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ABSTRACT

The growing rate of the activities of microbes increases every day. Virtually everything that surrounds
man are contaminated and polluted with these microbes. These contaminations have led to some
infectious and contagious diseases some of which are curable and others deadly. The advancement in
Science and Technology have helped reduced this problems to certain level. In doing this, different
researches have been carried out on medicinal plants in order to combat these problems. In this research,
phenolic compounds were found broadly distributed in the plant kingdom and are the most abundant
secondary metabolites of plants. They are reactive metabolites in a wide range of plant-derived foods and
mainly divided in four groups: phenolic acids, flavonoids, stilbenes and tannins. They work as terminators
of free radicals and chelators of metal ions that are capable of catalyzing lipid oxidation. Therefore, this
review examines the functional properties of phenolics and their health benefits, phytochemical
constituents and advanced characterization methods for the analysis of phenolic compounds.

Keywords: Chelators, Free Radicals, Lipid Oxidation, Microbes, Phenolics, Phenolic Compounds,
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INTRODUCTION

S. alata (previously named Cassia alata) is a medicinal plant of Leguminosae Family of Fabaceae
Family. It has many common names such as Candle bush, Acapulo, Ringworm bush and Calabra bush. In
the Southwest of Nigeria; S. alata is called “Ewe Asunwon Oyinbo’. It is found in Ghana and Brazil, but
it is now widely distributed in the United States of America and all over Africa, including Nigeria
(Kumar, 1984). It is a shrub with usually an average height of between 1 and 5 metres and has
horizontally spread branches. Its leaves are par pinnate of between 30 to 60 cm long and consisting of 8 to
20 pairs of leaflets. Each leaflet is oblong or elliptic oblong and rounded at both ends. The petioles are
robust (2 to 3 mm long). Its flowers are dense in auxiliary racemes, about 20 to 50 cm long and 3to 4 cm
broad. The bracts are caduceus, 2 to 3 by 1 to 2 cm in dimension. The plant fruits are a thick, flattened
with wings and glabrous pods. The wings are 5 mm broad while there are about 50, flattened, more or less
quadrangular black seeds (7 to 10 by 5 to 8 mm in dimension). They grow well in full sun in a wide range
of soils that retain moisture adequately. The plant grows often along ditches between rice-fields. The
plants are usually propagated by seeds and distributed all over the country up to 1,500 m above sea level,
they are most often cultivated for medicinal purposes (Farnsworth and Bunyapraphatsara, 1992).
Distribution and Geographical Source of Senna Alata

It is an annual or biennial shrub and grows aggressively in areas where there is high water table. It prefers
open areas and sunlight. Often forms thickets and grown as ornamental. S. alata (Cassia alata) Linn.
(Fabaceae) is an ornamental flowering plant (Khare, 2007) native to the Amazon Rainforest. Due to its
beauty, it has cultivated in tropical Africa, tropical Asia, Australia, Mexico, the Caribbean islands,
Melanesia, Polynesia, Hawaii and widely distributed throughout the different parts of India like,
Chattisgarh, Maharashtra, West Bengal, Andhra Pradesh etc (Ross, 1999). It grows well in forested areas
of West Africa. In Indonesia, Philippines and Thailand (Palanichamy and Nagarajan, 1990), this plant can
be found all over the countries, sometimes cultivated for medicinal purposes (Baansiddhi and Pechaaply,
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1988). After 3 months of planting, leaves are ready for harvest, but the best period for the best quality is
about 6-7 months after planting. South America found widely in tropical region, up to 1500 m, on waste
places often along ditches (Damodaran, 1988).

Phytochemical Components in Senna Alata

The medicinal values of the plants depend on the presence of certain chemical substances (secondary
metabolites) that are involved in production of different kinds of effects on human body. Secondary
metabolites in plants involved in production of medicines are alkaloids, tannins, flavonoids, terpenes and
phenolic compounds. These substances have role in plant defense mechanisms by protecting them against
predation by insects, microorganisms and herbivores. Some compounds are responsible to give plants
their specific odours and others are responsible for imparting different colours to plants. Some of these
metabolites are involved in giving characteristic flavours to plants and others are used for the seasoning of
food and obtain some active compounds of medicinal importance (Cowan, 1999). Some classes of
phytochemicals are given in detail be low.

Phenolics and Polyphenols

Plants are able to make a wide range of aromatic compounds; more common among them are phenols or
their derivatives having oxygen substitution. Phenolic compounds are plant secondary metabolites that
constitute one of the most common and widespread groups of substances in plants. The term “phenolics”
or “polyphenols” are defined as substances that possess an aromatic ring having one or more hydroxyl
substituent and functional derivatives such as esters, methyl ethers, glycosides, etc. The terms phenolics
and polyphenols refer to all secondary natural metabolites arising biogenetically from the shikimate-
phenylpropanoids-flavonoids pathways, producing monomeric and polymeric phenols and polyphenols.
Phenolics with only few hydroxyl groups are soluble in ether, chloroform, ethyl acetate, methanol, and
ethanol. Each class of phenolic compounds has distinctive absorption characteristics (Mabry et al., 1970;
Harbone, 1984). Plants need phenolic compounds for pigmentation, growth, reproduction, resistance to
pathogens and for many other functions. These compounds form one of the main classes of secondary
metabolites and several compounds have been identified with a large range of structures: monomeric,
dimeric and polymeric phenolics (Kliebenstein, 2004).

Phenolics are uncommon in bacteria, fungi and algae and the classes of phenols recorded are few:
flavonoids are almost completely absent. Bryophytes are regular producers of polyphenols including
flavonoids, but it is in the vascular plants that the full range of polyphenols is found (Bell, 1980; Harbone,
1980). They may be divided into two classes: namely preformed phenolics that are synthesized during the
normal development of plant tissues and induced phenolics that are synthesized by plants in response to
physical injury, infection or when stressed by suitable elicitors such as heavy metal-salts, UV-irradiation,
temperature, etc. (phytoalexins). Induced phenolics may also be constitutively synthesized but,
additionally, their synthesis is often enhanced under biotic or abiotic stress (Dixon et al., 2002; Winkel-
Shirley, 2002).

In general, however, preformed antifungal phenolics are commonly sequestered in conjugated form,
usually with glycosidic attachments, in vacuoles or organelles in healthy plants (Beckham, 2000;
Lattanzio et al., 2001; Morrissey et al., 1999). Biotrophs may avoid the release of preformed antibiotics
by minimizing the damage to the host, whereas necrotrophs are likely to cause a substantial release of
these compounds.

Tannins

Plant phenolic polymer with defensive properties is tannin. There are two categories of tannins,
condensed and hydrolysable. Condensed tannins are compounds formed by the linkage of flavonoid units.
They are frequent constituents of woody plants. Condensed tannins can often be hydrolyzed to
anthocyanidins by treatment with strong acids and so are called “proanthochocyanidins” (Figure 1).
Hydrolyzable tannins are heterogeneous polymers containing phenolic acids, especially gallic acid and
simple sugars. They may be hydrolyzed more easily with dilute acid. Tannins are general toxins that
significantly reduce the growth and survivorship of many herbivores when added to their diets. In
addition, protect the plants from prey, that is, act as feeding repellents to a great diversity of animals. In
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humans, tannins constitutes to certain properties, such as a sharp, unpleasant, astringent sensation in the
mouth due to their binding of salivary proteins (Oates et al., 1980).

HO O X\

Figure 1: Proanthocyanidins Structure

The defensive properties of tannins have been attributed to their ability to bind proteins. The tannins can
activate the herbivore’s digestive enzymes by binding proteins and so creating complex aggregates
(Clausen et al., 1992). It also acts as antimicrobial agents. For example, the nonliving heartwood of many
trees contains high concentrations of tannins that help prevent fungal and bacterial decay (Schultz et al.,
1992).

Flavonoids

Flavonoids are the largest group of polyphenolic compounds. They are wide ly distributed throughout the
plant kingdom. Flavonoids are characterized as containing two or more aromatic rings, each bearing one
or more phenolic hydroxyl groups, and connected by a carbon bridge (Beecher et al., 2003). One aromatic
ring (A ring) is connected to the second aromatic ring (B ring) by a carbon bridge which consists of three
carbon atoms. To date, more than 6,000 different flavonoids have been described and the number
continues to increase (Harborne et al., 2000). When the three carbon chain is connected to a hydroxyl
group, they form a cyclic structure (C ring), as a 6-membered ring. Most flavonoids bear this type of
phenylbenzopyrane structure (Figure 2). They have further been subdivided into subclasses, based on the
position of the B ring relative to the C ring, as well as the functional groups (ketones, hydroxyls) and
presence of a double bond in the C ring. These subclasses are termed flavones, isoflavones and
isoflavonones, flavanones, flavanols, anthocyanidins, chalcones and dihydrocha lcones (Beecher et al.,
2003). Flavonoids which are widespread in the plant kingdom, serve specific functions in antimicrobial
activities, flower pigmentation, UV-protection, plant defense against pathogens and legume nodulations
(Dixon, 1986).

The flavonols are the most widespread of the flavonoids in plant food. They vary in color from white to
yellow and are closely related in structure to the flavones. Examples of flavonols are quercetin,
kaempferol, and Myricetin while the methylated derivative isorhamnetin is also quite common. Of the
various flavonols found in the diet, quercetin is the most important (Crozier et al., 1997). Flavonols that
accumulate in plant tissues are almost always in the form of glycosylated conjugates. They are found in
flowers and leaves of green plants; they generally absorb light at shorter wavelengths than anthocyanins
and are not visible to human eyes (Hertog et al., 1992).

Flavones are structurally similar to flavonols and differ only in the absence of hydroxylation at the 3-
position on the C-ring. Flavones are present in the diet as apigenin and luteolin (Wang et al., 2003).
Flavones are not restricted to flowers alone, but also present in the leaves of all green plants. It has been
suggested that two classes of flavonoids protect cells from excessive UV radiation, because they absorb
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light strongly in the UV region while letting the visible wavelengths pass through uninterrupted (Cadwell
et al., 1983). Recent observations reveal that when flavones are methoxylated, metabolic stability and
membrane transport in the intestine or liver dramatically increases, thus improving oral bioavailability
(Walle, 2007).

Figure 2: The Basic Structure of Flavonoids

Flavan-3-ols are structurally the most complex subclass of flavonoids ranging from the simple monomers
(+) - catechin and its isomer epicatechin to the oligomeric and polymeric proanthocyanidins, which are
also known as, condensed tannins (Crozier et al., 2000). They are found in fruits (Porter, 2008) and can
undergo esterification with gallic acid to form catechin gallates, and hydroxylation reactions to form
gallocatechins. Flavan-3-ols represent the most common flavonoid consumed in America and, most
probably, the Western diet and are regarded as functional ingredients in various beverages, whole and
processed foods, herbal remedies, and supplements. Their presence in food affects quality parameters
such as astringency, bitterness, sourness, sweetness, salivary viscosity, aroma, and color formation (Aron
et al., 2007).

Anthocyanins are water-soluble plant pigments and are particularly evident in fruit and flower’s tissue
where they are responsible for a diverse range of red, blue, and purple colors. They occur primarily as
glycosides of their respective aglycone anthocyanidin-chromophores, with the sugar moiety typically
attached at the 3-position on the C-ring or the 5-position on the A-ring (Prior et al., 2006). Without their
sugars, anthocyanins are called “anthocyanidins”. They are involved in the protection of plants against
excessive light by shading leaf mesophyll cells, in attracting pollinating insects and responsible for most
of the red, pink, purple and blue colours observed in plant parts. There are about 17 anthocyanidins found
in nature, but only six - cyanidin, delphinidin, petunidin, peonidin, pelargonidin, and malvidin - are
ubiquitously distributed and of dietary important. The variation of anthocyanins are due to: the number
and position of hydroxyl and methoxy groups on the basic anthocyanidin skeleton; the presence of
chelating metals such as iron and aluminium; and the presence of flavones or flavonol copigments and the
pH of the cell vacuole in which these compounds are stored (Taiz et al., 1991).

Isoflavones are characterized by having the B-ring attached at C; rather than the C, position. They have a
very limited distribution in the plant kingdom with substantial quantities being found only in leguminous
species (Dixon et al., 1986). They also undergo various modifications, such as methylation,
hydroxylation, or polymerization, and these modifications lead to simple isoflavonoids, such as
isoflavanones, isoflavans and isoflavanols, as well as more complex structures including rotenoids and
pterocarpans (Dewick, 1993).

Isoflavonoids are antimicrobial compounds called “phytoalexins”. Phytoalexin accumulation in high
concentrations has great importance of the resistance mechanism against pathogenic microbes (Ebel,
2004). Naturally occurring Flavonoids have been recognized for their antimicrobial activity. This makes
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them significantly important in the field of medical microbiology. Many research groups have isolated
and identified the structures of Flavonoids possessing antifungal, antiviral and antibacterial activity (Prior
et al., 2006). These properties of Flavonoids enable them to be used extensively in the area of nutrition,
food safety, and health. The antiviral effect of Flavonoids was shown in a study carried out by Wang et
al., (1998). All the Flavonoids, with some exceptions, are used in the therapy for viral disease and are
effective against a number of viral infections. Naturally occurring Flavonoids such as Quercetin,
Naringin, Hesperetin, and Catechin possess a variable spectrum of antiviral activity (Tej et al., 2005).
Lignin

Lignin, which is the most abundant organic substance in plants, is generally formed from three different
phenylpropane alcohols, coniferyl, coumaryl and sinapyl alcohol synthesized from phenylalanine via
various cinnamic acid derivatives (Figure 3) (Gottlieb, 1992).

A.
OCH,
—CH—CH=CH —()H
OH
B.
OCH,
—CH—CH=CH {O>—0H
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C.
—CH—CH—CH—{0>—OH
O

Figure 3: Basic Structural Unit of Lignin (A = Conifergl Alcohol; B = Coumargl Alcohol; C =
Sinapyl Alcohol)

Phytochemical Extraction and Investigation

Plant cells and organs produce a large number of chemical substances or metabolites. In attempt to
investigate the secondary metabolites, certain chemical methods are required. These include extraction of
plant materials and separation of compound of interest. One of the commonest methods of extraction is
solvent extraction using different solvents of different polarities. The analytical methods involved in the
extraction of secondary metabolites or compounds from plant material include,

(i) Pre-Extraction: In pre-extraction, plant materials are rinsed to remove the impurities, air dried under
certain conditions, pulverized and stored for further analysis.

(if) Extraction: In extraction plant material is extracted with solvent to get crude extract. There are
different techniques used for solvent extraction are maceration, percolation and soxhlet extraction.

(iii) Fractionation: In fractionation, the crude extract is divided into different fraction a cleanup methods,
commonly column chromatography using solvents of different polarities. After obtaining the crude
extract fractionation is almost always the next step. Crude extracts are not suitable for sophisticated
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chromatographic or spectroscopic techniques because of wide range of polarities or extraneous
substances. Therefore, it is better to fractionate crude extract into different fractions. Each fraction
contains the same compounds in the same polar region (Evans, 2002).

(iv) Compounds Isolation and Structure Elucidation: In the attempt to isolate and elucidate the structure
of the plant secondary metabolites, different chromatographic and spectroscopic techniques are generally
used for the identification of compounds of interest.

Advanced Characterization Methods for the Analysis of Phenolic Compounds

The biological activity of plants is basically due to the presence of certain structural feature of a
compound or its metabolite. One of these features is the effect of structural features like conjugated
double bonds; this dictates UV absorption properties of some flavonoids or phenolic compounds.
Alternatively, a certain activity may depend on the stereochemistry of the compound since target enzymes
and biological systems in general are stereo-specific. Therefore, it is inevitable to characterize the
compounds present in plant materials.

Phenolic compounds are extracted and purified or clean up from the plant material before structural
characterization of the compounds. First, the metabolic activity of the plant is halted by flash freezing and
lyophilization or by extraction of the plant materials using solvent of high polarity such as methanol,
ethanol and acetone. The samples were pulverized and subjected to pre-treatment before extraction in
order to improve the extraction yield. The crude extract may be purified using cleanup methods such as
adsorption, partition, gel permeation, ion exchange etc and also, column chromatographic methods such
as gel filtration over Sephadex LH-20 and reversed-phase (RP) chromatography (Waterman and Mole,
1994).

There are many physicochemical methods used for the identification of a specific compound. This is
usually achieved by a combination of several physicochemical methods, such as ultraviolet spectroscopy
(UV), gas chromatography-mass spectrometry (GC-MS), circular-dichroism spectroscopy (CD), optical
rotation, nuclear magnetic resonance spectroscopy (NMR), mass spectrometry (MS), and X-ray
crystallography. If the compound of interest is already known, it can be identified with less measurement
by comparing its characteristic features with literature values or the data of standard compounds.

The quantification of active compounds in medicinal plants have become very significant, it has been
shown that in-vitro screening methods could provide the needed preliminary observations necessary to
select crude plant extracts with potentially useful properties for further chemical and pharmacological
investigations (De Fatima et al., 2006). The phenolic compound in S. alata varied from the leaf to the
flower and this led to different approaches by the scientists to screen the plant for its therapeutic potency
(Owoyale et al., 2005). In recent research carried out on S. alata plant, it was discovered that it contain
hundreds of bioactive compounds (De Fatima et al., 2006). The compositions of these compounds are not
the same and also, it was discovered that different bioactive compounds were present and this dictate its
therapeutic functions.

Column Chromatography

Column chromatographic technique is use to purify compounds of interest from a compounds mixture by
using glass tube of varying length and diameter. The stationary phase is packed in a glass column of
varying diameter.

The stationary phase is solid and is mostly silica gel and alumina. Organic solvent either a single solvent
(isocratic) or different solvents (gradient) are used as the mobile phase. It is a slow process and its slight
modified form flash column chromatography is used in which slight air pressure is applied to accelerate
the movement of solvent (Wang etal., 1998).

Normal Phase column chromatography is technique in which normal phase silica is used as stationary
phase and in eluting, the mobile phase is applied in raising order of polarity that is starting from the least
polar one and ending at the most polar one.

The technique in which reverse phase silica is used as stationary phase and mobile phase is also applied in
the reverse order that is starting from the most polar solvent and ending at the least polar is known as
reverse phase column chromatography.
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High Performance Liquid Chromatography (HPLC)

In recent times, there are some new and improved forms of column chromatography; an example of this is
high performance liquid chromatography. It is commonly used in the quantification of phenolic
compounds. In this case solvent is forced through the column under high pressures of up to 400
atmospheres. High pressure accelerates the whole process and it takes much less time as compared to
column chromatography. The other major advantage over column chromatography is the detection
methods involved in HPLC that are highly sensitive and automated.

Thin Layer Chromatography (TLC)

Thin Layer Chromatographic techniques are commonly used to separate and investigate mixtures or
fractions of plant compounds. In thin layer chromatography (TLC) a sheet (glass or plastic) is used after
coating it with a thin layer of adsorbent material (such as silica gel and alumina or cellulose) called
stationary phase. When the sample is applied on the plate, a solvent or solvent mixture (mobile phase)
draws up the components of sample on the plate by capillary action. Different components of mixture
travel on the TLC plate with different rate that depend on polarity of solvents and compounds and their
relation with stationary phase with respect to polarity. The retardation factors give the presence of the
plant metabolites or compounds of interest.

Liquid Chromatography-Mass Spectrometry (LC-MS)

It is an analytical technique in which the separation potential of liquid chromatography is coupled with a
mass spectrometer. The technique is used for characterization of plant samples where high selectivity and
sensitivity is demanded. It has an advantage over GC-MS mainly because it can be used for separating
plant materials that contains compounds that are highly polar and less volatile.

Gas Chromatography-Mass Spectrometry (GC-MS)

Gas chromatography-mass spectrometry (GC-MS) is an analytical chemistry technique in which gas-
liquid chromatography and mass spectrometry are coupled to get knowledge about different substances
within a test sample. GC-MS can be helpful for discovery and detection of drugs, investigating fire,
analyzing environment and changes in environment, for investigating explosives and for the identification
of unknown samples by comparing them with reference standards present in GCMS catalogue. The GC-
MS is made up of two major components: the gas chromatograph and the mass spectrometer.

In gas chromatograph, a capillary column is used through which different molecules are passed. Chemical
properties of individual molecules are different. So, different components in a mixture, will be separated
as the sample travels through the length of the column. Depending on the polarity and other chemical
properties of molecules they differ in their elution time through capillary column. So, different peaks
appeared for different compounds with different retention time. The mass spectrometer breaks down
individual molecules into different fragments. These fragments are then detected on the basis of mass to
charge ratio. By using both parts of BC-MS finer degree of substance identification can be achieved. That
cannot be achieved by using either of these units separately.

Fourier Transform Infrared (FTIR) Spectroscopy

It is used to identify chemical bonds in a compound by production of an infrared absorption spectrum.
FTIR analysis produces absorption spectra which provide information about the molecular structure of a
material by identifying different bonds and functional groups present in the compounds. The FTIR
spectrum is comparable to the reference catalogues and in this way different bonds can be identified.
NMR Spectroscopy

“While no single form of spectroscopy is currently capable of resolving all structural problems, NMR
spectroscopy is probably the technique of paramount importance” (Snyder et al., 1989). This statement
was made by J. Snyder and coworker back in 1989 and is still valid today. With NMR measurements, it is
possible to obtain the constitution of a compound and sometimes even the configurationally and
conformational structure. The NMR phenomenon is based on the ability of certain atomic nuclei to
receive electromagnetic energy at a characteristic frequency supplied by radio frequency pulses in a static
magnetic field, and thereby attain a higher resonance state. The exact resonance frequency of each
nucleus is dependent on the chemical environment of the nucleus. The difference in the resonance
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frequency of the nucleus and a standard (usually tetramethylsilane, TMS) is called chemical shift (8/ppm).
The nucleus will resonate at two slightly different frequencies, i.e. the resonance line will split, if the
nuclear spin is coupled to a magnetically non-equivalent nucleus via bonding electrons. This spin
coupling is characterized by a coupling constant (J/Hz).

Medicinal Uses of Senna Alata

The plant is very important in many areas of life. The applications are so numerous. The applications
include for medicinal purposes, antimicrobial activities, antioxidant activities, its nutritional values and
many others. Different parts and constituents of the plant are reported to exhibit several therapeutic
properties, such as antibacterial, antifungal, antimicrobial and analgesic. The leaves of this plant are used
in the treatment of ringworm. The plant is traditionally acclaimed to be effective in treating skin
infections in man (lgoli et al., 2005) and animals. It is also reported that the leaf is useful for the treatment
of hemorrhoids, constipation, inguinal hernia, intestinal parasitosis, syphilis and diabetes. The seed is
used as antihelminthic, the roots are used against uterus disorder, and the crushed leaves are used for skin
infections (Herman et al., 1978). All the parts of this plant have been reported to have one or more
medicinal action especially antimicrobial activities (Makinde et al., 2007). In many parts of the world, S.
alata leaves, fruits and flowers have long been traditionally used as laxatives and antifungal agents
(Farnsworth and Bunyapraphatsara, 1992).

The possible health benefits of dietary phenolics depend on their absorption and metabolism, which in
turn are determined by their structure including their conjugation with other phenolics, degree of
glycosilation/acylation, molecular size and solubility.

Antibacterial Activities of Senna Alata

Oleanolic acid isolated from S. alata leaf extract inhibits the growth of Escherichia coli, Salmonella typhi,
Proteushat mirabilis and Klebsiella pneumonia (Senthilkumar and Reulta, 2011). The petals of the flower
contain high amount of flavonoids, this is known to inhibit the growth of Staphylococcus aureus,
Escherichia coli, Bacillus subtilis, Pseudomonas aeruginosa and Proteus vulgaris (Taylor, 2005). Flower
of S. alata is known to contain high amount of phenolic compounds which are active component of the
plant that contribute to the antibacterial activities of the plant (Senthilkumar and Reulta, 2011). 1, 3, 8,
trihydroxy-6-methyl-anthraquinone was isolated from S. alata methanolic leaf extract. This compound is
the bioactive molecule present in methanolic extract was effective against the oral microflora (Gaikwad,
2014). Also, there are some compounds present in the plant such as 3,4-dihydroxycinnamic acid,
cannabinoid dronabinol alkaloid, Kaempferol-O-diglucoside, quercetin-O-glucoside, kaempferol-O-
glucoside, kaempferol, rhein and danthron are known to inhibit the growth of both gram positive and
gram negative bacteria.

Antifungal Activities of Senna alata

Leaf extract of S. alata have shown high potency bacteria (both gram positive and gram negative) and
fungi. They are found to be effective against Trichophyton mentagrophytes and C. albicans (Indira and
Laskshimi, 2013). Due to the antifungal activities of S. alata, different researches have been carried out to
the potency of the plant. Methanolic leaf extract showed high activity against Mucor, Rhizopus and
Aspergillus niger than ethanolic and petroleum ether extracts (Palanichamy and Nagarajan, 1990). Flower
extract of S. alata is an important antifungal agent, for inhibiton of growth of aflatoxin producing fungi
(Aspergillus flavus and Aspergillus parasiticus), plant pathogenic fungi (Fusarium oxysporum) and
human pathogenic fungi (Candida albicans) (Adjanohoun et al., 1991). The root and leaf extracts
inhibited the growth of Aspergillus flavus, Aspergillus niger, and Candida albicans (Esakkirajan, 2014).
Cannabinoid dronabinol alkaloid isolated from the seeds of S. alata inhibited the growth of Aspergillus
niger and Candida albicans (Donatus and Fred, 2011). The chronic fungal disease, Pityriasis versicolor
was cured without recurrence for 1 year by using aqueous extracts of fresh leaves of S. alata (Gaikwad,
2014).

Antioxidant Activities of Senna Alata

Antioxidants are compounds that protect the cells against the oxidative effect of reactive oxygen species,
such as singlet oxygen, peroxyl radical and peroxynitrite. The impaired balance between these reactive

Centre for Info Bio Technology (CIBTech)



CIBTech Journal of Pharmaceutical Sciences ISSN: 2319-3891 (Online)

An Open Access, Online International Journal Available at http://www.cibtech.org/cjps.htm
2016 Vol.5 (3) July-September, pp.40-51/Oladeji et al.

Review Article

oxygen species and antioxidants results in a condition commonly referred to as oxidative stress. This
oxidative stress may lead to cellular damage which is linked to various health deficits such as diabetes,
cancer, cardiovascular disorders, neurodegenerative disorders and aging (Juvekar and Halade, 2006;
Makinde et al., 2007). 1-(4”-hydroxyphenyl) 2,4 ,6-trihydroxy-indole-3-carboxylic acid was isolated from
S. alata ethyl acetate fraction and it exhibited a strong DPPH radical scavenging activity (EI-Mahmood
and Doughari, 2006).

Redox properties of phenol and flavonoids play an important role in absorbing and neutralizing free
radicals. Presence of phenols, anthraquinone, flavonoids, carotenoids, Vitamin-C and Vitamin-A in the
methanolic leaf extract of C. alata indicates strong DPPH radical scavenging activity (Souwalak et al.,
2004).

Wound Healing Activities of Senna Alata

Wounds are the physical injuries that result in an opening and breaking of the skin and appropriate
method for healing of the wound is essential for the restoration of the disrupted anatomical continuity and
disturbed functional status of the skin (Manogaran and Sulochana, 2004). The ethanol extracts of leaves
of S. alata were investigated on excision wound model in rats. The leaf extract accelerated the wound
healing potential by reducing the epithelialisation period; prevent high risk of sepsis and prolongation of
inflammatory phase (Midawa, 2010). S. alata has been identified as a medicinal plant used in the
treatment of many ailments in many parts of the World (Idu et al., 2006). The sap of the leaves is a well
known remedy for ringworm, scabies, and ulcers, swelling and inflammation conditions and skin
parasites (Shivananda, 2006). Decoction from the leaves, flowers, barks and wood of the plant is reported
to be effective in the treatment of skin.

Anti-Inflammatory Activities of Senna Alata

S. alata flowers contain flavonoids and bioflavonoids, this help in the inhibition of lipid peroxides and
decreased levels of lysosomal enzymes. S. alata leaves possess DL-a-tocopheryl-a-D-mannopyranoside
and DL-a-tocopheryl-B-D-galactopyranoside having the anti-allergic and anti-inflammatory activities
(Anonymous, 1996). 5-O-methylquercetin 7-O-glucoside was isolated from S. alata flower exhibited anti-
inflammatory activity (Manogaran and Sulochana, 2004). Kaempferol-3-O-gentiobioside, a flavonoid
glycoside isolated from S. alata leaves showed anti-inflammatory activity (Morton and Malone, 1972).
Anti-Skin Infections Activities of Senna Alata

S. alata leaf was known for the treatment eczema, itching and skin infections in humans (Palanichamy
and Nagarajan, 1990; Morah and Otumu, 1991; Ogunti and Elujoba, 1993). Applications of ointment
prepared from ethanolic leaf extracts were effective in curing bovine dermatophilosis. The ointment
reached the affected area directly and penetrated the epidermis of the skin, falling off of the crusts and
quickly inhibited the development of D. congolensis (Aletor, 1993).

Conclusion

The advancement in the world has led to the production of synthetic drugs. The consistent use of these
drugs have increased the development of drug resistance in human pathogens as well as the unwanted side
effects of some commonly used synthethic antimicrobial agents prompted the search for natural
antimicrobial agents for effectiveness and safety. The discovery of phenolic compounds in plant have
tremendously reduced the side effects encountered from synthetic drugs. All the classes of phenolic
compounds showed important health benefits, this is due to the important chemical characteristics or
functional groups present. In view of this, the Scientist have discovered that in order for man to survive
these conditions, the introduction of natural antimicrobial and antioxidant agents that are environmental
friendly and non pollutant or contaminate the environment are inevitable.

ACKNOWLEDGEMENT

The authors thank of the Department of Pure and Applied Chemistry, LAUTECH, Ogbomoso, for their
support and assistance with the information provided.

Conflict of Interest

The authors declare that they have no competing interests.

Centre for Info Bio Technology (CIBTech) ﬂ



CIBTech Journal of Pharmaceutical Sciences ISSN: 2319-3891 (Online)

An Open Access, Online International Journal Available at http://www.cibtech.org/cjps.htm
2016 Vol.5 (3) July-September, pp.40-51/Oladeji et al.

Review Article

REFERENCES

Adjanohoun E, Ahyi MR, Ake-Assi L, Elewude JA, Dramane K, Fadoju, SO, Gbile ZO, Goudole E,
Johnson CL, Keita A, Morakinyo O, Ojwole JA, Olatunji AO and Sofowora E (1991). Traditional
Medicine and Pharmacopoeia: Contribution to Ethnobotanical Floristic Studies in Western Nigeria,
(Nigeria, Lagos: Organization of African Unity, Scientific Technical and Research Commission).

Aletor VA (1993). Cyanide garri. 2. Assessment of some aspects of nutritional biochemistry and
heamotology of the rats fed garri containing varying residual cyanide levels. International Journal of
Food Science and Nutrition 44(4) 289-295.

Aron PM and Kennedy JA (2008). Flavan-3-ols: nature, occurrence and biological activity. Molecular
Nutritional Food Research 52 79-104.

Baansiddhi J and Pechaaply D (1988). Botanical Report of some Thai Medicinal Plants, Part I.
(Bangkok: Department of Medical Science) 8-9.

Beckman CH (2000). Plant phenolics. Physiological and Molecular Plant Pathology 57 101-110.
Beecher G (2003). Overview of dietary flavonoids: nomenclature, occurance and intake. Journal of
Nutrition 4(2) 133-138.

Bell EA (1980). Secondary plant products. In: Bell, E. A.; Charlwood, B. W. (edition). Encyclopedia of
Plant Physiology, (Germany, Berlin: Springer-Verlag).

Bharathidasan R, Mahalingam R, Deepa S and Panneerselvan A (2012). Microbiology of skin
disease and its control through herbal drug. World Journal of Science and Technology 1 6-10.

Caldwell MM, Robberecht R and Flint SD (1983). Internal filters: prospects for UV acclimation in
higher plants. Physiology of Plants 58 445-450.

Cowan MM (1999). Plant products as antimicrobial agents. Clinical Microbiology Reviews 12 564-582.
Crozier A, Burns J and Aziz AA (2000). Antioxidant flavonols from fruits and vegetables:
measurements and bioavailability. Biological Research 33 78-88.

Crozier A, McDonald MS and Lean ME (1997). Quantitative analysis of the flavonoid content of
tomatoes, onions, lettuce and celery. Journal of Agricultural Food Chemistry 45 590-595.

Damodaran S and Venkataraman S (1988). A study on the therapeutic efficacy of Cassia alata Linn.,
leaf extract against Pityriasis versicolor. Journal of Ethnopharmacy 42 9-23.

Dewick PM (2002). Medicinal Natural Products: A Biosynthetic Approach, (USA, New York: John
Wiley & Sons).

Dixon RA (1986). The phytoalexins response: elicitation, signaling and control of host gene expression.
Biological Reviews 61 239-291.

Donatus EO and Fred UN (2010). Cannabinoid dronabinol alkaloid with antimicrobial activity from
Cassia alata Linn. Der Chemica Sinica 2(2) 247-254.

Ebel J and Grisebach H (2004). Defense strategies of soybean against the fungus Phytophthora
megasperma f. sp. glycinea: A molecular analysis. Trends in Biochemical Sciences 13 23-27.
El-Mahmood AM and Doughari JH (2008). Phytochemical screening and antibacterial evaluation of
the leaf and root extracts of Cassia alata Linn. African Journal of Pharmaceutical Pharmacy 2(7) 124-
129.

Esakkirajan M (2014). Anti-proliferative effect of a compound isolated from Cassia auriculata against
human colon cancer cell line HCT 15. Spectrochimicaacta part A. Molecular Biomolecular Spectroscopy
120 462-466.

Evans WC and Trease GE (2002). Trease and Evans Pharmacognosy, (W. B. Saunders, China) 193-
407.

Farnsworth NR and Bingel AS (1977). Problems and prospects of discovery new drugs from higher
plants by pharmacological screening. In: Wagner, H.; Wolff, P. (edition), New Natural Products and
Plant Drugs with Pharmacological, Biological or Therapeutical Activity, (Germany, Berlin: Springer
Verlag) 1-22.

Farnsworth NR and Bunyapraphatsara N (1992). Thai Medicinal Plant: Recommended for Primary
Health Care System. (Bangkok, Thailand: Prachachon Company).

Centre for Info Bio Technology (CIBTech)



CIBTech Journal of Pharmaceutical Sciences ISSN: 2319-3891 (Online)

An Open Access, Online International Journal Available at http://www.cibtech.org/cjps.htm
2016 Vol.5 (3) July-September, pp.40-51/Oladeji et al.

Review Article

Gaikwad S (2014). Isolation and characterization of a substituted Anthraquinone: A bioactive Compound
from Cassia auriculata L. Industrial Journal of Advances in Plant Research 1(5) 8-11.

Gottlieb H (1992). Subtitling: A new university discipline. In Dollerup, et al., (edition), Teaching
Translation and Interpreting, (Netherland, Amsterdam: John Benjamins) 161-170.

Harborne J and Williams C (2000). Advances in flavonoid research since 1992. Phytochemistry 55
481-504.

Harborne JB (1980). Secondary Plant Products, Bell, E.A and Charlwood, B.W. (edition), Encyclopedia
of Plant Physiology, New Series, 8, (Springer-Verlag, Berlin, Germany) 329.

Harborne JB (1984). Phytochemical Methods, (Chapman and Hall, London, UK) 166-226.

Herrmann K (1976). Flavonols and flavones in food plants: A review. Journal of Food Technology 11
433-448.

Hertog ML, Hollman PH and Venema DP (1992). Optimization of Quantitative HPLC determination
of potentially anticarcinogenic flavonoids in fruit and vegetables. Journal of Agricultural Food Chemistry
40 1591-1598.

Idu FE, Orosaye Cl, Igeleke SE, Omonigho OE and Ayinde BA (2006). Preliminary investigation on
the phytochemistry and antimicrobial activity of Senna alata L. leaves. Journal of Applied Sciences 6(11)
2481-2485.

Igoli JO, Ogaji OG, Igoli NP and Tor-Anyiin TA (2005). Traditional medicinal practices among the
Igede people of Nigeria (part Il). African Journal of Traditional Complementary and Alternative
Medicine 2 134-152.

Juvekar R and Halade GV (2006). Hypoglycemic activity of Cassia auriculata in neonatal
streptozotoc in-induced non-insulin dependent diabetes mellitus in rats. Journal of Natural Remedy 6(1)
14-8.

Khare CP (2007). Indian Medicinal Plants: An lllustrated Dictionary, (Springer-Verlag, Berlin
Heidelberg, London) 126-7.

Kliebenstein DJ (2004). Plants physiology. Plant Cell Environment 25 675.

Kumar A, Shukla R, Singh P, Prasad CS and Dubey NK (1984). Assessment of Thymus vulgaris L.
essential oil as a safe botanical preservative against post harvest fungal infestation of food commodities.
Innovations of Food Science Emerging 4 575-580.

Lattanzio V, Di Venere D, Linsalata V, Bertolini P, Ippolito A and Salerno M (2001). Phenolic
compounds in Senna alata. Journal of Agricultural Food Chemistry 49 5817.

Mabry TJ, Markham KR and Thomas MB (1970). The Systematic ldentification of Flavonoids,
(Springer Verlag, New York, USA).

Makinde AA, Igoli JO, Amal LT, Shaibu SJ and Garbal A (2007). Antimicrobial activity of Cassia
alata. African Journal of Biotechnology 6 1509-1510.

Manogaran M and Sulochana N (2007). Anti-inflammatory activity of cassia aauriculata. Ancient
Science of Life 24(2) 65-67.

Midawa SM (2010). Cutaneous wound healing activity of the ethanolic extracts of the leaf of Senna alata
L. (Fabaceae). Journal of Biological Science Bioconstraints 2 63-8.

Morah FN and Otumu HE (1991). Cassia alata seeds constituents. Jamaican Journal of Science and
Technology 2 14-16.

Morrissey JP and Osbourn AE (1999). Microbiology, Molecular and Biological Reviews 63 708.

Oates JF, Waterman PG and Choo GM (1980). Food selection by the South Indian leaf-monkey,
Presbytis johnii, in relation to leaf chemistry. Oecologia 45 45-56.

Ogunti EO and Olujoba AA (1993). Laxative activity of Cassia alata. Fitoterapia, Economy Botany 64
437-439.

Owoyale JA, Olatunji GA and Oguntoye SO (2005). Antifungal and antibacterial activities of an
ethanolic extract of Senna alata leaves. Journal of Applied Science and Environmental Management 9
105-107.

Centre for Info Bio Technology (CIBTech)



CIBTech Journal of Pharmaceutical Sciences ISSN: 2319-3891 (Online)

An Open Access, Online International Journal Available at http://www.cibtech.org/cjps.htm
2016 Vol.5 (3) July-September, pp.40-51/Oladeji et al.

Review Article

Palanichamy S and Nagarajan S (1990). Antifungal activity of Cassia alata leaf extract. Journal of
Ethnopharmacology 29(3) 337-340.

Prior RL, Lazarus SA, Cao G, Muccitelli H and Hammerstone JF (2006). Identification of
procyanidins and anthocyanins in blueberries and cranberries (Vaccinium spp.) using high performance
liquid chromatography/mass spectrometry. Journal of Agricultural Food Chemistry 49 1270-1276.
Schultz W, Ljungberg T and Apicella P (1991). Activity of dopamine neuronsin monkeys learning and
performing cognitive tasks. Society for Neuroscience Abstract 17 1218.

Senthilkumar PK and Reetha D (1998). Bioactivity of Cassia auriculata methanol extract against
human pathogenic bacteria and fungi. International Journal of Pharmaceutical Biological Archive 2(5)
1534-1538.

Shivananda N (2006). Influence of ethanol extract of Vinca rosea on wound healing in diabetic rats.
Journal of Biological Sciences 6(2) 40-44.

Souwalak P, Nongyao P, Vatcharin R and Metta O (2004). Antifungal activity from leaf extracts of
Cassia alata L., Cassia fistula L. and Cassia tora L. Songklanakarin Journal of Science and Technology
26(5) 741-748.

Taiz L and Zeiger E (1991). Plant Physiology, (USA, California: The Benjamin Cummings Publishing
Company).

Taylor L (1999). The Healing Power of Rainforest Herbs, (Square One Publishers, Inc., New York,
USA) 535.

Tej NK (2005). Flavonoids and its Importance. Journal of Medical Virology 15 71-79.

Walle T and Walle UK (2007). The B-D-glucoside and sodium-dependent glucose transporter 1(sgltl)-
inhibitor phloridzin is transported by both sgltl and multidrug resistance-associated proteins 1/2. Drug
Metabolism Dispository 31 1288-1291.

Wang L, Qin P and Hu Y (1998). Study on the microwave-assisted extraction of polyphenols from tea.
Frontiers of Chemical Engineering of China 4 307-313.

Waterman PG and Mole S (1994). Analysis of Phenolic Plant Metabolites, (Blackwell Scientific
Publications, Oxford, UK).

Centre for Info Bio Technology (CIBTech)



