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INTRODUCTION 

 

Since ancient times humanity has depended on the diversity of plant resources for 

food, clothing, shelter, and traditional medicine to cure myriads of ailments. Early 

humans recognized their dependence on nature for sound health and treating illness. 

Physical evidence of the use of herbal remedies was found from some 6000 years ago in a 

burial site of a Neanderthal man uncovered in 1960 in a cave in Northern Iraq (Heinrich, 

2000; Wickramasinghe and Bandaranayake, 2006). The first written records detailing the 

use of herbs in the treatment of illness are in the form of Mesopotamian clay tablet 

writings and Egyptian Papyrus (Uniyal et al., 2006). Another oldest written evidence of 

medicinal plants’ usage for preparation of drugs has been found on a Sumerian clay slab 

from Nagpur, approximately 5000 years old. It comprised 12 recipes for drug preparation 

referring to over 250 various plants, some of them alkaloid such as poppy, henbane, and 

mandrake (Stojanoski, 1999). The Chinese book on roots and grasses “Pen T’Sao,” 

written by Emperor Shen Nung Circa 2500 BC, treats 365 drugs (dried parts of medicinal 

plants), many of which are used even now-a-days such as the following: Rhei rhisoma, 

camphor, Theae folium, Podophyllum, the great yellow Gentian, Ginseng, Jimson weed, 

Cinnamon bark, and Ephedra (Kelly, 2009). The Ebers Papyrus, written Circa 1550 BC, 

represents a collection of 800 prescriptions referring to 700 plant species and drugs used 

for therapy such as pomegranate, castor  plant, aloe, senna, garlic, onion, fig, willow, 

coriander, juniper, common centaury, etc. (Wiart, 2006). According to data from the 

Bible and the holy Jewish book the Talmud, during various rituals accompanying a 

treatment, aromatic plants were utilized such as myrtle and incense (Biljana Bauer 

Petrovska, 2012). Led by instinct, taste, and experience, primitive men and women 
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treated illness by using plants, animal parts, and minerals that were not part of their usual 

diet.  

Herbal medicine is the oldest form of health care known to humanity and has been 

used in all cultures throughout history. Primitive people learned by trial and error to 

distinguish useful plants with beneficial effects from those that were toxic. Even in 

ancient cultures, tribal people methodically collected information on herbs and developed 

well-defined herbal Pharmacopeias. Traditional medicine evolved over centuries, 

depending on local flora, culture, and religion (Sapna and Ravi, 2007). Indeed, well into 

the twentieth century, much of the Pharmacopeia of scientific medicine was derived from 

the herbal lore of native people. This knowledge of plant-based drugs developed 

gradually and was passed on, thus laying the foundation for many systems of traditional 

medicine all over the world. 

Medicinal plants have played a key role in world health. They are distributed 

worldwide, but they are most abundant in tropical countries. It is estimated that about 

25% of all modern medicines are directly or indirectly derived from higher plants 

(Calixto, 2000). By definition, a herb is a plant or a part of a plant valued for its 

medicinal, aromatic, or pungent qualities. Herbs can be viewed as biosynthetic chemical 

laboratories, producing a number of chemical compounds. Herbal medicine or herbalism 

is the use of herbs or herbal products for their therapeutic or medicinal value. They are 

also referred to as botanicals, biomedicines, or herbal supplements. Herbal drugs range 

from parts of plants to isolated and purified active constituents. They may come from any 

part of the plant but are most commonly made from leaves, roots, bark, seeds, and 

flowers. They are eaten, swallowed, drunk, inhaled, or applied to the skin (Bisset, 1994). 
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Quality control for efficacy and safety of herbal products is of paramount 

importance (WHO, 1981; WHO, 1999; EMEA, 2005). Quality can be defined as the 

status of a drug that is determined by identity, purity, content, and other chemical, 

physical, or biological properties, or by the manufacturing processes. Quality control is a 

term that refers to the processes involved in maintaining the quality and validity of a 

manufactured product. Quality control and the standardization of herbal medicines 

involve several steps. The source and quality of raw materials, good agricultural practices 

and manufacturing processes are certainly essential for the quality control of herbal 

medicines and play a pivotal role in guaranteeing the quality and stability of herbal 

preparations (Blumenthal et al., 1998; WHO, 2000).  

1.1. Standardization of herbal drugs 

The evaluation or standardization of a crude drug involves Pharmacognostic 

methods such as Physico – chemical, Phytochemical and Pharmacological analysis. 

Pharmacognosy, which literally means studying preparation of medicines from natural 

sources, has been a part of medical arts and sciences since mankind first began to treat 

illnesses (Blondeau et al., 2010). To get a proper perspective about this science, which 

deals with plant, animal, mineral and other natural medications, it is extremely helpful to 

investigate the historical aspects of this science and to recognize the pioneers of this field. 

The study of medications of plant origin includes the subjects of botany, chemistry and 

pharmacology. Botany includes taxonomy, genetics, and cultivation of plants. Chemical 

characterization includes the isolation, elucidation and quantification of constituents and 

natural products pharmacology. The science of Pharmacognosy has been progressed to 

phytochemistry, plant biotechnology, medical ethnobotany, ethnopharmacology, 

phytotherapy and marine and zoo pharmacognosy (Shinde et al., 2008). 
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According to Willard (1996) standardization should involve the compilation of 

complete data on herbs such as the season in which the herb is harvested, the ripeness,  

the taste, smell, appearance, drying, storage, processing and fingerprinting which needs 

much larger spectrum of five or more active or marker constituents. Standardization is 

also considered as the way to deal with the regulations framed by regulatory authorities 

that require drug measurability and the active ingredients to be stated on product labels 

(Page, 2001). Quality control starts at the level of the starting material. The plant material 

is the most important factor in manufacturing herbal medicinal products. Plants are 

inevitably "irregular" because their composition may be influenced by multiple factors, 

such as origin, growth, harvesting, drying, and storage conditions. To ensure a consistent 

quality of product, however, it may be necessary to utilize the starting material from 

different geographical sources, this ensures compensation of annual variations that may 

occur despite a constant geographical source. Adulteration must also be taken into con-

sideration when the material is purchased from commercial sources. This highlights the 

importance of the correct identification of an herbal drug. Consistent quality for products 

of herbal origin can only be assured if the starting material is defined in a rigorous and 

detailed manner. Besides botanical identification of plant material used, the exclusion or 

limitation of impurities such as other plants parts (foreign matter), microorganisms and 

their metabolites (aflatoxins) are important (Bauer, 1998).  

To prove the consistent composition of herbal preparations, adequate analytical 

methods have to be applied including Thin-Layer Chromatography (TLC), High-

Performance Thin-Layer Chromatography (HPTLC) and Gas Chromatography (GC) 

(Bauer, 1998). To secure this, a number of pivotal quality standards needs to be set at the 

time of extract processing and the primary evaluation in pharmacological screening mode 

(Cos et al., 2006). A vital part is the development of standardized protocols for extraction 
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of plant-derived crude extracts to be used in herbal medicine (Hildreth et al., 2007). 

Adulteration in market sample is one of the greatest drawbacks in promotion of herbal 

products from India (Khatoon et al., 1993).   

1.2. Herbal Medicine in India 

The roots of Indian medicine were set forth in the sacred writings called 

the Vedas, which date back as far as the 2
nd

 century BC. It is estimated that, over 6000 

plants used in India are in use in traditional, herbal and folk medicines. There are 121 

most frequently used prescription drugs in different countries, on which 74% are derived 

from only 90 species of plants (Dubey and Tripathi, 2004). 

India is one of the world’s 12 biodiversity centres with the presence of over 45000 

different plants species. India’s diversity is unmatched due to the presence of 16 different 

agro-climatic zones, 10 vegetation zones, 25 biotic provinces and 426 biomes (habitats of 

specific species). Of these, about 15000-20000 plants have good medicinal value 

(Zeeshan et al., 2009). Among ancient civilizations, India has been known to be rich 

repository of medicinal plants. The forest in India is the principal repository of large 

number of medicinal and aromatic plants, which are largely collected as raw materials for 

manufacture of drugs and perfumery products. About 8,000 herbal remedies have been 

coded in Ayurveda. The Rig-Veda (5000 BC) is recorded 67 medicinal plants, Yajurveda 

81 species, Atharvaveda (4500-2500 BC) 290 species, Charak Samhita (700 BC) and 

Sushrut Samhita (200 BC) had described properties and uses of 1100 and 1270 species 

respectively. 7000-7500 species are used for their medicinal values by traditional 

communities. In India, drugs of herbal origin have been used in traditional systems of 

medicines such as Unani and Ayurveda since ancient times. The Ayurveda system of 

medicine uses about 700 species, Unani 700, Siddha 600, Amchi 600 and modern 
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medicine around 30 species. Unfortunately, much of the ancient knowledge and many 

valuable plants are being lost at an alarming rate. With the rapid depletion of forests, 

impairing the availability of raw drugs, Ayurveda, like other systems of herbal medicines 

has reached a very critical phase. About 50% of the tropical forests, the treasure house of 

plant and animal diversity have already been destroyed. In India, forest cover is 

disappearing at an annual rate 1.5mha/yr. What is left at present is only 8% as against a 

mandatory 33% of the geographical area. Many valuable medicinal plants are under the 

verge of extinction. The Red Data Book of India has 427 entries of endangered species of 

which 28 are considered extinct, 124 endangered, 81vulnerable, 100 rare and 34 

insufficiently known species (Thomas, 1997). The drugs are derived either from the 

whole plant or from different organs, like leaves, stem, bark, root, flower, seed, etc. Some 

drugs are prepared from excretory plant products such as gum, resins and latex. Even the 

allopathic system of medicine has adopted a number of plant-derived drugs which form 

an important segment of the modern Pharmacopoeia. Some important chemical 

intermediates needed for manufacturing the modern drugs are also obtained from plants 

(Eg. Diosgenin, Solasodine). Not only, the plant-derived drug offers a stable market 

worldwide, but also plants continue to be an important source for new drugs. 

1.3. Methods of standardization 

Standardization is a system that ensures a predefined amount of quantity, quality 

and therapeutic effect of ingredients in each dose (Zafar et al., 2005). Herbal product 

cannot be considered scientifically valid if the drug tested has not been authenticated and 

characterized in order to ensure reproducibility in the manufacturing of the product. 

Moreover, many dangerous and lethal side effects have recently been reported, including 

direct toxic effects, allergic reactions, effects from contaminants, and interactions with 

herbal drugs (Svicekova et al., 1993). Therapeutic activity of an herbal formulation 
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depends on its phytochemical constituents. The development of authentic analytical 

methods which can reliably profile the phytochemical composition, including quantitative 

analyses of marker/ bioactive compounds and other major constituents, is a major 

challenge to scientists. In view of the above standardization it is an important step for the 

establishment of a consistent biological activity, a consistent chemical profile, or simply a 

quality assurance program for production and manufacturing of an herbal drug (Patra et 

al., 2010). The authentication of herbal drugs and identification of adulterants from 

genuine medicinal herbs are essential for both pharmaceutical companies as well as 

public health and to ensure reproducible quality of herbal medicine (Straus, 2002). 

Standardization of herbal raw drugs include passport  data of raw plant drugs, 

botanical authentification, microscopic and molecular examination, identification of 

chemical composition by various chromatographic  techniques and biological activity of 

the whole plant (Sudha Revathy, 2012). Macroscopic and microscopic evaluation and 

chemical profiling of the herbal materials for quality control and standardization have 

been reported by various workers (WHO, 1996). Macroscopic identity of medicinal plant 

materials is based on sensory evaluation parameters like shape, size, colour, texture, 

odour and taste, while microscopy involves comparative microscopic inspection of 

powdered herbal drug. Further, advances in microscope technology have increased the 

accuracy and capabilities of microscopy as a mean of herbal crude material identification 

due to the implication of light and scanning electron microscopes (SEM) in herbal drug 

standardization (Bhutani, 2003). Furthermore, various advanced methods such as 

chromatographic, spectrophotometric and combination of these methods, electrophoresis, 

polarography, and the use of molecular biomarkers in fingerprints are currently employed 

in standardization of herbal drugs (Seitz et al., 1991; O’Shea, 1995; Bhutani, 2003; Patel 

et al., 2006; Mosihuzzaman and Choudhary, 2008). 
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Flowering plants (Angiosperms) comprise about 90% of the Kingdom Plantae. 

The total number of described species exceeds 234000 and many tropical species are as 

yet unnamed (Pullaiah, 2004). During the past 130 million years, flowering plants have 

colonized practically every conceivable habitat on earth, from sun-baked deserts and 

windswept alpine summits to fertile grasslands, freshwater marshes, dense forests and 

lush mountain meadows. Angiosperms are extremely useful for their seeds, fruits, and 

flowers. They are also used widely in medicines. Lamiaceae is one such a family, in 

which many plants have medicinal property. Lamiaceae or Labiatae, also called as the 

mint family, is a family of flowering plants. The family has a cosmopolitan distribution 

(Yuan et al., 2010). The family Lamiaceae Lindl. consists of 258 cosmopolitan genera 

(Judd et al., 1999), mostly distributed in the Mediterranean region and eastward into 

Central Asia (Cronquist, 1981). The Lamiaceae contains about 6,900 to 7,200 species 

(Venkateshappa and Sreenath, 2013).  They are mainly herbs and shrubs, very fragrant 

and rich in medicinal properties of great worth in natural medicine and Pharmacopoeia. 

Medicinal constituents include the strong aromatic essential oil, tannins, saponins and 

organic acids. The plant has sedative, diuretic, tonic, antispasmodic and antiseptic 

properties. Still, several potent plants of Lamiaceae particularly from the rural areas are 

unexplored which deserve attention and research. Orthosiphon comosus Wight ex Benth. 

and Plectranthus wightii Benth. are such plants which have not been explored extensively 

by the scientific world so far.  Literature data and folk knowledge confirm the use of 

plants Orthosiphon comosus Wight ex Benth. and Plectranthus wightii Benth.   

1.4. Significance of the selected medicinal plants 

Orthosiphon is a genus of plants native to South East Asia and some parts of 

tropical Australia. It is an herbaceous shrub which grows to a height of 1.5 m (4.9 ft.). 

This plant has been used in traditional medicine for centuries to improve general health, 
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treatment of kidney diseases, bladder inflammation, gout, diabetes, back pain, dyspepsia, 

arthralgia, headache, fatigue and dysuria (Adam et al., 2009). Among the two selected 

species for investigation, Orthosiphon comosus Wight ex Benth. has very little previous 

record of use in traditional medicine. Orthosiphon comosus is a medium sized shrub and 

endemic aromatic plant to Kalakad Mundanthurai Tiger Reserve Forest (KMTR), in 

South India (Maridass et al., 2008). It is used in the treatment of back pain by 

the Kanis community of Karaiyar region, Kalakad Mundanthurai Tiger Reserve Forest, 

India (Maridass et al., 2008). 

Considered one of the largest genera, Plectranthus L’Hér. includes ornamental 

(Judd et al., 1999), edible (Temple et al., 1991; Allemann and Hammes, 2003; Allemann 

et al., 2003) and medicinal species, e.g. Plectranthus amboinicus (Lour.) Spreng.(Ruiz et 

al., 1996) and Plectranthus barbatus Andrews (Matu and Van Staden, 2003; Pereira et 

al., 2004; Morais et al., 2005). Among the medicinal species of the genus, Plectranthus 

wightii Benth. is an aromatic herb employed in folk medicine for treating hepatic 

insufficiency and dyspepsia. Kurichia tribes residing at Vythiri taluk, Kerala, mixed the 

leaf paste with turmeric powder and salt is applied externally on wounds (Devi Prasad 

and Shyma, 2013).  Its fresh leaves have a distinct odour and are taken as infusion or 

aqueous extract for healing purposes (Lorenzi and Matos, 2002). 

1.5. Objectives 

The main objectives of the present investigations are   

Ø To study the anatomy of Orthosiphon comosus and Plectranthus wightii. 

Ø To evaluate the fluorescence and physico – chemical properties of the 

Orthosiphon comosus and Plectranthus wightii. 
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Ø To carry out a preliminary phytochemical analysis of the taxa extracted in 

different solvents to find out their organic constituents. 

Ø To carry out a systematic phytochemical study of the above taxa by extracting 

the chemical constituents of the plants with different solvents. 

Ø To study the phytoconstituents of ethanolic extract of and Orthosiphon comosus 

and Plectranthus wightii by Gas Chramatogrophy and Mass Spectroscopy.  

Ø To explore the antimicrobial efficacy of crude extract of Orthosiphon comosus 

and Plectranthus wightii. 

Ø To investigate the effect of plant extract on in-vitro antioxidant potential and in-

vitro anti-diabetic activity 

Ø To evaluate the acute toxicity of ethanolic extract of the study plants. 

Ø To study the Nephroprotective activity of ethanolic extract of Orthosiphon 

comosus and Plectranthus wightii. 

It is assured that the findings will fill up the lacuna in scientific authentication of 

the selected plants for commercial preparation of validated drugs.  
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REVIEW OF LITERATURE 

 

 

Herbal medicines prepared from plants are prone to contaminations, deterioration 

and variation in composition. This can be controlled by monitoring the growing 

conditions and harvesting time. Quality control starts at the level of part of plant 

harvested, absence of toxic pesticides or other contaminants. Pharmacognostic standards 

such as drying methods, freshness, storage, processing, extracting solvents, the whole 

extraction process and analytical controls used to prove the consistent composition of 

herbal preparations. The product quality control testing may lead to the production of 

standardized and therapeutically effective herbal formulations. Every country needs to 

explore the medicinally important plants. This can be achieved only if the herbal products 

are evaluated and analyzed using sophisticated modern techniques of standardization. The 

WHO has issued some guidelines for the assessment of herbal medicine (WHO, 1991) 

that include quality assessment of crude plant material, plant preparation and finished 

product. The following review focuses on the earlier reports on strategies, significance, 

guidelines and the research findings related to the present investigations. 

2.1. The importance of Labiatae family  

 Plants of this family are used for different purposes, but we can group their uses 

into three main categories; a) medicinal b) ornamental and c) aromatic plants which are 

used as culinary herbs, vegetables and in the perfume industry. 

a) Medicinal uses: 

 Many species are used in traditional and modern medicines and recent 

investigations have proved the basis of the medicinal uses. There are diverse uses of the 
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family members in traditional ways in different parts of the world. For instance Ajuga 

chamaepitys subsp. tridactylites used to treat jaundice, joint pain, gout (Brimani, 1987), 

Ajuga reptans for fever, asthma, gout (Zargari 1989 - 1992), Calamintha graveolens for 

impotence, stimulant (Aynehchi, 1986), Calamintha acinos for bronchitis, pertussis, 

dyspnoea, measles (Amini, 1997), Lavandula dentata for catarrah (Hooper and Field, 

1937; Zargari, 1989 - 1992), malaria diarrhoea, nervous disorders (Aynehchi, 1986), 

Lavandula angustifolia for inflammation, Mentha sylvestris for rheumatism, dysentery, 

dyspepsia (Hooper and Field, 1937), Mentha piperata for flatulence, inflammation, 

dyspepsia, jaundice, throat infections diaphoretic, diuretic (Amini, 1997), Mentha 

arvensis for diuretic, stomach tonic (Zargari, 1989 - 1992), Nepeta bracteata for asthma, 

flatulence (Amin, 1991), Ocimum basilicum is used to treat urinary tract inflammation 

(Amini, 1997), chest and  lung complaints (Hooper and Field, 1937), Ocimum majorana  

for rheumatism, eye pain and  headache (Salami, 2002). Hot water extract of Leucas 

aspera is used orally as stimulant, anthelmintic, laxative, and diaphoretic (Balunas and 

Kinghorn, 2005), Leucas aspera and Ocimum canum are externally used to fumigate 

dwellings (Pushpangadan and Atal, 1984).  The decoction Leucas lavandulaefolia is used 

orally for treatment of diarrhoea (Johns et al., 1990).  Anisomeles indica, whole plant 

extracts inhibit the inflammatory mediators and tumor cell proliferation (Hsieh et al., 

2008). 

b) Aromatic and culinary uses:  

Species of Mentha, Thymus, Lavandula, Ocimum, Origanum, Melissa and 

Satureja are also used as culinary and flavoring plants. These uses are mostly due to the 

presence of essential oils common to the family. The Mediterranean region has been the 

main center for domestication and cultivation of Labiatae and many cultivated species are 

derived from wild ancestors of this region.  Lallemantia iberica was cultivated in Iran and 
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southern parts of the former USSR as an oil-seed plant (Rivera and Obon, 1992). Mentha 

spicata is used as a culinary herb and also in toothpaste and chewing gum industry. Other 

species of Mentha such as Mentha aquatica and Mentha longifolia are used as wild 

vegetables and culinary herbs. Satureja hortensis and Satureja mutica are used as 

flavoring plants. Ocimum, Origamum and Melissa species are cultivated as vegetables. 

Species of Thymus (Avishan) are used as culinary herbs and as tea in many parts of Iran. 

Ziziphora tenuior is a common teapot herb. Species of Lavandula, which contain 

aromatic terpenoid compounds, are also used in culinary and perfumery.  

c) Ornamental uses: 

Several genera of the family grow as ornamentals, including Lavandula, Mentha, 

Molucella, Nepeta, Perovscia, Stachys, Teucrium, Salvia and Thymus. Many species of 

Stachys, Thymus and Satureja are used as rock garden plants. Many of the decorative new 

world species of Salvia are cultivated throughout the world. Nepeta cataria, Nepeta 

grandiflora, and Nepeta sibirica, with big blue flowers are common ornamentals. 

2.2. Ethnomedicinal uses of Orthosiphon and Plectranthus  

Ethnobotanical studies were conducted to document new phytomedicines used 

and to determine their chemical constituents with a view to provide the scientific basis of 

the remedies in traditional medical practice and as a guide to bioprospecting of drugs. 

Labiatae are best known for the essential oils common to many members of the family. 

Many biologically active essential oils have been isolated from various members of this 

family. The family is also famous for the presence of diterpenoids in its members. These 

plants have been used by humans since prehistoric times. This family is one of the major 

sources of culinary, vegetable and medicinal plants all over the world. Species of Mentha, 

Thymus, Salvia, Origanum, Coleus and Ocimum are used as food flavorings, vegetables 
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and in cosmetic industry. Also several species of this family are used in traditional and 

modern medicines. Orthosiphon stamineus is used in several South East Asian countries 

especially in Indonesia, Malaysia, Thailand, Vietnam and Myanmar. It is found extending 

from tropical Asia to tropical Australia. It is wild but can be planted. This plant has been 

traditionally used for many diseases. Orthosiphon stamineus is also recognized in 

European country, such as Holland, France and England to be consumed as an herbal 

product. In Indonesia, this plant is under systemic cultivation. The leaves have been used 

for diuretic, preventing and treating rheumatism, diabetes mellitus, hypertension, 

tonsillitis, epilepsy, menstrual disorder, gonorrhea, syphilis, renal calculi, gallstone, acute 

and chronic nephritis, gout arthritis, and antipyretic (Anonymous, 1995; Isnander and 

Kumpulan, 2005; Arisandi et al., 2006). 

2.3. Pharmacognostic studies in Lamiaceae 

The World Health Organization (WHO) has been promoting traditional medicines 

as a source of less expensive, comprehensive medical care, especially in developing 

countries. Eighty percent of the world’s population relies on medicinal plants for their 

primary health care. Such herbal medicines are easily available, cheaper, time tested and 

considered safer than some modern synthetic drugs (Farooqi and Sreeramu, 2001). 

Recently World Health Organization (WHO) introduced guidelines on research and 

evaluation of traditional medicines and practices. This guideline has a major objective of 

developing traditional medicines which ultimately leads into standardized and 

scientifically validated drugs. This guideline aims to ensure quality and safety of 

botanicals before being evaluated for its efficiency. On this background Pharmacognosy 

is playing a paramount role in the evolution of novel medicines taking lead from natural 

products (Vaibhav and Kamlesh, 2007). 



15 

 

The initial step in the identification and authentication of botanical materials 

entails classical botanical methodologies for collection and documentation of the plant at 

its source. It is the first step for authentication (Smille and Khan, 2010). Macroscopic 

identity of botanical materials is based on parameters like shape, size, color, texture, 

surface characteristics, powder characteristics, odor, taste and such organoleptic 

properties that are compared to a standard reference material (WHO, 1998).  

Herbal drugs are still at the risk of quality because sources of raw material of 

herbal drugs are different and an herb is mixture of multi-constituents, and lack of 

availability of efficient analytical methods. Hence, it is necessary to set official standards 

to maintain quality, the first step of which must be identification of entire constituents and 

physicochemical parameters in herbs. Organoleptic evaluation, physicochemical 

parameters viz; ash values, extractive values, heavy metals, microbial counts, 

phytochemical screening are the primary evaluation in Pharmacognosy. The 

physicochemical parameters of total ash, acid insoluble ash, water soluble ash and 

sulphated ash were studied in the leaf of Oreganum vulgare and the results were 11.5%, 

11%, 5%, 10.5% w/w respectively. The extractive values of ethanol extract and aqueous 

extract by hot extraction method were found to be 0.003% and 0.02% w/w respectively 

and that of by cold extraction method were found to be 0.003%, 0.02% w/w respectively 

(Veni Bharti and Neeru Vasudeva, 2013). 

Pharmacognosy of the Lamiaceae species has been investigated by many 

researchers. The morphology and anatomy of some species have been studied (Tahir et 

al., 1995; Ozdemir and Senel, 2001; Baran and Ozdemir, 2006). The most important 

features of Lamiaceae taxa are the presence of glandular hairs distributed in vegetative 

and reproductive organs (Werker, 2006). These hairs are the source of etheric oils and 
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their structures have been examined anatomically and micromorphologically (Hanlidou et 

al., 1991; Vrachnakıs, 2003; Kaya et al., 2007). 

2.4. Anatomical studies in Lamiaceae 

Plant anatomy is the study of internal structure of plants which originally included 

plant morphology namely the description of the physical form and external structure of 

plants. Since mid-20
th 

century the investigations of plant anatomy are considered as a 

separate, distinct field, and plant anatomy refers to just the internal plant structures 

(Raven et al., 2005). The most important features of Lamiaceae taxa are the presence of 

glandular hairs distributed in vegetative and reproductive organs (Werker, 2006). 

Anatomical structures of the petiole are very important in family Lamiaceae. The 

taxonomic significance of the structure of trichomes is well known in the Lamiaceae 

(Metcalfe and Chalk, 1972). The morphology, distribution and frequency of glandular 

trichomes are used as discriminative characters at subfamilial level in the Lamiaceae 

(Ascensao et al., 1995). Many species of this family are aromatic and are often used as 

herb spices, folk medicines and fragrances (Werker et al., 1985).  

Histology and microscopy are valuable both for powders and ungrounded drugs. 

The type of certain factors such as epidermal parenchyma, stomata, trichomes, fibres, 

vessels and calcium oxalate crystals, helps in the identification of drugs. The family is 

known for its fine ornamental or culinary herbs like basil, lavender, mint, oregano, 

rosemary, sage and thyme and is a rich source of essential oils for the flavouring and 

perfume industry (Wagstaff et al., 1998). Plant anatomy is often divided into the flower 

anatomy, leaf anatomy, stem anatomy, wood anatomy and root anatomy (Craig and 

Vassilyev, 2010). Glandular hairs are generally peltate and capitates. Peltate hairs have 

short stalk with many celled head. Capitate hairs have a stalk which consists of many 
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cells (Hanlidou et al., 1991). Concerning the leaf anatomy, the family exhibits 

predominantly diacytic stomata on both surfaces. The occurrence of diverse kinds of 

glandular and non-glandular trichomes is characteristic of Lamiaceae. The peltate 

trichomes have a uniform morphology. Capitates glandular and non-glandular trichomes 

have been diverse for this family. With reference to the chlorenchyma organization, 

isobilateral, dorsiventral or centric mesophylls have been frequently reported for 

Lamiaceae (Metcalfe and Chalk, 1950).  

In Orthosiphon rubicundus  Benth. the epidermis is a single layer with compactly 

arranged cells. The upper surface is covered with cuticle and trichomes. Trichomes are 

few capitate and glandular with short unicellular heads. Non-glandular trichomes are 

numerous multicellular and uniseriate, with an acute apex. Anatomically non-glandular 

trichomes are common in epidermis of all these plants stem sections, capitate glandular 

trichomes present in Orthosiphon rubicundus, peltate glandular trichomes present in 

Leucas cephalotes; both capitate and peltate trichomes are found in Coleus forskohlii.  

Diacytic stomata located towards lower epidermis of leaf in Orthosiphon rubicundus and 

Coleus forskohlii. Diacytic amphistomata shows in Ocimum basilicum and anomocytic 

stomata located towards lower epidermis in Leucas cephalotes (Venkateshappa and 

Sreenath, 2013).  

Trichomes are considered relevant in comparative systematic investigations and 

morphodiagnosis (Metcalfe and Chalk, 1988). The occurrence of diverse kinds of 

glandular and non-glandular trichomes is characteristic of Lamiaceae (Metcalfe and 

Chalk, 1950). Concerning the leaf anatomy, the family exhibits predominantly diacytic 

stomata on both surfaces (Metcalfe and Chalk, 1950). Plectranthus neochilus shows this 

pattern, unlike the reported anomocytic stomata for Plectranthus barbatus (Scavone, 

1965). 
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Rapisarda et al (2001) studied Nepetha sibthorpii (Lamiaceae) and showed the 

glandular hair micromorphology characteristic to be beneficial. Similarly, Bosabalids and 

Tsekos (1984) stressed the importance of the hair structures on Origanum species. 

Ozdemir and Senel (1999, 2001) showed the importance of the amount of vascular 

bundles and its arrangement within the petiole of Salvia species. 

Microscopic determinations such as vein-islet number, veinlet termination 

number, palisade ratio, stomatal number, stomatal index and the size of fibres and vessels 

help in the identification of the plant and the differentiation of the closely allied species. 

Besides the ordinary light microscope, polarized and fluorescence microscopes can also 

be used to enhance the accuracy of authentication. Use of these microscopes expands the 

number of features available for use in identification. For example, it has been found that 

starch grains, crystals of calcium oxalate, stone cells, vessels and fibres have stable and 

special polariscopic characteristics (Zhao et al., 1996).  

Hullatti Prasenjit  Bhattacharjee (2011) reported the pharmacognostical evaluation 

of leaves, stems and roots of Coleus amboinicus by using different parameters which 

include morpho-anatomical studies, physicochemical properties and fluorescence analysis 

to set the quality control parameters for the raw material. Gupta et al (2011) studied the 

pharmacognostic parameters of leaves of Ocimum gratissimum. Macroscopic study 

showed that the leaves of this plant possess dark green color with characteristic aromatic 

odour and bitter taste. Powder microscopy showed the presence of numerous glandular 

simple trichomes. 

Microscopy is used to determine the structural, cellular and internal tissue features 

of botanicals. It is usually used to identify and differentiate two herbals that are similar 

(Lau et al., 2004; Cheng et al., 2007). Kahraman et al (2010) reported some anatomical 
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characters of Salvia chrysophylla such as 2–24 rowed pith rays in roots, dorsiventral 

leaves, obviously larger upper epidermal cells, and two to three large vascular bundles in 

the center and two to four small subsidiary bundles in the wings of petiole provide 

information of taxonomical significance. Allemann et al (2003) studied that the 

organographic and anatomical evidence of edible storage organs of Plectranthus 

esculentus. 

Oznur  Ergen Akcin et al (2011) examined and compared the anatomical structures 

of the petiole of seven taxa viz., Glechoma hederacea, Origanum vulgare, Scutellaria 

salviifolia, Ajuga reptans, Prunella vulgaris, Lamium purpureum var. purpureum, Salvia 

verbenaca, Salvia viridis, Salvia virgata, belonging to the family Lamiaceae. 

The secondary growth of Plectranthus neochilus is of the ordinary type, as 

observed in many herbaceous dicotyledons (Esau, 1977). The rectangular transection is 

frequently described for Lamiaceae (Metcalfe and Chalk, 1950; Barroso, 1991). The 

presence of collenchyma in the four angles (Cronquist, 1981) is considered as a 

diagnostic value, according to Metcalfe and Chalk (1950). Pith rays of Lamiaceae family 

are 2 - 12 or more rowed and quite heterogeneous in structure (Metcalfe and Chalk, 

1972). 

2.5. Phytochemistry in Lamiaceae 

This family contains a wide variety of chemicals. A wide range of compounds 

such as terpenoids, iridiods, phenolic compounds and flavonoides have been reported 

from the members of the family (Richardson, 1992; Zegorka and Gloiwniak, 2001; 

Jamzad, 2001). Some of the short chain terpenoids in essential oils are responsible for 

odor and taste in these plants. Lavandula species contain several pleasant-smelling 

terpenoid compounds and are used in perfumes and for deterring moth damage in stored 
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clothing (Richardson, 1992). Lebdanditerpenoids are found in 20 genera of the family 

including Ballota, Coleus, Lagichilus, Leonotice, Marrubium and Sideritis. Coleon 

compounds (tri-cyclic diterpenoids), found in leaves and inflorescence of Plectranthus 

and other genera, have some antioxidant properties (Jamzad, 2001).  

Iridoides are also found in the family and have taxonomic importance. The family 

is also a rich source of plant species containing large amounts of phenolic acids. For 

example, rosmarinic acid occurs in species of the subfamily Nepetoideae and it is absent 

in the subfamily Lamioideae (sensu Erdetman). This compound has anti-bacterial, anti-

viral, antioxidant and anti-inflammatory properties. More and more studies carried out in 

numerous research centers show that the complex pharmacological activity of some 

medicinal plants of the family is strictly connected with the presence of phenolics 

(Zegorka and Glowniak, 2001). Flavonoides also occur in the Labiatae in a variety of 

structural forms including flavones, flavonols, flavanones, dihydroflavonols and 

chalcones (Tomas-Barberan and Gil, 1992).  In addition to essential oils, 

abietanediterpenoids and 8, 13-epoxy-labd-14-en-11-one diterpenoids are the main 

constituents found in Plectranthus barbatus. The major ethnobotanical uses are for 

intestinal disturbance and liver fatigue, respiratory disorders, heart diseases and certain 

nervous disorders. Forskolin as one of the major constituents with its unique adenylyl 

cyclase activation that underlies the wide range of pharmacological properties could 

explain the different traditional uses of Plectranthus barbatus (Rawiya et al., 2010). 

A wide range of compounds such as terpenoids, iridiods, phenolic compounds and 

flavonoids have been reported from the members of the family Lamiaceae (Zegorka and 

Glowniak, 2001; Lu and Yeap, 2002). Flavonoides also occur in the Labiatae in a variety 

of structural forms including flavones, flavonols, flavanones, dihydroflavonols and 

chalcones (Tomas-Barberan and Gil, 1992). 
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Egwaikhide and Gimba (2007) screened the extracts of Plectranthus glandulosus 

by using hexane, ethyl acetate and ethanol as solvents for secondary metabolites and 

antibacterial activity. The extracts revealed the presence of alkaloids, tannins, 

anthraquinones, glycosides, reducing sugars, saponins, flavonoids, steroids and 

terpenoids. 

Smith et al (1996) showed the presence of coumarins, hydrolysable tannins, 

essential oil, (thymol 62.53%, the major component) and triterpenoids. Alkaloids, 

steroids, anthraquinones, flavonoids, condensed tannins, cardiac and anthraquinone 

glycosides are absent in fresh leaf of Plectranthus tenuiflorus. Essential oil, 

abietanediterpenoids and 8, 13-epoxy-labd-14-en-11-one diterpenoids are the main 

constituents found in Plectranthus barbatus (Alasbahi and Melzig, 2010).  

Several Plectranthus plants have been studied chemically and a large number of 

abietane, phyllocladane, kaurane, clerodane and labdanediterpenoids have been isolated 

from them, together with oleanane, ursane and lupanetriterpenoids, aristolane and 

aromadendranesesquiterpenes, flavonoids and long-chain alkylphenols (Abdel-Mogib et 

al., 2002; Rijo et al., 2002; Gaspar-Marques et al., 2004). Two new diterpenoids, ent-7a-

acetoxy-15-beyeren-18-oic acid and (13S, 15S)-6b,7a,12a,19-tetrahydroxy-13b,16-cyclo-

8-abietene-11,14-dione, have been isolated from Plectranthus saccatus and Plectranthus 

porcatus (Maria et al., 2010). 

The phytochemical analysis of essential oil of Orthosiphon aristatus revealed that 

sesquiterpenes were the main components, including β-elemene, β–caryophyllene and its 

oxide, β-selenene, cadinene, humulene, and α-guayene (Schut and Zwaving, 1986; 

Fernandes et al., 2007). The chemical composition of the essential oil of Orthosiphon 

diffuses was investigated by Sadashiva et al (2013) and reported the major volatile 
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components of the oil were n-eicosane (19.5%), t-caryophyllene (18.6%), octocosane 

(12.2%), limonene (11.6%), β-ocimene (4.2), methyl palmitate (2.8%) and elemol (2.6%). 

In five Salvia species, Nickavar et al (2007) reported the total flavonoid content 

which ranged from 8.58±0.99 to 53.16±1.95 mg/g DW due to the difference in species. 

Tannin content among different tissues of three species of Coleus was found to be 0.085-

0.210 mg/g FW (Rasineni et al., 2008).  Sandhyarani et al (2011) reported that the 

flavonoid ranged from 13.30±0.684 (Perilla frutescens) to 26.03±0.217 (Ocimum 

basilicum). Hakkim et al (2008) reported the variable range of total phenolic content on 

dry weight basis as 42.1±3.1 in Ocimum selloi, 123.1±2.3 in Ocimum americanum and 

168.2±3.2 mg/g in Ocimum gratissimum. More than twenty phenolic compounds were 

isolated from Orthosiphon stamineus, the most important constituents are nine lipophilic 

flavones, two flavonol glycosides, and nine caffeic acid derivatives (Sumaryono                   

et al., 1991). Plectranthus barbatus contains rosmarinic acid and also flavonoid 

glucuronides   and diterpenoids (Fale et al., 2009). 

Sermakkani and Thangapandian (2012) reported that Mass spectrometry is the 

most sensitive and selective method for molecular analysis and can yield information on 

the molecular weight as well as the structure of the molecules. Combining 

chromatography with mass spectrometry (GC-MS) provides the advantage of both 

chromatography as a separation method and mass spectrometry as an identification 

method. In mass spectrometry, there is a range of methods to ionize compounds and then 

separate the ions.  

Chemical composition of essential oil was analyzed by GC and GC-MS from 

Salvia sclarea. The oils comprised 21 oxygenated monoterpenes, 13 monoterpene 
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hydrocarbons, 19 sesquiterpene hydrocarbons, 18 oxygenated sesquiterpenes, and 7 

oxygenated diterpenes (Lukasz et al., 2009). 

The essential oils of Melissa officinalis was analyzed by GC/MS (Belgin et al., 

2009) and oils ranged from 0.04 to 0.10%. Citronellal (36.62 to 43.78%), citral (10.10 to 

17.43%), thymol (0.40 to 11.94%), and β-caryophyllene (5.91 to 7.27%) were recorded as 

major components. 

The essential oil of Mentha arvensis was analyzed by GC-MS, the components of 

oil were identified by comparing their retention indices and mass spectra fragmentation 

patterns with those stored on the MS-computer library. The major constituents reported 

from essential oils of Mentha arvensis were: L-Menthone, Menthol, Isomenthone, 

Eucalyptol, Piperitone oxide, Carvone, dl-Limonene, trans-Dihydrocarvone, Germacrene-

D (Sharma et al., 2009). 

The essential oil compositions determined by GC-MS revealed 45 components 

present in the three species: 29 chemical compounds in Salvia verticillata sample, 12 in 

Salvia aethiopis ones and 24 respectively in Salvia nemorosa sample (Magda et al., 

2012). 

Edeoga et al (2006) investigated Hyptis suaveolens and three putative hybrids of 

Ocimum gratissimum (Hybrid A, B and C). All the plants contain high percentage yield of 

crude alkaloids and flavonoids ranging from 10.44 to 14.32 % and 9.28 to 12.54 %, 

respectively. Tannins and phenols were present in all plants. 

Mangathayaru et al (2006) isolated a liquid alkaloid from the aerial parts of 

Leucas aspera (Willd) Link and identified as nicotine based alkaloid on TLC and HPTLC 

analysis.  Phytochemical studies on Stachys schtschegleevii revealed the presence of 
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phenolic compounds (Nazemieyh et al., 2006), and mono- and sesquiterpenes (Norouzi-

Arasi et al., 2004; Sonboli et al., 2005). 

2.6. Anti-microbial studies in Lamiaceae 

Medicinal plants are found to be valuable for the treatment of infections caused by 

bacteria resistant to many antibiotics. Hassawi and Kharma (2006) reported that the 

extracts of many plants worldwide, were suitable for treating bacterial, fungal or viral 

infections. Brul and Coote (1999) highlighted the mechanisms of antimicrobial effects in 

certain plants. In addition, phenolic and aromatic compounds of medicinal plants seem to 

possess an essential antibacterial role (Holley and Patel, 2005). The Lamiaceae is one of 

the most diverse and a widespread family in terms of ethnomedicine and its medicinal 

value is mainly based on the volatile oils concentration (Sarac and Ugur, 2007). 

Several studies indicate that the essential oils of the plants belonging to 

Lamiaceae family possess biological activity against several bacteria and yeast (Delamare 

et al., 2007). Sokovic et al (2010) studied the antibacterial effects of several essential oils. 

Essential oils contain a large number of components, and it is likely that their mode of 

action involves several targets in the bacterial cell (Burt, 2004; Palmeira et al., 2009; 

Astani et al., 2010). 

Spearmint oil showed antimicrobial activity against the broadest group of viruses, 

fungi and bacteria (Chao, 2000). The ethanol extract of Anisomeles indica exhibited 

antibacterial activity (Wang and Huang, 2005).  The antibacterial activity of essential oil 

of Satureja bachtiarica against Pseudomonas aeruginosa have inhibition zone ranging 

from 16 to 30 mm (Abdollah et al., 2013). 

The methanolic extract from roots of Ocimum basilicum showed a good              

inhibition against Staphylococcus epidermidis, Staphylococcus aureus, Bacillus paludis, 
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Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa, Shigella flaxinely and 

Enterobacter aerogenes (MIC between 10 and 80 µg/ml) (Dinanath et al., 2011). 

In earlier studies, diterpenoids and flavonoids isolated from Ballotain aequidens 

are investigated for their activities against Bacillus subtilis, Stapylococcus aureus, 

Escherichia coli, Pseudomonas aeruginosa, Candida albicans and Candida krusei 

(Citoglu et al., 2004). A high aromatic compound content of the phenol rich oils 

(carvacrol and thymol), which are found in aerial parts of the Thymus kotschyanus, seems 

to be accounting for the strong antibacterial activity (Rasooli and Mirmostafa, 2002). 

 Antibacterial activities of various concentrations of (leaves, flowers and mixtures) 

of Thymus vulgaris extracted with distilled water and 90% ethanol were carried out by 

Al-Saimary et al (2011). Alcoholic extracts are more efficient on various pathogenic 

bacteria and mixed extracts have a highly antibacterial activity. The alcoholic extracts 

have a  greater effects than aqueous extracts, this may  indicate that the main plant 

compounds are dissolved or extracted in alcoholic extracts than in aqueous solutions             

(Al-Saimary and Baker, 2001).   

 Essential oil of Ballota pseudodictamnus has been investigated for their 

antimicrobial activity against Staphylococcus aureus, Escherichia coli, Enterobacter 

aerogenes, Klebsiella pnemoniae, Pseudomonas aeruginosa, Candida albicans, Candida 

tropicalis and Candida glabrata using the dilution technique. Essential oil of the plant 

exhibited strong to moderate activity against all tested bacteria (MIC values 0.45-10.15 

mg/mL), while it appeared inactive against the tested fungi (Couladis et al., 2002). 

Essential oils derived from aromatic medicinal plants have been reported to 

exhibit significant effects against bacteria, yeasts, filamentous fungi, and viruses 

(Reichling et al., 2009). In the past decade, a variety of essential oils have been evaluated 
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for their antimicrobial activity by several research workers (Nakatsu et al., 2000; 

Cimanga et al., 2002: Faleiro et al., 2002). The methanolic extracts obtained from the 

leaves of Ballotaace tabulosa (L.) Bentham (Lamiaceae) were investigated for their 

antimicrobial activities against the pathogens causing complicated urine tract infections 

(Enterococcus faecalis, Escherichia coli, Klebsiella pneumoniae, Pseudomonas 

aeruginosa, Proteus mirabilis and Candida albicans) by disc diffusion method and 

microdilution method. The extracts showed strong antimicrobial activity against 

Escherichia coli with inhibition zones of 18.6 mm, with MIC’s and MBC’s of 32(64) 

mg/mL. Also, the extracts exhibited moderate activity against the other test 

microorganisms (Basaran et al., 2012). 

Sharma and Bhadange (2013) observed that, the antibacterial activity of 

Pogostemon benghalensis was found to be highest against Salmonella typhymurium with 

activity index 0.81 and its antimicrobial activity index against Escherichia coli and 

Staphylococcus aureus is 0.66. 

Extract of Orthosiphon stamineus showed antibacterial activity on serotypes C 

and D of Streptococcus mutans (MIC = 7.8–23.4 mg/ml). In the presence of 5% sucrose, 

the potency decreased about one-half for type d but no change was found in type C (Chen 

et al., 1989). Methanol extract at concentration of 50% inhibited Bacillus subtilis, 

Bacillus cereus, Staphylococcus aureus, Litseriamono cytogenes, Escherichia coli, Vibrio 

parahaemolyticus, Salmonella enteritidis, Salmonella typhimurium, and Klebsiella 

pneumonia (Hossain et al., 2008). A survey of the literature revealed that Salvia species 

from different places in the world have been widely tested against both Gram-positive 

and Gram-negative bacteria (Marino et al., 2001; Longaray Delamare et al., 2007; 

Sultanbawa et al., 2009). 
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2.7. Pharmacological studies in Lamiaceae 

Biological screening is necessary to provide a scientific basis for validating the 

traditional utilization of medicinal plants. A great number of screening programs are 

ongoing worldwide for new plant based bioactive molecules. Several researchers have 

worked on medicinal plants with activity against different ailments. Preclinical 

pharmacological studies and randomized clinical trials form an important part of the 

biological screening of medicinal plants. Preclinical studies usually serve to verify the 

data on mechanisms of action reported in animals or humans. However, a 

pharmacological effect observed in vitro or in animal models, for both safety and efficacy 

has to be reconfirmed by clinical studies and the information obtained from the 

preclinical studies can form the basis for further clinical trials (Lipsky and Sharp, 2001; 

Bleicher et al., 2003; Kenakin, 2003; Knowles and Gromo, 2003; Verkman, 2004). 

Plants show enormous versatility in synthesizing complex materials which have 

no immediate obvious growth or metabolic functions. These complex materials are 

referred to as secondary metabolites. Phytochemicals are naturally occurring and 

biologically active plant compounds that have potential disease inhibiting capabilities. It 

is believed that phytochemicals may be effective in combating or preventing disease due 

to their antioxidant effect (Halliwell and Gutteridge, 1992; Farombi et al., 1998). 

Several Indian medicinal plants have been studied for pharmacological activity in 

recent years. To understand the mechanism of action, the researchers have worked at 

molecular levels and several significant phytochemicals have been isolated (Malhotra and 

Singh, 2007).  Many plants, especially those belonging to the family Lamiaceae show 

strong antioxidant activity (Marinova and Yanishlieva, 1997; Triantaphyllou et al., 2001). 
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 The occurrence of type II diabetes is becoming a global epidemic which is 

essentially due to dramatic changes in diet and lifestyle. Diabetes is known to occur due 

to elevated blood glucose levels and the inability of a body’s response to high blood 

glucose, which is caused by defects in insulin secretion, insulin action (Schulze and Hu, 

2005) and several other pathological changes. Diabetes mellitus is known to be effecting 

people of both developed and developing countries, harming a large percentage of the 

world’s population. Type II diabetes mellitus is reported to make up 90% - 95% of all 

diabetic cases. It develops when the cellular sensitivity to insulin signaling is reduced 

(Schulze and Hu, 2005). Type I diabetes, which is caused due to complete deficiency of 

insulin secretion, is due to the destruction of pancreatic beta cells. It is believed that the 

reason behind increase in occurrence of type II diabetes is due to environmental risk 

factors, and for type I diabetes there are only a few known environmental risk factors that 

could potentially cause the disease (Schulze and Hu, 2005). Previous studies have 

suggested that the adoption of Western diet (Van Dam et al., 2002), along with other risk 

factors such as obesity and the lack of physical activity are associated with increased 

incidence of type II diabetes. 

Lamiaceae herbs are rich sources of phenolic phytochemicals and antioxidants 

(Kwon et al., 2006), which are highly correlated with α-glucosidase inhibitors, playing a 

potential role in hyperglycemia management. Plants belonging to the family Lamiaceae 

are great sources of natural antioxidants, often used as spices and aromatic herbs. 

Therefore phenolic phytochemicals from Lamiaceae family in general have potential for 

managing chronic oxidation linked complications, such as cardiovascular diseases and 

type II diabetes (Shetty, 1997; Kwon et al., 2006). The antioxidant activity associated 

with phytochemicals is also linked potentially to lowering mortality rates of cancer in 

humans (Velioglu et al., 1998). The antioxidant activity of phenolic compounds may not 
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be mainly due to phenolic content, but may be due to the redox properties, physico-

chemical structure and nature of the individual phenolics (Kahkonen et al, 1999; Zheng 

and Wang, 2001; Pandancode Chandran et al., 2002; Chun et al., 2005).  The high 

antioxidant activity potentially suppresses the oxidative stress caused to pancreatic beta 

cells, reducing the risk of diabetes (Song et al., 2005; Bhandari et al., 2008). Therefore, 

plants from Lamiaceae family with high phenolic antioxidants could prevent the 

occurrence of diabetes, applied through dietary management strategies in early stages. 

Lamiaceae herb samples containing certain phenolic compounds such as 

rosmarinic acid, caffeic acid and rutin may have hypoglycemic effects, due to high α-

glucosidase inhibitory activities. The consumption of Lamiaceae herbs as condiments 

would result in enhancement of our health, due to their potential health benefits in terms 

of α-glucosidase inhibition relevant to hyperglycemia linked to type II diabetes. Inclusion 

of these herbs in our diet would potentially reduce blood glucose concentration and 

lengthen the duration of carbohydrate absorption (Ye et al., 2002).  This would serve to 

be important because lowering of the blood glucose level to normal is the most important 

part of treating persistent hyperglycemia, which is the characteristic of diabetes (Ye et al., 

2002). 

Herbs are a rich source of phenolic phytochemicals having high antioxidant 

activity (Kwon et al., 2006). High phenolic antioxidants from plants are highly correlated 

with natural α-glucosidase inhibitors, and its presence increases the potential for 

preventing hyperglycemia linked to on-set of type II diabetes. Phenolic phytochemicals 

are associated with having potential for managing chronic oxidation linked diseases, such 

as cardiovascular diseases and diabetes (Shetty, 1997; Pinto and Shetty, 2010). Also, 

phytochemicals contain significant antioxidant capacities which have potential to lower 

mortality rates of cancer in human populations (Velioglu et al., 1998). 
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High total antioxidant activity measured via DPPH assay also indicates the 

potential that these antioxidants might play an important part in suppressing oxidative 

stress caused to pancreatic beta cell function, which may reduce the incidence of type II 

diabetes (Song et al., 2005; Bhandari et al., 2008). 

Lamiaceae species such as Sage and Marjoram have high α-glucosidase inhibitory 

activities for both ethanolic and aqueous extracts, suggesting that the inclusion of these 

high phenolic herbs in our diet could help reduce blood glucose levels and lengthen the 

duration of carbohydrate absorption (Ye et al., 2002; Kwon et al., 2006). Lowering of 

blood glucose level to normal is the most important part of treating persistent 

hyperglycemia, which is the characteristic of type II diabetes (Ye et al., 2002). 

Free radicals play an important role in developing tissue damage in several 

diseases such as metabolic syndrome diseases, cancer, neurodegenerative diseases and 

pathological disorders (Erdemoglu et al., 2006). Antioxidants are known to play a crucial 

part in prevention of many such diseases. Antioxidants inhibit the oxidation of lipids, by 

inhibiting the propagation of oxidative chain reactions (Javanmardi et al., 2003). 

Medicinal plants and herbs such as those species in the family Lamiaceae are an excellent 

source of natural antioxidants used as spices and aromatic herbs. 

Devasagayam et al (2004) reported the extract of Orthosiphon stamineus showed 

free radicals and antioxidants in human health. Farruch and Iqbal Ahamadzafer Mehmood 

(2006) reported the aqueous extract of Orthosiphon stamineus showed antioxidant and 

free radical scavenging properties. Mariam and Asmawi (1999) reported the aqueous 

extract of Orthosiphon stamineus showed the hypoglycemic activity. Ohashi et al (2000) 

demonstrated the antihypertensive activities of Orthosiphon stamineus and showed an 
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inhibitory effect on the contractile responses on rat thoracic aorta smooth muscle 

stimulated with KCl beforehand. 

Alternations in the values of creatinine levels are taken as the indication of 

abnormal glomerular functions and these changes in the renal correlated with the 

nephrotoxic effects of negative controls which affect the renal function (Donadio et al., 

1997). Excessive breakdown of body protein in conjugation either inadequate supply or 

defective utilization observed in uncontrolled diabetes may be accompanied by 

hypoalbuminemic (Latner, 1958). An in-vivo study of nephroprotective effect of aqueous 

extract of Plectranthus amboinicus on Glycerol induced Acute Renal Failure (ARF) was 

carried out on albino rats. The blood biochemical parameters like urea, uric acid, and 

creatinine were estimated along with histopathological studies of the kidney. The result 

showed significant nephroprotective activity of aqueous extract of Plectranthus 

amboinicus at 500 mg/kg. The presence of quercetin may be the reason for the significant 

nephroprotective effect (Nirmala and Periyanayagam, 2011). 

Nirnoy and Muangman (1991) proved that folio Orthosiphon showed favourable 

and non favourable effect of stone prevention. Uric acid and uric acid containing stone 

may be prevented by the increased alkalinity of the urine.  After drinking Orthosiphon tea 

may be beneficial in prevention of uric acid formation. Englert and Harnischfeger (1992) 

reported an aqueous extract of Orthosiphon folium, given orally enhance considerably ion 

extraction in rat to a level comparable to that obtained with furosemide. Bartanov and 

Bartanov (2005) reported the nephrophyte includes Arctostephylo suvaursi, Orthosiphon 

stamineus, Poligonum aviculase, Desmodium canadenase extracted a Nephroprotective 

effect that was confirmed by decreasing the creatinine and urea concentration and by 

dropping proteinuria, increase of GFR and diuresis compared to controls. 
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Orthosiphon stamineus have been reported to possess anti-inflammatory (Masuda 

and Masuda, 1992), antihypertensive (Ohashi et al., 2000). Hypoglycemic activity 

(Mariam and Asmawi, 1999) and Diuretic effect (Galyuteva and Benson, 1990; Dona et 

al., 1992).  

Aqueous extracts of Sambucus nigra and Arcto staphylosuva-ursi and hydro-

alcohol extracts of Orthosiphon stamineus and Hieracium pilosella were tested for their 

diuretic activities in rats; pharmacological evaluation revealed that they led to an increase 

in urine flow. Urinary sodium excretion in rats was increased with Orthosiphon stamineus 

and Sambucus nigra (Beaux et al., 1999). 

An aqueous extract of Orthosiphon folium, given orally, enhances considerably 

ion excretion in rat to a level comparable to that obtained with furosemide. No aqueretic 

action was observed. The increased ion excretion is not due to the potassium content of 

the starting material (Englert and Harnischfeger, 1992). Uric acid and uric acid containing 

stone may be prevented by the increased alkalinity of the urine after drinking 

Orthosiphon tea (Nirnoy and Muangman, 1991). 

 Diuretic activity of hydro-alcohol extract from aerial parts of Orthosiphon 

stamineus was reported. At a dose of 50 mg/kg, this extract showed similar effect with 

hydrochlorotiazide at a dose of 10 mg/kg (Beaux et al., 1999). Nephroprotective effect of 

methanol extract was observed using gentamycin-induced nephrotic model in rats. 

Administration of methanol extract at doses of 100 and 200 mg/kg bw significantly 

decreased serum creatinine levels, blood urea, urinary protein and extent renal damage 

after 10 days administration (Kannappan et al., 2010).  

Premgamone et al (2001) reported efficacy of Orthosiphon grandiflorus, and the 

drug sodium potassium citrate (SPC) in treatment of renal calculi. Dissolution of stones 
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was least which was related to higher excretions of Ca and uric acid in the urine. After 

treatment, 90% of the initial clinical symptoms (i.e. back pain, headaches and joint pain) 

were relieved. 

Sriplang et al (2007) investigated the effects of Orthosiphon stamineus aqueous 

extract on plasma glucose concentration and lipid profile in normal and streptozotocin 

induced diabetic rats. In oral glucose tolerance test, the extract (0.2-1.0 g/kg) significantly 

decreased plasma glucose concentration in a dose-dependent manner in both normal and 

diabetic rats. Furthermore, plasma HDL cholesterol significantly increased in diabetic rats 

treated with the extract. 

 The administration of Anisochillus dysophylloides (AD) ethanolic extract for 21 

days on the functions of hyperglycemia, hyperinsulinemia and serum hepatic marker 

enzymes were evaluated with STZ induced diabetic mellitus in male wistar albino rats. 

The results showed that a significant increase in the levels of blood glucose, urea, 

creatinine and glycosylated Hb and decrease in the level of plasma insulin in the diabetic 

control rats (Pandancode Chandran et al., 2002). 
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MATERIALS AND METHODS 

 

 

3.1. PLANT MATERIALS 

The two different species of medicinal plants selected for the present 

Pharmacognostical studies are Orthosiphon comosus Wight ex Benth. and Plectranthus 

wightii Benth.  Mature and healthy plants were collected from different specific locations 

after the rainy season (February, March and April). The specimens were identified 

referring to the Flora of Presidency of Madras (Gamble, 1915-1936) and Flora of Tamil 

Nadu Carnatic (Mathew, 1983-1988). Voucher specimens of the collections are deposited 

at the Herbarium of Survey of Medicinal Plant Unit, CCRAS (Siddha), Govt. Siddha 

Medical College Campus, Palayamkottai, Tirunelveli, Tamil Nadu. 

   

 Botanical Name : Orthosiphon comosus Wight ex Benth. 

 Family : Lamiaceae 

 Voucher Number :     2562 

Collected Locality :     Kalakad Mundanthurai Tiger Reserve Forest  

  (KMTR), Sengaltheri, South India (Map: 1) 

Altitude : 900 MSL 

Synonyms : Hemizygia comosa (Wight ex Benth.) A.J. Paton 

  Syncolostemon comosus (Wight ex Benth.)D.F.Otieno 
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  Botanical Name : Plectranthus wightii Benth. 

  Family : Lamiaceae 

Voucher Number :  8001 

Collected locality  : Kalakad Mundanthurai Tiger Reserve Forest  

 (KMTR), Sengaltheri, South India (Map: 1) 

Altitude :  1100 MSL 

Synonyms : Isodon wightii (Benth.) H. Hara 

    Rabdosia wightii (Benth.) Hara 

 Plectranthus pulneyensis Hook. F. 

 Plectranthus nepataefolius Benth. 

  Regional Names : Malayalam: Murikootty, Iruvely 

 

Orthosiphon comosus is endemic aromatic species at the Agastiyamalai peak, 

Kalakad Mundanthurai Tiger Reserve Forest (KMTR), in South India (Maridass et al., 

2008). 

3.2. METHODS - Pharmacognostic Studies 

3.2.1. Macroscopic observation (Taxonomy) 

Fresh plants collected from the wild were brought to the laboratory before 

desiccation. The morphological and taxonomical characters were carefully examined 

under stereomicroscope (Model: AE-31). The observations were recorded in technical 

terms. 
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3.2.2. Microscopic observation 

Mature and healthy plants with normal plant parts were collected and the required 

samples of different organs viz., leaf, petiole, young internodes, young and old roots and 

young and old stems were cut and removed from the plant and then fixed in FAA (5 ml 

formaldehyde solution + 5 ml glacial acetic acid + 90 ml 70% ethyl alcohol). After 24 

hours of fixing, the specimens were dehydrated with graded series of tertiary butyl 

alcohol as per the schedule given by Sass (1940). Infiltration of the specimens was carried 

out by gradual addition of paraffin wax (melting point 58-60°C) until tertiary butyl 

alcohol solution attained super saturation. The specimens were cast into paraffin blocks by 

the method of Johansen (1940). 

Sectioning and staining 

Paraffin embedded specimens were sectioned with the help of Rotary Microtome. 

The thickness of the sections was 10 to 12 µm. Dewaxing of the sections was done by 

customary procedure (Johansen, 1940). The sections were stained with toluidine blue as 

per the method of O' Brein et al (1964). Since toluidine blue is a polychromatic stain, the 

staining results were remarkably good and some cytochemical reactions were obtained. 

The dye rendered pink colour to the cellulose walls, blue to the lignified cells, dark green 

to suberin, violet to the mucilage and blue to the protein bodies. Whenever necessary, the 

sections were also stained with safranin and fast green. 

For studying the stomatal morphology, venation pattern and trichome distribution, 

paradermal sections were prepared (sections taken parallel to the surface of the leaf) by 

clearing of leaf with 5% sodium hydroxide or epidermal peelings by partial maceration 

employing Jeffrey’s maceration fluid (Sass, 1940) were prepared. 
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Small segments of lamina were immersed in Jeffrey’s maceration fluid (10% 

chromic acid and concentrated nitric acid mixed in equal volumes) and kept in thermostat 

at 60°C for a few hours. Due to partial maceration, the epidermal peeling gets separated 

from each other. Then the peelings were washed thoroughly, stained with 0.5% aqueous 

safranin or 0.25% aqueous toluidine blue and mounted in glycerin for microscopic 

examination. 

For the study of venation pattern, leaf bits measuring 1 cm square were boiled in 

alcohol to remove the chlorophyll and other pigments and then immersed in warm sodium 

hydroxide (5-10%) for several hours. As the leaf bits became transparent they were 

washed thoroughly, stained with safranin and mounted in glycerin. 

Photomicrographs 

Microscopic descriptions of the root stem and leaves have been carried out and the 

anatomical characters are presented as photomicrographs. Microphotographs of different 

magnifications were taken with Nikon Labphot 2 Microscopic Unit to reveal the 

anatomical characters. For normal observations, bright field was used. For the study of 

crystals, starch grains, and lignified cells polarized light was employed. Since these 

structures have birefringent property under polarized light they appear bright against dark 

background. Magnifications of the figures are indicated by the scale bars. Descriptive 

terms of the anatomical features are taken from the works of Esau (1977) and Metcalf and 

Chalk (1979). Measurement of cells was made with micrometer. For each element, 15–20 

measurements were taken and average is presented. 

3.2.3. Determination of physico-chemical characters 

Physico-chemical characters such as total ash, acid insoluble ash, water soluble 

ash, sulphated ash, moisture content, alcohol soluble extractive values and water soluble 



38 

 

extractive values were determined by employing standard methods of analysis as 

described in Pharmacopoeia of India (Anonymous, 1996). The percentages of extractive 

values in various solvents were also determined and presented. 

a) Fluorescence analysis 

For analytical studies, air-dried leaf, stem, root plant powders and the extracts of 

the powdered plant material in various solvents such as petroleum ether, benzene, 

chloroform, ethanol and water were examined under ordinary white light and in ultra-

violet light (UV 255nm and 365nm). The fluorescence characters were determined 

according to the methods of Chase and Pratt (1949). These powders were also treated 

with various chemical reagents viz., acetone, ethyl alcohol, 1N NaOH, 1N HCl, 50% 

H2SO4 and 50% HNO3 and the changes in colour were recorded.  

b) Determination of total ash 

Two grams of accurately weighed plant sample was taken in a previously weighed 

silica dish and ignited carefully not exceeding dull red heat until the ash was free from 

carbon. It was then cooled and then weighed. The total percentage of ash was calculated 

with reference to the air-dried plant sample. 

c) Determination of acid insoluble ash 

The ash obtained above was boiled for five minutes with 25 ml of dilute 

hydrochloric acid. Insoluble matter was collected on an ashless filter paper (Whatman No. 

41), washed with hot water, ignited and weighed. The percentage of acid insoluble ash 

was calculated with reference to the air-dried plant sample. 
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d) Determination of water soluble ash 

A known weight of ash was boiled for five minutes with 25 ml of distilled water, 

filtered through ashless filter paper (Whatman No. 41). The insoluble matter was 

collected on the ashless filter paper, washed with hot water and ignited to constant weight 

at a low temperature. The weight of insoluble matter from the weight of the ash was 

subtracted; the difference in weight represents the water-soluble ash. The percentage of 

water soluble ash was calculated with reference to the air-dried plant sample. 

e) Determination of sulphated ash 

Two grams of the air-dried and powdered sample was taken in a nickel crucible 

and moistened with concentrated sulphuric acid. It was ignited gently and moistened 

again with concentrated sulphuric acid and then reignited. The crucible was cooled and 

weighed. The percentage of sulphated ash was calculated with reference to the air-dried 

samples. 

f) Determination of moisture content 

Two grams of the fresh plant sample was weighed in a pre-weighed silica dish. It 

was dried in the oven at 105
0
C and weighed at intervals of one hour until two successive 

constant weights were obtained. The loss of weight was recorded as moisture content. 

g) Determination of alcohol soluble extractive value 

Five grams of the air-dried, macerated and powdered plant sample was soaked 

with 100 ml of alcohol in a closed flask for twenty four hours, shaken frequently during 

first six hours and allowed to stand for eighteen hours. It was filtered rapidly taking 

precautions against loss of alcohol. 25 ml of the filtrate was evaporated to dryness in a 

tarred flat bottomed shallow dish. Again, it was dried at 105°C and weighed. The 
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percentage of alcohol soluble extractive was calculated with reference to the air-dried 

sample. 

h) Determination of water soluble extractive value 

Five grams of the air - dried, macerated and powdered plant sample was soaked 

with 100 ml of water in a closed flask for twenty four hours. It was shaken frequently 

during first six hours and was allowed to stand for eighteen hours. Then it was filtered 

rapidly taking precautions against loss of chloroform. 25 ml of the filtrate was evaporated 

to dryness in a tarred flat bottomed shallow dish. Again, it was dried at 105°C and 

weighed. The percentage of water soluble extractive was calculated with reference to the 

air-dried sample. 

i) Determination of extractive values (Successive extraction) 

 Ten grams of the air dried and coarsely powdered plant material was taken in a 

soxhelt apparatus and successively extracted with petroleum ether, benzene, chloroform, 

and methanol till the extracts became colourless. Each time before extracting with the 

next solvent, the powdered material was dried in a hot - air oven below 50
0
C to remove 

the solvents. Each extract was concentrated by distilling off the solvent in a water bath. 

The extracts obtained with each solvent were weighed and the percentage extractive 

values were calculated with reference to the air dried sample. 

3.3. Phytochemical analysis 

The specimens were shade-dried at room temperature (18-20
o
C) for a period of 3 

weeks to 8 weeks depending on the water content.  The completely dried materials were 

separately powdered by means of wearing blender. Then the powdered materials were 

stored in polythene bags having labels. Estimations, phytochemical tests and 
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chromatographic studies were carried out using the powders.  The quantitative 

estimations were done in triplicates and the mean value was taken. 

Procurement of chemicals and solvents 

The chemicals and solvents used throughout the investigation were of analytical 

grade.  

3.3.1. Preliminary Phytochemical screening 

The air-dried and powdered plant materials were taken in different amber coloured 

bottles, extracted (by Soxhelt method) with petroleum ether, benzene, chloroform, ethanol 

and water, and then the solvent were filtered off. The extracts thus obtained from each 

plant were then subjected to qualitative tests for the identification of various plant 

constituents by the methods described by Trease and Evans (1985), Harborne, (1973) and 

Brindha et al. (1981) (Table: 3.1). The preliminary phytochemical screening is a 

qualitative chemical evaluation which indicates spectrum of chemical constituents in the 

chosen plant. 

3.3.2. Quantitative estimations of minerals  

Estimation of elements 

The percentage of major elements like carbon, nitrogen, phosphorus, potassium, 

sodium, calcium, magnesium and sulphur was determined by the method of Anonymous 

(1984). The trace elements like zinc, copper, iron, manganese, boron and molybdenum 

were determined by the method of Williams and Twine (1960).
 

Estimation of major elements 
 

2 g of the dried powder of the sample  was taken in 250 ml conical flask and 12 

ml triple acid mixture (nitric, sulphuric and perchloric acid in the ratio of 1:2:1) was 
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added. The mouth of the conical flask was covered with a funnel. The contents were 

digested in the flask over a sand bath till a clear solution was obtained. The solution was 

filtered through Whatman No.40 filter paper and the filtrate was collected in a 250 ml 

volumetric flask. The conical flask was washed with small increments of hot water and 

the washing was added to the filter paper. The residue on the filter paper was also washed 

with hot water till the filtrate runs free of chloride. The volumetric flask was cooled under 

tap water and made up to 250 ml with cold distilled water. This triple extract was used for 

the analysis of major constituents. The minerals (N, P, K, Na and Ca) were estimated 

using Flame Photometer (Spectronics Flame Photometer, India). 

Estimation of trace elements 

The ground plant samples were sieved with a 2 mm rubber sieve and 2 g of the 

plant samples were weighed and subjected to dry ashing in a well-cleaned porcelain 

crucible at 550°C in a muffle furnace. The resultant ash was dissolved in 5 ml of HNO3: 

HCl: H2O (1:2:3) mixture and heated gently on a hot plate until brown fumes 

disappeared. To the remaining material in each crucible, 5 ml of deionized water was 

added and heated until a colourless solution was obtained. The mineral solution in each 

crucible was transferred into a 100 ml volumetric flask by filtration through Whatman 

No. 42 filter paper and the volume was made to the mark with deionized water. This 

solution was used for elemental analysis. Potassium, sodium, calcium, magnesium, 

sulphur, zinc, copper, iron, manganese, boron and molybdenum were estimated using 

Atomic Absorption Spectrophotometer. 
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3.3.3. Quantitative estimation of Phytochemicals 

Estimation of lignin 

 Refluxing the sample material with acid detergent solution removes the water 

soluble and materials other than fibrous component. The left-out materials is weighed 

after filteration, dried, treated with 70% H2SO4 and filtered, dried and ashed. The loss of 

weight on ignition gives the acid detergent lignin.  

Estimation of total alkaloids 

Alkaloids were determined by using the method of Harbone (1973).   

5 g of the powdered sample was taken in a 250 ml beaker and 200 ml of 10 % acetic acid 

in ethanol was added. The beaker has covered and allowed to stand for 4 h. This was 

filtered and the extract was concentrated on a water bath to one-quarter of the original 

volume. Concentrated ammonium hydroxide was added drop wise to the extract until the 

precipitation was complete. The whole solution was allowed to settle and the precipitate 

was collected and washed with dilute ammonium hydroxide and then filtered. The final 

residue has been dried and weighed. 

Estimation of total flavonoids 

Flavonoids were determined by the method of Boham and Kocipal-Abyazan 

(1974). 10 g of the powdered plant sample was extracted repeatedly with 100 ml of 80 % 

aqueous methanol at room temperature. The whole solution was filtered through 

Whatman filter paper No. 42 (125 mm). The filtrate was later transferred into a previously 

weighed china dish and evaporated to dryness over a water bath. The final residue was 

weighed. 
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Estimation of Carbohydrates 

Principle 

Carbohydrates are dehydrated by concentrated sulphuric acid to form furfural. 

Furfural condenses with anthrone to form a blue coloured complex, which is measured 

calorimetrically at 620 nm. 

Reagents 

Anthrone (0.2%) in concentrated H2SO4, perchloric acid, ethanol and D-glucose. 

Sugars (Mc Creedy et al., 1950) 

Powdered sample (100 mg) was homogenized in a mortar. 100 ml of 80% ethanol 

was added to the homogenized mass and filtered. The filtrate was centrifuged at 3000 rpm 

for about five minutes. 1 ml aliquot was taken in a corning test tube and 4 ml of anthrone 

reagent was added. The contents were kept in a boiling water bath for five minutes and 

allowed to cool. A blue colour developed and its absorbance was read in a UV-VIS 

spectrophotometer at 630nm. 

Starch (Sadasivam and Manickam, 1996) 

The residue, after the removal of total sugars, was repeatedly washed with 80% 

ethanol to remove the last traces of soluble sugars. Distilled water was then added to the 

residue, kept in a boiling water bath for fifteen minutes, treated with 9.2 N perchloric acid 

(HClO4) with occasional stirring and centrifuged.  After collecting the supernatant liquid, 

the residue was again treated with 4.6 N HClO4. After fifteen minutes of incubation, it 

was centrifuged and the supernatant liquid was collected. The pooled supernatant liquids 

were made up to appropriate volume depending on the starch content of the sample. Then 

the starch content was determined by using 0.2% anthrone in concentrated H2SO4 as that 
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of described above for sugar. The sugar and starch content of the sample was determined 

in terms of mg glucose equivalents based on a standard curve. 

Estimation of Amino acids (Moore and Stein, 1948)     

Principle 

Ninhydrin, a powerful oxidizing agent reacts with amino acid to give a purple 

colour. The intensity of the colour is proportional to the concentration of amino acid. 

Reagents 

0.2 M Sodium acetate buffer (pH 5.5), ninhydrin (0.2%) in methyl cellosolve, 

ethanol and glycine. 

Procedure 

100 mg of powdered sample was ground well in a mortar with 10 ml of 80% 

ethanol. The extract was centrifuged at 3000 rpm for ten minutes. The supernatant was 

taken. To 1 ml of aliquot, 3 ml of distilled water and 1 ml of ninhydrin reagents were 

added and heated for fifteen minutes in a boiling water bath. The colour intensity at 550 

nm was measured in a spectrophotometer (Pharma Spec-1700). The amount of free amino 

acids is expressed as glycine equivalents per gram dry weight. 

Estimation of Protein (Lowry et al., 1951) 

Principle 

Protein forms a coloured complex with Folin Phenol reagent. The colour is 

formed due to the reduction of phosphomolybdate by tyrosine and tryptophan present in 

protein. The absorbance was read at 650 nm using spectrophotometer (Pharma Spec-

1700). 
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Reagents 

0.2 M phosphate buffer (pH 7.2), 10% ice cold TCA, 0.2 N NaOH, alkaline 

sodium carbonate (2 g of Na2CO3 dissolved in 100 ml of 0.1 N NaOH), CuSO4 in sodium 

potassium tartarate (500 mg of CuSO4 dissolved in 100 ml of 1% sodium potassium 

tartarate); Alkaline copper reagent was prepared freshly by mixing 50 ml of alkaline 

sodium carbonate and 1 ml of CuSO4 sodium potassium tartarate, commercial Folin phenol 

reagent diluted to 50% using distilled water. 

Procedure 

Extraction 

100 mg of fresh material was taken and homogenized with a little amount of             

0.2 M phosphate buffer (pH 7.2). The homogenate was filtered through a three layered 

muslin cloth and was centrifuged at 1000 rpm for 10 minutes. The supernatant was taken 

and an equal amount of 10% ice cold trichloroacetic acid (TCA) was added to it and left 

for 30 minutes at 4°C. The precipitated protein was centrifuged at 5000 rpm for 15 

minutes. The supernatant was discarded and the pellet was used for protein estimation. 

2 ml of 0.2 N NaOH was added to the residue and shaken well. Aliquots in 

duplicates were prepared each with 0.5 ml from the source and were made up to 4 ml 

using distilled water. To this 5.5 ml of alkaline copper reagent was added, shaken well and 

allowed to stand at room temperature for 10 minutes. Then 0.5 ml of Folin phenol reagent 

was added rapidly and mixed well. The absorbance was read at 650 nm after 30 minutes 

using spectrophotometer Pharma Spec-1700. Protein content was calculated by referring 

to standard curve of Bovine Serum Albumin (BSA) and expressed as mg/g/dry weight. 
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Estimation of Phenolic compounds (Bray and Thorpe, 1954)  

Principle 

The widest variety of more polar phenolic compounds can readily be oxidized to 

form a blue coloured complex with a strong oxidizing agent phosphomolybdate present in 

Folin-Ciocalteu reagent at a higher pH. The intensity of the colour developed is measured 

in a spectrophotometer (Pharma Spec-1700). 

Reagents 

Extraction mixture n-butanol: acetic acid: water (6:1:2), Folin–Ciocalteu reagent, 

20% sodium carbonate. 

Procedure 

100 mg of the powdered sample was taken and homogenized with the extraction 

mixture. One ml of the extract was taken and 1 ml of Folin-Ciocalteu reagent, followed 

by 2 ml of 20% sodium carbonate was added. The content was shaken well, heated in a 

boiling water bath exactly for one minute and cooled in running water. The blue coloured 

complex was diluted with appropriate volume of distilled water and the absorbance was 

read at 630 nm in a spectrophotometer. 

Estimation of Tannin (Mahadevan, 1982) 

Principle 

Tannin   reduces   phosphotungsto-molybdic   acid   in   alkaline   condition   to 

produce a highly coloured blue solution. The intensity of colour is proportional to the 

amount of tannins present. 

Reagents 

Folin Denis reagent, sodium carbonate solution. 
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Procedure 

0.5 g of powdered material was taken and transferred to a conical flask containing 

75 ml water. The flask was gently heated and boiled for 30 min. The extract was 

centrifuged at 2000 rpm for 20 minutes and the supernatant was collected and made up to 

a known volume. 1 ml of sample extract was transferred to a 100 ml volumetric flask 

containing 75 ml water. 5 ml Folin Denis reagent and 10 ml of sodium carbonate solution 

were added and diluted to 100 ml with distilled water. It was mixed well and the 

absorbance was read at 700 nm after 30 minutes. A blank was prepared with water instead 

of the sample. 

3.3.4. Gas Chromatography-Mass Spectrometry 

Mature and healthy plant was collected and dried at room temperature (25 - 30
o
C), 

for about two weeks. The dried plant materials such as leaf, stem and root were ground to 

powder and mixed. 

Soxhlet extraction 

          About 60 g dried sample was refluxed with 250 ml of the selected solvent for 5 

hour on a steam bath.  The extract was collected and concentrated. 

1. GC Programme  

Column: Elite-5MS (5% Diphenyl / 95% Dimethyl poly siloxane), 30 x 0.25mm x 

0.25µm df 

Equipment: GC Clarus 500 Perkin Elmer 

Carrier gas: 1ml per min, Split: 10:1 

Detector: Mass detector Turbo mass gold-Perkin Elmer 

Software: Turbomass 5.2 
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Sample injected: 2µl 

Oven temperature Programme -1 

110° C-2 min hold 

Up to 200° C at the rate of 10 ° C/min-No hold 

Up to 280 ° C at the rate of 5° C / min-9 min hold 

Injector temperature 25Of C 

Total GC running time 36 minutes 

2. MS Programme 

Library used NIST Version-Year 2005 

Inlet line temperature 200° C 

Source temperature 200 ° C 

Electron energy: 70 eV 

Mass scan (m/z): 45-450 

Solvent Delay: 0-2 min 

Total MS running time: 36 min 

The concentrated extract was injected into the GC/MS instrument (Hewlett 

Packard 5890 GC/MS with Mass Selective Detector with an HP-1 glass capillary 

column). The sample is volatilized at the injection port and eluted through a capillary 

column under increasing temperature. As the sample moves through the column, various 

components are separated due to their affinity for the stationary phase of the column and 

can be identified by retention time (the time it takes for a compound to pass through the 

column and gas chromatograph system). Each chemical component in a sample has a 
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distinct retention time measured in minutes, shown in a peak on a graph which measures 

abundance on the ordinate against retention time on the abscissa. The integrated peak is 

correlated to the concentration of the chemical. A mass selective detector breaks up each 

chromatographic component into fragment ions, which are shown by their abundance, 

with each ion represented as a vertical line in increasing molecular weight. The height of 

each line corresponds to the abundance of that ion. The resulting mass spectrum is unique 

to that chemical. This mass spectrum forms a ‘‘fingerprint’’ that can identify the 

compound by a computer search of mass spectra. A computer search of the mass spectra 

corresponding to all the chromatographic peaks for a sample should yield a statistical 

match for nicotine at a 12·9 min retention time value if they were present two modes of 

GC/MS were possible with this instrumental method. First, there is a ‘‘Scan’’ mode 

which looks at all the constituents of a sample, listing whatever chemical components are 

present. 

Compound Identification  

Components of the methanolic extracts were identified by comparison of their 

mass spectra and retention indices with those published in the literature and contained in 

the NIST ’98 MS computer library (Wiley). 

3.4. Antimicrobial activity assay 

Preparation of plant extracts 

60 g of root, leaf and stem samples were air dried separately, ground and extracted 

successively with of 400 ml of petroleum ether (60-80
o 

C), benzene, chloroform, 

methanol and water. This sequence of solvents allows for leaching of all compounds 

based on their polarity. The individual fractions were collected and concentrated to obtain 
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crude extracts. For the purpose of experimental use each extract sample was dissolved in 

respective solvent so as to get 1/10 solution. 

Microbial strains 

The antimicrobial activity was tested against five different microbial strains 

namely Acinetobacter baumannii. (MTCC 2031), Chromobacterium violaceum (MTCC 

2431), Enterococcus faecalis (ATCC 29212), Proteus vulgaris (MTCC 5412), 

Staphylococcus aureus (ATCC 29213). These bacteria were obtained from the Microbial 

Type Culture Collection and Gene Bank, Chandigarh, India. The bacterial strains were 

grown in Muller Hinton (MH) agar plates at 37
0
 C and maintained on nutrient agar slants, 

while fungi were grown at 30
0
C and maintained in Saboraud glucose agar slants.   Each 

organism was maintained in a separate culture media and was recovered for testing by sub 

culturing on a fresh media. Inoculums of each bacterial strain were transferred in 10 ml of 

Muller Hinton agar broth and incubated overnight at 37°C. 

Preparation of sterile antibiotic discs 

Antimicrobial activity was assayed by filter paper disc diffusion method. 

Whatman No. 1 filter paper of 5 mm diameter was used. These discs were sterilized 

before use. The extracts of the medicinal plants were added to the sterile disc. Each sterile 

disc was incorporated individually with 200 - 500 µl of extract of the medicinal plants 

using micropipette. Precautions were taken to prevent the flow of the solvent extract from 

the outer surface of the disc. The condensed extracts were applied to the disc.  

Antibacterial assay 

Antibacterial assay was conducted by the method described by Lennette (1985) 

with some modification. 0.5 ml of the dilute microbial culture was spread on sterile 
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Muller Hinton agar plates. The presoaked and dried discs were placed on the seeded 

plates and gently pressed down to assure contact. 

Levomycin (10 µg / ml) was used as positive control and the solvents which were 

used to dissolve the crude extracts served as negative control. The plates were incubated 

at room temperature for 24 hrs. After the incubation period the inhibition zone around the 

discs were measured and recorded. Three replicates for each concentration were 

maintained. 

3.5. Pharmacological Studies 

Preparation of Drug 

The plant material was shade dried and pulverized. Methanol extract of the 

coarsely powdered material was prepared by employing Soxhlet method. The extract was 

concentrated and stored in brown bottles for future use. 

3.5.1. The in vitro antioxidant potential 

Free radical scavenging activity on DPPH 

The antioxidant activity of the samples were determined in terms of hydrogen 

donating or radical scavenging ability, using the stable radical DPPH, according to the 

method of Blois (1958). 

The sample extracts at various concentrations (40-200μg) was taken and the 

volume was adjusted to 100 μl with methanol 0.5 ml of 0.1 ml methanolic solution of 

DPPH was added and allowed to stand for 20 min at 27°C. The absorbance of the sample 

was measured at 517 nm.  Percentage radical scavenging activity of the sample was 

calculated as follows: 

       % DPPH radical scavenging activity = (control OD-sample OD / control OD) × 100 
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The analysis was performed in triplicate. The sample concentration providing 50% 

inhibition (IC50) under the assay condition was calculated from the graph of inhibition 

percentage against sample concentration. 

3.5.2. In vitro Anti-diabetic activity 

In vitro inhibition of α-glucosidase 

The enzyme α-glucosidase inhibitory activity of the methanol extracts of two 

chosen plants was determined following the method of Miller (1959). Premix                       

α-glucosidase (0.07 Units) with different concentrations (100-500μg) of extract. Then 3 

mM p- nitrophenyl glucopyranoside was added as a substrate. This reaction mixture was 

incubated at 37˚C for 30 min and the reaction was terminated by addition of 2 ml of 

sodium carbonate. The α- glucosidase activity was determined by measuring the 

pnitrophenyl release from p- nitrophenyl glucopyranoside at 400 nm after which the IC50 

value was calculated. 

In vitro inhibition of α-amylase 

The α-amylase inhibition assay was adapted and modified from Giancarlo et al 

(2006). Different concentrations (100-500 μg) of samples and 1 ml enzyme solution were 

mixed in a tube and incubated at 25°C for 30 min. To 1 ml of this mixture, 1 ml of 0.5% 

starch solution was added and the tube incubated at 25°C for 3 min. Then, 1 ml of the 

colour reagent (DNSA) was added and the closed tube placed into an 85°C water bath. 

After 15 min, the reaction mixture was removed from the water bath and cooled 

thereafter, diluted with 9 ml distilled water and the absorbance value determined at 540 

nm. Individual blanks were prepared. In this case, the colour reagent solution was added 

prior to the addition of starch solution and then the tube placed into the water bath. 

Controls were conducted in an identical fashion replacing plant extracts with 1 ml 
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DMSO. The inhibition percentage of α-amylase was assessed by the following formula 

after which IC50 was calculated. 

% Inhibition = ((µA Control–µA Sample)/µA Control) x 100 

3.5.3. The in vivo studies - Behavioral and toxicological effects 

Acute oral toxicity study was done according to OECD guidelines 423. Swiss 

Albino male mice with a mass ranging from 20-30 g, breed and raised at small animals 

Research station, Mannuthy, Kerala, India were used for the study. The animals were kept 

in polypropylene cages and maintained at a temperature of 25±2˚C. All the animals had 

free access to tap water and the same type of food throughout the experiment. Animals 

were starved overnight but have free access for water ad libitum. In this experiment, 

animals were divided into 7 groups of 6 animals each. First group served as control and 

was treated with normal water. Group 2, 3, and 4, were treated with the single graded 

dose (1000, 2000 and 3000 kg b. wt. orally) of Orthosiphon comosus respectively. Group 

5, 6, and 7 were treated with the single graded dose (1000, 2000 and 3000 mg/kg b. wt. 

orally) of Plectranthus wightii respectively. Monitoring of the parameters commenced 

immediately after the administration of the drug. Animals were observed at 0 hr, 1 hr, 2 

hrs, 4 hrs, 6 hrs, 8 hrs, 24 hrs and 72 hrs (with special attention given during the first four 

hour). Observation includes mortality and clinical signs, which includes changes in skin 

fur, eyes and mucous membranes. The gross behaviors like body positions, locomotion, 

rearing, tremors, gait were observed. The effect of plant extract on passivity, grip 

strength, pain response, stereotypy, vocalization, righting reflex, body weight intake were 

also observed. 
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3.5.4. The in-vivo Nephroprotective studies 

Experimental animals 

Male albino Wistar rats (150-200 g) used in the present study were procured from 

the small animals breeding station, Mannuthy, Kerala, India. They were housed in 

polypropylene cages (38 x 23 x 10 cm) with not more than six animals per cage and 

maintained under standard environmental conditions (14h dark /10h light cycles; temp 

25±2°C; 35-60% humidity, air ventilation) and were fed with standard pellet diet (M/s. 

Hindustan Lever Ltd., Mumbai, India) and fresh water ad libitum. The animals were 

acclimatized to the environment for two weeks prior to experiment use. Animals were 

fasted over night before the experimental schedule, but have free access for water ad 

libitum. 

Gentamicin induced Nephrotoxicity (Yaman and Balikci, 2010) 

Animals were randomly divided into six groups with 6 animals each. Group I 

animals were normal control group. Groups II-VI was intraperitoneally injected with 100 

mg/kg b.w. of gentamicin for 8 consecutive days. Groups three and four were orally co-

administered with methanolic extract of Orthosiphon comosus (200 and 400 mg/kg b.w., 

respectively), whereas groups V and VI were orally co-administered with methanolic 

extract of Plectranthus wightii (200 and 400 mg/kg b.w., respectively) for eight 

consecutive days. Gentamicin was injected exactly one hour after the treatments were 

given. At the end of the experimental regime, all animals were anaesthetized with ether; 

blood samples were collected by cardiac puncture and were allowed to clot for 20 min 

after which it was centrifuged at 2500 rpm for 15 min at 4°C. The separated serum 

samples were used for measuring the level of urea, uric acid creatinine, blood urea 

nitrogen (BUN) and electrolytes (Na+, Cl-, K+ ions). Urea, uric acid, creatinine and BUN 

were estimated using commercially available diagnostic kits whereas the electrolytes 

were assayed using an electrolyte analyzer. 
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RESULTS AND DISCUSSION 

 

4.1. PHARMACOGNOSTIC STUDIES 

 Macroscopic, microscopic and analytical features of the two aromatic medicinal 

plants viz., Orthosiphon comosus Wight ex Benth. and Plectranthus wightii Benth. were 

studied and the diagnostic characters are presented.  

4.1.1. Macroscopic characters 

 Macroscopic characters of Orthosiphon comosus Wight ex Benth. and 

Plectranthus wightii Benth. were described using conventional technical terms. These 

species belong to the family Lamiaceae of the order Lamiales.  

a) Orthosiphon comosus Wight ex Benth. (Plate: 4.1) 

An erect shrub, 3-5 feet high, tomentose. Stem terete with multicellular shining 

glandular hairs. Branches usually opposite. Leaves crowded towards the inflorescences, 

subsessile, obovate, cuneate, crenato-serrate, with shining hairs on both surfaces. 

Racemes terminal, very long, rachis stout, somewhat 4-longed, verticillasters laxly 

arranged, 6-flowered. Bracts rose-coloured, upper ones larger, foliaceous obovate,                    

3-nerved, nearly entire, glandular, concealing the flower buds and deciduous. 

 Calyx ½ inch erect but deflexed  when fruiting, upper lip broad, entire, concave at 

first and convex  when fruiting, lower lip with 4subulate teeth. Corolla 11/2 in - 2 in. long 

pubescent, tube long, slender, inflexed towards the tip. Upper lip slightly larger than the 

lower, 3 lobed, mid-lobe very slightly emarginated, lower lip entire, concave. Stamens 4 

free, declinate. Disc gibbous, style filiform, stigma clavate, nutlets ovoid, smooth. 

Flowering peak during December and February. 
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Distribution: Found only in the Tinnevelly hills. Endemic to Kalakkad Mundanthurai 

hills. Nayar (1996) reported as Endemic to Peninsular India. 

b) Plectranthus wightii Benth. (Plate: 4.2) 

Subshrub 50 – 100 cm; branches hirsute. Leaves ovate 2 – 7 x 1- 5 cm, strigose on 

either side, base truncate, margin deeply crenate, apex acute; petiole 5 cm; cymes 

branched, 13 – 17 flowered; peduncle 15 – 25 cm; bracts scaly or linear; pedicel 0.5 cm. 

Calyx – lobes 5, sub-equal, 3 + 2, obscurely bilipped, 5 mm, strigose, without, acute. 

Corolla white, 5 x 3 mm across; tube 5 mm; lobes 5, bilipped, 4 + 1; upper lip recurved, 

2.5 mm; lowerlip 3 mm, glandular – hairy, obtuse. Stamen 4; filaments free, 5.5 mm; 

anthers 0.6 mm. Ovary 0.3 mm; style 8.5 mm. 

Flowering peak during December and February. 

Distribution: Tamil Nadu, Kerala. Nayar (1996) reported as Endemic to Peninsular India. 

4.1.2. Anatomical features     

Microscopic characters of Orthosiphon comosus Wight ex Benth. and 

Plectranthus wightii Benth. were described.   

a) Microscopical characters of Orthosiphon comosus Wight ex Benth. 

Root (Plate: 4.3 & 4.4) 

The root has deep and wide fissures which break the periderm into wide and thick 

segments (Plate: 4.3.a). The root is 2 mm thick. The periderm is 500 µm thick.  It is 

crushed and compressed and no distinct cell layers are evident (Plate: 4.4). The secondary 

phloem and xylem cylinders are dense and solid with circular outline.  Secondary phloem 

is 300 µm thick.  The phloem elements are wide, angular and occur in compact radial 

rows (Plate: 4.4). Secondary xylem includes diffuse solitary circular vessel which are 



58 

 

narrow in the centre wider towards periphery (Plate: 4.3.a).  The vessels are thick walled 

and are 30-70 µm in diameter. Xylem fibres are highly thick walled and lignified; the cell 

lumen is narrow. Xylem rays are distinct, straight and thin (Plate: 4.3.a & 4.4). 

Stem (Plate: 4.5 & 4.6) 

 The stem is four angled with four thick and wide ridges and shallow wide furrows 

(Plate: 4.5.a). It is 2 mm thick. The epidermal layer is wavy and bears dense trichomes.  

The cortex consists of 6 or 7 layers of angular thin walled parenchyma cells. The vascular 

cylinder is four angled with four thick ridges of xylem and thin cylinder of vascular 

tissues in the region of furrows (Plate: 4.5.a). In the ridges, there are several lines of wide, 

thick walled xylem elements and thick arc of phloem situated on the outer part of the 

xylem. There is a thick arc of fibres alternating the phloem (Plate: 4.5.b). Inbetween the 

ridges, the vascular cylinder shows initiation of vascular cambium which has produced 

small collateral vascular bundles with sclerncychyma cap (Plate: 4.5.b). Thick stem 

assumes circular outline. It has thick trichome bearing epidermal layer and wide 

parenchymatous cortex.  The outer cortical cells are angular and compact and the inner 

cell is circular and less compact (Plate: 4.6.b). The vascular cylinder is circular and 

continuous and consists of thick secondary phloem and secondary xylem (Plate: 4.6.a). 

Secondary phloem consists of thick cylinder, in which small clusters of sieve elements are 

situated. On the outer border of the phloem several small discrete masses of thick walled 

and lignified fibres are present (Plate: 4.6.b). Secondary xylem consists of thick, ridged 

cylinder of vessels and fibres. The vessels are wide and angular and thick walled and 

measure upto 60 µm wide.  The secondary xylem also includes thick walled lignified 

fibres (Plate: 4.6.c).  The pith is wide and includes intact thin walled parenchyma cells. 
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Petiole (Plate: 4.7) 

The petiole is planoconvex is sectional view with flat adaxial side (Plate: 4.7.a).  It 

is 1.1 mm thick and 2.35 mm wide. The epidermis is wavy in outline bearing dense 

trichomes. Four or five layers of cells inner to the epidermis are collenchymatous; 

remaining ground tissue is parenchymatous, the cells are large, angular or circular and 

compact. The vascular strand is single slightly boat shaped and thin (Plate: 4.7.a).  The 

strand is 120 µm thick and 1.5 mm wide. The vascular strand includes several short 

narrow lines of xylem elements and small discrete strands of phloem (Plate: 4.7.b). The 

xylem elements are narrow, angular and thin walled. 

Leaf (Plate: 4.8 & 4.9) 

The leaf is distinctly dorsiventral and has prominent veins (Plate: 4.8.a).  The 

midrib is planoconvex with flat adaxial side and prominently projecting thick abaxial 

midrib (Plate: 4.8.b). The midrib is 600 µm thick and 750 µm wide. It consists of a thick 

neck part and wider and thicker body part. The epidermal layer is prominent comprising 

thick tubular cells. The epidermal cells bear glandular and non-glandular trichomes and 

raised stomata (Plate: 4.8.b).  The ground tissue is homogenous, parenchymatous, angular 

and thin walled.  There is a single vascular bundle which is planoconvex; the adaxial side 

is flat and the abaxial side is convex. It is 100 µm thick and 250 µm wide.  The bundle is 

collateral and possesses about six rows of xylem elements and thin layer of a few discrete 

phloem units (Plate: 4.8.b). Lateral vein is also projecting on the abaxial side of the 

lamina (Plate: 4.8.b).  It is semicircular and 200 µm thick.  There is a single small 

vascular strand which possesses a vertical row of xylem elements and a small nest of 

phloem elements. Marginal part of the lamina is bent and semicircular with dilated thick 

epidermal cells; the mesophyll tissue is as in the middle part of the lamina (Plate: 4.9.a).  
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Lamina is 200 µm thick. Dorsiventral side is possessing thick and wide adaxial epidermal 

cells and thin cylindrical with dense projecting stomata. The palisade parenchyma zone 

consists of a single row of short, less compact cylindrical cells and three or four layers of 

lobed spongy parenchyma cells. 

Epidermal cells and stomata (Plate: 4.10) 

The epidermal tissue was studied from paradermal section (Plate: 4.10.a). From 

surface view, the epidermal cells are wide and possess thin highly undulate cell walls, so 

that the epidermal cells appear amoeboid in outline. 

The stomata are diacytic type. Each stoma has two subsidiary cells (Plate: 4.10.b). 

The two cells are located at two poles of the guard cells with their common cross walls.  

Cross walls are at right angles to the stomatal aperture (Plate: 4.10.c). The stomata are 

20x30 µm in size. 

Glandular epidermal trichomes (Plate: 4.11) 

Glandular trichomes are abundant on the leaf. The glands are capitate type.  The 

gland has a one celled stalk which is located on an epidermal cell. The trichome bearing 

epidermal cell is surrounded by seven or more epidermal cells which radiate from the 

central cell (Plat: 4.11.b). These radiating cells are called rosette cells (Plate: 4.11.a). The 

stalk cell bears a spherical multicellular body (Plate: 4.11.c). 

Powder microscopic observations 

The powder preparation of the plant exhibits the following inclusions. 

I. Thick masses of periderm cells are often seen in the powder (Plate: 4.12.a). The 

cells are squarish to rectangular and occur in compact horizontal rows.  The cells 

are thin walled. They are 70x100 µm in size. 
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II. Fibres (Plate: 4.12.b, 4.13.a, b & c) 

Libriform types of xylem fibres are common in the powder. They have thick 

lignified walls and narrow lumen. Pits are not evident. The tips of the fibres are 

pointed.  The fibres are 370 -800 µm long and 20 µm thick. 

III. Vessel elements (Plate: 4.13 & 4.14) 

The vessel elements are very frequently seen in the powder. They are long, narrow 

and cylindrical (Plate: 4.13.a & 4.14.b), some of them are short, wide and barrel 

shaped (Plate: 4.14.a & c). Some of the vessel elements have long or short tails at 

one or both ends.  On the lateral walls elliptic, multiseriate vertical rows of 

bordered pits are found (Plate: 4.14).  On the end walls, simple, wide, horizontal 

or slightly oblique perforations are seen. (Plate: 4.14.a, b & c).The vessel are 250 -

300 µm long. 

iv.   Parenchyma cells (Plate: 4.13.a) 

Elongated scales like cells or polyhedral short cells of parenchyma are 

occasionally seen in the powder. The elongated cells have dense simple pits. 

These cells are 50-200 µm long and 20 µm wide. The polyhedral cells are 60x70 

µm in size. 

b) Microscopical characters of Plectranthus wightii Benth. 

Root (Plate: 4.15 & 4.16) 

Root measuring 1.7 mm was studied. The epidermis is preserved in certain regions 

only. In other regions, it is replaced by a few layers of periderm (Plate: 4.15.a).  The 

periderm is followed by a wide zone of parenchymatous cortex (Plate: 4.15.b).  The 

vascular cylinder is circular and dense. It is 1.2 mm in diameter. Secondary phloem 

surrounds the xylem cylinder (Plate: 4.15.b). It consists of large parenchyma cells and 
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small thick walled sieve elements.  The phloem elements are seen in thick radial segments 

separated by wide phloem rays.  Secondary xylem exhibits apparently ring porous growth 

rings in which the vessels in the beginning of the growth ring are wider and those towards 

the periphery are distinctly narrow (Plate: 4.16). The vessels are 10-30 µm wide. Xylem 

fibres are thick walled and lignified. They have wide or narrow lumen.  Xylem rays are 

wide and the ray cells are also thick and lignified. 

Stem (Plate: 4.17 & 4.18) 

Stem is four angled and with pith tissue being totally disintegrated (Plate: 4.17.a).  

The corners part of the stem is 100 µm thin and the portion in between is 400 µm thick. 

The stem has a thick intact continuous epidermal layer of small spindle shaped cells. The 

cortex is homogenous and parenchymatous. It is thicker along the corners and thin 

inbetween the corners. The vascular cylinder is thick, and continuous all along the stem. 

The corner region of the stem has thicker secondary xylem and secondary phloem with 

thin layer of fibres located on the outer border of the phloem (Plate: 4.17.a & b). The 

xylem consists of short radial lines of vessels which are circular thick walled and solitary 

(Plate: 4.17.a & b).  Thick cylinder of secondary xylem occurs in the region in between 

the corners. This portion includes compact parallel lines of thick walled lignified fibres 

and radial clusters of wide, circular thick walled vessels. The vessels are 20 µm wide. 

Petiole (Plate: 4.19 & 4.20) 

The petiole is semicircular in sectional view. In the proximal part, the petiole has 

deep wide adaxial groove (Plate: 4.19.a).  In the distal part, the adaxial groove is V-

shaped and there are thick short lateral wings (Plate: 4.19.b). The epidermal layer is thin 

and epidermal cells are small and circular. The ground tissue is homogeneous and 

parenchymatous, the cells are circular to angular. The petiole is 1.5 µm thick and 1.4 µm 
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wide.  The vascular strand is either shallow cup shaped (Plate: 4.19.a) or deep bowl 

shaped (Plate: 4.20).   It is collateral with thin long parallel lines of xylem elements and 

xylem fibres. Phloem occurs in small separate clusters on the abaxial part of the xylem 

(Plate: 4.20). 

Leaf (Plate: 4.21) 

The leaf consists of a thick, abaxially banding midrib and thin lamina (Plate: 

4.21.a).  The midrib is planoconvex comprising flat adaxial side and short stacked 

spherical thick abaxial midrib. The midrib is 700 µm thick and 600 µm wide. The 

epidermal layer is undulate. The epidermal cells are small, squarish and thick walled 

(Plate: 4.21.a).  The ground tissue consists of wide circular, thin walled less compact 

homogeneous parenchyma cells. The vascular strand is single thick and semicircular. It is 

flat on the adaxial side and semicircular on the abaxial part. The bundle is 150x220 µm in 

size.  The bundle includes thin, long continuous lines of xylem elements and an arc of 

phloem elements.  The xylem elements are angular and thick walled with 15 µm wide 

lumen. Phloem elements are in small clusters of thick walled cells (Plate: 4.21.c). 

Lamina (Plate: 4.22) 

  The lamina is 110 µm thick. It is dorsiventral and hypostomatic.  The adaxial 

epidermis is thick and the cells are wide, thick and cylindrical in shape (Plate: 4.22.a).  

The cells are 20 µm thick. The adaxial epidermis is apostomatic. The abaxial epidermis is 

thin, comprises cylindrical or spindle shaped cells. It is densely stomatiferous. The 

mesophyll is differentiated into adaxial band of single row of cylindrical palisade cells 

and abaxial zone of three or four layers of lobed loosely arranged spongy parenchyma 

cells. 
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Epidermal trichomes are abundant on the abaxial epidermis. The trichomes   are 

either nongladular or glandular type. The nonglandular type is multicellular, uniseriate 

and unbranched (Plate: 4.22.b).  They are narrow and cylindrical or arise from thick 

multicellular base.   The glandular trichomes are short glands with single stalk cells and 

spherical multicellular head (Plate: 4.22.b).  The gland is capitate type. 

Epidermal cells and stomata (Plate: 4.23) 

The epidermal cells have thick, highly wavy anticlinal walls (Plate: 4.23.a).  The 

stomata are diacyctic  type with two subsidiary cells placed at opposite poles of the guard 

cells; the common walls of the subsidiary cells  are at right angles to the long axis of the 

guard cells (Plate: 4.23.c).  The guard cells are 15x30 µm in size. 

Powder microscopic observation (Plate: 4.24 & 4.25) 

1. Dense masses of epidermal trichomes are abundant in the powder.  The trichomes are 

non-glandular, 3 or 4 celled uniseriate and unbranched with thin cell wall. The 

trichomes are mostly curved.  The trichomes are 150 µm long and 20 µm wide. 

2. Fibres (Plate: 4.24.b & c). The fibres are libriform type. They are thin 400 µm long 

and 10 µm wide, pointed at the ends. Their walls are thick and lignified. The cell 

lumen is narrow. 

3. Vessel elements: (Plate: 4.24.a, b & c).  The vessel elements are long, narrow and 

cylindrical. Some of the vessel elements have long or short tails.  The lateral walls 

have elliptical, multiseriate pits. The end walls have elliptical, oblique perforations 

(Plate: 4.24.b & c).  The vessel elements are 400 µm long. 
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4. Parenchyma cells: (Plate: 4.25) 

Spherical and scale like parenchyma cells are seen in the powder.  The scale 

shaped cells are upto 350 µm long and 20 µm thick.  The cells have no cell inclusions. 

Pits are also absent. 

Diagnostic anatomical characters 

Trichomes are found at the surface of the aerial parts of plant for example: leaves, 

stem and calyx. The morphology of glandular and non-glandular trichomes was very 

important especially in taxonomic and ecological studies of Labiatae family (Seyed 

Mehdi Talebi et al., 2012). In the present study Orthosiphon comosus and Plectranthus 

wightii leaf epidermal cells bear both glandular and nonglandular trichomes. Glandular 

trichomes are abundant and are capitate type. The nonglandular type trichome is 

multicellular, uniseriate and unbranched in Plectranthus wightii. The glandular trichomes 

are short glands with single stalk cell and spherical multicellular head in both chosen 

species. The most important features of Lamiaceae taxa are glandular hairs distributed in 

vegetative and reproductive organs (Werker, 2006). These hairs are source of etheric oils 

and their structures have been examined anatomically and micromorphologically 

(Hanlidou et al., 1991; Vrachnakıs, 2003; Kaya et al., 2007). The species belonging to 

this family are characterised by the presence of these secretion hairs. Glandular hairs are 

generally peltate and capitate. Peltate hairs have short stalk with the head cell containing 

a lot of cells. Capitate hairs have a stalk which consists of many cells or a single cell. In 

addition, the head cell of capitate hairs consists of either two or single cells (Hanlidou et 

al., 1991; Ascensao et al., 1995). Tahir et al (1995) examined the morphology of the leaf 

surface of 13 species belonging to the Lamiaceae family and reported the presence of 

sessile glandular hairs. In the present study, the sessile hairs are not found in the two 

chosen species. Rapisarda et al (2001) studied Nepetha sibthorpii (Lamiaceae) and 
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showed the glandular hairs micromorphology characteristic to be beneficial. Vrachnakis 

(2003) reported the presence of big peltate hairs in Origanum dictamnus and the capitate 

hairs were found in different forms. In this study, capitate hairs found with one stalk cells 

and multicellular head. Trichomes are considered relevant in comparative systematic 

investigations and morphodiagnosis (Metcalfe and Chalk, 1988). The occurrence together 

with diverse kinds of glandular and non-glandular trichomes is characteristic of 

Lamiaceae (Metcalfe and Chalk, 1950). The peltate trichomes, capitate glandular and 

non-glandular trichomes have been described for the family Lamiaceae (Metcalfe and 

Chalk, 1950; Werker, 2006) and for the genus Plectranthus madagascariensis (Pers.) 

Benth. (Ascensao et al., 1998), Plectranthus ornatus Codd (Ascensao et al., 1999) and 

Plectranthus barbatus (Scavone, 1965). 

Concerning the leaf anatomy, the family exhibits predominantly diacytic stomata 

on both surfaces (Metcalfe and Chalk, 1950). Orthosiphon comosus and Plectranthus 

wightii showed the same pattern. With reference to the chlorenchyma organization, 

isobilateral, dorsiventral or centric mesophyll has been frequently reported in Lamiaceae 

(Metcalfe and Chalk, 1950). In the present investigation both species exhibit dorsiventral 

type of mesoplyll and differentiated into adaxial band of cylindrical palisade cells and 

abaxial zone of loosely arranged spongy parenchyma cells. In comparison with 

Orthosiphon comosus, the Plectranthus wightii shows undulate squarish epidermal cells, 

but Orthosiphon comosus shows tabular epidermal cells.   

The structure of petiole shows differences between genera and species. Thus, 

useful petiole anatomic characters are determined in designated taxonomical structures of 

some species (Olowokudejo, 1987; Shaheen, 2007; Eric et al., 2007). Anatomical 

structures of the petiole are very important in family Lamiaceae (Metcalfe and Chalk, 

1972). The epidermal layer is circular in Plectranthus wightii and wavy in Orthosiphon 
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comosus.  The ground tissue is homogenous in Plectranthus  wightii and heterogeneous in 

Orthosiphon comosus.  The results showed that within the studied taxa, there were many 

differences between shapes of vascular bundles.  The vascular strand is boat shaped in 

Orthosiphon comosus and cup shaped vascular strand in Plectranthus  wightii.  

The rectangular transection is frequently described for Lamiaceae (Metcalfe and 

Chalk, 1950; Barroso, 1991). According to Metcalfe and Chalk (1950), the presence of 

collenchyma in the four angles (Cronquist, 1981), is considered as diagnostic value. In the 

studied species, the stem reveals quadrangular cross-section, however the arrangement of 

the collenchyma is not evident to the angles. In Orthosiphon comosus the vascular 

cylinder is four angled with four thick ridges of xylem and thin cylinder of vascular 

tissues in the region of furrows. In Plectranthus wightii the vascular cylinder is thick, and 

continuous all along the stem. The occurrence of wide interfasicular regions with 

distinguishable collateral bundles has been mentioned for herbaceous dicotyledons (Esau, 

1977). The vascular system organization of Orthosiphon comosus shows initiation of 

vascular cambium which has produced small collateral vascular bundles with 

sclerencychyma cap.  

This investigation shows that the assembled anatomical characters of Orthosiphon 

comosus and Plectranthus wightii contribute for this medicinal species identification. The 

two species of Lamiaceae family are similar in structure but they also exhibit differences. 

Both species have a bifacial leaf and a hypostomatic, heterogenous mesophyll. 

Differences occur in the number of palisade and spongy layers of cells and the types of 

non-glandular and glandular trichomes, diversity, structure and density on the petiole and 

lamina surface.  
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4.2. Physico Chemical analysis 

4.2.1. Fluorescence analysis 

This is an important pharmacognostic parameter that will reveal the nature of 

chromophores present in a drug source.  The nature of fluorescence of drug powder 

serves as a means of identification of similar drugs. Fluorescence properties of the two 

medicinal plants viz. Orthosiphon comosus Wight ex Benth. and Plectranthus wightii 

Benth. have been studied and the colour changes were observed.  The results are 

presented in Tables 4.1 and 4.2.  Under fluorescent light, stem, leaf and root powder 

showed different colours in various extracts.  

The air dried leaf, stem and root powder extracts exhibit dark colour in UV light 

as compared with the powders treated with visible light. Orthosiphon comosus stem, leaf 

and root powders show dark green colour under short UV light when treated with 50% 

H2SO4 and 50% HNO3. Petroleum ether extract and benzene extract of Orthosiphon 

comosus stem, leaf and root powders show orange colour under long wave length UV 

light. Powders treated with water exhibit fluorescent green colour under short wavelength 

UV light, but in visible light these powders exhibit pale yellow colour. Under visible 

light, stem and leaf powder exhibit light brown when treated with acetone, ethyl alcohol 

and 1N HCl (Table: 4.1). Plectranthus wightii leaf, stem and root powders treated with 

50% H2SO4 and1N HCl under long UV light appear dark red colour, but when treated 

with ethyl alcohol they appear reddish orange and methanol extract of these powders 

exhibit yellowish red colour. Under visible light, Plectranthus wightii powders treated 

with 50% H2SO4 express yellowish green colour, but when treated with 50% HNO3 

exhibit reddish orange colour and treated with water appear light brown colour. Under 

short wavelength, all the powders treated with methanol exhibit fluorescent green colour 
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(Table: 4.2).These fluorescent characters of the selected plants can be used as a diagnostic 

tool for testing adulterations if any. For e.g., when Ceylon cinnamon (Cinnamomum 

zeylanicum Nees. Lauraceae), China cinnamon (C. cassia Blm.) and Saigon cinnamon 

(C. loureirii Nees.) powders are placed on the microscopic slides treated with 1N NaOH 

and methanol and observed under UV radiation, Ceylon cinnamon fluoresces but the 

China and Saigon cinnamon appear green in colour (Chase and Pratt, 1949).  Drugs like 

Hydrastis, Calumba, Viburnum and wild Cherry bark showed brilliant effects in UV light 

and may be used as an aid in the identification and to detect certain adulteration (Wallis, 

1985). 

4.2.2. Quantitative determination 

 The determination of ash is useful for detecting low grade products, exhausted 

drugs and excess of sandy or earthy matter.  The total ash value is useful to exclude 

drugs, which have been coated with chalk, lime or calcium sulphate.  The percentage of 

total ash, water soluble ash, acid insoluble ash, sulphated ash, moisture content and 

extractive values have been determined by standard methods (Anonymous, 1996). The 

residue remaining after incineration is the ash content of drugs, which simply represents 

inorganic salts, naturally occurring in drugs or adhering added to it as form adulteration.  

The percentage of extractive values in petroleum ether (40 – 60
o
C), benzene, chloroform, 

methanol and water have also been determined.  These are indicative weights of the 

extractable chemical constituents of crude drug under different solvents environment 

(Kunle et al., 2012). 

The physico-chemical determinations of powders Orthosiphon comosus Wight ex 

Benth. and Plectranthus wightii  Benth. are shown in the Table: 4.3. The total ash value is 

higher in leaf powder and lesser in stem powder.  The amount of water soluble ash is 
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8.9% in leaf of Orthosiphon comosus and 6.25% in leaf powder of Plectranthus wightii.  

The value of sulphated ash is much higher in leaf samples than in stem and root samples.  

The acid insoluble ash is lesser in the stem samples (Table: 4.3; Fig : 4.1 & 4.2).  The 

percentages of extractive values (successive extraction) in different solvents are varying 

from one another.  The methanol extracts shows the maximum extractive values and 

chloroform extracts shows minimum extractive values.  In methanol the high percent of 

extractive value is observed in the leaf extract of Orthosiphon comosus (11.5%) and low 

extractive value in stem sample of Plectranthus wightii (4.8%). 

Similar to the present study in Orthosiphon aristatus revealed that ash content is 

not more than 13%w/w, acid insoluble ash content is not more than 1%w/w of each, 

water soluble extractive is not less than 16%w/w, ethanol soluble extractive is not less 

than 11%w/w, 50% ethanol soluble extractive is not less than 23%w/w (Duangpen et al., 

2003). Ramasubramania Raja (2012) observed total ash is not more than 12.0% and acid 

insoluble ash is not more than 4.0% in Thymus vulgaris. 

4.3. Phytochemical analysis 

Phytochemistry is a branch of chemistry dealing with the chemical processes 

associated with plant life and the chemical compounds produced by plants. The 

applications of the discipline can be for Pharmacognosy or the discovery of new drugs. 

Medicines can be either manufactured by using plant materials as raw materials or 

synthesized in the laboratory using chemicals as raw materials. 

The plant may be considered as a biosynthetic laboratory not only for the 

chemical compounds such as carbohydrates, proteins and lipids but also for the secondary 

metabolites like glycosides, alkaloids, volatile oils, tannins etc., that exert a physiological 

effect. These compounds are responsible for the therapeutic effect of plants. Keeping 
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2233 Quarterly International Journal of Plant Science research)Volume:5, 

Number 1&2 March & June 2009.Page No.33-36. 

· Paper entitled “Effect of different media on the mycelia growth of Lentinus 

squrrosulus Mont” Published in “International Journal Of Plant Sciences” 

(ISSN-0973-1547 Quarterly International Journal of Plant Science research) 

Volume:5 Issue1,January to June 2010.Page No.78-80. 

· Paper entitled “Wound Healing Activities Of Eugenia jambolana .Lam Bark 

extracts in Albino Rats” Published in International Journal Of Applied 

Biology and Pharmaceutical Technology (ISSN 0976-4550)Vol.2. Issue 1 Jan-

Mar.2011. 

· Paper entitled “Antibacterial Effect of Tephrosia spinosa (L.F) Pers” Published 

in RAC Journal Of research (ISSN 2230-7362)Vol.2. No.5, August 2012. Page 

No.114-118. 

· Paper entitled “Effect of Azotobacter on Seedling Growth of Sesbania 

grandiflora (L.)POIR For Energy Plantation” Published in Sciencia Acta 

Xaveriana (ISSN 0976-1152) Special Issue December2012. Page No.S216-

S218. 

· Paper entitled “Effect of Calotropis  gigantea L. leaf Extracts On Chosen 

pathogenic Bacteria” Published in RAC Journal of research (ISSN :2230 – 

7362) Vol. I No.6, February 2013.  

 

Papers published in Books (With ISBN) 

 

· Paper entitled “Herbs For Sports Injury” Published in “FACTS OF SPORTS 

MEDICINE” (ISBN-978-81-907252-3-1) Issue1, January 2010. Page No.156-

160. 



· Paper entitled “Rules of Disease Prevention” Published in “FACTS OF SPORTS 

MEDICINE” (ISBN-978-81-907252-3-1) Issue1, January 2010.Page No.160-

163.  

· Paper entitled “Lentinus squarrosulus Mont.- A Biomass Converting Protein 

rich Mushroom” Published in the proceedings of 10
th

 Seminar of Tamilnadu 

Science Council” Organised by Manonmaniam Sundaranar University, 

Tirunelveli-627 012.(ISBN 938062717-3), Page 165-166. 

· Paper entitled “Sacred groves of Tirunelveli Corporation – ideal centre’s for 

biodiversity conservation” Published in the Proceedings Of State Level Seminar 

on Bio-Prospecting Of Natural Resources(ISBN 978-81-7966-299-1)) Issue 1 

January 2011. 

· Paper entitled “Pollination Efficiency of Apies dorsata in Brinjal, Solanum 

melongena L.” Published in the Proceedings Of State Level Seminar on Bio-

Prospecting Of Natural Resources (ISBN-978-81-7966-299-1) Issue 1 January 

2011. 

· Paper entitled “Community Structure and Seasonal Dynamics of Pierid 

Butterflies of Anaikutty hills, Western Ghats” Published in the Proceedings Of 

State Level Seminar on Bio-Prospecting Of Natural Resources(ISBN 978-81-

7966-299-1) Issue 1 January 2011. 

· Paper entitled “Antioxidants For Sports and Fitness” Published in “ FACTS OF 

SPORTS SCIENCE” (ISBN-978-81-907252-4-8) Issue1,January  2011.Page 

No.315-319. 

· Paper entitled ‘Traditional knowledge of the Wild Edible Plants Used by the 

Tribal People  of Point Calimere, Nagapattinam District, Tamilnadu” Published 

in the Proceedings (ISBN: 978-81-7966-301-1.) of International Conference of 

Environmental Security For Food Health (ICESFH-2012). Page No.66-69. 

· Paper entitled “Studies on the Chemical constituents of Cadaba indica 

Lam.(Capparaceae).” Published in the Proceedings of the National Seminar on 

Recent Trends in Bioactive Substances – 2013 (RTBASS-2013) (ISBN-978-93-

90-5126-701-0) Sponsored by UGC Organized by PG Research department of  

Botany, Govt. Arts College, Karur. Page No.201-208. 

 

 



Paper published Proceedings 

 

· Paper entitled “Biochemical Properties Of Different Parts Of Basidiomata of 

Lentinus squrrosulus” published in the Proceedings of National Conference on 

Bioprospecting of Bioresources held at St.Xavier’s College, Palayamkottai 

sponsored by DBT & organized by PG &Research Department of Plant Biology 

& Plant Biotechnology, St.Xavier’s College, Palayamkottai. Page No.60-64. 

· Paper entitled “ Role of Womens participation in Higher education” published  

in the Proceedings of NAAC Sponsored National conference on Higher education 

and students participation in Quality assurance” organized by Internal Quality 

Assurance Cell, The MDT Hindu College, Tirunelveli. 627010.Page No.141-142. 

· Paper entitled “Biochemical Properties of Lentinus squarrosulus Mont-A 

Research” Published in the proceedings of Aiyuvu sinthanaigal organized by 

Ayinthamil ayuvaalar mantram Madurai. 

· Paper entitled “Biochemical Analysis of Different parts of Lentinus 

squarrosulus Mont” Published in the proceedings of the VII All India 

Conference of Scott Research Forum. Volume- II .Page No. 209-211. 

 











 


