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2. REVIEW OF LITERATURE

With the advancement of science and technology life became more luxurious

and easy for mankind. While technology increased the availability of materials to

humans, several diseases, known as life style diseases, also appeared in the arena of

human civilization. Of these, diabetes and hypertension are extremely common and are

predominantly caused by our busy life style and food habits. Generation of free

radicals as by-product of biochemical reactions in our body are also responsible for

several diseases. Plants have been an important source of medicine for thousands of

years. India has a rich tradition of knowledge system in the use of plants for curative

purposes. It also possesses the most diversified plant population due to a wide range of

geographical span from great Himalayas in the North to Sunderbans in the East and

vast coastal area in the South and West. So, from our ancient past the use of plants as

therapeutic agents was a common practice. Wetlands are considered as the ‘kidney of

ecosystem’. Further, it is also the niche of several plants and animals. Though many

wet land plants are consumed by ethnic communities and also used in therapeutics, but

very little attention has been given by modern scientific community for scientific

validation.

In this context, a brief review has been compiled and presented related to the present

work with following subheadings:

 Relevance of ethno botanical study

 Phytochemicals present in plants

 Antioxidative activity of plants

 Antimicrobial activity of plats

 Antidiabetic activity of plants

2.1. Relevance of ethno botanical study
Ethno botany is the branch of ethno biology. Use of indigenous plants as

medicine, food, shelter, clothing, hunting, and religious ceremonies by indigenous

people when studied, the study is called as Ethno botany. It can also be described as

the botanical knowledge of ethnic people of a particular area. John Harshberger in

1896 defined ethnobotany as “the use of plants by aboriginal people”. “Ethno botany”

means study of the relationship of botany with primitive human race or those who

have particularly no written language (Debnath et al. 2015). In recent years the
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attraction to ethno botany has increased many folds. Ethno botanical studies are the

first steps in bio prospecting. These studies also help in conservation strategies of

over utilized plants and in this way also helps the conservation of biodiversity. Ethno

medicinal knowledge is associated with the indigenous or tribal people especially in a

specific region of high biodiversity (Kumar 2015). A large number of people in the

world still depend on traditional medicines for health care. Countries like India where

different communities are present in different phytogeographical areas with rich

biodiversity, people have great ethno botanical knowledge. But lack of extensive

exploration in different parts of this country still provide great chance towards new

discovery of many ethno botanical sources of medicine. Many workers have provided

great contribution in the field of ethno botany and still many more are yet to come.

Ethno medicinal study of Khosian and other rural people of western region of

South Africa revealed 38 new anecdotes. 13 species from seven genera from the

family Menispermaceae was studied and identified as ethno medicinally important

(De Wet and Van Wyk, 2008). Sajem and Gosai (2008) explored the traditional

knowledge useful for the healing ailments of Lusai tribes of Northeast India. This

exploration revealed 31 ethnomedicinally important plant species and their use in 41

types of illness.

An ethno medicinal study was carried out with the participation of 31 ethnic

healers in Blue Nile State of South Sudan which revealed the presence of 53 very

important ethno botanically important plant species. Majority of studied plants were

wild. The studied plants were reported to be mainly useful in the treatment of

infections, pain, digestive system disorders, respiratory troubles etc (Musa et al.

2011). Ninety ethno medicinally important plant species used by the Kani ethnic

healers in Tirunelveli hills of Western Ghats, India were identified as being useful for

treating ailment of 65 types. Majority of ethno medicinal preparations were prepared

from leaves and administered orally. Jaundice, diabetes, skin diseases, abdominal

disorders were mainly treated with these plants. Among these 90 species Murraya

koenigii, Syzygium cumini, Gymnema sylvestre, Terminalia chebula, Melia azedarach

are mostly used (Ayyanara and Ignacimuthub, 2011). Panda and Misra (2011)

surveyed the 7 districts of South Odisha for gathering traditional ethno medicinal

knowledge from the indigenous healers of that area. They reported 48 different

wetland plant species useful in 47 different ailments and for the first time in this

report they revealed 29 species with new ethno medicinal uses. Shankar and Mishra
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(2012) recorded 24 hydrophytes of ethno medicinal use from the water bodies of

Hazaribag district of Jharkhand, India. Their study revealed the use of aquatic plants

by the tribal people of this area and can be very useful for future studies. Bhagyaleena

and Gopalan (2012) reported 39 wetland species with potent ethno botanical activity

from the wetlands of Palakkad district or Kerala.

Singh et al. (2013) explored the wetlands of Buxar District of Bihar, India, to

study the ethno medicinally important wetland plants and gather information

regarding their local name, application method of plant in diseases, and some other

relevant data also. They identified 26 plant species important ethno botanically. Azad

and Bhat (2013) studied ethno botany of 29 plant species used by the tribal as well as

local people of Rajouri and Poonch districts of Jammu and Kashmir. Their study

reveals that the people of these areas largely rely on this ethno botanical knowledge;

but with the advancement of society the knowledge is getting deteriorated day by day

as well as availability of important plants are also very less.

Mesfin et al. (2013) conducted a study on ethno medicinal plants from April

to May, 2013 in Northern Ethiopia and identified 31 plant species from this area with

maximum healing properties in treatment of 32 aliments of aboriginal people of this

area. They gathered important ethno medicinal knowledge e.g. medicinal plant

identification, disease treatment procedure, plant part used, preparation procedure,

administration of preparations, ingredients etc.

Sarmah et al. (2013) reported 65 ethno medicinally important wetland plants

from the Subansiri and Ranga river floodplains of Lakhimpur district, Assam, India.

In a study by Alam (2014) 30 ethno medicinally important wetland plant species from

East champaran Districts of Bihar were recorded. The data was collected during

2013-2014 calendar year. They collected data by interviewing ethnic medicine

practitioners and also from some local people of the study area. Chhatarpur is a

northern district of Madhya Pradesh, India. The main tribes of Chhatarpur district are

Saur and Kondar having a traditional knowledge of 45 very important ethno

medicinal plants useful in the treatment of cholera, leprosy, pneumonia, diarrhoea,

botulism, dysentery, gastroenteritis, bronchitis, tonsillitis etc (Chaturvedi and Saxena,

2014). The use of 24 ethno botanical plants species from 23 genera, from

Renalagadda Thanda, Kodangal mandal, Mahabubnagar district of Telengana, India

was reported by Singh and Singh (2015). Information regarding the treatment process

werealso recorded from the tribal communities of this area.Vijayakumara (2015)
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explored the Nelliyampathy hills of Kerala, India during 2011-2013 and reported 85

ethno medicinally important plant species useful in the treatment of 19 different

diseases in this area. In another study, Chowdhury and Das (2015) reported 52 ethno

medicinal wetland plant species from Darjeeling and Jalpaiguri regions of West

Bengal. Their study shows the intense knowledge of ethno medicines from wetland

within the ethnic people and kabiraj, hakim, baidya of this area.

Savithramma et al. (2016) reported 48 ethno medicinally important plant

species used by Yandi tribes of Chandragiri reserve forest area, Chittoor District,

Andhra Pradesh, India, for the treatment of 53 different types of ailments of local

people. They also compared their data with Dr. Duke’s database of Phytochemical

and Ethno botanicals. Murtem and Chaudhry (2016) reported ethno medicinal

knowledge of Tagin, Hill Miri/ Nyshi and Galo community of upper Subansiri district

of Arunachal Pradesh, India. The ethno medicinal study was done by collecting

information from local people regarding the use of local forest plants for curing

ailments. Purnima (2016) reported 65 ethno medicinally active plant species

traditionally used for the treatment 35 ailments of local people Buxar district, Bihar

India. The data was collected from Vaidhya and other resource person and compiled

as a source of further study and repository for the future generation.

Bouiamrine et al. (2017) reported 69 commercialized ethno medicinal plants used by

the Amazigh community of Morocco. Mainly digestive disorders, metabolic diseases

skin disease were treated with these plants.

2.2. Phytochemicals present in plants
Phytochemical screening conducted by Karthishwaran (2010) of the

methanolic extract of leaves of Pergularia daemia revealed the presence of

flavonoids, tannins, carbohydrates, alkaloids, steroids, terpenoids, although Proteins

were not detected in the extract. They also performed TLC, HPTLC, HPLC, FTIR for

identification of phytochemicals. Aiyegoro and Okoh (2010) screened Helichrysum

longifolium for the presence of tannins, flavonoids, saponins and steroids. The

quantification of antioxidative group of compounds was also done and it was found

that the total phenol content of aqueous leaf extract was 0.499 mg gallic acid

equivalent/g. The flavonoid and proanthocyanidin contents were found to be 0.705

and 0.005 mg gallic acid equivalent/g respectively. Preliminary phytochemical

screening of Syzygium cumini (L.) revealed the presence of major phytochemical

compounds like flavonoids, alkaloids, steroids, glycosides, saponins, terpenoid,
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phenols, cardiac glycosides, tannins (Gowri and Vasantha, 2010). Leaves of S. cumini

were found to be rich in flavonoids, glycosides, alkaloids, steroids, tannins and

saponins. The phytochemical compounds have been reported to confer many

beneficial properties including antimicrobial properties. Flavonoids are known to

have potent anti-allergic, anti-microbial, anti-inflammatory and anti-cancer activities.

Tannins also possess medicinal properties like antiviral, antibacterial and anti-tumour

activities and are also known to inhibit HIV replication. Saponins are useful in

relieving hyper cholestrolaemia and hyperglycaemia and are also known to possess

antifungal properties.

The screening of phytochemicals in different solvents also varied. Mojhi et al.

(2011) screened four differrent solvent extracts of Paedallium murex viz. petroleum

ether, ethanol, chloroform and water. Presence of carbohydrates, glycosides and

steroids were detected in all the four extracts; alkaloids in petroleum ether; flavonoids

in petroleum ether, ethanol and chloroform extracts were also detected. Saponins and

tannins remained undetected in all the extracts. Phytochemical screening of leaves of

Vitex doniana and Mucuna pruriens was performed by Agbafor et al. (2011). These

two plants are known to be used for curing various ailments. The presence of

saponins, tannins, anthraquinones, and flavonoids were observed in all the extract. All

the extracts also showed antioxidant properties determined by their DPPH radical

scavenging activity. Agbafor et al. (2011) reported highest inhibition by Vitex

doniana which was not significantly different from that by vitamin C. The extracts

also produced a significant decrease in liver MDA. According to Varadarajan et al.

(2008), the secondary metabolites (phytochemicals) and other chemical constituents

account for their medicinal value. Saponins, triterpene and steroids confer

hypotensive and cardiodepressant properties. Anthraquinones possess astringent,

purgative, anti-inflammatory, antitumor and bactericidal effects. Cardiac glycosides

are useful in the prevention of congestive heart failure and cardiac arrhythmia.

Flavonoids, tannins and phenolic compounds can act as primary antioxidants. Dhale

(2011) studied the Bauhinia variegata leaf and bark extracts of petroleum ether,

chloroform, alcohol. Results of the phytochemical analysis revealed the presence of

alkaloids, glycoside, phenolics, saponins, flavonoids, tannins, lignin, and terpenoids.

The antibacterial activities of the extracts detected could be attributed to the presence

of the phytochemicals.
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Bhandary (2012) revealed the presence of triterpenoids, steroids, tannins,

carbohydrate, glycosides, flavonoids and vitamin C in pomegranate peel extract.

However, the presence of triterpenoids, steroids, alkaloids, flavonoids, glycosides,

saponins, tannins, carbohydrate and vitamin C in the whole fruit extract and

triterpenoids, glycosides, saponins, alkaloids, steroids, tannins, carbohydrate and

vitamin C in the seeds extract was reported. The presence of these compounds in the

extracts was propounded to potent antioxidant capacity of pomegranate.

Diethyl ether, ethanolic and aqueous extracts of Malva sylvestris L. seeds

revealed the presence of alkaloids, sterols, tannins and coumarins (Zohra et al. 2012).

Stem extracts on the other hand revealed the presence of flavonoids, tannins,

saponins, alkaloids, sterols, coumarins and anthocyanosides which may be

responsible for the medicinal properties of the plant.

Phytochemical screening of the Ephedra alata plant extract reaveled the

presence of cardiac flavonoids, glycosides, reducing sugars, alkaloids and phenolic

compounds (Jaradat et al. 2015). Cardiac glycosides were detected in aqueous,

methanolic and ethanolic extracts. Alkaloids detected in methanol, acetone, and

ethanolic extracts. Reducing sugar detected in all used solvent extracts. Phenols

detected in methanolic and ethanolic extracts. Flavonoid detected in aqueous,

methanolic, and ethanolic extracts. Saponins, free amino acids, starch, volatile oil,

tannins, steroids are not detected in any one of selected solvent extracts.

Various solvent extracts of the powder of Terminalia catappa was screened

and phytochemicals tests confirmed the presence of sterols, triterpenes, carotenoids,

emodols, coumarins, flavones aglycone, alkaloids, steroids, cardenolides, saponoins,

cholesterol, amino acids, phlobatinins, cardiac glycosides and reducing compounds.

In hexane extract, presence of carotenoids, steroids, triterpenes, coumarin and

coumarin derivatives, steroid glycosides, cardenolides, saponins, flavanosides,

cholesterol and cardiac glycosides. However, these compounds with the exception of

cardiac glycosides were absent in the ethanolic extract. The chloroform extract on the

other hand showed the presence of sterols, triterpenes, coumarins, alkaloids, saponins,

cholesterol and cardiac glycosides. Phytochemical screening revealed the presence of

sterols, triterpenes, coumarins, flavonoids, tannins, anthracenosides, steroid

glycosides, cardenolides, cholesterol and cardiac glycosides in ethyl acetate extract.

This pointed towards the fact that the presence of phytochemicals varied with the type

of solvents used for the purpose of extraction (Jagessar and Allen, 2012).
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Psidium guajava L. also known as amritphale is a small tree of Myrtaceae family,

traditionally used for curing several diseases (inflammation, diabetes, hypertension,

wounds, pain and fever). The leaves were powdered and subsequently extracted with

different solvents viz. petroleum ether, chloroform, ethanol, water, hydroalcoholic.

Phytochemical tests revealed the presence of flavonoids, tannins, triterpenoids,

saponins, sterols, alkaloids and carbohydrates (Arya et al. 2012).

Adebiyi et al. (2012) selected two mosses - Thidium gratum and Barbula

indica used as ethnomedicine and the extracts were screened for the presence of

several phytochemicals like alkaloids, flavonoids, phenols, saponins and steroids.

More or less all the phytochemicals were present in the two mosses except for the

absence of phenol in Barbula indica. However, the percentage yield of phenols

obtained in B. indica (0.055%) was lower than those obtained bywho worked on the

phytochemical screening of some higher medicinal plants. But the quantity of phenols

was similar to that of Scoparia dulcis (0.04%), Sida acuta (0.08%) and Tridax

procumbens (0.06%).

Rani et al. (2013) collected the leaves of the plant Annona reticulata,

extracted using different organic solvents with varying polarity viz. ethyl acetate

(low), butanol (medium) and methanol (high). The phytochemical screening of the

extracts showed the presence of alkaloids, tannins, terpenoids and coumarins. Ethyl

Acetate and butanol extract possesses terpenoids, alkaloids and steroids. Methanolic

extract posses terpenoid, steroid, tannins and coumarins.

In another study, Kulkarni et al. (2013) studied the presence of steroids,

flavonoids, saponins in Aspidium cicutarium. They also performed the further

investigation of the extracts by HPTLC to deduce the varied composition of

methanolic and aqueous extracts. The chromatogram showed the presence of multiple

peaks which indicated diverse phytocomposition of extracts. The methanolic and

aqueous extracts of the rhizomes showed presence of sugars, tannins, steroids,

flavonoids and saponins, whereas the methanolic extract showed the presence of

anthroquinone glycosides, saponin glycosides and proteins.

Jyothiprabha and Venkatachalam (2016) studied the presence of different

phytochemicals by qualitative analysis of several spices and confirmed the presence

of alkaloids, carbohydrates, phenol, glycosides, terpanoids, flavonoids, saponins,

proteins, steroids and tannins. Spices are important ingredients of foods, used since

ancient times, as flavoring agent, food preservatives and also has been used in folk
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medicines. The use of spices for medicinal purpose depends on the presence of

phytochemicals they contains. The spices have been reported for anti-inflammatory,

antidiarrheal, antimicrobial, antioxidant and insecticidal activities. They found the

presence of steroids in ethanolic extracts of clove, pepper, saffron; which are of great

importance in pharmacy as they possess compounds like sex hormones and can be

used for drug production.

2.3. Antioxidative activity of plants

Free radicals and other reactive oxygen species, inorganic products of normal

aerobic metabolism, are recognized as agents involved in the origin of diabetes,

Parkinson's and Alzheimer's diseases, cancers as well as atherosclerosis. The reactive

oxygen species are also responsible for aging in human. An antioxidant can be

broadly defined as any substance that delays or inhibits oxidative damage to a target

molecule (Yamagishi et al. 2011). Plants are considered the most promising source of

antioxidant from ancient past. Phenolic acids, polyphenols and flavonoids present in

plants, scavenge free radicals such as peroxide, hydroperoxide or lipid peroxyl and

thus act as antioxidant. Hence, the identification and development of phenolic

compounds from different plant extracts have become a new and major area of health-

and medical-related research. Dai et al. (2010) mainly focused on extraction,

purification, analysis, quantification, antioxidant properties and anticancer effects of

phenolics on in vitro and in vivo animal models as well as included recent human

intervention. They provided an updated possible mechanism of action involve

antioxidant, prooxidant and interference activities with cellular functions.

Ashafa et al. (2010) investigated the antioxidant potential of leaves from

Felicia muricata herb was by using different solvents such as water, methanol,

acetone and ethanol extracts which mainly used for the management of different

human and livestock diseases in the Eastern Cape Province of South Africa. The

extracts were rich in phenols, proanthocyanidins and flavonols but low in flavonoids.

The methanol, acetone and ethanol extracts showed higher DPPH scavenging

activities as compared to water extract but all the extracts showed high ABTS

scavenging activity. Traditionally infusions, decoction and poultice of plant extract

are prepared with water. Authors concluded that water and ethanol extracts of Felicia

muricata show strong antioxidant properties.
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Ginger (Zingiber officinale) contains several bioactive constituents which

possess health promoting properties, especially used in Asia. Ghasemzadeh et al.,

(2010) checked the antioxidant activities of methanol extracts from the leaves, stems

and rhizomes of two Zingiber officinale varieties such as Halia Bentong and Halia

Bara by DPPH assay. This assay was used in an effort to compare and validate the

medicinal potential of the subterranean part of the young ginger. Leaves contain

higher amounts of phenolics and flavonoids than stem and rhizome. The rhizome on

the other hand shows better result than leaves and stem in ferric reducing/antioxidant

potential (FRAP) test. Halia Bara had higher antioxidant activities and total phenolic

and flavonoid contents in comparison with Halia Bentong and leaves had higher

inhibitory activity than or comparable to those of the young rhizomes at low

concentration. Sesbania grandiflora leaves and flowers showed free radical

scavenging capacity and antioxidant activities of the ethanol and 70% acetone

extracts. Gowri et al. (2010) reported that the 70% acetone was more efficient for the

extraction of bioactive compounds in terms of recovery percent, higher reducing

power activity, highest peroxidation inhibiting activity and the values were

comparable to that of α-tocopherol. The final result showed both solvent extracts of

leaves exhibited a higher concentration of total phenolics, soluble sugars and total

free amino acids than the respective solvent extracts of the flower.

Gupta et al. (2011) provided an updated assay on phytochemical analysis and

in vitro antioxidant activity of dichloromethane, methanol and acetone extracts of

Abies pindrow leaves because these leaves are traditionally used as an ayurvedic

remedy for fever, hypoglycaemic, respiratory and inflammatory conditions. Final

result provided evidence that Abies pindrow leaf extracts are a potential source of

natural antioxidants because the methanol extract exhibited highest antioxidant

activity while acetone extract showed the presence of relatively high total phenol and

flavonoids contents. So it could serve as a base for future drugs. Nahak et al. (2011)

reported that present scientific research has established by phytochemical analysis of

many different active compounds in spices of Indian species that provided flavour,

colour, and aroma of food and traditionally serve as a therapeutic agent in pharmacy

according to Ancient Indian texts of Ayurveda, an Indian system of medicine. The

medicinal effects validated by modern pharmacological and clinical experimental

techniques have shown a promising effect in therapeutics. In an enormous potential

Piperaceae family, Piperine is an alkaloid which is found naturally in plants such as
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Piper nigrum and Piper cubeba. These are widely used in various herbal cough

syrups and also used in anti-inflammatory, anti-malarial, anti-leukaemia treatment.

Preliminary screening and confirmatory test were performed for identification of

alkaloid. Finally, high antioxidant activity was found in Piper cubeba ethanol extracts

in comparison to Piper nigrum extracts respectively.

Stanković (2011) made a comprehensive study of in vitro antioxidant activity

as well as total phenolic content and flavonoid concentration of different extracts

which was found in the whole herb of Marrubium peregrinum L. (Lamiaceae) by

using spectrophotometric methods. The antioxidant activities were expressed as a

percentage of DPPH radicals' inhibition and IC50 values (μg/mL). M. Peregrinum

ethanolic extract showed highest phenolic compounds, flavonoid concentration and

high antioxidant activity. Similarly, the linear correlation was confirmed between the

values for the total phenolic content and antioxidant activity of this plant extracts

because high contents of phenolic compounds indicated higher antioxidant activity.

Orčić et al. (2011) developed a method for identification and determination of the

most active antioxidant compounds in plant extract of Hypericum perforatum which

had been used in traditional and modern medicine for a long time due to its high

content of biologically active phenolics. Fast qualitative, semi quantitative

identification and quick separation analysis was developed by LC-MS method and

then significant antioxidant activity was determined by DPPH assay. Superoxide

scavenging, lipid peroxidation and FRAP were also determined. The flavonoids,

naphthodianthrones and phloroglucinols have been identified by these techniques.

This experiment demonstrated that H. perforatum shows high antioxidant activity due

to flavonoids and phenolic acids, while phloroglucinols and naphthodianthrones

showed no significant activity by fractionation.

Different plant parts like leaves flowers and stems of Teucrium polium were

used for the detection of flavonoids concentration, total phenolic content and in vitro

antioxidant activity.The in vitro antioxidant activity was determined by using DPPH

reagent and expressed as the concentration of each extract required to inhibit radical

by 50% (IC50) values. The methanol extracts of Teucrium polium leaves contain the

highest concentration of phenolic compounds and showed strong antioxidant activity.

For the comparison study, Ginkgo and Green tea extracts were also used and T.

Polium extracts showed greater activity with Ginkgo or Green tea. Separation assay to

separate active phenolic compound from T. polium was also suggested by these
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workers (Stankovic et al. 2012). Ferulic acid is a type of hydroxycinnamic acid. This

is an abundant phenolic phytochemical which is commonly found in plant cell wall

components. Previous reports are available regarding the anti-aging, anticancer,

antioxidant potential of ferulic acid and this organic compound also reduced

cholesterol, triglycerides and blood glucose levels. Ferulic acid was collected from

ethyl acetate herbal extract of Syzygium cumini seed powder by HPLC technique. It

was also reported that Syzygium cumini seeds and fruit have hepatoprotective,

antidiabetic, anti-inflammatory, antihyperlipidemic, antibacterial, and diuretic

properties. This experiment established that these plant and mainly seeds could be

further used as a medicine with greatest pharmaceutical values (Shah et al. 2012).

In vitro chemical analyses of Torilis leptophylla (TLM) methanol extract and its

derived fractions n-butanol (TLB),n-hexane (TLH), ethyl acetate (TLE), chloroform

(TLC), and residual aqueous fraction (TLA)} were tested mainly for antioxidant

activity. The hepatic injuries induced by carbon tetrachloride in the male Sprague-

Dawley rat as test organism were also reduced to almost normal. Preliminary

phytochemical screening test for various constituents in TLM was also conducted.

The higher phenolic contents of TLM and lower flavonoid contents of TLE were

found significantly higher than other solvent fractions comparably. On the other hand,

phytochemical screening of TLM showed the presence of different phytochemical

compounds such as alkaloids, anthraquinones, cardiac glycosides, coumarins,

flavonoids, saponins, phlobatannins, tannins and terpenoids etc. The EC50 values

based on the DPPH, ABTS and phosphomolybdate for TLB, hydroxyl radicals for

TLC, superoxide radicals for TLM and hydrogen peroxide radicals for TLE were

showed generally lower potential antioxidant properties.Its cytoprotective and free

radical scavenging activity makes this plant Torilis leptophylla as an antioxidant

agent (Saeed et al. 2012). Khan et al. (2012) investigated the therapeutic potential of

nonpolar solvents such as hexane, SAHE; ethyl acetate, SAEE and chloroform, SACE

and polar like methanol, SAME crude extracts of the whole Sonchus asper (SA) plant

because this plant is traditionally used for the treatment of mainly various ailments

associated with liver, lungs and kidneys. For this experiment, several parameters

including free-radical (DPPH•, ABTS•+, H2O2 and •OH) scavenging, iron chelating

activity, scavenging of superoxide radicals, total flavonoids and total phenolic content

(TPC) were tested. Results revealed that, SA extracts presented a remarkable capacity

to scavenge all the tested reactive species with IC50 values. Finally the SAME was
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also shown to have the highest TPCs while lowest IC50 values for the DPPH•,

ABTS•+ radical scavenging capacities and iron chelating scavenging efficiency. On

the other hand, SAME had best potential in scavenging of superoxide radicals and

hydrogen peroxide as well as hydroxyl radicals.

Subramanian et al. (2013) tested the antioxidant activity of the acetone and

methanol extracts of the stem and bark of traditionally used Shorea roxburghii plant

in pharmacy. The total phenolic content and antioxidant activity of these plant part

extracts were determined by DPPH, radical scavenging, ferric ion reducing power,

hydroxyl radical, ABTS. Radical scavenging and hydrogen peroxide scavenging

activities. In this experimental study, they also checked the reducing efficiency of the

S. roxburghii towards silver spherical shaped nano particles by using surface plasmon

resonance and transmission electron microscope. As a result, acetone and methanol

extracts of S. roxburghii stem bark was found to be a potent antioxidant and

formation of silver nano particles ascertains the role of the water soluble phenolic

compounds present in S. roxburghii. The extract of this plant could be used as a green

reducing agent for the synthesis of Ag nano particles because may potential

applications in the treatment of the diseases caused by free radical. Kang et al. (2013)

reported on the total phenolic content, total flavonoid contents, antioxidant activity

and antimicrobial activity of ethanolic extracts of Impatiens balsamina L.

(Balsaminaceae) stems and leaves which were harvested in Korea on March 10, 2011.

Total phenolic and flavonoid contents of leaf extract were higher than those of stem

extract in this experiment. Similarly, leaf extracts exhibited stronger free radical

scavenging activity and higher inhibitory effects against microorganisms than that of

the positive control and those stem extracts respectively. Leaf extracts showed the

greatest antimicrobial activity against both Gram negative and positive strains at

different harvest times. These leaves would be applicable as a natural source of

antioxidant in food preservation because of their valuable bioactive resource.To

investigate the antioxidant activity as well as the antibacterial activity of methanolic

leaf and stem extracts of Coscinium fenestratum, the free radical scavenging activity

was evaluated by 1,1-diphenyl-2-picryl-hydrazyl (DPPH) and 2,2'-azino-bis (3-

ethylbenzothiazo line-6-sulphonic acid) or ABTS. Staphylococcus aureus,

Escherichia coli, Pseudomonas aeruginosa and Bacillus subtilis were used for the

determination of anti microbial activity, aqueous, acetone, ethanol and methanloic

extracts of stem and leaves. On the other side, total phenol and flavonoid content was
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quantitatively estimated. The result showed the higher flavonoid contents and lower

phenolic content is present in this stem and leaf extracts of Coscinium fenestratum

(Goveas et al, 2013).

The in vitro and in vivo antioxidant activity of Trichosanthis kirilowii Maxim

(Cucurbitaceae) the dry root tuber of which is commonly used as a traditional

medicine in China. and the ethyl acetate (EtOAc), n-butanol, and the mixture of n-

butanol and EtOAc fractions of Radix trichosanthis (RT), were tested. The wide range

of saponin pharmacological properties has been identified previously but this may be

the first reported to investigate the crude saponins from RT. In vitro antioxidant

activity was detected by DPPH free radical, hydrogen peroxide scavenging, and

reducing power assays. Pretreated saponins were used to evaluate the in vivo

antioxidant potential by detection of superoxide dismutase (SOD), malonaldehyde

(MDA), lactate dehydrogenase (LDH), and total antioxidant capacity (T-AOC) levels

for established CCl4 induced acute cytotoxicity model. The result showed the

reducing power of the EtOAc and the mixture of n-butanol and EtOAc extracts

increased in a dose dependent manner because low dose exhibited in a time dependent

manner with prolonged reaction time. This study shows thatEtOAc fraction mainly

showed a dose dependent manner and the hydrogen peroxide scavenging activity is

mainly demonstrated as a time dependent manner.The n-butanol extract in vivo study

reported decrease in MDA and LDH levels and increased of SOD, T-AOC level. So

the Conclusions of this experiment is saponins predated of RT in n-butanol fraction

might be a potential antioxidant carrier and served as CCl4-induced oxidative stress

which has been found to be alleviated and may be associated with the time dependent

manner of n-butanol saponins in a low dose (Chen et al. 2014). Upadhyay et al.

(2014) investigated free radical scavenging potential of water and ethanol extracts of

aerial parts and the root of Phyllanthus fraternus and antioxidant capacity was

measured by DPPH. Ethanol extract of aerial part showed maximum inhibition

activity. Lipid peroxidation (LPO) was measured by means of thiobarbituric acid-

reactive substances (TBARS) by using lipid-rich media like egg-yolk homogenates

with EC50. The superoxide (SO) radical scavenging activity was also measured by

using riboflavin-light-nitroblue tetrazolium assay. Total phenolic and flavonoid

contents were also measured by the spectroscopic method which showed ethanolic

extracts of aerial part is most active towards antioxidant potential. This result showed

that this extract further can be used as the potent natural antioxidant.
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Algerian medicinal plants such as Echium pycnanthum, Haloxylon

articulatum, and Solenostemma oleifolium were used to evaluate the total phenolic,

flavonoid and tannin contents. The antioxidant capacity was checked by 1,1-diphenyl-

2-picrylhydrazyl, 2,20-azino-bis-3- ethylbenzo thiazoline-6-sulfonic acid, β-carotene,

reducing, and chelating assays. The phenolic content in H. articulatum was superior

to those in E. pycnanthum and S. oleifolium. The same tendency was observed for the

relative amounts of flavonoids and condensed tannins in the three medicinal plants. H.

articulatum shoots exhibited the strongest antioxidant activity, with the lowest IC50

values. This investigation confirmed that these herbs contain high in vitro antioxidant

potency which can be successfully used for medicinal purposes in humans (Chaouche

et al. 2014). A comparative study on the effect of in vitro free radical scavenging

activity between the Kedrostis foetidissima leaf with various solvent extracts like

aqueous, methanol, and acetone chloroform and petroleum ether was conducted. In

this test, total phenols, flavonoids, tannins contents, antioxidant activity and free

radical scavenging activity showed better values in methanolic for DPPH, hydroxyl,

nitric oxide, superoxide, hydrogen peroxide (H2O2) radical in a concentration

dependent manner. This experiment was also followed by chloroform, aqueous,

acetone and petroleum ether extracts. The metal chelating activity and reducing power

ability was also performed by the similar process. This result suggested that the

methanolic extract of this leaf may serve as a potential source of antioxidants and can

be used as a therapeutic agent in free radical induced diseases (Sasikumar et al, 2014).

Krishnaiah et al.(2015) investigated the antioxidant activity and total phenolic

content of methanolic extract of Morinda citrifolia by using membrane separator and

methanol extract of fruit was also separated into permeate and retentate by Poly-

ethersulphone (PES). The antioxidant activity and total phenolic content were

examined in specific temperature (30–700 C) and pressure (0.5–1.5 bar) range. The

DPPH activity exhibited a gradual increase activity collection from membrane

separation process and optimum magnitudes of DPPH radical scavenging activity and

total phenolic content were found respectively. Sadeghi et al. (2015) evaluated that

the antioxidant property of methanolic extracts of Boerhaavia elegans

(Nyctaginaceae), a medicinal plant which is used broadly for the treatment of kidney

disorders, urinary tract disorders and blood purification in Baluch tribe. The

antioxidant power in DPPH and FRAP assay were shown in decreasing order such as

methanolic extract > aqueous extract > ethyl acetate extract > chloroform extract. The
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experimental results showed that B. elegans extract had potent antioxidant effects

with high phenolic contents. In a study by Wong-paz et al. (2015) they conducted the

colorimetric assay of total phenolic content (fPC) by heat-reflux system, antioxidant

activities by DPPH, ABTS, lipid oxidation inhibition and HPLC characterization of

the aqueous and ethanolic extracts of Jatropha dioica, Flourensia cemua, Eucalyptus

camaldulensis and Tumera diffusa. Among this, three plant extracts showed strong

antioxidant activities on scavenging of DPPH and lipid oxidation inhibition but in

contrast, J. dioica extracts had the lowest potential antioxidant in three assays used.

This high antioxidant activity can be used in the factories as antioxidant agents or for

treatments in diseases. In vitro antioxidant potential of methanolic extracts of 14

different medicinal plants, 8 of which are endemic species of Anatolia was evaluated

by Ali et al. (2015). Scavenging activity was tested by 1,1-diphenyl-2-picrylhydrazyl

(DPPH) method and the inhibitory effect on lipid peroxidation was examined by the

ferric thiocyanate (FTC) and thiobarbituric acid (TBA) methods. Results showed

significant differences such as Crataegus microphylla, Salvia hypargeia, Cotinus

coggygria, Origanum sipyleum and Rosa damascena exhibited the highest DPPH

scavenging activity, while Centaurea nerimaniae¸ C. coggygria, Scorzonera

tomentosa, R. damascena and Colchicum sanguicolle showed strong antioxidant

activity in the FTC and TBA. But C. coggygria and R. damascena exhibited potent

antioxidant activity by the DPPH, FTC and TBA methods respectively.

Traditionally, Chinese fruits are a rich source of phenol, flavonoid,

antioxidants, and have chemopreventive and chemotherapeutic properties against

cancers and other diseases. Eleven Chinese fruits extracts were screened for their total

phenol and flavonoid content. Folin-Ciocalteau and aluminium chloride methods were

used to determine the amount of phenol, flavonoid in these 11 extract. To determine

the antioxidant activities of these chinese fruit extract, DPPH radical scavenging

activity, biological assay using Saccharomyces cerevisiae, metal chelating activity

and ferric reducing antioxidant power (FRAP) were determined. The phenols and

flavonoids contents of the hot water extracts were high whereas the endo

polysaccharides lie in low range. The antioxidant properties of extracts of Crataegus

pinnatifida, Illicium verum, Ligustrum lucidum, Momordica grosvenori and Psoralea

corylifolia fruits were determined by the DPPH and FRAP methods (Jeong et al.

2016).
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Odeja et al. (2016) focused on phytochemical screening, antioxidant and

antimicrobial activities of hexane, ethylacetate and methanol crude extracts of

Acalypha ciliata plant which was already used as a folk medicine for treatment of

female sterility, dressing of sores and schistosomiasis. The results showed the

presence of flavonoids, tannins, alkaloids, reducing sugar, anthraquinones, resins and

glycosides of this plant extracts. The free radical scavenging capacity was also

determined to evaluate the antioxidant activities of the extracts by using hydrogen

peroxide. These pharmacological active compounds and antimicrobial effects could

be used for treatment of bacterial infections and ailments in ethno medicine.

Contents of polyphenols, flavonoids and tannin as secondary metabolites and

free radical scavenging activity on the basis of their dry weight of Camellia sinensis

(tea plant) which are cultivated and commercially available in Ethiopian market were

evaluated. Spectrophotometric assay were performed for the phytochemical analysis

by using Folin–Dennis, Folin–Dennis/protein precipitation and aluminium chloride

methods respectively. The free radical scavenging activity was determined by DPPH

radical assay. The correlation between the antioxidant activity of total polyphenol,

flavonoids and with tannin was calculated and maximum correlation value was found

between polyphenol content and the free radical scavenging activity of the tea

samples. Final results revealed that green tea had the higher polyphenolic contents

and potent antioxidant activity (Bizuayehu et al. 2016).

Chrysophyllum cainito L. (kenitu or star apple) is widely used as the traditional

remedy for inflammation, cancer, and diabetes mellitus. Different solvents with

different concentration (96% of ethanol, 70% of ethanol, 50% of ethanol, 96% of

acetonee, 70% of acetone, and 50% of acetone) were used for the extracts preparation.

The antioxidant activities were calculated by 1,1-diphenyl-2-picrylhydrazyl (DPPH)

assay, total phenolic content, and total flavonoid content. 70% of ethanol extracts

showed highest antioxidant activity (Ningsiha et al. 2016).

Khan et al. (2017) reported the in vitro antioxidant ability, cytotoxicity and

phytochemical components of Ficus racemosa in aqueous and ethanol extracts of

leaves. Ethanolic extract possessed the highest phytochemical constituents and

antioxidant activity as compared to aqueous extracts as tested by 1,1-diphenyl-2-

picryl-hydrazyl (DPPH) radical scavenging assay, nitric oxide scavenging assay,

reducing power and superoxide radical scavenging assay respectively. Cytotoxicity

analysis was determined against Dalton Lymphoma Ascites (DLA) cell line and the
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IC50 value. This work showed that F. racemosa is a natural antioxidants source with

anticancer agents and this antioxidant activity is dose-dependent which can be further

used in pharmaceutical preparations for the treatment of diseases induced by

oxidative stress.

Garcinia kydia Roxburgh is a plant of Clusiaceae family which is known to

have antioxidant activity but lipoxygenase inhibition activity was unknown. The n-

hexane, ethyl acetate and methanolic extract of this leaves with the help of Ferric

Reducing Antioxidant Power method and anti-inflammatory activity was tested by

inhibiting lipoxygenase. Similarly, total flavonoid content was checked by

colorimetric methods using AlCl3. The results showed the highest antioxidant activity

of methanol extracts as compared to ethyl acetate and n-hexane leaves of Garcinia

kydia Roxburgh. Ethyl acetate extract of G. kydia has flavonoids, antioxidant and

lipoxygenase inhibition activity (Putri et al. 2017).

Mzid et al. (2017) analyzed the antioxidant and antimicrobial activities of

ethanol and aqueous extracts of Urtica urens, a plant of Urticaceae family with

important pharmacological properties commonly used as a medicinal plant.

Polyphenol, flavonoid and tannin content of U. urens leaves were determined their

antioxidant (DPPH, ABTS, b-carotene and FRAP) and the antibacterial (via the

method of dilution tests) activities. Result concluded that ethanol was the most

effective antibacterial agent with minimum inhibitory concentration. According to

this work, Urtica urens leaves could be used as a natural source of antioxidant and

antimicrobial agents.

Olamide et al. (2017) in a study evaluated the in vitro free radical scavenging

activity of ethanol extract of Grewia carpinifolia leaf and stem. 1,1-Diphenyl-2-picryl

hydroxyl (DPPH) quenching assay, 2,20-azinobis-3-ethylbenzothiozoline-6-sulfonic

acid (ABTS) cation decolorization test, ferric reducing antioxidant power (FRAP)

assay systems were performed for evaluating the antioxidant activity. Inhibition assay

of lipid oxidation was measured by using Thiobarbituric acid active substances

(TBARS) assay. The extracts were used at 0.2, 0.4, 0.6, 0.8 and 1 mg/mL Different

concentrations of extracts was used to determined radical scavenging activity in terms

of inhibition percentage. Then IC50 was also calculated for each radical. The result

showed Grewia carpinifolia had a high radical scavenging activity in the various

radical systems and antioxidant activity of Grewia carpinifolia extract may be due to

the high level of flavonoids and phenols in the plant.
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2.4. Antimicrobial activity of plants

Plants are rich in different phytochemicals which possess antimicrobial

activity. In nature, plants are continuouosly being subjected to various kinds of abiotic

and biotic stresses. Among these attacks by pathogens are very common.To combat

with the bacterial and fungal pathogen attacks, plant synthesise different compounds

with antimicrobial activity. There are several records of work done by earlier authors

on extraction of these antimicrobial compounds from plants and testing them against

microbes in vitro with a view to utilize them as source of medicines.

Abdel-Massih et al. (2010) conducted a study with a prime target to determine

the antimicrobial activity of three selected plants - Rosmarinus officinalis, Origanum

majorana, and Trigonella foenum-graecum against Extended Spectrum Beta

Lactamase (ESBL) producing bacteria like Escherichia coli and Klebsiella

pneumonia. Ethanol was used for the yield of crude extract preparation. These

extracts were further sub fractionated by different solvents to obtain the petroleum

ether, dichloromethane, ethyl acetate and aqueous fractions. The Minimum Inhibitory

Concentrations (MIC) and Minimum Bactericidal Concentrations (MBC) were also

determined using broth micro dilution techniques. Final MICs ranged between 1.25

and 80 μg/μl. The majority of these microorganisms were inhibited by 80 and 40

μg/μl of the crude extracts. The petroleum ether fraction of Origanum majorana

significantly inhibited 94% of the tested strains. Finally ethyl acetate extracts of all

selected plants exhibited relatively low MICs and could be therefore described as

strong antibacterial.

The aqueous and methanolic extracts of Spinacea oleracea, Cucurbita pepo,

Amorphophalus campanulatus and Colocasia esculenta were evaluated for

antimicrobial activity against different bacterial strains such as Escherichia coli,

Pseudomonas aeruginosa, Bacillus cereus, Enterobacter aerogenes, Bacillus subtilis,

Bacillus sphericus, Bacillus thuringeninsis Enterobacter agglomerans, Klebsiella

pneumonia, Salmonella enteritidis, S. cholerasius, S. aureus, Candida albicans,

Penicillium chrysogenum, Enterobacter faecalis, and Cryptococcus meningitis. The in

vitro antimicrobial activity was performed by Agar well diffusion method on nutrient

agar medium and Muller Hinton agar medium. The methanolic extracts of all the

tested vegetables showed moderate to high activity against all the investigated

microbial strains. But methanolic extract of Spinacea oleracea was most effective
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among all extracts (32 mm inhibition zone against E. coli) and methanolic extracts

were more effective than their aqueous extracts (Dubey et al. 2010).

Ördögh et al. (2010) reported that natural substances from plants are

promising candidates to treat against maximum bacterial and fungal disease. Acne

vulgaris was the most common skin disease in the world and the numbers of antibiotic

resistant acne-inducing bacterial strains have increased in the past years; but natural

plant products have shown good potential to treat this disease. In vitro biological

activity of the juice, as well as water and methanol extracts of the pomace, of

cultivated and wild fruits were investigated on 4 acne-inducing bacteria such as

Propionibacterium acnes, Staphylococcus aureus, Streptococcus pyogenes and

Staphylococcus epidermidis. The MIC values of juices and water and methanolic

extracts of pomace were determined by broth micro dilution assays at pH 7 and at

skin neutral pH 5.5. The total phenol content and radical scavenging capacity of the

active juices and extracts were also calculated. Mainly Red and purple berries

revealed a substantial antibacterial and antioxidant effect but there was no strong

correlation between the antioxidant and antimicrobial properties. Staphylococcus

strains were the most sensitive to the juices while S. pyogenes, to the methanol

extracts. P.acnes performed very well among these bacteria and proved to be the most

insensitive species in this study. The growth inhibition effect of Ribes uva-crispa

(gooseberry) juice was stronger at acidic pH (MIC 0.40 mg/mL) than at neutral pH

(MIC 5.30 mg/mL) but the antibacterial effect of the other fruits and berries showed

no significant difference at the different pH values.

In recent years the success of chemotherapy lies in the continuous search for

new drugs to counter the challenge posed by resistant strains. In India, methanol

extracts of six plant species traditionally used for the treatment of various bacterial

and fungal infections. The in vitro antimicrobial activity were checked mainly on

Staphylococcus aureus, S. epidermidis, Escherichia coli, Klebsiella pneumoniae,

Pseudomonas aeruginosa, Candida albicans and Aspergillus niger by disc diffusion

method. Methanol extracts of Eugenia jambolana and Cassia auriculata showed the

highest toxicity against all bacteria. The plant extracts showed antibacterial activity

but not antifungal activity against any of the fungi used in this experiment. The

Minimum inhibitory concentration (MIC) assay was calculated for these two extracts

against bacteria. E. jambolana revealed the highest antimicrobial activity at a

minimum concentration (0.75 mg/mL) against S. aureus. The phytochemical analysis
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carried out revealed the presence of coumarins, flavanoids, glycosides, phenols,

tannins, saponins and steroids. But Alkaloids were not detected from any of the plant

extracts. Final results provide justification for the use of these plants in folk medicine

to treat various infectious diseases caused by these types of different bacteria.

(Shihabudeen et al. 2010)

To investigate the antibacterial activity and phytochemical screening of

methanol and petroleum ether leaf extracts of Merremia emarginata were used. The

antibacterial activity of leaf extracts of M. emarginata were checked by agar well

diffusion method. The methanolic extract of M. emarginata was more effective

against Bacillus cereus and E .coli. But in aqueous extract of M. emarginata was

more effective against Staphylococcus aureus and Pseudomonas aeroginosa.

According to Elumalai et al. (2011) the results suggest that M. emarginata leaf can be

used in treating diseases caused by these tested organisms.

Nanasombat et al. (2011) evaluated that cinnamon oil had highest antibacterial

activity. To check the antimicrobial and antioxidant activities they were used essential

oils of anise, bastard cardamom, cinnamon, dill, mace, zedoary, prikhom, and bitter

ginger. The most sensitive bacteria were Bacillus cereus (0.5mg/mL minimum

inhibitory concentration, MIC). Anise, cinnamon, dill, and prikhom showed strong

antifungal activity against Rhodotorula glutinis, Aspergillus ochraceus, and Fusarium

moniliforme. But among all these experiments, two oil combinations: i) cinnamon and

mace oils and ii) cinnamon and prikhom oils showed a synergistic effect against

Staphylococcus aureus, Pseudomonas fluorescens, and Salmonella Rissen (0.32–0.38

mg/mL fractional inhibitory concentration index, FICI). Similarly,Cinnamon, mace,

and prikhom oils contained strong antioxidant activity with 0.29–5.66 mg/mL IC50,

61.46–68.52% antioxidant activity, 0.22–2.19 mM/mg reducing capacity, and 78.28–

84.30% inhibition by 2,2-diphenyl-1-picrylhydrazyl (DPPH), β-carotene bleaching,

ferric reducing (FRAP), and superoxide anion scavenging activity assays,

respectively. These oils contained high amount of total phenolics (51.54–140.9 μg

gallic acid equivalents/mg oil). Local herbs collected in UiTM Pahang Forest Reserve

such as Epipremnum sp., Zingiber sp., Tetracera indica, Tectaria crenata, Piper

stylosum, Homalomena propinque, Goniothalamus sp., Elephantopus scaber,

Mapania patiolale, Melastoma sp., Stemona tuberosa, Phullagathis rotundifolia,

Thotea grandifolia and Smilax sp. Methanol crude extracts were used to checked the

antimicrobial activity against two gram positive bacteria Bacillus subtilis and
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Staphylococcus aureus and one gram negative bacteria Escherichia coli by agar

diffusion method. The inhibition zone (in diameter) of microbial growth showed that

all extracts were active against gram-positive bacteria and gram negative bacteria. But

Stemona tuberosa extract most active against the E. coli and S. aureus while Piper

stylosum active against B. subtilis (Liliwirianis et al. 2011).The methanolic extracts of

12 medicinal plants were evaluated for its antibacterial activity against Gram-positive

and Gram-negative bacteria by assay for minimum inhibitory concentration (MIC)

and minimum bacterial concentration (MBC). The antibacterial activity was checked

by an agar dilution method (according to the guidelines of Clinical and Laboratory

Standard Institute). All the extracted compounds of the 8 medicinal plants (leaf or

root) were active against both Gram-negative and Gram-positive bacteria. But the

Gram-negative bacteria showed more potent action than Gram positive bacteria. The

MIC concentrations were various ranged from0.6 μg/mL to 5000 μg/mL. The lowest

MIC (0.6 μg/mL) and MBC (1.22 μg/mL) values were also obtained by these

techniques (Kang et al. 2011).

Screenings of methanolic leaf extracts of Cotinus coggygria, Adhatoda vesica,

Argemone mexicana, Zanthoxylum armatum, Berberis asiatica, Corissa opaca,

Euphorbia hirta, Cassia fistula and Ricinus communis were tested against Bacillus

subtilis, Klebsiella pneumonia, Staphylococcus aureus, Escherichia coli,

Enterobacter aerogenes, Proteus vulgaris and Pseudomonas aeruginosa by disc

diffusion method.The plant samples were collected from Uttarakhand. Leaf extracts

of Ricinus communis, Berberis asiatica and Carissa opaca showed high (13 – 23)

antimicrobial effect on all the bacterial strains while E. hirta, Z. armatum and A.

vesica exhibits minimum (6 – 15) effects (Singh et al. 2012). Das et al.(2012) assayed

that the antimicrobial potentiality of seven day-old fresh water extracts of Triticum

aestivum L. at concentrations of 1.0 mg/mL on the growth of four bacterial strains

such as two Gram-positive strains and two Gram-negative strains and one fungus,

mostly foodborne including pathogens, was studied. It was found to be effective

against all the tested organisms, with Gram-positive strains being more sensitive than

Gram-negative strains. The each minimal inhibitory concentration (MIC) was studied

by a gradient plate method. Among all strains, Bacillus cereus was found to be the

most sensitive followed by Staphylococcus aureus, while Gram-negative Escherichia

coli were found to be the least sensitive. The viable count technique were used for
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evaluated the bacteriostatic / bactericidal effects of 1.0 mg/mL wheatgrass extract B.

cereus was found to be the most sensitive, demonstrating 1 log cycle reduction.

The methanol, ethanol and aqueous extracts of Phyllanthus niruri (stone

breaker) were evaluated for in vitro antimicrobial activity against medically important

bacteria such as Staphylococcus sp., Escherichia coli, Klebsiella sp., Pseudomonas

sp. by agar well diffusion method and disc diffusion method. The ethanolic and

aqueous extracts showed minimum antimicrobial activity when compared to

methanolic extracts. Now a days, the use of plant extracts with known antimicrobial

properties, can be of great significance in therapeutic treatments (Selvamohan et al.

2012). Sen et al. (2012) reported that antimicrobial efficiency of Melia azedarach L. a

medicinal plant (leaf extracts) were tested using different solvents like methanol,

ethanol, petroleum ether and water against eight human pathogens both bacteria and

fungi. These were Bacillus cereus, Staphylococcus aureus, Escherichia coli,

Pseudomonas aeruginosa and fungi: Aspergillus niger, Aspergillus flavus, Fusarium

oxisporum and Rhizopus stolonifer. The antimicrobial efficiency were checked by

using agar well diffusion method and Minimum inhibitory concentration. Plants

showed significant activity against all pathogens. But the alcoholic extract of M.

azedarach showed maximum zone of inhibition and minimum inhibitory

concentration against all the microorganisms. Against all experimental strains Water

extract of M. azedarach showed minimum zone of inhibition and the maximum zone

showed in petroleum ether extract. It is observed in this experiment that the alcoholic

extracts of this plant could be the future source of potent herbal medicines for the

treatment of infections.

Different solvent extracts viz., petroleum ether, chloroform, ethyl acetate and

methanol of the medicinal plant Toona ciliata (leaf and flower) were used for

phytochemical analysis, antimicrobial activity and antioxidant activities. Antibacterial

and antifungal activities were checked by disc diffusion assay against human and

phyto-pathogens. Then MIC was carried out by Micro-broth dilution method for

pathogenic bacteria and fungi and radical scavenging activity was also studied using

DPPH and ABTS method. The experiments revealed the presence of carbohydrates,

proteins, phytosterols, flavonoids, glycosides, tannins and phenolic compounds in

ethyl acetate and methanolic extracts. Moderate activity was found against Proteus

mirabilis and least activity against Klebsiella pneumoniae, Salmonella typhi and

Staphylococcus aureus compared to tetracycline. The both extracts of exhibited
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lowest MIC varied from 10-2.5 mg mL-1 against test human pathogenic and phyto-

pathogenic bacteria as well as significant antifungal activity against Microsporum

canis was observed in methanol extract with an MIC, 1.25 mg mL-1 compared to

miconozole. The entire test showed significant DPPH and ABTS radical scavenging

activity in comparison with BHT and plant Toona ciliata could be exploited for the

isolation of bioactive compounds which could be a potential source for antimicrobials

and antioxidants (Kavitha et al.2013). In a study conducted by Oliveira et al. (2013)

antimicrobial activity against human and animal pathogenic microorganisms by using

the aqueous extracts of currently utilized Amazonian medicinal plants were tested.

Resuspended lyophilized aqueous extracts of different organs of Amazonian

medicinal plants were mostly used by in vitro screening for antimicrobial activity.

The ATCC and standardized microorganisms collected from Oswaldo Cruz

Foundation/Brazil were grown in agar plate individually and homogeneously. Holes

previously perforated in the gel were filled with diluted plant aqueous extracts. The

inhibition halos were evaluated and controlled by the use of fluoroquinolone

ciprofloxacin. Hymenelobium petraeum (Amazonian medicinal plant) showed

inhibitory activity over Staphylococcus aureus, Enterococcus faecalis, Salmonellar

typhi, Acinetobacter baumannii and Candida albicans, while Vatairea guianensis

and Symphonia globulifera presented inhibitory activity exclusively for

Staphylococcus aureus. Other than these, Ptychopetalum olacoides and Pentaclethra

macroloba also inhibited the growth of Klebsiella ozaenae and Acinetobacter

baumannii. These work revealed that the aqueous botanic extracts that showed

activity against microroganisms of ATTC and Osvaldo Cruz strains had at least 40%

of antimicrobial activity in comparison to commercial available antibiotic like

ciprofloxacin, utilized as a control in this study. The Hymenelobium petraeum had the

best performance, sometimes exhibiting higher activity than ciprofloxacin. But it is

not well-defined by the physicians the exact indication of the majority of medicinal

plants in the Amazon area in Brazil. Natives also utilize the plants according to their

symptoms, mainly based on the traditional knowledge transmitted orally from

generation to generation, among Amerindians, Afrodescendents and ethnic mixed

populations. Still now a significant number of Amazonian medicinal plants are totally

unknown related to their medicinal properties including mechanism of action and

therapeutic effects, as very few information is available to scientific arena. A small
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amount of data showed preliminary antimicrobial properties of the medicinal plants

here accessed.

To check the possible in vitro interaction between natural plant extracts of

Nasturtium officinale R. Br. and 2-phenylethyl isothiocyanate, a natural compound

derived from gluconasturtiin, largely present in Nasturtium tissues, with a standard

antibiotic and a synergy effect, a test was carried out against some isolates of

extended-spectrum β-lactamases-Escherichia coli. Minimum inhibitory concentration

and disc diffusion assay were applied to evaluate the antibacterial activity of methanol

and aqueous watercress extracts and 2-phenylethyl isothiocyanate combination. The

results showed that there is an increase in antibacterial activity of the antibiotic when

it was combined with plant extracts and pure compounds. Finally the most interesting

result was the combination between 2-phenylethyl isothiocyanate and the antibiotic.

Synergistic effects of the antibiotic with watercress extracts and 2-phenylethyl

isothiocyanate suggest the potential of these plants and their natural compounds to

improve the performance of the antibiotics. These could be an interesting tool for

antimicrobial therapy. It was concluded from the results that watercress has important

pharmacological substances which can be used for developing new and effective

antimicrobial agents (Freitas et al. 2013)

Plant derived medicines had a major significant contributions towards human

health and plants and were a great source of novel drug compounds due to their

antibacterial activity. Sensitivity to chemical substances varies from one strain of

microorganisms to other. The active leaf extract of medicinally important plants

obtained by aqueous and solvent extraction was tested against E coli, Pseudomonas

and Klebsiella. The aqueous lemon leaf extracts showed a good inhibitory response

against E. coli and ethanolic extract of Eucalyptus leaf showed best antimicrobial

activity against Klebsiella. But Pseudomonas showed resistance to all the solvents

except to ethanol extracts of Tulsi leaf (Zwetlana et al. 2014).

Amenu (2014) established that the antibiotics played the main role for the

therapy of microbial (bacterial and fungal) infections. There is a continuous and

urgent need to discover new antimicrobial compounds as chemotherapeutic agents

with diverse chemical structures and novel mechanisms of action because there was a

belief in the medical fraternity that these would lead to the eventual eradication of

infectious diseases. A big concern is the development of resistance to the antibiotics

in current clinical use. In recent days, so many drugs have become resistant to human
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pathogenic bacteria which have been commonly reported from all over the world. In

the present scenario of emergence of multiple drug resistance to human pathogenic

organisms, this had necessitated a search for new antimicrobial substances from other

sources including medicinal plants. Higher plants mainly produce thousands of

diverse chemical compounds with different biological activities. The antimicrobial

compounds produced by plants are active against plant and human pathogenic

microorganisms. So it is expected that plant extracts showing target sites other than

those used by antibiotics will be active against drug-resistant microbial pathogens.

Due to the activation of efflux pumps in Gram-negative bacteria, the morbidity and

mortality caused by bacterial infections significantly increased with resistance to

commonly used antibiotics. Demetrio et al. (2015) reported that crude ethanol

extracts of Philippine medicinal plants were evaluated for their antibacterial activity

against methicillin-resistant Staphylococcus aureus, vancomycin-resistant

Enterococcus, extended spectrum b-lactamase-producing, carbapenem-resistant

Enterobacteriaceae and metallo-β-lactamase-producing Pseudomonas aeruginosa and

Acinetobacter baumannii. Leaf extracts of Psidium guajava, Phyllanthus niruri,

Ehretia microphylla and Piper betle showed antibacterial activity against the Gram-

positive methicillin- resistant Staphylococcus aureus and vancomycin-resistant

Enterococcus. P. betle showed the highest antibacterial activity for these bacteria by

the disk diffusion (16–33 mm inhibition diameter), minimum inhibitory concentration

(19–156 mg/mL), minimum bactericidal concentration (312 mg/mL) assays. Similarly

leaf extracts only showed remarkable antibacterial activity for all the Gram-negative

multidrug-resistant bacteria (extended spectrum b-lactamase-producing, carbapenem-

resistant Enterobacteriaceae and metallo-b-lactamase-producing) by the disk diffusion

(17–21 mm inhibition diameter), minimum inhibitory concentration (312–625

mg/mL) and minimum bactericidal concentration (312–625 mg/mL) assays.

Favorable antagonistic activities were also exhibited by the ethanol extracts of

Psidium guajava, Phyllanthus niruri and Ehretia microphylla. Abdulkadir et al.

(2015), aimed to investigate the phytochemical compositions and in-vitro

antimicrobial activities of ethanolic extracts of Moringa oleifera Lam against isolates

of Staphylococcus aureus, Escherichia coli and Candida albicans by phytochemical

screening, basic pharmacognostic procedures and agar well diffusion assay

respectively. In this investigation alkaloids, flavonoids, saponins and tannins were

detected in all extracts with the exception of root which was devoid of saponins and
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the seeds which contained no tannins. The agar well diffusion assay showed

antimicrobial activities of this extract against Escherichia coli, Staphylococcus aureus

and Candida albicans. The Minimum Inhibitory concentrations (MIC) values were

(25 mg/mL and 50 mg/mL for the root), (100 mg/mL for the seed) and (50 mg/ mL

and 100 mg/mL for the pod) against the tested organisms. Moringa oleifera leaf

extracts was not active against Candida albicans but active against Escherichia coli

and Staphylococcus aureus. Standard Ciprofloxacin and Ketoconazole used as

controls and inhibited the test organisms by 100% at 50 mg/mL and 25 mg/mL

concentrations respectively. The results concluded that the leaf extracts had the

greatest antimicrobial activity against test bacteria (12 mm at 50 mg/mL) while bark

extract had the least activity (8 mm at 50 mg/mL). However, only pod extract showed

significant antifungal activity (10 mm at 50 mg/mL) whereas other extracts at the

same concentration, showed no antifungal activity. Findings from this study revealed

that ethanolic extracts of Moringa oleifera Lam exhibit significant antimicrobial

activities on test pathogens and thus suggests need to refine and standardize these

extracts as alternative source of antimicrobial medicines. Phytochemical screening,

antimicrobial and antioxidant activities of the hexane, ethyl acetate and methanol

crude extracts of Senna occidentalis (L.) leaves were carried out by Odeja et al.

(2015). Phytochemical assay showed the presence of tannins, alkaloids, reducing

sugar, phenols, anthraquinones, resins, saponins and glycosides. Bacterial strains like

Staphylococcus aureus, Eshericha coli, Bacillus subtilis, Pseudomonas aeruguinosa,

Salmonella typhi, Klebsiellae pneumoniae, and fungal strains such as Penicillium

notatum, Aspergillus niger, Rhizopus stolonifer and Candida albicans were used to

carried out antimicrobial screening. Besides, free radical scavenging capacity of

hydrogen peroxide was also determined to evaluate the antioxidant activities of the

extracts. Pharmacologically interesting active compounds having good antimicrobial

and antioxidative efficiency were found in leaf extracts of Senna occidentalis (L.).

Ethnomedicinally this plant could be used for the treatment of various infections.

Grujić et al. (2015) investigated the antimicrobial and antibiofilm activities as

well as chemical analysis of Vinca minor L. extracts in different solvent (aquatic,

acetone and ethyl acetate) collected in Balkan mountains (Dinaric Alps, Serbia).

Minimum inhibitory concentration and minimal microbicidal concentration of

microorganisms were also determined. This experiment showed that, strong

antimicrobial activity was detected against Gram-positive bacteria, especially from
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genus Bacillus but gram-negative bacteria were not sensitive within the tested extracts

concentrations. On the other hand, ethyl acetate extract showed some antifungal effect

on Rhodotorula and Candida but Trichoderma viride was sensitive to aquatic extract

of the plant. The crystal violet assay technique was used for checking the antibiofilm

activity. But only ethyl acetate extract was effective against formation of biofilm by

Proteus mirabilis and biofilm inhibitory concentration (BIC50) was at 22.8 mg/mL.

Phytochemical analysis were performed for determining the total amount of phenols,

flavonoids and tannins as well as antioxidant activity monitoring capability to

neutralize 2.2-diphenyl-1-picrylhydrazyl (DPPH) free radicals and reduction

potential. DPPH and reduction potential of the aquatic extract of V. minor was

significantly stronger compared to the acetone and ethyl acetate extracts.

Dzotam et al. (2016) reported the antibacterial activity of methanol extracts of

edible plants namely Colocasia esculenta, Triumfetta pentandra, Hibiscus esculentus,

Canarium schweinfurthii and Annona muricata against multidrug resistant Gram-

negative bacterial strains. The liquid broth micro dilution was used to determine the

minimal inhibitory concentration (MIC) and minimal bactericidal concentration

(MBC) of the extracts. The preliminary phytochemical screenings of the extracts were

conducted according to the standard phytochemical methods and polyphenols,

triterpenes and steroids, as well as other classes of chemicals were present in these

extracts. The Canarium schweinfurthii extract showed the best activity with MIC

values ranging from 64 to 1024 lg/mL against 89.5% of the bacteria strains.MIC

values below or equal to 1024 lg/mL were also recorded with Triumfetta pentandra,

Annona muricata, Colocasia esculenta and Hibiscus esculentus extracts respectively

against 15/19 (78.9%), 11/19 (57.9%), 10/19 (52.6%) and 10/19 (52.6%) tested

bacteria. The lowest MIC value of C. schweinfurthii extract was (64 mg/mL) against

Escherichia coli AG100ATet. Finally, the results provide baseline information for the

use of C. esculenta, T. pentandra, H. esculentus, and C. schweinfurthii and A.

muricata in the treatment of bacterial infections on the basis of multidrug resistant

phenotypes.

Dhanya et al. (2016) reported that seaweeds could exhibit various antimicro

bial properties and indigenous bioactive compounds. The emergence of drug resistant

strains had directed to the identification of prospective metabolites from seaweed and

its endophytes, thereby exploiting the properties in resisting against bacterial diseases.

The antimicrobial activity of Ulva reticulata extracts and metabolites, endophytes
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were assessed against the human pathogens like Staphylococcus aureus, Escherichia

coli, Pseudomonas aeruginosa, Salmonella typhi, and Bacillus subtilis. They

observed that the hexane extract of isolate VITDSJ2 was effective against all the

tested pathogens but a significant inhibition was observed for Staphylococcus aureus

and Escherichia coli. Further, Gas chromatography coupled with Mass spectroscopy

(GC-MS) revealed the existence of phenol, 3, 5-bis (1, 1-dimethylethyl) in the crude

hexane extract which was well-known to possess antibacterial activity. The effective

isolate was closest neighbour of Pseudomonas stutzeri by phenotypic and genotypic

methods. The compound in the crude extract of Ulva reticulata was identified as

hentriacontane using GC-MS. The extracts obtained from dichloromethane did not

shown significant activity in comparison with the hexane extracts. Science the

metabolites of s and the bacterial secondary metabolites of the endophytes could be

used in the treatment of bacterial infections. Wikaningtyas et al. (2016) assayed

antibacterial activity of medicinal plants against methicillin resistant Staphylococcus

aureus (MRSA), extended spectrum beta-lactamase and carbapenemase-resistant

Enterobacteriaceae, which was the most prevalent caused of infections in inpatients.

The antibacterial activities were calculated based on the minimum inhibitory

concentration used Mueller–Hinton broth in a micro dilution technique. Antimicrobial

potentialities were shown by the Kaempferia pandurata (Roxb) extract (256 mg/mL)

and the Senna alata extract (512 mg/mL). Phytochemical screening of dried S. alata

leaf extract showed the presence of flavonoids, alkaloids, saponins, quinones, tannins

and sterols, while dried K. pandurata extract only showed the presence of flavonoids

and sterols/triterpenoids. K. pandurata and S. alata had the potential to be established

as antibacterial agents or as an antibiotic especially against MRSA strain. In another

study Odeja et al. (2016) performed phytochemical screening, antioxidant and

antimicrobial activities of hexane, ethylacetate and methanol crude extracts of

Acalypha ciliata plant. According to folk medicine, this plant was used for treatment

of female sterility, dressing of sores and schistosomiasis. To check the presence of

flavonoids, tannins, alkaloids, reducing sugar, anthraquinones, resins and glycosides,

phytochemical test were performed. Staphylococcus aureus, Eshericha coli, Bacillus

subtilis, Pseudomonas aeruguinosa, Salmonella typhi, Klebsiellae pneumoniae,

Candida albicans, Aspergillus niger, Penicillium notatum and Rhizopus stolonifer

were used for antimicrobial assay. The free radical scavenging capacity using

hydrogen peroxide was equally determined to evaluate the antioxidant activities of the
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extracts. The result showed that Acalypha ciliata extracts had interesting

pharmacological active compounds and antimicrobial effects, and as such could be

used in ethno medicine for treatment of bacterial infections and ailments.

Ginovyan et al. (2017) very recently reported that antibiotic resistance has

become one of the major problems facing humanity and need for new antimicrobials

have been increased dramatically. So natural source mainly plants are considered as

one of the most promising sources for new antimicrobials discovery. In recent work,

Armenian folk medicine plant materials have been used to treat various microbial

diseases since ancient times. The goal of this research was to evaluate antimicrobial

efficiency of different parts of different wild plants species which are commonly used

in Armenian traditional medicine. Different solvents like distilled water, methanol,

chloroform, acetone, and hexane were used for the preparation of crude extracts for

initial evaluation of antimicrobial properties of plant materials against bacterial by

agar well diffusion technique. Minimum inhibitory and bactericidal/fungicidal

concentrations of selected plant parts were also determined by broth micro dilution

method. The results showed that the crude acetone and hexane extracts of Hypericum

alpestre and acetone extract of Sanguisorba officinalis inhibited the growth of P.

aeruginosa even at 64 μg mL−1 concentrations. Similarly chloroform and acetone

extracts of S. officinalis exhibited cidal activity against P. aeruginosa till 256 μg

mL−1. In this this experimental work, acetone was the most effective solvent for

solubilising antimicrobial compounds for almost all tested plant materials.The

development of antibiotic resistant bacteria has occurred due to various

circumstances, including inappropriate use of antibiotics in human and animal health

and their prolonged use as growth promoters at sub-clinical doses in poultry and

livestock production. Nine plant species were chosen with good activity against

Escherichia coli based on earlier work in the Phytomedicine Programme. Acetone

was used to prepare the extract and their minimal inhibitory concentration (MIC)

values determined by uesd a microplate serial dilution technique against Gram-

positive and Gram-negative bacteria. The numbers of bioactive compounds in each

extract were determined by Bioautography. The extracts were active against all the

pathogens with average MICs ranging from 0.02 to 0.52 mg/mL. E. coli was

relatively sensitive, but E. faecalis and S. typhimurium were more resistant to the

extracts. Cremaspora triflora and Maesa lanceolata leaf extracts had higher activity

than the other extracts against Gram-positive and Gram-negative pathogens
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respectively. Extracts of Maesa lanceolata and Hypericum roeperianum had the

highest antibacterial activity (TAA) at 1417 and 963 mL/g respectively. All extracts

with the exception of that of Maesa lanceolata, Elaeodendron croceum and

Calpurnia aurea had showed relatively low cytotoxicity. Cremaspora triflora had the

best selectivity index (SI) against S. aureus and E. coli. Hypericum roeperianum had

a SI of 1.10 against B. cereus. Bioautography revealed 1–6 visible antimicrobial

compounds that were generally non-polar. There was a weak positive, but non-

significant correlation between the potency of the extracts and their cytotoxicity (R=

0.45, ρ > 0.05). The activity of the extracts on the test bacteria was in some cases not

correlated with cytotoxicity, as shown by selectivity indices >1. This means that

cellular toxicity was probably not due to compounds with antibacterial activity. Some

of the extracts had a good potential for therapeutic use against the bacterial pathogens

or for application in treating diarhoea. It does not appear that activity against E. coli is

a good predictor of activity against Gram-negative rather than Gram-positive bacteria.

Further investigation is in progress on C. triflora and H. roeperianum, both of which

had promising activities and potential safety based on cytotoxicity (Elisha et al.

2017).

Sadiq et al. (2017) evaluated the antibacterial activity and mode of action of

Acacia nilotica and the antibiogram patterns of foodborne and clinical strains of

Escherichia coli and Salmonella. Morphological damages including cell integrity and

cell membrane permeability, as well as changes in cell structures and growth patterns

in kill-time experiments were observed to understand the mechanism of acacia against

E. coli and Salmonella. The clinical isolates of E. coli and Salmonella were found

resistant to more of the tested antibiotics, compared to food isolates. Minimum

inhibitory concentration and minimum bactericidal concentration of acacia leaf

extracts were between 1.56–3.12 mg/mL and 3.12–6.25 mg/mL, respectively. Also

pods and bark extracts had higher values. The range was between 3.12–6.25 mg/mL

and 6.25–12.5 mg/mL, respectively, against all tested pathogens. The release of

electrolytes and essential cellular constituents (proteins and nucleic acids) indicated

that acacia extracts damaged the cellular membrane of the pathogens. These changes

resulted in simultaneous reduction in the growth of viable bacteria. This study

indicated that A. nilotica could be a new source of new antimicrobials, effective

against antibiotic-resistant strains of pathogens.
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Mishra et al., (2017) investigated the effectivity of tropical flowering plants of

Anogeissus acuminata, Azadirachta indica, Bauhinia variegata, Boerhaavia diffusa,

Terminalia chebula, Punica granatum, Soymida febrifuga, Tinospora cordifolia and

Tribulus terrestris for possible use as an antibiotic against multidrug resistant (MDR)

bacteria. Pathogenic bacteria were isolated from urine samples of patients admitted in

the hospital. Because in present days, urinary tract infection (UTI) has become a more

grievous problem, due to multidrug resistance of infecting Gram-positive (GP) and

Gram-negative (GN) bacteria, sometimes even with multiple infections. Antibiograms

of these isolated bacteria (GPs, Enterococcus faecalis and Staphylococcus aureus;

and GNs, Acinetobacter baumannii, Klebsiella oxytoca, Klebsiella pneumoniae,

Citrobacter freundii, Enterobacter aerogenes, Escherichia coli, Proteus mirabilis,

Proteus vulgaris and Pseudomonas aeruginosa were ascertained by the disc-diffusion

method. The antibacterial effectivity of plant extracts was monitored by the agar-well

diffusion method. Methanol extracts of these plants were used, and 3 plant extracts, A.

acuminata, P. granatum and S. febrifuga at least caused 25–29 mm as the maximum

size of inhibition zone on bacterial lawns culture. Minimum inhibitory concentration

(MIC) and minimum bactericidal concentration (MBC) values were also recorded.

Final result showed the methanol extract of A. acuminata had 0.29 mg/mL as the

lowest MIC value and 0.67 mg/mL as the lowest MBC value, against MDR S. aureus.

But it had the highest MIC value.

2.5. Antidiabetic activity of plants
Increased level of blood and urine glucose is commonly known as diabetes.

Search of alternative remedy for increased blood sugar from plants has attained great

attraction in recent years. Several earlier workers have reported antidiabetic activity

of plants and their probable use as therapeutic agent.

Twenty one days antihyperglycemic study of Polyalthia longifolia var.

angustifolia stem bark methanol extract showed significant reduction in fasting blood

glucose levels by 48.83 % at an extract concentration of 200 mg/kg body weight and

53.68 % at an extract concentration of 200 mg/kg body weight. They have also

reported a low toxicity level (LD50 >3 g/kg) in methanolic extract of this plant bark.

They performed oral glucose tolerance test, which shows positive result with the

application of this stem bark extraction at different concentrations. Their study shows

restoration of elevated triglyceride, total cholesterol level near normal level with the

application of Polyalthia longifolia var. angustifolia stem bark methanol extract. The
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estimated parameters e.g. SGPT,SGOT,ALP and total protein shows positive results

in this experiment, indicating satisfying antihyperglycemic activity of this extract

(Ghosh et al. 2010 ). .

Chakraborty et al. (2010) investigated the antihyperglycemic activity of

Cinnamomum tamala leaves on blood sugar levels of experimental albino rats. Doses

of C. tamala leaf extract of 125 mg/kg and 250 mg/kg body weight were applied to

STZ (streptozotocin) induced diabetic experimental rats up to 21 days, and at the 250

mg/kg body weight concentration, this extract showing exceptionally better result.

The blood glucose, urine glucose levels were decreased to normal range and the body

weight also improved. Thiobarbituric acid reactive substances, glutathione, glycogen

content were also changed to near normal in STZ induced rats after extract

administration in experimental rats. A very in depth study by Sharma et al. (2010)

shows the hypoglycemic activity of ethanol extract of Ficus glomerata leaves on

alloxan monohydrate induced diabetes in male albino rats. They treated alloxan

induced rats with different concentrations of F. glomerata leaves extract. At an

extract concentration of 100 mg/kg body weight blood glucose level comes to 255.42

at 10th day from its initial level of first day 291.76 and at the maximum concentration

i.e. 500 mg/kg body weight the change in glucose level is very significant from

287.48 to 189.83. Serum urea, serum cholesterol, serum creatinine, serum protein and

body weight were also close to normal after 10 days of experiment. Hassan et al.

(2010) investigated the in vivo hypoglycemic activity of a cultivated medicinal plant

Gynura procumbens. This plant belongs to the family Compositae and is extensively

cultivated in Thailand, Malaysia, and Indonesia. Male Sprague-Dawley (SD) rats

were used as experimental model. Diabetes was induced in these rats by

intraperitoneal streptozotocin injection. Intestinal glucose uptake and abdominal

skeletal muscle absorption of glucose showed positive results in stz induced rats with

the administration of this plant extract at the end of this i.e. 14th day of experiment.

Immuno histochemical study of β cells of pancreas were also performed and the

results were not very promising, and the researchers concluded that the plant extract

reduces the glucose level of blood but does not have any good effect on the β cells of

pancreas. They also used RIN-5F cells for in vitro study of this aqueous extract of this

plant and intestinal glucose absorption and muscle glucose uptake tests were shown to

have good results.
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Akah et al. (2011) experimentally proved the effectiveness of Gogronema

latifoliuma, an ethno medicinally important antidiabetic plant used by the Nigerian

rural dwellers. The methanol extraction was first done by soxhlet apparatus and after

that this extract was separated by column chromatography into methanol fraction,

hexane fraction and chloroform fraction. Water extraction was done by cold

maceration process. Blood glucose levels of alloxan induced rats were measured to

calculate the effectiveness of these extracts in proper scientific manner. The results

indicated that the intraperitoneal injections of methanol fraction were most effective

among all extracts and fractions and the chloroform fraction were least effective.

They calculated the LD50 of methanol fraction to be 900 mg/kg fraction (CF). The

antidiabetic activity of Albizzia odoratissima Benth. bark methanol extract was

investigated by Kumar et al. (2011). Methanolic bark extract of this plant was

administered on alloxan induced diabetic rats at a dose of 250 and 500 mg/kg body

weight. The blood glucose levels were significantly (P<0.01) reduced to near normal

level. Decreased total protein, serum cholesterol, triglycerides, alkaline phosphate,

SGPT and SGOT in alloxan induced diabetic rats treated with this extract indicated its

antidiabetic potential. Heart, kidney, pancreas, spleen and liver were also tested and

found almost protected from the adverse effect of alloxan in induced diabetic rats

with the application of this extract. Traditional pharmacopeia was done by Vianna et

al. (2011) in Cree of Eeyou Istchee, an area of Canada for the screening and

validation of locally used antidiabetic plants. Among these plants Sorbus decora was

selected. Male Sprague-Dawley and KK-Ay mice were used for in vivo study of the

anti-diabetic activity of the plant ethanol plant extract (Sorbus decora).The promising

result of this study confirmed the traditional knowledge of this plant as a potential

antidiabetic medicine source. Antididiabetic activity of methanol extract of

Elaeodendron glaucum Pers. a plant from the family Celastraceae was also tested by

Lanjhiyana (2011). Alloxan induced diabetic adult male Charles-Foster (CF) albino

rats were used to evaluate the antidiabetic properties of this plant extract. Positive

results were found in study of Oral Glucose Tolerance Test, study on normoglycemic

rats and study on Alloxan-induced diabetic rats. This evaluation process of 21 days

shows potent hypoglycaemic of this plant extract. Orthosiphon stamineus leaf powder

were extracted with different solvents like petroleum ether, chloroform, methanol and

water (polarity wise) for the investigation of antidiabetic activity of different solvent

extracts. Among these extracts, chloroform extract showed good antidiabetic property
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(P < 0.05). With the help of dry flash column chromatography method this

chloroform extract again partitioned into five fractions and here also the chloroform

fraction 2 (Cf2) shows good result and decreasing blood glucose significantly in

streptozotocin-induced diabetic rats. These Cf2 fractions were again fractioned into

two sub fractions Cf2-A and Cf2-B and here the Cf2-B sub fraction shows more

activity. Although the researchers concluded these results by saying that this Cf2-B

neither has any direct neither effect on insulin secretion nor any direct effect on

lowering blood glucose levels in experimental rats. The secret ethno botanical

knowledge of coastal areas of southeast India regarding traditional uses of Aegiceras

corniculatum (Linn) Blanco, an antidiabetic mangrove plant were experimentally

established as a potent antidiabetic plant by Gurdeeban et al. in the year (2012). In

this experiment diabetes was induced in experimental adult wistar rats by

intraperitoneal injection of alloxan monohydrate. Leaf suspension of A. corniculatum

was administered to the experimental rats orally with the help of an intragastric tube

upto 60 days. After 60 days of treatment glucose-6phosphatase, fructose 1, 6

bisphosphatase and liver hexokinase were tested in both control set as well as treated

sets of albino experimental rats. The result of this experiment shows moderate

decrease in blood glucose level from 382 ± 34 to 105 ± 35. The fructose 1, 6-

bisphosphatase, glucose-6 phosphatase activity were also reduced. Glycosylated

haemoglobin and liver hexokinase also showed almost normal level. Hypoglycemic

activity of Carica papaya leaves in intraperitoneal streptozocin induced diabetic rats

was investigated by Juárez-Rojop et al. in the year 2012. Three different doses (0.75,

1.5 and 3 g/100 mL) of aqueous extract of Carica papaya were administered by

mixing this with drinking water at a desired concentration. This extract reduces the

blood glucose level (p<0.05), amino-transferases, cholesterol, and triglycerol in

experimental diabetic ratssignificantly after 4 weeks of experiment. In this experiment

islet regeneration manifestation was also reported. It also prevented hepatocyte

disruption, glycogen and lipid accumulation. Alloxan –induced diabetic rats were

used to evaluate the antidiabetic activity of ethanol root extract/fraction of

Anthocleista djalonensis. 14 days administration of A. djalonensis root

extract/fractions at a concentration ranging from 37mg/kg to 11 mg/kg to the alloxan

induced rats revealed that this extract/fraction have significant capacity to reduce

blood glucose level P<0.001. This results proves the authenticity of ethnic knowledge

of west African people (Jude et al. 2012). In vitro antidiabetic activity of Zingiber
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officinale rhizome water extract was evaluated by non-enzymatic and enzymatic

glycation and Glucose diffusion inhibition method. Result shows positive, and attracts

further investigation of this rhizome (Sattar et al. 2012). Different solvent extract of

Cynodon dactylon leaf was assessed for its antidiabetic activity. Alloxan induced

diabetic rats were treated with different extracts for 21 days. Urea, blood glucose,

triglycerides and cholesterol levels were showing positive signs in methanol extracts

as well as in petroleum ether and chloroform extract. Further investigation also

suggested by this group of investigator to isolate potent compound from this plant

(Ramya et al. 2014).

Tectona grandis Linn is a wood producing tree from the family Verbenaceae.

In vivo antidiabetic activity of the bark of T. grandis was evaluated by Rajaram et al.

(2013). Alloxan induced diabetic rats were treated with methanol bark extract for

twenty days and results were compared with other tested group (Normal, Diabetic

control) of rats as per standard in vivo antidiabetic experimental procedure. Two

concentrations (150mg and 300mg) of this extract were applied and 300mg

concentration was more potent. Protein, catalase, glycosylated haemoglobin, blood

glucose, Glucose-6-phosphatase (G6P) urea, Serum creatinine, total cholesterol,

Thiobarbituritic acid reactive substances (TBARS), Alanine Transaminase (ALT),

Aspartate Transaminase (AST), Lactate Dehydrogenase (LDH) were assayed and

found that T. grandis bark MEOH extract have potent antidiabetic activity in alloxan

induced diabetic rats (p<0.05).

Cardiospermum halicacabum leaf methanol, n-hexane and ethanolic crude

extract were evaluated for their in vitro antidiabetic activity. In vitro inhibitory

Glucose diffusion method was applied to evaluate the efficiency of different extracts

of this plant. 27 hours of experiment revealed that the potent concentration of extract

was 50g/L and methanol extract has maximum activity among these three extracts.

This experiment proves the authenticity of ethno medicinal claim of this plant as a

potent antidiabetic source (Stalin et al. 2013). Ayurveda is a very rich source of

knowledge regarding antidiabetic plants and their uses in Indian society. Recently

many workers are trying to validate this knowledge through their modern

experimental procedures. α-Amylase inhibitor inhibits the starch breakdown, and

reduces the postprandial blood sugar level. Different Azadiracta indica extracts

(petroleum ether, methanol, water, acetone, toluene ethanol) and extracted flavonoids

were screened for α-amylase inhibitors with the help of starch-iodine test and 3, 5-
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dinitrosalicylic acid assay. The result showing much higher efficiency of isolated

flavonoids than crude extracts. IC 50 values were also analysed (Chitra et al. 2013).

Physalis minima is a plant locally used by tribal people for the treatment of diabetes

in different parts of Indian subcontinent. Sucharitha et al. (2013) studied the

antihyperglycemic activity of hot water extract of different plant parts of P. minima

on alloxan induced diabetic Wister strains of male albino rats. Toxicity study shows

that the lethal dose must be higher than 1 g/kg body weight and at this concentration

this plant extract has no side effect. The root and stem extract has no significant

activity in reducing fasting glucose but the flower and leaf extracts are showing good

positive results. This study sharply indicates that the plant used by ethnic people of

this area is a potent antidiabetic medicine and further study is needed to identify the

compound or group of compounds actually responsible for the antihyperglycemic

activity of this plant extract.

Anacardium occidentale stem bark water extract were administered orally

(400 mg/kg for 28 days) to evaluate its antidiabetic activity in both alloxan induced

diabetic rats and normal rats. The study showed that this oral administration

significantly controls (p<0.05) the levels of different parameter related to diabetic

conditions (Sambo et al. 2014). Methanol extract and fractions of Anthocleista vogelii

stem bark were experimentally evaluated for their antidiabetic activity by Osadebe et

al. (2014). Gradient chromatographic separation was performed using ethyl acetate,

chloroform, water and acetone. These fractions along with methanol extract were

administered to investigate the efficiency of these in reducing diabetic effects in

experimental rats. The result shows effectiveness of the plant extracts and fractions in

this experiment. Acetone extract shows maximum activity and require further

investigation to isolate and identify the compounds related to antidiabetic activity.

Aleem et al. (2014) studied the antidiabetic activity of hydro alcoholic extracts of

Nardostachys jatamansi rhizome. Two week experiment with diabetic rats reveals the

efficiency of this plant extract in antihyperglycemic activity. Biochemical parameters,

body weight and lipid profile were effectively changed in diabetic rats after two weak

treatment with extract. Histopathological studies show that the regeneration of β-cells

of pancreas in diabetic rats was also improved. Rhizophora apiculata leaf extracts

were examined in vivo to get information regarding its antidiabetic potential. Both

Insulin-dependent diabetes mellitus and non- Insulin-dependent diabetes mellitus

were induced in male albino rats. Oral administration of ethanol extract,
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dichloromethane (DCM-F) and aqueous basic fraction (AB-F) were applied for 21

days. At an interval of 7, 14, and 21 days blood glucose level were examined with the

help of touch glucometer. Triglycerides, high-density lipoprotein cholesterol (HDL-

C) and serum cholesterol were estimated at the completion of this experiment i.e. 21st

days. Among these extracts dichloromethane fraction of R. apiculata shows much

better result than the rest and require further investigation in this regard (Gurudeeban,

2015). Musa sapientum is a well known plant in different parts of world for its

medicinal importance. Fruit peal of this plant was evaluated to establish its

antidiabetic properties. Acetone extract at a dose of 200 and 400 mg/kg body weight

were administered for 45 days. M. sapientum fruit peel acetone extract treated group

shows increase of plasma insulin and decreased levels of fasting blood sugar as well

as HbA1c in diabetic rats. Pancreas also histopathologically examined and result

proves the antidiabetic properties of this extract. These results suggested that this

extract can be used as a potent antidiabetic medicine source (Murthy, 2015).

Five Indian Ayurvedic and seven Australian Aboriginal plants were examined

by Gulati et al. (2015) in search of possible mechanism of antidiabetic properties of

these plants. Ethanol extract were applied on murine 3T3-L1 adipocytes to evaluate

adipogenesis and glucose uptake modulation. Anti cancer activity of these extracts

were examined with HeLa and A549 cell lines. Stimulated glucose uptake in

adipocytes was found only in Acacia kempeana and Santalum spicatum among

Australian plants and in Curculigo orchioides among Indian ayurvedic plants.

Euphorbia drumondii, Acacia tetragonophylla and Beyeria leshnaultii from

Australian group and from ayurvedic group Curculigo orchioides, Pterocarpus

marsupium and Andrographis paniculata were adipogenesis positive. Against HeLa

cells, Acacia kempeana and Acacia tetragonophylla showed specific and potent

activity.

Oloyedea et al. (2015) investigated the antidiabetic activity of a plant

(Dioscoreophyllum cumminsii) locally used for the treatment of diabetes in Nigeria.

At a concentration of 50, 100 and 200 mg/kg body weight, extract of D. cumminsii

was applied to the alloxan-induced diabetic rats. After 21 days of experiment result

shows that the highest dose i.e 200 mg/kg body weight shows 72% reduction in blood

glucose. This water extract of D. Cumminsii also increases the insulin production in

alloxan induced diabetic rats. Significant restoration of levels of serum and liver high-

density lipoprotein cholesterol (HDLc), cholesterol, triacylglycerides, low density
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lipoprotein cholesterol, and very low-density lipoprotein cholesterol were also

noticed. Oxidative stress and dyslipidemia were also prevented.

Poly herbal mixture of Azadirachta indica, Bougainvillea spectabilis and

Trigonella foenum-graecum, were examined for their antidiabetic potential. The

mixture contains (1:2:3) A. indica chloroform leaf extract, B. spectabilis aqueous leaf

extract and T. foenum-graecum ethanol seed extract. This polyherbel mixture at a

dose of 600 mg/kg body weight was administered orally for 28 days to streptozocin

induced Sprague-dawley diabetic rats. Fasting glucose, body weight, total cholesterol

and triglyceride levels were found statistically significant (Gupta et al. 2016).

Chowtivannakul et al. (2016) investigated the antidiabetic property of Leucaena

leucocephala. Limited scientific works were performed previously in this plant.

Ethanol extract of seed of this plant were orally administered at a dose of 250 mg/kg

body weight for 6 week. The experimental setup of streptozocin induced diabetic rats

which orally received the extract shows significant reduction in fasting glucose level

and the Akaline phosphatase, albumin, red blood cells, total protein and serum insulin

levels were also become almost normal. Manikandan et al. (2016) investigated the in

vitro antidiabetic activity of Psidium guajava leaves. The experimental setup includes

the in vitro antidiabetic assay (alpha amylase and alpha glucosidase) of Psidium

guajava leaves ethanol, chloroform, petroleum ether, aqueous, hexane extracts. The

aqueous extract inhibited the alpha amylase activity 72.1% and alpha glucosidase

enzymes 74.8% .The ethanol extract inhibited the alpha amylase 97.5% and alpha

glucosidase enzymes 91.8%. They have suggested further study to isolate active

compound from these extract.

In vivo antidiabetic assay of ethanol extract of Alternanthera ficodia were

performed by Rajan et al. (2016). Oral dose of this extract at a concentration of 400

mg/kg body weight were applied to the streptozocin induced diabetic rats for 15 days.

This extract treated diabetic group shows significant reduction of blood glucose

levels.

Turnera diffusa is a very common Mexican plant used traditionally by local

people as a potent antidiabetic agent. Methanol extract were fractionated and the

fractions were studied through in vitro assay of the fractions. Experiment with in vivo

murine model reveals hypoglycemic and antidiabetic activities of this plant

extracts/fractions (Parra-Naranjo et al. 2017).
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In vivo and in vitro study of Crassocephalum crepidioides hydromethanolic

extract was performed by Bahar et al. (2017). Wistar albino rat were used for oral

glucose tolerance test as well as alloxan-induced diabetic test. Histopathological

studies of pancreatic specimens from extract treated diabetic rats were executed at the

end of the experiment. Pancreatic β-cell culture and α-amylase inhibition technique

were employed to evaluate the in vitro antidiabetic potential of this plant. Result

shows significant effect of this extract in both in vivo and in vitro experiment. They

conclude at the end of their study by saying that the extract can protect β-cell from the

adverse effect of diabetes and can protect us from diabetes as well.

Methanol extract of three plants were evaluated for their antidiabetic activity

against streptozocin induced diabetes in rats. Methanol extract of Schrebera

swietenoides (aerial parts), Barleria montana (root) and Rotula aquatic (aerial parts)

were applied orally at a dose of 100, 200,400 mg/kg body weight. Barleria montana

among the three plants at a dose of 400 mg/kg body weight significantly reduces the

blood glucose levels within 4th and 8th hours (Balakrishnaiah 2017).

Available literature thus indicates that obtaining medicines from plants is a

premier area of research today globally. Almost all tested plants have some or other

medicinal properties. Proper scientific validation of preliminary tests, specially in in

vivo studies are needed. It is interesting that many of the plants have a number of

properties and such plants with multiple characteristics should be targeted.


