and thus help in the management of oxidative stress induced damage to 

cells, tissues and organs.
43

 

About 30% of the total dry weight of typical plant cell is constituted of proteins. Excluding inert 

materials, such as the cell wall and starch, which can account for up to 70% of the dry weight of some cells, 

proteins and amino acids represent about 60 to 70% of the dry weight of the living cell. Microtubules and 

microfilaments which are cytoskeletal structures are composed of protein. There are also storage forms of 

proteins, particularly in seeds.  The major function of proteins in metabolism is to serve as enzymes, which are 

biological catalysts that greatly speed up the rates of biochemical reactions, thereby making life possible. 

Enzymes participate in these reactions but remain fundamentally unchanged in the process.
5, 12, 61

 

Enzymes regulate almost all life processes. Typically, cells have several thousand different enzymes, 

involved in a wide variety of actions.
42

 One of the most important features of enzymes is their specificity, which 

confers on them the ability to distinguish between very similar molecules, and their catalytic efficiency, which is 

far above those of ordinary catalysts.
14

 As remarkable as the stereo specificity of enzymes is, it allows them to 

distinguish not only between enantiomers (mirror-image stereoisomers), but between apparently identical atoms 

or groups of atoms.
62
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Human beings do not produce enough endogenous enzymes for the digestion of food and other 

metabolic activities
5
. Naturally grown raw fruits, vegetables, seeds, nuts and grains contain enough enzymes in 

themselves to breakdown food and release their nutrients. These enzymes in the plants complement the amount 

of enzymes produced in the body so as to digest the food completely and mediate in metabolism.
15

  

Living organism and its enzymes are inhabited by a vital principle of life energy distinct from the caloric 

energy liberated from food by enzyme action. Enzymes are the life element and are biologically recognized as 

their action can be measured in terms of enzyme activity.
22

 

The three classes of enzymes are: metabolic enzymes, which run living systems; digestive enzymes, 

which are responsible for the digestion of food; and food enzymes from raw foods, which initiate food 

digestion.
24

 

There are some far reaching consequences when there is a deficiency of plant enzymes or none at all as 

a result of destroying the enzymes by over cooking. These consequences can also arise when the raw plant foods 

that contain the enzymes are not properly chewed to break up the cells and release the enzymes. The plants may 

be planted in nutrient-deficient soil, which makes the plants deficient in enzymes.
5, 23

 

Enzymes that are plant based are usually consumed as food in their raw form, thereby preserving the 

integrity of the enzymes themselves. Plant-based digestive enzyme function over a broad scope of pH levels, 

usually between 3.0 and 9.0, which matches that of the human gastrointestinal environment, making them 

compatible for supporting comprehensive metabolic health. Important enzymes present in plants include 

protease, amylase, lipase and Cellulase.
13, 48

  

Naturally occurring antioxidants in plant cells also include  enzymatic and peptide defense mechanisms  

comprising numerous enzymes (superoxide dismutase, ascorbate peroxidase, catalase, glutathione reductase, 

monodehydroascorbate reductase, dehydroascorbate reductase) and various compounds of low molecular weight 

(ascorbate, glutathione, tocopherols, carotenoids, phenols).
16,17

 

The various mechanisms by which the action of antioxidants are brought about include: preventing the 

formation of reactive species, scavenging free radicals, chelating metal ions, repairing or removing damaged 

tissues and by effecting the biosynthesis of antioxidant defense enzymes.
1, 10

 

 Natural antioxidants are associated with herbs and spices which are exclusively of plant origin as 

product developers use plant extracts as replacement for synthetic antioxidants. Recent researches have shown 

that many herbal products have the ability to enhance the activity of antioxidative enzymes such as superoxide 

dismutase and catalase in a dose-dependent manner and also enhance cell viability by providing protection 

against oxidative stress-induced damages to cells and tissues.
13, 17, 21

 

Protease is involved in the break down protein that can be present in meat, fish, poultry, eggs, cheese 

and nuts. Amylase assist in the breakdown and subsequent absorption of carbohydrates. Lipase aids the 

digestion of fat. When a diet includes lipase-rich foods, it eases the production burden on the gall bladder, liver 

and pancreas.
18, 37

 Cellulase is present in many fruits and vegetables, and it breaks down food fibers, thereby 

increasing their nutritional value.  The presence of Cellulase in plant-based sources is important, because it is 

not naturally present in the human body. Fruits and vegetables are an ideal source for enzymes.
25, 26

 They are 

enzyme-rich and easily consumed without needing to be cooked or processed, ultimately preserving the full 

functionality of the enzymes. By using plant biotechnology several enzymes can be produced from plants as 

well algal resources.
19, 20

 

The endogenous systems include Superoxide dismutase (SOD), an enzyme with extremely high activity, 

widely distributed in all tissues that catalyzes the removal of superoxide anions from tissues. The reaction 

involves two superoxide anions and two protons: The complete transfer of an electron from one superoxide 

anion to another brings about a dismutation reaction, producing hydrogen peroxide, which is also a toxic 

product and must be removed.
27, 28

 The enzyme superoxide dismutase exist in two isozymes: one that contains 

zinc and copper (located in the cytosol) and the other that has manganese (located in mitochondria). The ions 

Zn, Cu, and Mn are essential and indispensable components of SOD for oxidative stress protection. Superoxide 

dismutase plays an important role in therapeutic approaches for treatment of various diseases.
29

 

The decomposition of hydrogen peroxide is catalyzed by catalase, a tetrahedral active hemoprotein 

present in almost all cells, particularly liver, kidney, bone marrow, and blood cells. Phagocytes are rich in this 

enzyme.
30

 The enzyme produces water and two oxygen atoms from two molecules of hydrogen peroxide. It is 

found predominantly in peroxisomes, which are small organelles containing oxidases that produce hydrogen 

peroxide.
31

  Although at very low levels, catalase can also be found in cytosol, mitochondria, and microsomes. 

Little or no catalase activity has been described in patients with a genetic defect known as acatalasemia. It is 

interestingly to state that, this deficiency does not cause major clinical symptoms, likely due to compensation by 

other enzymes with complementary activity as catalase.
32

 

Polyphenol oxidase (benzene diol: oxygen oxidoreductase) and plant ascorbate oxidase are 

extracellular, multicopper enzymes family that use molecular oxygen to oxidize various aromatic and 

nonaromatic compounds by a radical-catalyzed reaction mechanism.
33, 34

 They catalyze the four electron 

reduction of molecular oxygen to water with one-electron oxidation of reducing substrate, without producing 
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hydrogen peroxide. Although these enzymes preferably act on phenolic compounds, their substrate spectrum is 

large, and the range of substrates oxidized varies from one enzyme to another.
35, 36

 

Ascorbate peroxidase functions as hydrogen peroxide detoxification and glutathione regeneration via 

ascorbate-glutathione pathway. The enzyme is able to scavenge hydrogen peroxide produced by superoxide 

dismutase using ascorbate as an electron donor.
53

 

Peroxidases are heme-containing enzymes which are able to bring about the oxidation of organic and 

inorganic compounds using hydrogen peroxide as co-substrate.
51

 

Glutathione peroxidase is selenium-containing enzyme which catalyzes the reduction of hydrogen 

peroxide and organic hydroperoxides (ROOH), using glutathione (GSH) as a hydrogen donor. In these reactions, 

each glutathione gives an electron from its SH group, which becomes a thiol radical. Two of these radicals form 

oxidized glutathione (GSSG) with a disulfide bridge.
40, 41, 44

 

Because of the role of selenium in the activity of glutathione peroxidase, this micronutrient mineral is 

considered an antioxidant. Glutathione peroxidase is found in cytosol and mitochondria where it functions in 

maintaining low concentrations of hydrogen peroxide in tissues, converting fatty acid peroxides to hydroxyl 

derivatives, and reversing the oxidation of sulfhydryl groups in proteins and other compound.
45, 46, 47

 

Oxidized glutathione is reduced by the action of glutathione reductase, an NADPH-dependent enzyme. 

Other peroxidases contribute to the removal of hydrogen peroxide. They are hemoproteins very common in 

plants and are also present in leukocytes and milk. They catalyze the reaction: where AH2 represents different 

hydrogen donor substrates used by peroxidases. The enzyme of neutrophil granulocytes uses NADPH as a 

hydrogen donor. Other molecules synthesized in the body that possess thiol groups, and can act as electron 

donor/acceptor, are thioredoxin and lipoic acid.
39, 44

 

Since plants provide protection against free radicals, there is increased attention to the antioxidant 

activity of plant extracts and plants have to themselves counteract stress caused by oxygen, they present a 

potential source of natural antioxidants. Hence, screening of medicinal plants for their antioxidant potential is 

essential.
8, 53, 54

 

 

II. Materials and Methods. 
Plant collection, identification and extraction 

Cassia fistula pods were collected from trees growing within the permanent site campus of Kwara State 

Polytechnic, Ilorin and identified at the Department of Biology of the Institution. 

The pods were mechanically broken and 0.5gr of the manually scooped- out gelatinous fruit-pulp  was ground 

with 8ml  freshly prepared solution made of 50 mM potassium phosphate buffer (pH 7.0) and 1% 

polyvinylpolypyrolidone.
11,52

 The homogenate was centrifuged for 30 min and supernatant was used for 

enzymes assays. 

Enzyme Assays. 

Ascorbate oxidase (E.C.1.10.3.3) 

Ascorbate oxidase activity was determined.
3, 56

 10 μl enzyme extract was added to 1.0 ml of reaction mixture 

containing 20 mM potassium phosphate buffer (pH 7.0) and 2.5 mM ascorbic acid.  Decrease in absorbance was 

observed for 3 min at 265 nm due to ascorbate oxidation and calculated using extinction coefficient, 14 mM 
-

1
cm

-1
. 

Polyphenol oxidase (E.C. 1.10.3.1) 

Polyphenol oxidase enzyme activity was determined by measuring the initial rate of Quinone formation as 

indicated by an increase in absorbance at 410nm at 15 seconds interval at 30°C by using catechol as substrate.
2, 

57
 The reaction mixture contained of 0.1ml crude enzyme extract, 3.9ml of 100mM phosphate buffer (pH 7.0) 

and 1.0ml of 50mM catechol. The initial velocity was calculated from the slope of the absorbance vs. time 

curve. One unit (U) of PPO activity is defined as the amount of the enzyme that increased the absorbance by 

0.001 per minute under the conditions of the assay. 

 

Catalase ((EC 1.11.1.6) 

The reaction was initiated as soon as 0.1 ml of crude enzyme extract was added to the reaction mixture made up 

of (3 ml) 50 mM phosphate buffer (pH 7.0) and 15 mM H2O2.  Alterations in absorbance of the reaction mixture 

were recorded   at 240 nm every 20 s. One unit of enzyme activity was defined as an absorbance change of 0.01 

unit per minute.
7, 9, 56, 57

 

Glutathione S-transferase (EC 2.5.1.18) 

The assay is based on the GST-catalyzed reaction between glutathione and a GST substrate, 1-chloro- 2, 4-

dinitrobenzene (CDNB). The activity of the enzyme is determined by the rate of production of reduced 

glutathione and CDNB, which is proportional to the increase in absorbance at 340nm over time.
2, 5

  

100 μl crude enzyme extract is added to the reaction mixture containing 100 μl of GSH, 100 μl of CDNB and 

2.7ml phosphate buffer. The absorbance was recorded at 340nm against blank over four minutes, collecting data 
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every 30 seconds. The assay mixture without the enzyme serves as the control to monitor non-specific binding 

of the substrates.
56, 57

 One unit of GST will conjugate 1.0μM of CDNB per minute at 25⁰C, based on the actual 

extinction coefficient of CDNB at 340nm is 9.6Mm
-1

cm
-1

. 

Superoxide dismutase (EC 1.15.1.1) 

The assay mixture contains 0.5 ml of plant extract, 1 ml of 125 mM sodium carbonate, 0.4 ml of 25 μM NBT 

and 0.2 ml of 0.1 mM EDTA. The addition of 0.4 ml of 1 mM Hydroxylamine hydrochloride initiated the 

reaction.
56, 57

 Absorbance was read at 560 nm in a spectrophotometer at an interval of 1 min for 5minutes. Units 

of SOD were expressed as amount of enzyme that is able to inhibit the reduction of NBT by 50%. The specific 

activity was expressed as units per mg of protein. 

 

STATISTICAL ANALYSIS 

All enzyme activity was assayed in triplicate and the results expressed as mean of obtained values±SD.  

 

III. RESULTS AND DISCUSSION 
Table 1 shows the level of the antioxidant enzymes Ascorbate oxidase, Polyphenol oxidase, Catalase, 

Glutathione S-transferase and Superoxide dismutase present in the sample of the fruit pulp extract of Cassia 

Fistula.  
Enzyme Value/ Units 

Ascorbate oxidase   6.746 ± 0.035 units/g dry tissue 

Polyphenol oxidase  30.17 ± 1.76  / µmoles /g dry tissue  

Catalase  7.57 ± 0.055 units/g dry tissue  

Glutathione S- transferase   6.761 ± 0.067 units/g dry tissue 

Superoxide dismutase (SOD) 5.40 ± 0.65    units/g dry tissue  

Table 1 Specific activity of antioxidant enzymes in the fruit-pulp extract of Cassia fistula. 

 

The values are expressed as Mean ± SD (n=3) 

The obtained values are  6.746 ± 0.035, 7.57 ± 0.055, 6.761 ± 0.067and 5.40 ± 0.65 units/g dry tissues for 

Ascorbate oxidase, Catalase, Glutathione S transferase and Superoxide dismutase respectively. Polyphenol 

oxidase level was found to be 30.17±1.76 µmoles/g tissue in the tested sample.  

Protection of cells and tissues from the damaging effects of ROS/RNS has been an important issue of 

concern to scientists in recent years. Understanding the mechanism of action of various antioxidant compounds 

has also been an ever increasing knowledge.
42,49 

The crucial role played by oxygen derived pro-oxidants and 

antioxidants in both normal metabolism and several clinical disease states is also of great importance.
50

 

Antioxidants exhibit pro-oxidant activity depending on the specific set of conditions mainly, dosage and redox 

conditions of these antioxidant components in the cell.
59

 Most importantly, antioxidants have been shown to 

reduce free-radical damage to normal tissues leading to diminished toxicity while the non-oxidative cytotoxic 

mechanisms of drugs remain unaffected by antioxidant supplementation.
60

 

The generation of toxic free radicals which are responsible for oxidative stress in mammalian cells is a 

normal metabolic activity in living systems. These reactive oxygen species (ROS/RNS) are known to have 

effect in cell growth, differentiation, progression, and apoptosis
51

. This action has been shown to be responsible 

for neurodegenerative diseases including cancer, ischemia, and failures in immunity and endocrine functions. In 

order to counteract their toxicity, the body is equipped with efficient protective mechanisms to safeguard against 

the accumulation of these reactive free radicals.
10, 12

 The concentrations of these free radicals are maintained at 

very low levels at the normal oxygen tension of the atmosphere under normal conditions due to the action of 

endogenous antioxidant systems and exogenous compound components of food. The consumption of food with 

their enzymes intact and the supplementation of cooked foods with enzyme capsules can slow down the 

abnormal and pathological aging process.
15

 Diet or in general life style has been implicated in antioxidant 

enzymes expression level, so that ROS production is controlled and maintained at lower levels. This has been 

shown to be beneficial or even indispensable in processes such as intracellular signaling and defense against 

microorganisms.
10

  

The assessment of diet and nutrition status in cancer risk has been a major focus of research as well as 

public health policy of developed countries. Diet has been shown to play a significant role in the etiology and 

prevention of cancers.  It is interesting to note that studies have shown that the incidence of cancer can be 

reduced substantially by dietary modification.
33, 34, 55

 

As much as the various existing antioxidants are often seen as a single functional entity, they cannot 

replace each other as they have different chemical and physiological characteristics that is responsible for their 

mechanism of free radical scavenging to ensure that all parts of the cell, organs and tissues are given maximum 

protection from oxidative stress.
35, 36

 Dietary antioxidants also exist in various forms, with polyphenols and 

carotenoids being the largest groups of compounds. These have different functions and are produced by plants 

under stress to protect plant cells against oxidative damage.
38, 40
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The mechanisms by which the enzymes responsible for catalyzing the rate determining step in the 

biosynthetic pathways of the various secondary metabolites like polyphenols and carotenoids are transcribed and 

translated has been elucidated by recent advances in molecular genetics. The genes for these enzymes are 

turned-on by environmental stress. On the other hand, the genes coding for antioxidant enzymes are 

constitutively expressed as they are not secondary metabolites.
40, 47

 

Free radicals affect the production, stability, or function of proteins by adversely altering the activity of 

transcription factors in the nucleus.  Generally, the reduced transcription factor binds to deoxyribonucleic acid 

(DNA) to promote transcription, whereas an oxidized transcription factor will not be able to bind to DNA and 

thus preventing transcription. Furthermore, the oxidation of proteasomes adversely affect the stability of protein 

rendering them inactive and degradable, thereby maintaining or increasing the level of proteins.
61,62,63

  

The following three different strategies can also be employed to modify the function of proteins and 

molecules through the action of reactive species: (1) Thioredoxin is a protein, whose activity can be altered 

directly by oxidation. (2)  A chaperone protein can be targeted by oxidation   usually inhibiting protein activity. 

Further oxidation causes the protein to dissociate from its inhibitor and thus becoming active. (3) The oxidation 

of Phosphatases and kinases alter their activity through posttranslational modifications.
4, 62

  

Sufficient proof of causal relationship between dietary modification and the incidence of 

neurodegenerative diseases has been obtained using different epidemiological designs. Thus offering the 

prospect for initiating primary and secondary preventive measures for control and prevention of these diseases.
4, 

6, 15
 

 

IV. CONCLUSION 
The result obtained identified the fruit pulp of Cassia fistula as a good source of important enzymatic 

antioxidants that can complement human nutrition as an enzymeless diet has been implicated in many chronic 

health conditions that may arise from conditions of oxidative stress. 

This justifies the inclusion of various parts of this plant in many herbal preparations. 
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