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ABSTRACT 
 

 The present research project pertains to detailed taxonomic and pharmacognositc 

studies of seven herbal medicines namely Neem (Azadirachta indica) the officinal part of 

this plant that is leaves and aerial parts used in traditional medicines for diabetes, skin 

diseases, malaria, hepatitis etc.; Green Tea (Camellia sinensis) the leaves of this plant are 

used for digestion, anaxiety, cholesterol and pain; Sana Makki (Cassia angustifolia) the 

aerial parts of this plant are used for constipation, piles, migraine, heart diseases etc.; 

Brahmi (Centella asiatica) the aerial parts are used for wounds, digestion, mental 

depression etc. ; Lemon Grass (Cymbopogon citratus) the aerial parts are used for cough, 

cold, fever, flu and allergy; Henna (Lawsonia inermis) the leaves and powdered leaves 

are used for hair, jaundice and skin diseases and Tobacco (Nicotiana tabaccum) the 

leaves are used for wounds, baldness, pneumonia etc. The present study was aimed to 

investigate indigenous medicinal uses, marketing status, macro and microscopical 

characters (LM & SEM) of pollen, foliar epidermal anatomy, behavior of powdered drug 

on treatment with different chemical reagents, fluorescence analysis (under visible & UV 

light) and preliminary phytochmeical tests to differentiate the genuine source from its 

adulterant. Such investigation may provide basis for authentication, standardization and 

characterization of genuine drug. The details of information regarding the nomenclature, 

distribution, organoleptic analysis, macro and microscopic characters, solubility tests, 

fluorescence analysis, preliminary phytochmeical screening and pictorial guide 

established in this study facilitate in authentication of genuine drug Azadirachta indica 

(Neem) from its substitute Melia azedarach,  Camellia sinensis (Green Tea) from 

Chenopodium ambrosoides, Cassia angustifolia (Sana Makki) from Cassia obtusifolia, 

Centella asiatica (Brahmi) from Bacopa monnieri, Cymbopogon citratus (Lemon Grass) 

from Cymbopogon jwarancusa, Lawsonia inermis (Henna) from Mirabilus jalapa and 

Nicotiana tabaccum (Tobbaco) from Helianthus annuus. It is concluded form this study 

that such type of findings will be useful in preparation of monographs on these plants 

particularly and establishing taxo-pharmacognostic standardization on identification, 

quality, purity and classification of the medicinal plants as per WHO guidelines for drug 

discovery development at global perspectives. 



Introduction                                                                                                                                              Chapter 1 
 
 

__________________________________________________________________________________________ 
 Taxonomic and Pharmacognostic Authentication of Problematic Medicinal Plants Used as Herbal Medicine 

 1

1.1 USE OF MEDICINAL PLANTS AS HERBAL DRUGS 

   
 

 Medicinal plants have long been the subject of human curiosity and need. Plants have 

been used as medicine since man’s existence on earth. Herbal medicines have usually been in 

the form of vegetable drugs or their extract for the treatment of diseases and maintaining the 

health; Even in this era of antibiotics, radiotherapy and strict drug laws, a very large number 

of herbal products are consumed and marketed throughout the world as health nutrients, food 

supplements and curing agents for disease control. A common strategy used by the 

manufacturers of herbal formulations and plant products is to combine minute quantities of a 

variety of herbs with standard multivitamin and mineral preparation and then make tall claims 

for their products as having herbal contents in them (Afaq et al.,1994). The need for in-depth 

and systematic investigations into indigenous drugs use cannot be overemphasized. The 

important reason being that a majority of the people of developing world still rely on 

indigenous systems of medicine for treatment of their common ailments. Reason also being 

that in advanced countries, despite impressive accomplishments in modern pharmaceutical 

industry, many diseases are still untreated and a large number of synthetic medicines 

currently in use are known to possess side or after effects (Dahanukar, et al., 2000).  

 
 Medicinal plants are of great value in the field of treatment and cure of diseases. Over 

the years, scientific research has expended our knowledge of the medicinal plants and new 

drugs. In the Western world, as the people are becoming aware of the potency and side 

effects of synthetic drugs, there is an increasing interest in the plant based medications with a 

basic approach towards the nature. The future development of the pharmacognostic analysis 

of herbal drug industry would be largely dependent upon the reliable methodology for correct 

identification, standardization and quality assurance of herbal drugs based on taxonomic and 

pharmacognostic analysis (Sukhdev, 2006). To describe herbal drugs in systematic manners 

is based on multiple approaches of authenticity including pharmacognostic, taxonomic and 

chemical analysis as followed by their biological source, geographical source, cultivation, 

collection and processing techniques.  
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Currently the World Health Organization (WHO) is taking much interest in 

medicinal plants and alternative systems of traditional medicines and coming forward to 

exploit the scientific validity of the herbal medicines used since traditions. This revival of 

great interest in medicinal plants based drug has been initiated throughout the world in 

current scenario. There are various alternative systems of herbal drugs practiced throughout 

the world since the dawn of human civilization. Some common alternative systems includes; 

traditional Chinese medicines system, Indian systems of medicines (Ayurveda, Siddah), 

Unani System of medicines, homeopathic system of medicine, aromatherapy, Bach flower 

remedy and Tabetan system of medicine (Shah and Seth, 2010). WHO encourages to use 

indigenous herbal medicines in national health care programmes because these traditional 

drugs are safe, indigenous, easily available and the communities have faith in them. At the 

same time WHO emphasized much more the need to ensure its quality, purity and 

authentication by using modern techniques, applying suitable instruments and standards for 

correct botanical identification (WHO, 2002). 
 

1.2 HERBAL DRUG CLASSIFICATION  

 

 The most important natural source of herbal drugs are higher plants. The purpose for 

classification of herbal drugs are to use as easy, simple and free from any confusion and 

ambiguity. Due to their wider distribution and acceptance, each classification has certain 

merits and demerits. Herbal drugs are classified in different ways, While some are as follows; 
 

1. Alphabetical Classification: In this classification herbal drugs are arranged in alphabetic 

order in their Latin or common names or some time by their vernacular names. Some of 

the pharmacopeias and reference books classify herbal drugs according to this system e.g. 

British herbal Pharmacopoeia, Indian Pharmacopoeia etc. Examples of herbal drugs based 

on Latin and common names include Acacia gum, fennel, neem, senna etc. 

 

2.Taxonomic Classification: In this system the herbal drugs are classified according to their 

taxonomic hierarchy i.e. kingdom, division, class, order, family, genus and species 

followed by variety, forma, cultivar etc.  
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3. Morphological Classification: In this system the herbal drugs are classified according to 

their morphological or external features of the plant parts or which part of the plant is used 

as herbal drugs e.g. leaves, roots, bulbs, tubers, rhizomes, seeds, branches etc. The herbal 

drugs directly obtained from various parts of the plant containing cellular tissues are called 

as organized herbal drug e.g. leaves, rhizomes, entire aerial parts etc. While the drugs 

prepared from various plant parts by some physical process such as drying, extraction with 

certain solvents and not contain cellular plant tissues are called un organized herbal drugs 

e.g. lemon grass oil etc. 

 
 

4. Pharmacological Classification: In this system the herbal drugs are classified according 

to their pharmacological actions or therapeutic uses e.g. cardio tonic herbal drugs, 

anticanceric, antimalarial, antispasmodic etc.  

 

5. Chemical Classification: In this system herbal drugs are classified according to the 

presence of certain chemical constituents in different parts of the plant e.g. alkaloids 

containing herbal drugs, flavonoids, glycosides etc.  

 
6. Chemotaxonomic Classification: In this system the herbal drugs are classified on the 

basis of chemical similarity of taxon i.e. it is based on existence of relationship of 

constituents in various plants e.g. tropane alkaloids, generally found in members of 

solanaceae, thereby serving as chemotaxonomic markers.  

 

7. Pharmacognostic Classification: In this system the herbal drugs are classified 

according to their organoleptic analysis, chemical test and extraction of crude drugs from 

various parts of the plants.  
 

 

1.3 HERBAL DRUG INDUSTRY AND MARKET IN PAKISTAN  

 

 Geographically, Pakistan is located in a transitional zone where the summer monsoon 

influenced climate of the east gradually merges with the winter precipitation dominated 

Mediterranean climate of the west. Out of the total land area of Pakistan, 88% is classified as 
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arid and semi arid, with only 12% being humid and sub-humid, primarily located in the 

Himalayan and Karakoram ranges. Only 5% of the country’s total area is under forest cover 

(Rafiq, 1997, Karki and Williams, 1999). Of the nearly 6000 species of flowering plants 

reported to be occurring in Pakistan and Kashmir, a very large number is found in the 

northern and north-western parts of Pakistan (Stewart, 1972, 1982). The resource based areas 

of medicinal plants includes lesser Himalaya, upper Himalaya, Gilgit-Baltistan, AJK, Salt 

range, Baluchistan, Deserts, Sindh and sulaiman range (Fig. 1,2,3). 

   
 Long standing research on medicinal plants of Pakistan in the last fifty years points to a 

rich resource base, spread over a wide range of ecological zones, with estimates of numbers 

of plant species having medicinal properties varying from 1000-3,200 species (FAO, 1987, 

Ahmad, 1996). Of these species, approximately 500 are known for their active constituents 

from research conducted in Pakistan and elsewhere and around 250-300 species known to 

have entered the herbal markets of Pakistan (Williams and Ahmed, 1999). It has been 

reported that approximately 400 to 600 medicinal plants are more frequently used in herbal 

preparations and though several species which are common in specific areas are known to be 

used locally in traditional preparations, which have not been scientifically investigated for 

wider use (Rafiq, 1997). A lot of work therefore needs to be done with regard to collection 

and compilation of indigenous knowledge about plants, especially amongst tribes living in the 

western mountains (Karki and Williams, 1999). 

 

 There are approximately over 400 manufacturers of herbal trade products in Pakistan. 

Although there are referred 125 registered firms or industrial units with Pakistan Tibbi 

Pharmaceutical Manufacturing Association (PTPMA). The phytopharmaceutical industrial 

set up can be classified either as of industrial or Dawakhana category. There are round about 

1300 or more raw material herbal supplier (traders, shops, whole sellers) which serve the 

market as well as the industry. The herbal product market in Pakistan is sizeable in 

characterization but small to tune of Rs. 5 billion as compared to Rs. 35 billion of 

pharmaceuticals. However, at this stage it is rather difficult to predict the exact financial 

quantum of phytopharmaceutical market (Ghani, 2000). 
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1.4 PROBLEMATIC MEDICINAL PLANTS AND HERBAL DRUG 

STANDARDIZATION 

 

 The basic raw material used for preparation of herbal drugs are medicinal plants. 

Evaluation of herbal medicines ensures the identity of genuine raw material of drugs and to 

determine the authentication, quality and purity of raw material. The main emphasis behind 

the authentication of herbal medicines are taxonomic, pharmacognostic, biochemical and 

biological variations,  effect of treatment, uses, collection of raw material, storage and the 

adulteration or substitutionof herbal drug. Improvement in these methods for authentication 

have led to the improvement of herbal medicine preparation and product purity and quality. 

Problematic medicinal plants are those plants which are confused taxonomically, 

biochemically and pharmacognostically. The taxonomic problems may confined to 

morphological similarities, nomenclatural controversy and microscopic diversity between the 

genuine source and its adulterant. The increase demand of herbal medicine for commercial 

trade and uses may lead to the indiscriminate and unscientific collection, misidentification 

and adulteration. According to Honda (2004) the majority of medicinal plants used by the 

herbal drug industry and local communities come from wild collection. The raw material 

used by the drug industry and communities in large cities, town and region is generally 

procured through market channels are sometimes found adulterated.  

 

 Problems associated with incorrect identification substitution and adulteration of plant 

material, sometimes accidental, sometimes deliberate, had not gone unnoticed by those who 

practiced it. In Indo-Pak sub-continent, the herbal industries and local communities generally 

face the problems of adulteration and substitution at a raw material stage. Ahmad et al., 

(2011), Khan et al., (2011) and Rawat (2005) observed that in herbal market of the India and 

Pakistan, sometimes not only the various species of particular genus but entirely different 

taxa are being sold under the same local or common name e.g. under the trade name of 

Henna, Brahmi Booti, Neem, Rattonjot, Maida suck etc two or more different taxa are being 

sold. All of them had to depend on collectors and suppliers to purchase plant material they 

used and as with the apothecaries, herbal practitioners and druggist, not all of them were able 

to differentiate and distinguish the genuine material from the adulterant (BHP, 1990). In 
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general adulteration occurs when a raw material (medicinal plant) is scarce or when the price 

is normally high, though there may be no scarcity. In this way the herbal medicine shows 

number of problems with reference to their correct identification. To ensure reproducible 

quality of herbal medicines, proper authentication of raw material is utmost essential, the first 

step towards is authentication followed by creating numerical values of  standards for 

comparison of genuine herb and its adulterant (WHO, 2002, Agarwal, 2005). Global interest 

in the application of herbal medicine to attain health for all, the WHO, recommend taxonomic 

and pharmacognostical techniques like morphological (macro & microscopic), anatomical, 

palynological, qualitative and quantitative phytochemical screening, fluorescence (UV & IR 

analysis) and physico-chemical analysis for standardization of botanicals. Such type of 

screening programmes on permanent basis can prove useful in improving the standards and 

efficacy of herbal medicines for commercial preparations. In this way the authentication 

methodologies shall assist in avoiding adulteration and other problems by herb traders, 

manufacturers and layman user. In the process of taxonomic and pharmacognostic treatment, 

this sort of analyses, and their observations may help to remove confusion about the identity 

of genuine source of herbal drug.  
 

1.5 AUTHENTICATION METHODS  

 

 There are many methods employed currently for authentication and evaluation of herbs 

used as raw material for herbal drug industries. Most common methods include organoleptic, 

taxonomic, chemical and pharmacognostical evaluation.  

 

1.5.1 Organoleptic Evaluation  

 

 Organoleptic authentication means the study of herbal medicines using various organs 

of senses which includes the analysis of color, odor, taste, shape, size, texture, weight, 

structure etc. Obviously the initial visibility, odor, color, taste, sight and smell of the plant or 

plant extract are specific to identify itself. Organoleptic evaluation is simplest analysis but 

most common practice among the practitioners, herbalists, locals and herb sellers. For 

example powder drug Henna (Lawsonia inermis) is the natural aid to the beautification as 
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tenaciously maintained its popularity from ancient time beyond memory. This tropical shrub 

has been popularly used for coloring the hair, nails and skin, specially hands and feet 

(Hannan, 1997). While the leaves and aerial parts of Mirabilis jalapa (Four-o-clock) are used 

as an adulterant in trade for Henna. But through organoleptic analysis this plant is easily 

identified due to its yellowish color from Henna having reddish orange color on feet and 

hands. Henna has characteristic smell, whereas Four-o-clock have no smell. Similarly 

morphological differentiation of leaves and pods of Senna plant (Cassia angustifolia) and its 

adulterant (Cassia obtusifolia) are of such examples of problematic medicinal plants 

authenticated through organoleptic evaluation.  

 

1.5.2 Taxonomic and Morphological Evaluation 

  

 Morphological authentication of herbal medicine includes the morphological or external 

feature of plant parts or whole plant used as herbal drug  i.e. roots, rhizomes, stems, leaves, 

flowers, fruits and seeds. For example leaves (Lawsonia inermis, Nicotiana tabaccum, 

Camellia sinensis), whole plant (Centella asiatica), aerial parts (Cymbopogon citratus) (Fig. 

4) etc. Morphological evaluation is useful method to identify genuine drug and detect 

adulteration. This evaluation is more convenient for practical study especially during the 

harvesting and collection of raw material for herbal drug industry. Morphological features 

includes macro and microscopic analysis, floral description, similarities and dissimilarities of 

specific morphological characters, geographical distributions and color of flowers can be 

used as a base for taxonomic authentication.  

 

1.5.3 Microscopic Evaluation   

 

 Microscopic authentication is indispensible in the initial identification of medicinal 

plants as well as identification of small fragments or powdered herb. Microscopic methods 

include anatomical and palynological features. Among anatomical features foliar epidermal 

anatomy have practical application in taxonomic characterization of herbal medicine where 

the leaves are used as raw material. Among foliar epidermal characteristics stomata shape, 
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structure, types, trichome and glandular trichomes etc. are the common features used for 

evaluation of herbal medicines.  

 

 Similarly the pollen also play an important role in authentication of problematic 

medicinal plants used as raw material (flowers and floral parts) for herbal drug preparation. 

The ability to identify plants and floral parts from their pollen has enabled taxonomists and 

botanists to solve the confusion among problematic medicinal plants having morphological 

floral similarities. Morphological features of pollen grains through light microscopy (LM) 

and scanning electron microscopy (SEM) can be useful in taxonomy as well as authentication 

of marketed floral parts used as raw material for herbal drugs (Moore et al., 1991 ; Stuessy, 

1990 ; Zafar et al., 2011; Khan et al., 2011). The pollen features such as shape, type, colpi 

structure and sculpturing can be used as microscopic authentication markers for problematic 

medicinal plants. Similarly quantitative microscopy includes linear measurements of various 

features of foliar epidermal anatomy and pollen. Linear measurements includes size, 

diameter, length, width & number of trichomes, stomata, stomatal index, epidermal cells, 

subsidiary cells, pollen diameter, exine thickness, number of colpi, spine and P/E ratio.  

 

1.5.4  Pharmacognostic Evaluation  

 

 Pharmacognostic evaluation includes physico-chemical, fluorescence and 

phytochemical studies of herbal parts or powdered drug. Herbal raw material shows a number 

of problems when quality and authentication aspects are considered. This is because of nature 

of herbal parts, ingredients and different phytochemicals present in plants (WHO, 2002). To 

ensure quality of herbal medicines, proper control of starting raw material is very important.  
 

 The physico-chemical evaluation includes qualitative and quantitative tests, assays and 

instrumentation analysis. Qualitative and quantitative chemical tests include the presence or 

absence, quantity, number, values and identification of various phtyochemicals like 

flavonoids, glycosides, saponins, alkaloids etc (Brain and Turner, 1975 ; Harborne, 1992 ; 

Evans, 2002). Specific physical evaluation of herbal raw material includes tests for solubility, 

insolubility, color analysis, moisture contents, ash value, extractive value, foreign organic 
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matter and fluorescence analysis. The fluorescence analysis of the entire plant, powdered 

drug, herbal parts, ethanolic, methanolic, aqueous extract of powder drugs when exposed to 

various lights i.e. infra red, ultra violet and visible day light. 
 

1.6 BACKGROUND AND JUSTIFICATION OF THE PRESENT PROJECT 
 

 Pakistan is a country where medicinal, culinary and aromatic herbs have widely been 

utilized for the production of herbal medicine to be used by 80% of the population for 

treatment of various diseases. Many studies exist on ethnobotanical documentation of plant 

resources in various parts of the country, while little attention has been paid on 

authentication, quality and standardization of medicinal plants used as raw material for herbal 

medicines in Pakistan since 1997. Yet a few studies have been reported after 1998 on 

authentication of problematic medicinal plants based on taxonomic techniques (Khan et al., 

2002). Nasreen (1998) studied 16 different genera for identification, confusion of vernacular 

names, and adulteration problems in the market samples of medicinal plants by using 

morphology and micromorphology of pollen techniques. Maryum (2005) studied 08 Unani 

crude herbal drugs i.e. Banafsha (Viola odorata), Gulebabuna (Matricaria chamomilla), Gul-

e-gaozaban (Onosma bracteatum), Gul-e-ghafiz (Delphinium zalil), Gul-e-Khaira (Althea 

officinalis), Samandarsok (Salvia aegyptica), Shatra (Fumaria indica) and Zafran (Crocus 

sativa). Her study was based on morphological characterization to differentiate the genuine 

source from their adulterant.  

 

 Ahmad (2008) studied multidimensional authentication techniques used to authenticate 

10 cases of problematic medicinal plants comprising Echinops echinatus (Ount Katara), 

Boerhavia procumbens (Punarnava),  Matricaria chamomilla (Gul-e-Baboona), Valeriana 

wallichii (Mushk-e-Bala), Paeonia officinalis (Udsaleeb) Bergenia ciliata (Zakhm-e-Hayat), 

Abrus precatorius (Gomchi/Rati), Tricholepis chaetolepis (Barham Dandi), Neolitsea 

chinensis (Medasak) and Onosma hispida (Rattan Jot). Zafar (2011) studied 7 cases of 

problematic medicinal plants commonly traded in Pakistan under the names of Kandiari 

(Argemone mexicana L.), Jadwar (Delphinium denudatum Wall.), Halion (Lepidium apitalum 

Willd.), Nagar Mootha (Cyperus rotundus L.), Afsanteen (Artemisia absinthium L.), 

Baranjasaf (Achillea millefolium L.) and Kuth (Saussurea lappa (D. Don) Hand. Mazz.).  
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 However the present research project is in continuation of the past projects on 

problematic medicinal plants in Pakistan. This study is unique from previous studies that 7 

cases of the problematic medicinal plants traded at herbal shops in Indo-Pak subcontinent 

were selected for authentication based on taxonomic characterization combined with 

pharmacognostic standards as recommended by WHO guidelines, British pharmacopeia and 

other international herbal drug pharmacopeias. The choice of the plant species selected for 

this study was usually made on the basis of popular herbal medicine, commercially available, 

used and  known by local communities, herbalists, practitioners and farmers. The problems 

generally associated with the identification of genuine source in this study with comparison to 

adulterated, substituted or unpurified materials are as under ; 

 

Problem: 1   Substitution of inferior commercially species 

i- Herbal medicine Senna (Cassia angustifolia) by Dog Senna (Cassia 

obtusifolia) 

ii- Tobacco (Nicotiana tabaccum by Helianthus annuus) 
 

Problem: 2   Adulteration of superficially morphological similar species 

iii- Neem (Azadirachta indica by Leaves of Melia azedarach).  

iv- Lemon grass (Cymbopogon citratus with Cymbopogon  jwarancusa) 
 

Problem: 3   Adulteration in Powder materials 

v- Henna (Lawsonia inermis with Mirabilis jalapa)  
 

Problem: 4   Substitutes manufacturers 

      vi.       Tea (Camellia sinensis with Chenopodium ambrosoides leaves).  
 

Problem: 5   Adulteration due to unavailability and same vernacular name  

       vii.      Brahmi (Centella asiatica with Bacopa monnieri) 
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Fig. 1 : Panoramic view of resource based area of Medicinal Plants in Naran Valley 

Fig. 2 : A view of conserve habitat of Cymbopogon jwarancusa at Kalabagh Reserve Forest (Punjab) 
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Fig. 3 : Cultivation site for Camellia sinensis (Green Tea) at Mansehra District 

Fig. 4 : Panoramic view of cultivated field of Cymbopogon citratus (Lemon Grass) 
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1.7 OBJECTIVES  

 

 It is evident from the literature that 80% of world population is dependent on 

herbal drugs but still serious limitation encountered in the use and research of herbal 

medicine is the lack of authentication, standardization, quality and purity of raw 

material. The ultimate objective of the present study is to use taxonomic and 

pharmacognostic techniques for authentication of genuine crude drug from their 

adulterents. In this regard the present study was based on following objectives; 

 

 To solve the problems of medicinal plants regarding their adulteration, 

morphological and nomenclatural confusion by using macroscopic, microscopic 

and pharmacognostic parameters.  

 In addition techniques like scanning electron microscopy of foliar epidermal 

anatomy and pollen characterization have been applied for correct identification 

of genuine source and its adulterants.  

 To provide glimpse of field photos, products, pollen, trichome, gland and 

stomata images for easy, rapid and correct identification of medicinal plants and 

their adulterants.  

 To document indigenous uses with special emphasis in traditional recipes for 

wider use and future studies which may lead to drug discovery.  

 To investigate the marketing status under trade herbal drug names of selected 

problematic medicinal plants. 
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 The present project deals with the studies of 7 problematic medicinal plants 

used as herbal medicines. The study was carried out in the Plant Taxonomy Lab., 

Herbarium (Isl), Department of Plant Sciences, Quaid-i-Azam University (QAU) 

Islamabad and Centralized Science Laboratories, University of Karachi Pakistan. The 

study mainly focuses on Taxonomic authentication, Pharmacognostic analysis and 

documentation of indigenous medicinal uses and market survey of traded herbal drugs 

(Fig. 5). 
 

2.1  TAXONOMIC STUDIES 

Taxonomic studies confined to the authentication based on:  

 Morphological study  

 Palynological Characterization  

 Foliar Epidermal Anatomy 
 

2.1.1 Morphological Studies 

 

 Morphological observations were made from plants collected during field trips. 

The collection data of the specimens is presented in Table 1. Specimens for 

morphological studies were dried according to standard herbarium techniques and 

deposited in the Herbarium of Quaid-i-Azam University Islamabad (Isl). 

Morphological study was also based on examination of herbarium material available at 

ISL-QAU. Further information from taxonomic and floristic sources covering 

confirmation of morphological characteristics were also utilized in this study 

(Saldanha & Nicolson, 1976; Nasir & Ali, 1974; 1975; Hooker, 1875; Tutin & 

Heywood, 1972; Hooker & K.C.S.I., 1885ab; 1894). Taxonomic characters recognized 

for consideration in this study includes; habit, distribution, type, structure, texture of 

leaf, stem, height, floral characters, flowering season, color of flowers, fruit 

characteristic and type of fruit were examined by using binocular stereo zoom light 

microscope (Model SZF Kyowa, Japan) using eye piece, WF 10 x 10/20. Assessment 

of floral morphology was aided by reconstitution of dried flowers in hot water with 

detergent. All of the field images presented were taken by the author using a Sony 

Digital Camera (DSC-W50). 
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Table 1. Problematic medicinal species and location of fresh collection used in the study 
 

S. No. Speices / Voucher Specimen 
No. 

Family Localities Collector`s Name  

01 Azadirachta indica / ISL-
QAU-2 

Meliaceae  Ghotki, Kherpur 
(Sindh), Sargodha 
(Punjabd), cultivated 

Mir Ajab Khan, 
M. Zafar 
Mushtaq Ahmad 
Shazia Sultana 

02 Melia azedarach / ISL-QAU-
10 

Meliaceae Islamabad, 
Rawalpindi, Attock, 
Hazro (Punjab), 
cultivated and wild 

Mushtaq Ahmad 
Shazia Sultana 

03 Nicotiana tabaccum / ISL-
QAU-15 

Solanaceae  Hazro (Punjab) Mushtaq Ahmad 
Shazia Sultana 

04 Helianthus annuus/ ISL-QAU-
20 

Asteraceae Hazro, QAU – 
Islamabad (Punajb) 

Shazia Sultana 
M. Zafar 
Abid Hussain  

05 Cymbopogon citratus/ ISL-
QAU-23 

Poaceae  Hazro, QAU – 
Islamabad (Punajb) 

Shazia Sultana 
Manzoor Hussain 
Mir Ajab Khan 

06 Cymbopogon  jwarancusa / 
ISL-QAU-25 

Poaceae Islamabad, Attock, 
Margallah Hills, Salt 
Range, Kalabagh 
(Punjab) 

Shazia Sultana 
Mushtaq Ahmad 
Farooq Ahmad 

07 Lawsonia inermis / ISL-QAU-
50  

Lytheraceae Lahore (Punjab), 
Qarshi Herb Center 
Hattar (KPK), 
Cultivated 

Mushtaq Ahmad 
Shazia Sultana 
Shabnum Shaheen 

08 Mirabilis jalapa / ISL-QAU-
55 

Nyctaginaceae Hazro, Islamabad 
(Punjab), Ghazi 
(KPK), wild 

Mushtaq Ahmad 
Shazia Sultana 

09 Camellia sinensis / ISL-QAU-
69 

Theaceae Mansehara, 
Shinkiari, Swat 
(KPK), wild 

Shazia Sultana 
Zahid Ullah 
Mujtaba Shah 

10 Chenopodium ambrosoides / 
ISL-QAU-71 

Chenopodiaceae Mianwali (Punjab), 
Karachi (Sindh), 
Qarshi Herb Center 
Hattar (KPK), wild 
and cultivated 

Shazia Sultana 
Mushtaq Ahmad 
 

11 Cassia angustifolia / ISL-
QAU-78 

Ceaselpinaceae  QAU-Islamabad 
(Punjab), wild and 
cultivated 

Shazia Sultana 

12 Cassia obtusifolia / ISL-QAU-
81 

Ceaselpinaceae  QAU-Islamabad 
(Punjab), wild and 
cultivated 

Shazia Sultana 
Mushtaq Ahmad 
M. Zafar 
 
 

13 Centella asiatica / ISL-QAU-
83 

Apiaceae  Abbotabad (KPK), 
QAU-Islamabad 
(Punjab), wild 

Shazia Sultana 
Mushtaq Ahmad 
 

14 Bacopa monnieri / ISL-QAU-
92 

Scrophulariaceae  QAU-Islamabad 
(Punjab), wild 

Mir Ajab Khan, 
M. Zafar 
Mushtaq Ahmad 
Shazia Sultana 
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2.1.2 Palynological Characterization (LM & SEM) 

  

 Palynological characterization of seven problematic medicinal plants and their 

adulterants were studied by using light microscopy (LM) and scanning electron 

microscopy (SEM). The pollen samples used for palynological studies were obtained 

from fresh collection. Fully matured anthers were removed from specimens and 

prepared according to standard procedure of acetolysis (Erdtman, 1969) after which 

they were mounted in glycerin jelly and sealed with paraffin wax for light microscopy. 

The glycerin jelly was prepared according to modified method of Zafar et al., (2011). 

According to this procedure 45 gm of gelatin was dissolved in 150 ml of distilled 

water in a beaker. Then it was heated on hotplate (Velp Scientifica) at 100 – 110 oC 

for 35 minutes. After this, added 75 ml glycerin and 1 gram phenol crystal in it. 

Stirring was carried out by using magnetic stirrer (VELP Scientifica AM4 168475). 

During stirring add 1ml of 0.1 % saffranine solution. Stirring was carried out for 15 

minutes in order to obtain uniform light pink color. This jelly was used for pollen 

studies through light microscope (LM). Measurements and morphological 

observations of pollen grains were performed using a minimum of 15 pollen grains of 

each species. The quantitative and qualitative characteristics of pollen grains studied 

were presented in annexure 1. 

  
 For scanning electron microscopy (SEM), the flowers were dissected under 

binocular dissecting microscope (Meiji MX5200H) using a needle. Pollen grains were 

fixed to aluminium stubs with double sided cellophane tape, air dried at room 

temperature and coated with thin layer of gold (JFC-1100). The specimens were 

examined using scanning electron microscope (JEOL-JSM 5910) at 2000x, 5000x and 

10000x magnification. The SEM microphotographs were taken at an accelerating 

voltage of 15 KV. The terminology used for pollen features and sculpturing was based 

on the work by Barthlott (1984), Erdtman, (1952), Wodehouse (1935) and Ronald 

(2000).  

 



Materials and Methods                                                                                                                                Chapter 2 
 
 

__________________________________________________________________________________________ 
 Taxonomic and Pharmacognostic Authentication of Problematic Medicinal Plants Used as Herbal Medicine 

 17

2.1.3 Foliar Epidermal Anatomy (LM & SEM ) 

 

 For epidermal preparations, leaf samples of 1 to 3 cm were cut off from the 

mid portion of mature foliage leaves. Shultze’s method, with modifications was used 

for foliar epidermal anatomy (Subrahmanyam, 1996; Zafar et al., 2011). The peelings 

of leaves were washed with distilled water for 2-3 minutes. The leaf blades were 

placed with the adaxial side upward and then scraped gently with a sharp razor. The 

same procedure was followed to prepare the abaxial side but the leaf was placed with 

the abaxial surface upward. The abaxial and adaxial epidermal peelings was kept in 

lactic acid for few minutes in order to remove mesophyllous tissues and extra 

chlorophyll. Then the epidermis was placed on clean glass slides with 1-2 drops of 

88% lactic acid, covered with cover slips and fixed with paraffin wax. The slides were 

observed under a Meiji light microscope. Microphotographs of the adaxial and abaxial 

surface were taken with a Leica light microscope fitted with a CCD camera (DM – 

1000). The same procedure was adopted to peel of the leaves from adaxial and abaxial 

surfaces for SEM study. The epidermis was dried at room temperature and then 

affixed to stubs with double sided tape and coated with the same manner as the pollen 

studies. Descriptions of foliar epidermal features follow the terminology of Prat 

(1932) and Metcalfe (1960). Important foliar epidermal features studied are presented 

in Annexure 2. 

 

2.2 PHARMACOGNOSTIC STUDIES  

 

 Different pharmacognostic tests, i.e. fluorescence and solubility test (cold and 

hot) were carried out for crude herbal parts of selected problematic medicinal plants in 

order to distinguish genuine source from its adulterant. For cold method 1 gm of 

powdered drug was mixed in 5 ml of solvent at room temperature (10–15 oC), while 

for hot method the same solution was slightly heated on burner in a test tube. The 

methods of Harborne (1973), Trease and Evans (1989) and Sofowara (1993) were 

followed. All the reagents were of analytical grade and obtained from Merck 

(Germany). 
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For solubility and fluorescence analysis standard procedures were adopted 

(Afaq et al., 1998; Abid et al., 2005). The fresh collected herbal part of the medicinal 

plants were dried in outdoor shade for about 10-15 days and made into a powder by 

using an electric grinder. Crude herbal drug samples were also procured from markets 

and ground to obtained powder. This coarse powder was sieved into a fine powder by 

using a No. 10 sieve. The fine powder was used for the extraction and determination 

of various physico-chemical properties. One gram of the powdered drug was mixed 

separately with 5 ml of 19 different chemicals reagents while samples prepared for hot 

method were boiled in test tubes. Crude herbal parts, powdered drugs and the extracts 

were studied under visible light, UV (long & short wavelength) following the 

procedure of Ahmad et al. (2010). For color analysis, a paint chip card from Indigo 

Company (Pakistan) was used for comparison. 

 
2.2.1 Preliminary Phyto-Chemical Screening  

 

 Powdered drug was mixed in various chemical reagents by following the 

standard procedures as presented in table :2 (Rajan et al.,2011). The qualitative 

chemical tests includes identification tests for saponins, tannins, glycosides, 

terpenoids, anthraquinones, flavonoids and coumarines. (Table. 2) 
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Table 2. Procedures for Qualitative Preliminary  Phytochemical Tests 

S. 
No. 

Test Procedure Indication Reference  

01 Saponins  0.25 gm powder mixed in 20 ml 
distilled water 

 Place this solution in water bath for 
5 minutes. 

 10 ml of filtrate mixed in 5 ml of 
ditilled water are shaked gently.  

 Add 1-2 drops of olive oil 

Frothe formation 
indicate saponins 

Harbone (1973) 

02 Tannins  0.5 gm powder mixed in 20 ml 
distilled water & boiled in test 
tube.  

 Filtered the extract. 
 Add few drops of 0.1 %. 
 FeCl3 solution. 

Appearance of 
brownish green or 
blue color indicate 
the presence of 
tannins.  

Sofowora (1993) 

03 Glycosides  0.5 gm of herbal powder dissolved 
in 5 ml methanol  

 10 ml of 50% HCL was added in 2 
ml of above methanolic extract.  

 Mixture was heated in water bath 
for 30 minutes. 

 Then 5 ml of Fehling`s solution 
was added and boiled for 5 
minutes.   

Brick red ppt. 
indicate the presence 
of glycosides 

Harborne (1973) 

04 Terpenoids  20 gm powder drug dissolved in 50 
ml ethanol. 

 5 ml ethanolic extract was mixed in 
2 ml chloroform and 3 ml H2So4 
concentration.  

Appearance of 
reddish brown layer 
is the indication of 
terpenoids 

Harborne (1973) 

05 Anthraquinone  0.5 gm of powder drug was 
dissolved in 10 ml benzene and 
then filtered. 

 0.5 ml of 10% ammonia solution 
added to filtrate and shake. 

Appearance of violet 
color layer is the 
indication of 
presence of 
anthraquinones 

Trease and 
Evans (1989) 

06 Flavonoids  0.5 gm of powdered drug dissolved 
in 10 ml of ethyl acetate and heated 
for 3 minutes and then filtered. 

 1 ml dilute ammonia solution 
(80%) was added in 4 ml of filtrate. 

Appearance of 
Yellow color is the 
indication of 
presence of 
flavonoids 

Harborne (1973) 

07 Coumarines  0.3 gm dried ethanolic extract was 
taken in test tube covered with 
filter paper moistened with 1N 
NaOH solution (40 gm NaOH 
mixed in distilled water up to 1 
Liter). 

 Test tube was placed in boiling 
water bath for few minutes and 
then examined under UV light.  

Yellow fluorescence 
indicated the 
presence of 
coumarines.  

Trease & Evans 
(1989) 
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2.3 DOCUMENTATION OF INDIGENOUS MEDICINAL USES 

 

 Indigenous knowledge regarding folk medicinal uses of selected problematic 

medicinal plants were documented from resource based areas of the country. 

Indigenous recipes were documented by filling medicinal herb data sheets in the field 

following the procedure of Ahmad et al., (2007). In total of 300 local informants 

including 125 men and 175 women of aged ranging from 40-80 years (Fig. 6) were 

interviewed. The questionnaire was used to document indigenous knowledge in 

medicinal herb data sheets during field surveys (Annexure 3). The field surveys 

includes general meetings, individual interviews and transit walk in selected areas 

where these problematic medicinal plants used as raw material for herbal medicine 

(Fig 8,9,10,11). The informations were gathered through open, structured and semi-

structured interviews and discussions with local informants such as traditional healers 

and experienced village elders including midwives and by direct observation. The 

ethnomedicinal inventory consist of botanical name, local names, part used, medicinal 

uses, indigenous uses for herbal drug formulation and disease treated. 

 

2.4 MARKET SURVEY OF CRUDE HERBAL DRUGS 

 In order to collect the relevant data and market samples of crude herbal 

medicine, informations were obtained from 50 herb sellers and traditional medicine 

practitioners (Fig. 7) by the means of questionnaire (Annexure 4) from seven popular 

and largest herbal markets of the country in Abbotabad, Peshawar (Khyber Pakhtoon 

Khwa), Attock, Mianwali, Lahore (Punjab), Kherpur (Sindh) and Quetta 

(Baluchistan)(Fig. 12,13,14,15). Relevant literature and the Herbarium (Isl) of QAU 

was consulted for plant nomenclature authentication (Khan et al., 2011). A list of 

problematic medicinal plants, market status was presented in table: 38. 
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Fig. 6: Percentage interviews regarding Medicinal Uses among the women and men  
 
 
 
 
 
 
 
 

 
 

          Fig. 7: Market survey in different number of herbal shops in various cities  
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Fig. 8: Documentation of women indigenous knowledge by Author 

Fig. 9: Collection of data by Author in Nicotiana tabaccum field 
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Fig. 10: Interview with elder lady regarding indigenous recipes  

Fig. 11: Interview with traditional elder practitioner 
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Fig.12 : Trade samples of Lemon Grass at Qarshi Herb Research Centre.  

Fig. 13: Storage of traded drugs at herbal shops 
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Fig. 14: An elder lady selling herbal drugs in Abbotabad 

Fig. 15: A man selling herbal drug in Lesser Himalaya 
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2.5 ANNEXURE 1 

KEY TO POLLEN STUDY (LM & SEM) 

 
Botanical Name:  

           ________________________________________________ 

Family:  

            _______________________________________________  

 
Pollen Morphology: 
 

(a) Qualitative Characters of Pollen Grains  
 

Type:                                             ___________________________ 

Shape in polar view:    ___________________________                                               

 Shape in equatorial view:                                           ___________________________ 

Presence / Absence of colpi & spine:  ___________________________ 

Shape of pore (ora):    ___________________________ 

Sculpturing:     ___________________________ 

Other features:     ___________________________ 

 

(b) Quantitative Character of Pollen Grains  
 

 Polar diameter:   ____________________________  

  Equatorial diameter  _____________________________ 

 P/E ratio    _____________________________ 

 No. of spines/pollen  _____________________________ 

 No. of colpi   _____________________________ 

 Length of colpi   _____________________________ 

 Width of colpi 

 No. of pores   _____________________________ 

 Pore (ora) diameter  _____________________________ 

 Spine length   _____________________________ 

 No. of spine b/w colpi  _____________________________ 

 Exine thickness   _____________________________ 
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2.6  ANNEXURE 2 

 
KEY TO THE LEAF EPIDERMAL ANATOMY (LM & SEM) : ADAXIAL AND ABAXIAL 
SIDES 

 

1. Type of Epidermal Cells : ______________________________ 

2. Shape of Epidermal Cell : ______________________________ 

3. Diameter of Epidermal Cell : ______________________________ 

4. Type of Guard cell  : ______________________________ 

5. Shape of Guard Cell  : ______________________________ 

6. Diameter / Size of stomatal : ______________________________ 

Complex 

7. Type & shape of Stomata  :  ______________________________ 

8. Stomata size (aperture)  : _____________________________  

9. Type of trichome  : ______________________________ 

10. (Glandular / non glandular) : ______________________________ 

11. Size of trichome  : ______________________________ 

12. Macrohairs (Pres./Abs)  : ______________________________ 

13. Size of macrohairs  : ______________________________ 

14. Microhairs  (Pres./Abs)  : ______________________________ 

15. Size of microhairs  : ______________________________ 

16. Crystals   : ______________________________ 

17. Shape of crystals  : ______________________________ 

18. Other Epidermal   : ______________________________ 

Features 
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2.7 ANNEXURE 3 

 

QUESTIONNAIRE NO. 1 : MEDICINAL HERB DATA SHEET 

Name of Species ______________________________________________________ 

Local Name __________________________________________________________ 

1. Description of Localities Found 

Cultivated Fields  Hillside Sheltered Valley Marsh land 

Adjacent to Running Water   Rocky Outcrops 

Other __________________________________________________________________ 

2. Harvesting Season 

Jan.  Feb.  March  April  May  June 

July  Aug.  Sept.  Oct.  Nov.  Dec. 

3. Medicinal Use  

__________________________________________________________________________ 

Which illnesses can be treated with this species? Specify which part of the plant is used for each illness, 

and its success. 

 

(parts used: Leaf, Stem, Flower, Seed, Root, Fruit, Bark) 

 

Illness Part used Success 

   

   

   

   

   

 

 

4. Method of Preparation: Dried/Fresh  Ground? Yes/No 
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Infused  Boiled  Distilled  Fresh juice  Other_____________ 

 

Details of further preparation for medicinal use__________________________________ 

 

________________________________________________________________________ 

 

________________________________________________________________________ 
 
________________________________________________________________________ 
 
________________________________________________________________________ 

  

5. Methods of Internal Application 

 

Infusion Decoction  Syrup chewed (masticated)   Other______________ 

 

6. Method of External Application 

 

Poultice  Fixed Oil  Lotion Cream  Other ____________ 

 

7. Which age groups use this species for medicinal treatment: 

 

All 0-5 5-10  10-15  15-25  25-40  40-80 

 

8. Can this herb be used for health maintenance also?  Yes/No. 

 

09. Do you use this herb in combination with other herbs? Yes/No 
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10. How long can plant material of this species be stored? 

In its dried form: 

 Days  Weeks  Months Years 

With further processing: 

 Days  Weeks  Months Years 

Are additives used? If Yes, specify which ______________________________________ 

________________________________________________________________________ 

How and where is it stored? _________________________________________________ 

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

________________________ 

 

11. Is this species used only for domestic and community use or does it have a market value? 

 Domestic  Community  Market 

 

12. If it has a market value, to whom is it sold? 

 Herbalist Agent  Shopkeeper  Visiting Agent 

 

13. How is this species prepared for sale? 

 Dried  Ground Boiled  Distilled Other_____________ 

14. In what quantity is it sold? 

 Kilo  Litre  Maund  Bundle  Other____________ 

15. What is it’s average price per unit?  Rupees ______________________________ 

 

Notes: 
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2.8  ANNEXURE 4 

QUESTIONNAIRE NO. 2 : MARKET SURVEY OF CRUDE HERBAL DRUGS 

 
a. Information on Herbs Seller (Pansar)  

Person/s interviewed_______________________ Date___________________ 

Age___________________________ Name of business_______________________ 

Locality ____________________________ 

1. Since How many years you are purchasing medicinal plants.  

a. Less than one year __________________________ 

b. 1-5 years__________________________________ 

c. More than 5 years ___________________________ 

2. Source of supply: 

a.   Farmers 

b.   Whole sellers 

c.   Poor people 

d.   Any other 

3. Inventory 

 Species Average Annual stock  Average Annual Sale 

    (Qty)    (Qty) 

 

(i)  

(ii) 

(iii) 

(iv) 
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4. Are you treating people or only supply medicines with prescriptions from else where? 

5. How many people treated/day? ___________________ 

6. Types of people treated? 

a. Poor class 

b. Middle class 

c. Upper class 

d. All classes 

7. What is the trend in use of medicinal plants? 

 Increase/decrease/same. 

8. How much sold now compared to past: 

 Increase/decrease/same. 

9. Problems related to Herbal Medicines Business. 

 1. Adulteration  

 2. Contamination  

 3. Non availability of genuine source 

 4. Nomenclatural confusion 

 5. Morphological confusion 
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Table 3: Comparative Characterization for differentiation of Azadirachta indica and Melia azedarach  
No. Characters   Azadirachta indica A. Juss.  Melia azedarach L. 
01 Nomenclature  English Names: Indian Lilac, Neem, Margosa Tree 

Local Names: Nim, Neem, Nimba, Azad Dirakht 

Trade Names: Neem, Nim, Nim Mehndi, Barg-e-Neem 

 English Names: Bead Tree, China berry, Persian Lilac 

Local Names: Darek, Bakain, Mallan Nimb 

Trade Names: None 

02 Geographic distribution   In Pakistan: Sargodha, Sind, Lower Balouchistan, Pind Dadan 
Khan and Jhelum. In World: Tropical and subtropical regions, 
India, Pakistan, Bangladesh, Burma, Sri Lanka, Nepal, 
Malaysia, Indonesia, Middle East, Africa and Nigeria  

 In Pakistan: Attock, Hazro, Mianwali, Abbotabad, Hazara, 
Peshawar, Mardan, Rawalpindi, Islamabad, Chakwal, Jhelum 
and Sind. In World: Indo-China, Southeast Asia, Australia, 
India, Pakistan, Nigeria, Bangladesh, Indonesia, Malaysia, 
Iran, Iraq, Brazil, China, Africa, Saudi Arabia, USA and 
Afghanistan 

03 Occurrence & habitat  Common in arid and semi-arid, tropical and subtropical parts 
of the world. It grows best on neutral and alkaline soils. 
Cultivated in southern & central Punjab and Sindh Provinces 
of Pakistan 

 Common tree of subtropical climatic zone. Deep fertile, sandy 
loam soils support the growth of this tree. Commonly 
cultivated in arid areas, semi arid and fertile lands of Pakistan. 

04 Morphology  Fast growing, 10-20 m tall, evergreen but deciduous in drought 
conditions.  Widespread crown, up to 12-18 m diameter, dense 
branches, branch length up to 10 m, bark color dark brown. 
Leaves opposite, pinnate, 20-42 cm long, leaflets 2-7 cm long, 
light green, exstipulate, short petiole, leaflets lanceolate, 
acuminate apex, serrate margin. Inflorescence axillary, 
drooping panicle, flowers 4-7 mm long and 6-10 mm wide, 
subtended by minute bracts, flowers bisexual, actinomorphic, 
pentamerous, whitish, scented, calyx and corolla imbricate. 
Fruit a drupe, glabrous, 1-2.9 cm, oval, white, seed testa 
glabrous, brown. Flowering June – July (Fig. 16: A1). 

 Deciduous tree, 10-45 m tall, spreading and rounded crown, 
bark greenish brown and grey. Leaves alternate, 25-50 cm 
long, bipinnate or sometime tripinnate, petiole long, leaflets 
light green, 3-11 in number, serrate margins, with a pungent 
odor. Inflorescence axillary, panicle up to 25 cm long, flowers 
3-6 mm, fragrant, whitish petals, pentamerous, each petal 5-
lobed, 0.9 cm long, pubescent; staminal tube purple to blue-
brown, 0.6 cm long. Fruit a yellow drupe, round, about 15 mm 
in diameter, smooth, slightly fleshy. Seed oblongoid, 4.5 mm x 
15 mm, smooth, brown. Flowering March - May (Fig.17 : A2). 

05 Palynology  Pollen monad, shape in polar view circular, polar diameter 
34.37 µm (33.75-35 µm), polar length 36.25 µm (35-37.5 µm), 
pollen shape in equatorial view spheroidal, equatorial diameter 
30 µm (27.5-32.5 µm), equatorial length 36.25 µm (30-42.5 
µm), P/E ratio 1.14, exine thickness 2.5 µm (1.25-3.75 µm). 
Pollen sculpturing faveolate with few unevenly distributed 
holes (Fig. 16: C1 & D1). 

 Pollen monad, shape in polar view semi-circular, polar 
diameter 31.52 µm (29.55-32.44 µm), polar length 34.36 µm 
(36-39.5 µm), pollen shape in equatorial view rhomboidal to 
spheroidal, equatorial diameter 34 µm (28.6-39.5 µm), 
equatorial length 39.35 µm (29.5-45.5 µm), P/E ratio 1.13, 
exine thickness 2.4 µm (1.38-3.22 µm). Pollen sculpturing 
faveolate with large number of holes over the surface (Fig. 17: 
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C2 & D2). 

06 Leaf epidermal Anatomy  Abaxial surface: Length of ordinary epidermal cell 20 µm 
(15-25 µm), width 12.5 µm (10-15 µm). Stomata irregularly 
oriented. anomocytic, length 20 µm (17.5-22.5 µm), width 
17.5 µm (15-20 µm). Length of guard cells 25 µm (22.5-27.5 
µm), width 17.75 µm (18-20.5 µm). Stomatal complex 25.75 
µm (23.5-28 µm) long and 46.5 µm (44.5-48.5 µm) wide. 
Subsidiary cells 18 µm (14-22.5 µm) long and 10.5 µm (8-12 
µm) wide. Trichomes absent (Fig. 16: E1).  

Adaxial surface: Ordinary epidermal cells pentagonal, 
hexagonal or elongated with smooth walls. Epidermal cells 
narrowly elongated with thin walls and showing reticulate 
pattern. Length of ordinary epidermal cell 25 µm (20-30 µm), 
width 15 µm (10-20 µm). Anomocytic type of stomata, length 
16.25 µm (15-17.5 µm), width 17.5 µm (15-20 µm), length of 
guard cell 26.25 µm (22.5-30 µm),  width 22.5 µm (20-25 
µm). Stomatal complex 26 µm (24.5-28 µm) long, 47.5 µm 
(45-50.5 µm) wide. Subsidiary cell 20.5 µm (15-25.5 µm) 
long, 12.5 µm (10-15 µm) wide. Characteristic elongated thick 
trichome with narrowly oval shaped base and pointed toward 
apex. Length of trichome 150 µm (87.5-212.5 µm), width  
18.75 µm (12.5-25 µm), length of base 26.25 µm (20-32.5 
µm), width 13.12 µm (12.5-13.75 µm) (Fig. 16: F1). 

 

 Abaxial surface: Epidermal cell showing a pattern of striation 
with thick walls. Length of ordinary epidermal cell 29 µm 
(25.5-32.5 µm), width 14.25 µm (12.5-16 µm). Stomata 
irregularly oriented abundant, anomocytic. Length of stomata 
21 µm (19.5-22.5 µm), width 16.5 µm (15-18 µm). Length of 
guard cell 20.25 µm (18-22.5 µm), width 5.5 µm (3-8 µm), 
stomatal complex 21.5 µm (18-23.5 µm) long, 27 µm (25-28.5 
µm) wide. Subsidiary cell 23 µm (18-28.5 µm) long, and 14.5 
µm (12-17.5 µm) wide. Trichomes absent (Fig. 17: E2)..  

Adaxial surface: Ordinary epidermal cells of irregular shape 
with undulating lobed walls. Length of ordinary epidermal cell 
32.5 µm (30-35 µm), width 19.16 µm (12.5-30 µm). Stomata 
irregularly oriented abundant, anomocytic, length 25 µm (22.5-
27.5 µm), width 18.75 µm (17.5-20 µm), length of guard cell 
22.5 µm (20-25 µm), width 8.33 µm (5-10 µm). Stomatal 
complex 19.5 µm (17.5-22.5 µm) long, and 25.75 µm (24.5-
27.5 µm) wide. Subsidiary cell 21.5 µm (20-30.5 µm) long, 
15.5 µm (13-18.5 µm) wide. Trichomes absent (Fig. 17: F2). 

 

07 Trade Part   Dried leaves commonly traded as herbal drug in Indo-pak 
Subcontinent throughout the world.  

 Generally not traded in the Indo-Pak Subcontinent. In herbal 
shops throughout Pakistan neem leaves are adulterated with the 
leaves of Melia azedarach. 

08 Organoleptography  Crude herbal drug includes a mixture of leaves, branches and 
flowers. Branches light brown in color with ridges and 
furrows, hard, cylindrical and have a rough surface. There are 
reddish points (lenticels) visible on branches. Internally 
branches light yellowish in color. Branch length ranges from 
6-12 cm,  width 0.3-1.8 cm. Leaves green in color with 
brownish prominent veins, leaves cuspidate, leaf length ranges 

 Dried aerial parts bitter in taste and odor less. Branches 
cylindrical, hairy and light green in color with ridges and 
furrows. Size of branches ranges from 14-19 cm. Leaves green 
in color, pointed with dentate margins. The size of leaves ranges 
from 2.5-3.5 cm in length. The flowers actinomorphic with a 
staminal tube. Externally flowers light pink to purplish in color 
and the lower part white in color. Size of flowers 2-6 cm. Fresh 
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from 3.6-5.3 cm. Leaves have a bitter taste and an herbal odor. 
Flowers small in size, 0.5-2 cm, and creamy color (Fig. 16: 
B1). 

fruit globose while dried ones become elliptical (Fig. 17: B2). 

09 Part Use  Leaves, Aerial parts, twigs, bark,  Aerial parts, leaves and fruit  

10 Medicinal Uses   Diabetes, skin diseases, sores, malaria, rheumatism, digestive 
complaints, hepatitis, ulcer, blood purifier, leprosy, eye 
problems, piles, cough, asthma. 

 Diabetes, blood purifier, skin diseases and leprosy. 

11 Indigenous Herbal Recipes   According to a young lady in Village Pethi (Punjab), the 
powdered fruit is equally mixed (10 g) with rocket seed oil (10 
ml) and applied 2-3 weeks daily at hair roots. This recipe is 
recommended for hair cleaning and to kill lice. 

Dried leaf powder (3 g) is mixed with 2-5 drops of rose extract 
and this paste is useful for removing freckles on the face. 
According to the elder people and herbalist in district Attock 
(Punjab), leaves of the plant are dried under shade, 5-7 dried 
leaves are soaked in water in a new earthen pot for a night and 
filtered in early morning. This extract is drink for a month 
daily to reduce alanine aminotransferase (ALT) and cure 
hepatitis B without any side effects. 

According to a local woman in the salt range region (Punjab), 
dried and ground leaves of Azadirachta indica are mixed with 
three teaspoons of Curcuma longa powder. To prepare a paste, 
few drops of lemon juice are added. The paste is used as a facial 
mask to enhance the beauty of young girls and married ladies. 
The leaves of the plant are boiled in water and the extract is used 
to wash wounds. It acts as antiseptic. The leaves are crushed and 
then applied on wounds. Branches are used as a toothbrush 
according to an old man. 

 1-2 teaspoon of fresh leaf extract is taken daily before 
breakfast for diabetes and blood purification. 5-8 g fresh leaves 
are crushed and mixed with one glass of water. This extract is 
recommended for 15-20 days daily in the summer to cure 
pimples and boils, purify the blood and to reduce blood glucose 
levels. Fresh fruits are dried in shade, and then the pericarp and 
mesocarp are removed and ground into powder. ½ tablespoon 
of powder with water is taken for a month to reduce blood 
glucose level.  

According to an elder women of 80 years old, 4 g dried leaves 
and 3 g dried fruit of the plant is ground to obtain powder. This 
powder is boiled in ½ liter water for half an hour. This 
decoction is orally taken in early morning for blood 
purification and other skin diseases.  

 

12 Toxicity   Bitter in taste. Recommended doses are safe and without side 
effects. Excess amount may cause certain problems. 

 Bitter in taste but no side effects. Excessive use may cause 
dryness of the body. The taste of the leaves not as bitter as 
Azadirachta indica (Neem). 
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Table 4: Fluorescence analysis and solubility tests (Cold method) of powdered drug  
of Azadirachta indica in various solvents 

  
S. No. Treatments Under visible light Under short 

wavelength (UV) 
254 nm 

Under long wave 
length (UV) 

365 nm 

On filter paper 
(under short 

wavelength UV) 

On filter paper (under 
long wavelength UV) 

Solubility 
Analysis 

1 Dried Plant Powderd Green Leaf green Leaf green - - - 
2 Powdered drug+50% KOH Pine forest  Brownish black  Blackish green Yellow Yellowish brown Soluble 
3 Powderd drug+10% aq. Fecl3 Greenish black Black Greenish black Golden brown Dark brown Partially Soluble 
4 Powderd drug+Distl. H2O Leaf green  Black Blackish green Pink Pinkish brown Partially Soluble 
5 Powderd drug+HCL Conc. Pine forest Black green Black green Yellow brown Golden brown Soluble 
6 Powderd drug+HCL 50% Leaf green Greenish brown Brown Pinkish brown Pink Partially Soluble 
7 Powderd drug+H2SO4 Conc. Black Black Black Brown Reddish brown Insoluble 
8 Powderd drug+H2SO4 50% Brownish black Black  Dark brown Brown  Pinkish brown Insoluble 
9 Powderd drug+HNO3 Conc. Reddish brown Dark brown Blackish brown Brown Brown Soluble 

10 Powderd drug+HNO3 50% Red oxide Brown Chocolate brown Pinkish brown Reddish brown Partially Soluble 
11 Powderd drug+Conc. CH3OH Leaf green Greenish black Reddish brown Yellow Yellow Soluble 
12 Powderd drug+CH3OH 50% Leaf green Leaf green Rado green Pinkish brown Pink Partially Soluble 
13 Powderd drug+Conc. CHCl3 Leaf green Leaf green Reddish green Brownish green Pinkish green Soluble 
14 Powderd drug+CHCl3 50% Leaf green  Signal green Reddish green Pinkish brown  Pink Soluble 
15 Powderd drug+Conc. 

C2H5OH 
Grapes green  Leaf green Reddish green Pink Pink Soluble 

16 Powderd drug+C2H5OH 50% Pine forest  Black Blackish green Pink Pinkish brown Soluble 
17 Powderd drug+Conc. 

CH3COOH 
Leaf green Leaf green Reddish brown Light pink Pink Partially Soluble 

18 Powderd drug+CH3COOH 
50% 

Leaf green Dark green Brownish green Pink Pinkish brown Partially Soluble 

19 Powderd drug+Conc. C6H6 Golden glimmer Leaf green Red Pink Pink Soluble 
20 Powderd drug+C6H6 50% Light green Golden glimmer Leaf green Pink Pinkish yellow Soluble Partially Soluble 
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Table 5: Fluorescence analysis and solubility tests (Hot method) of powdered drug  
of Azadirachta indica in various solvents 

 
S. No. Treatments Under visible light Under short wavelength (UV) 

254 nm 
Under long wave length (UV) 

365 nm 
Solubility 
Analysis 

1 Powdered drug+50% KOH Pine forest Black Reddish black Soluble 
2 Powderd drug+10% aq. 

Fecl3 
Pine forest Black Greenish black Soluble 

3 Powderd drug+Distl. H2O Light green Blackish green Dark green Partially Soluble 
4 Powderd drug+HCL Conc. Blackish green Black Black Soluble 
5 Powderd drug+HCL 50% Pine forest  Greenish black Greenish black Partially Soluble 
6 Powderd drug+H2SO4 Conc. Brownish black Black Brownish black Insoluble 
7 Powderd drug+H2SO4 50% Black Dark green Dark brown Insoluble 
8 Powderd drug+HNO3 Conc. Orange brown Brown Blackish brown Soluble 
9 Powderd drug+HNO3 50% Orange Orange brown Brown Soluble 

10 Powderd drug+Conc. 
CH3OH 

Rado green Greenish brown  Reddish brown Soluble 

11 Powderd drug+CH3OH 50% Golden glimmer Dark green Leaf green Partially Soluble 
12 Powderd drug+Conc. CHCl3 Leaf green Rado green Reddish green Soluble 
13 Powderd drug+CHCl3 50% Leaf green Pine forest  Reddish green Soluble 
14 Powderd drug+Conc. 

C2H5OH 
Spring green Rado green Red Soluble 

15 Powderd drug+C2H5OH 
50% 

Leaf green Blackish green Reddish green Soluble 

16 Powderd drug+Conc. 
CH3COOH 

Leaf green  Greenish brown Reddish brown Partially Soluble 

17 Powderd drug+CH3COOH 
50% 

Brown Greenish black Brownish black Partially Soluble 

18 Powderd drug+Conc. C6H6 Leaf green Black brown Reddish brown Soluble 
19 Powderd drug+C6H6 50% Golden glimmer Leaf green Pine forest Soluble 
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Table 6: Fluorescence analysis and solubility tests (Cold method) of powdered drug  
of Melia azedarach in various solvents 

  
S. NO. Treatments Under visible light Under short 

wavelength (UV) 
254 nm 

Under long wave 
length (UV) 

365 nm 

On filter paper 
(under short 

wavelength UV) 

On filter paper (under 
long wavelength UV) 

Solubility 
Analysis 

1 Dried leaf powdered  Leaf green Golden glimmer Leaf green - - - 
2 Powdered drug +50% 

KOH 
Golden glimmer Leaf green Dark green Yellowish brown Golden yellow Partially Soluble 

3 Powderd drug+10% aq. 
Fecl3 

Golden brown Black Blackish green Yellow Dark yellow Insoluble 

4 Powderd drug+Distl. H2O Dark green Black Charcoal Pinkish yellow Pinkish brown Partially Soluble 
5 Powderd drug+HCL Conc. Pine forest Pine forest Greenish black Yellowish green Yellow Partially Soluble 
6 Powderd drug+HCL 50% Cameo/Cream Grayish green Spring green Yellow Pink Insoluble 
7 Powderd drug+H2SO4 Conc. Brownish black Black Black Brownish Green Black Colloidal 
8 Powderd drug+H2SO4 50% Black Black Black Brownish green Dark green Soluble 
9 Powderd drug+HNO3 Conc. Golden brown Dark brown Blackish brown Greenish brown Yellowish brown Soluble 

10 Powderd drug+HNO3 50% Cameo/Cream Mustard Grayish Pinkish brown Pink Soluble 
11 Powderd drug+Conc. 

CH3OH 
Green Leaf green Green Pink Pink Partially Soluble 

12 Powderd drug+CH3OH 50% Golden glimmer Rado green Leaf green Pink Pinkish brown Partially Soluble 
13 Powderd drug+Conc. CHCl3 Light green Golden glimmer Yellowish pink Colourless Colourless Partially Soluble 
14 Powderd drug+CHCl3 50% Leaf green Leaf green Lake green Light pink Pink Soluble 
15 Powderd drug+Conc. 

C2H5OH 
Spring green Green Reddish green Light pink Colourless Soluble 

16 Powderd drug+C2H5OH 
50% 

Leaf green Green Lake green Pinkish brown Pinkish brown Partially Soluble 

17 Powderd drug+Conc. 
CH3COOH 

Light mustard Greenish black Reddish brown Yellow Pink Soluble 

18 Powderd drug+CH3COOH 
50% 

Mustard Blackish brown Black Pinkish yellow Pinkish brown Partially Soluble 

19 Powderd drug+Conc. C6H6 Pistachio green Golden glimmer County cream Colourless Light pink Soluble 
20 Powderd drug+C6H6 50% Leaf green  Gold dust Grayish Pink Pink Insoluble 
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Table 7: Fluorescence analysis and solubility tests (Hot method) of powdered drug  
of Melia azedarach in various solvents 

 
S. No. Treatments Under visible light Under short wavelength (UV) 

254 nm 
Under long wave length (UV)  
365 nm 

Solubility 
Analysis 

1 Powdered drug +50% KOH Golden green  Brownish black Greenish black Partially Soluble 

2 Powdered drug +10% aq. FeCl3 Brown Black Brownish black Soluble 

3 Powderd drug+Distl. H2O Leaf green  Leaf green Pine forest Partially Soluble 
4 Powderd drug+HCL Conc. Pine forest Black Black Partially Soluble 
5 Powderd drug+HCL 50% Cameo Brownish black Pine forest Partially Soluble 
6 Powderd drug+H2SO4 Conc. Black Black Black Partially Soluble 
7 Powderd drug+H2SO4 50% Black Black Black Soluble 
8 Powderd drug+HNO3 Conc. Pale cream Beige Mustard Insoluble 
9 Powderd drug+HNO3 50% Lemon Lemon Pale cream Soluble 

10 Powderd drug+Conc. CH3OH Leaf green Leaf green Green Partially Soluble 
11 Powderd drug+CH3OH 50% Golden glimmer Leaf green Rado green In soluble 
12 Powderd drug+Conc. CHCl3 Spring green Green Reddish green Highly soluble 
13 Powderd drug+CHCl3 50% Spring green Leaf green Leaf green Soluble 
14 Powderd drug+Conc. C2H5OH Spring green Green Reddish green Partially Soluble 
15 Powderd drug+C2H5OH 50% Thick green Green Grayish green Soluble 
16 Powderd drug+Conc. 

CH3COOH 
Mustard Black Reddish black Soluble 

17 Powderd drug+CH3COOH 50% Golden brown Brownish black Black Soluble 
18 Powderd drug+Conc. C6H6 Spring green Golden glimmer Reddish green Soluble 
19 Powderd drug+C6H6 50% Leaf green Leaf green Rado green Insoluble 
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Table 8: Comparative Characterization for differentiation of Camellia sinensis and Chenopodium ambrosoides 
No. Characters   Camellia sinensis (L.) O. Kurtze, Var. assamica (Mast.) 

kitamura 
 Chenopodium ambrosoides (L.) A. Gray. 

01 Nomenclature  English Name : Tea 
Local Names : Chaiy, Cha 
Trade Names : Chaiy, Green tea 
 

 English Name : Skunk weed 
Local Name : Chandan Bathua 
Trade Name : None 

02 Geographic distribution   In Pakistan; Shinkiari (Mansehra) Khyber Pakhtoon Khawa 
Province  
In World; Native to Southeast Asia, Sri Lanka and India, 
China, tea has been planted widely in tropical and subtropical 
areas. 

 In Pakistan; Rawalpindi, Talagang, Attock, Mianwali, Chakwal, 
Gujrat, In World; Probably originating from tropical America. 
Earlier cultivated as medicinal plant and introduced in tropical 
and subtropical areas of the world, where it is commonly 
naturalized. 

03 Occurrence & habitat  Grow on high attitude with low temperature. Cultivated only at  
Shinkiari at Pakistan because the soil is acidic in that place.  

 It commonly occurs as wild in waste places in Pakistan.  

04 Morphology  Evergreen shrub 1-1.5 m tall, usually pruned back to shrubs in 
cultivation, with strong taproot, leaves alternate, exstipulate, 
lanceolate to obovate, up to 25  cm long, 3-7 cm broad, 
pubescent, sometimes glabrous, serrate, acuminate; flowers 1-
3, in axillary or subterminal cymes, 3-6 cm broad, aromatic, 
white or pinkish, actinomorphic, sepals and petals 5-7, pedicels 
6-16 mm long; stamens numerous; ovary 3-5-carpellate, each 
carpel 4-6-ovulate; capsules depressed-globose, brownish, 
lobate, 2 cm broad, valvate, with 1-3 subglobose seeds in each 
lobe. Flowering May-June (Fig. 18: A1)  

 

 
Strongly aromatic, pubescent especially on stem, stem 70-75  
cm, erect, branches long, leaves blade 6-10 cm, lanceolate to 
elliptic, irregularly coarsely serrate, sometimes shallowly 
sinuate to almost entire, acute to obtuse at apex; linear - 
lanceolate - narrowly obovate, uppermost very small. 
Inflorescence paniculate, flowers dense glomerules usually 
subtended by bracts,  terminal flowers bisexual, perianth 5-
lobed, stamens usually 5; lateral flowers female, perianth 
connate, 5-toothed; perianth herbaceous, stigmas usually 3-4, 
long, slender, fruits falling with perianth. Seeds mostly 
horizantal, margin obtuse; testa almost smooth, Flowering April 
– June (Fig. 19: A2) 

05 Palynology  Pollen monad, tricolporate, shape in polar view circular and 
subangular, polar diameter 30.8 µm (30-32.5 µm), polar length 
32.5 µm (30-35 µm), shape in equatorial view  subprolate, 
equatorial diameter 30µm (27.5-32.5 µm), equatorial length 
37.5 µm (35-40 µm), P/E ratio 1.02, exine thickness 3.75 µm 
(2.5-5 µm), length of colpi 7.5 µm (5-10 µm), width 5.83 µm 
(5-7.5 µm), sculpturing reticulate, the sculpturing elements 
arranged in net work of lumina and muri. The lumina narrow 
and muri wide and prominent (Fig. 18:C1& D1). 

 
Pollen monad, echinate, shape in polar view circular, oblate-
spheroidal to suboblate in equatorial view, polar diameter   
16.25 µm (12.5-20 µm), equatorial diameter 15 µm (10.5-19 
µm), exine thickness 2 µm (1.5-2.5 µm), sculpturing faveolate 
with characteristic depressions or spots almost evenly 
distributed. Sculpturing periporate with 42 pores (Fig. 19: C2 & 
D2). 

06 Leaf epidermal anatomy  Abaxial surface: Length of ordinary epidermal cell 28.5 µm 
(22-35 µm), width 17.25 µm (15.5-19 µm), trichomes 

 Abaxial Surface : Length of ordinary epidermal cell 41.65 µm 
(50-75 µm), width 37.5 µm (35-40 µm), stomata length 15 µm 
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elongated and pointed or globose, length 123.5 µm (91-156 
µm), width 19.25 µm (15.5-23 µm), paracytic type of stomata, 
length 19.5 µm (17-22 µm), width 23.75 µm (20-25.5 µm), 
width of guard cells is 7.8 µm (6-9.5 µm), length 29.5 µm 
(27.5-31.5 µm ), Stomatal complex: 31 µm (30-32.5 µm) long, 
and 23.75 µm (22-25.5 µm) wide, Subsidary cell 20.5 µm (15-
25 µm) long, 13.5µm (12-15µm) wide (Fig. 18: E1).  
Adaxial surface: Epidermis showing characteristic long and 
narrow cell walls of epidermal cells which are flat or angular 
cells. length of ordinary epidermal cell 25.62 µm (20-30 µm), 
width 15 µm (12.5-17.5 µm), stellate trichome with lateral 
canal, length 139.5 µm (87.5-175 µm), width 15.83 µm (12.5-
20 µm). There are paracytic type of stomata, with long narrow 
aperture length 17.5 µm (15-20 µm),  width 21.6 µm (20-22.5 
µm), width of guard cell 21.6 µm (20-22.5), length 25.8 µm 
(25-27.5 µm ), stomatal complex 32 µm (31-33.5 µm) long, 
and 24 µm (23-24.5 µm) wide, subsidary cell 22 µm (16-27.5 
µm) long, and 15.5 µm (13-18 µm) wide (Fig. 18: F1). 

(12.5-17.5 µm), width 8.32 µm (7.5-10 µm), length of guard 
cells 15 µm (13-17.5 µm), 8.5 µm (6-9.5 µm) wide, length of 
subsidiary cells 26.25 µm (22.5-30 µm), width 7.5 µm (5-10 
µm), stomatal complex 16µm (14-18.5 µm) long, and 22.3 µm 
(21-23.5 µm) wide, multicellular trichome with base broad and 
tip rounded, length of trichome 85 µm (75-96 µm), width 
(largest portion) 47.5 µm (40-55 µm) (Fig. 19: E2). 
Adaxial surface : Epidermis showing long tubular cells with 
multicellular trichome with broad basal portion, length of 
ordinary epidermal cell 68.5 µm (56-81 µm), width 36.5 µm 
(32-41 µm), anomocytic type of stomata, length 16.5 µm (14-
18.5 µm), width 9 µm (6.5-11.5 µm), length of guard cells  
15.75 µm (14.5-17 µm) long, 7.75 µm (5.5-9 µm) wide, 
stomatal complex: 15.5 µm (13.5-18 µm) long, 21 µm (20-22.5 
µm) wide, length of subsidiary cells 24.25 µm (20.5-28 µm), 
width 6.75 µm (4-9.5 µm), length 92 µm (86-98 µm) and width 
(largest portion) 34 µm (30-38 µm) (Fig. 19: F2).  
 

07 Trade Part & Status  Green dried leaves are traded commonly under the name green 
tea.  

 Leaves not traded but commonly mixed in green tea leaves.  

08 Organoleptography  Dried herbal product includes leaves and branches. Branches 
dark 15-25 cm with irregular ridges and furrows. Leaves green 
in colour, shiny surface with dentate margins, leaves slightly 
bitter in taste and has herbal odor. Length of leaf are from 1-5 
cm. Flowers yellowish and brown in color in dried form. 
Flowers are actinomorphic and size ranges from 0.2-0.8 cm 
(Fig. 18: B1). 

 

 Dried herbal drug include leaves, branches and flowers. Aerial 
parts aromatic with pleasant smell and bitter mint like in taste. 
Branches brownish green in color. Length of branches ranges 
from 10.9-24cm. Branches little bit hairy and cylindrical. 
Leaves are green in color, pointed and margins are wavy, length 
of leaves 1.5-2.5 cm. Flowers green in color. They are present in 
the form of clusters, and 3-6 flowers in each cluster. The size of 
flowers 0.25-0.5cm in size (Fig. 19:  B2). 

09 Part Use  Leaves  & Aerial parts  Leaves, aerial parts 
10 Medicinal Uses  Digestion, anxiety, cholesterol, pain  Piles, gas trouble, indigestion  
11 Indigenous herbal recipes   2-3 g dried green leaves are boiled in water, mixed 2-3 green 

cardamom, 1 g fennel and 4-6 g honey. This herbal tea is 
recommended for stomach disorders, anxiety, pain in head and 
body. Same recipe of thus herbal tea without fennel is 
recommended to reduce cholesterol.  

 100 g fresh leaves boiled in 500 ml of water for 20-30 minutes. 
It is then filtered and ½ cup twice a day is given to patients for 
piles, gas trouble and indigestion. This recipe is not 
recommended for children and pregnant ladies.  

12 Toxicity   Excessive use may cause stomach disorders.   Excessive use may cause digestive complaints and diarrhea.  
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Table 9: Fluorescence analysis and solubility tests (Cold method) of powdered drug  
of Camellia sinensis in various solvents 

  
S. NO. Treatments Under visible light Under short 

wavelength (UV) 
254 nm 

Under long wave 
length (UV) 

365 nm 

On filter paper 
(under short 

wavelength UV) 

On filter paper (under 
long wavelength UV) 

Solubility 
Analysis 

1 Dried Plant Powderd Fresh green Dark green Dark green - - - 
2 Powdered drug+50% KOH Dark brown Black brown Reddish brown Brown  Golden brown Soluble 

3 Powderd drug+10% aq. 
Fecl3 

Black brown Black  Yellowish brown Brown  Golden mustard Partially soluble 

4 Powderd drug+Distl. H2O Pine forest  Greenish black Black  Yellow  Yellowish brown Partially soluble 
5 Powderd drug+HCL Conc. Pine  forest Blackish green Black  Pink  Pink  Partially soluble 
6 Powderd drug+HCL 50% Yellowish green Brownish green Greenish black Pinkish yellow Pinkish yellow Partially soluble 
7 Powderd drug+H2SO4 Conc. Brownish black Chocolate brown Black  Dark brown Brown  Partially soluble 
8 Powderd drug+H2SO4 50% Pine forest Greenish black Black  Dark brown Yellowish brown Partially soluble 
9 Powderd drug+HNO3 Conc. Reddish brown Brown  Chocolate brown Brown  Golden brown Partially soluble 

10 Powderd drug+HNO3 50% Reddish brown Chocolate brown Brownish black Pinkish yellow Pinkish yellow Partially soluble 
11 Powderd drug+Conc. 

CH3OH 
Spring green Grass green Reddish green Yellow  Golden yellow Soluble  

12 Powderd drug+CH3OH 50% Leaf green Brownish green Dark green Pinkish yellow Pinkish yellow Partially soluble 
13 Powderd drug+Conc. CHCl3 Buckingham green Dark green Red  Brown Light brown Soluble  
14 Powderd drug+CHCl3 50% Leaf green  Brownish green Black  Light pink Glowing pink Partially soluble 
15 Powderd drug+Conc. 

C2H5OH 
Buckingham green Spring green Reddish green Yellow  Golden yellow Soluble  

16 Powderd drug+C2H5OH 
50% 

Leaf green Algal green Rado green Pink  Light pink Partially soluble 

17 Powderd drug+Conc. 
CH3COOH 

Yellowish green Bottle green Brownish green Pink  Light pink Partially soluble 

18 Powderd drug+CH3COOH 
50% 

Pine forest Greenish black Greenish black Yellowish brown Yellowish brown Partially soluble 

19 Powderd drug+Conc. C6H6 Pine forest Dark brown Reddish black Pink  Pink  Soluble  
20 Powderd drug+C6H6 50% Pine forest Blackish brown Reddish brown Pinkish yellow Pinkish yellow Soluble  
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Table 10: Fluorescence analysis and solubility tests (Hot method) of powdered drug  
of Camellia sinensis in various solvents 

 
S. No. Treatments Under visible light Under short wavelength (UV) 

254 nm 
Under long wave length (UV)  
365 nm 

Solubility 
Analysis 

1 Powdered drug+50% KOH Blackish brown Dark brown Black  Soluble  
2 Powderd drug+10% aq. Fecl3 Dark brown Black  Black  Partially soluble 

3 Powderd drug+Distl. H2O Leaf green Dark green Greenish black Partially soluble 
4 Powderd drug+HCL Conc. Brownish black Greenish black Black  Partially soluble 
5 Powderd drug+HCL 50% Greenish brown Greenish brown Black  Partially soluble 
6 Powderd drug+H2SO4 Conc. Chocolate brown Blackish brown Black  Partially soluble 
7 Powderd drug+H2SO4 50% Brownish black Black  Black  Partially soluble 
8 Powderd drug+HNO3 Conc. Crimson red Brownish black Reddish black Partially soluble 
9 Powderd drug+HNO3 50% Orange red Reddish brown Chocolate brown Partially soluble 

10 Powderd drug+Conc. CH3OH Spring green Buckingham green Reddish brown Soluble  
11 Powderd drug+CH3OH 50% Leaf green Yellowish green Pine forest Partially soluble 
12 Powderd drug+Conc. CHCl3 Fresh green Bottle green Reddish green Soluble  
13 Powderd drug+CHCl3 50% Pine forest Dark brown Black  Soluble  
14 Powderd drug+Conc. C2H5OH Algal green Bottle green Reddish brown Soluble  
15 Powderd drug+C2H5OH 50% Leaf green Gold dust  Dark green Slightly soluble 
16 Powderd drug+Conc. 

CH3COOH 
Brownish green Brown  Chocolate brown Partially soluble 

17 Powderd drug+CH3COOH 50% Golden green Brown  Chocolate brown Partially soluble 
18 Powderd drug+Conc. C6H6 Leaf  green Algal green Red  Soluble 
19 Powderd drug+C6H6 50% Bottle green Leaf green Dark green Soluble 
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Table 11: Fluorescence analysis and solubility tests (Cold method) of powdered drug  
of Chenopodium ambrosoides in various solvents 

  
S. No. Treatments Under visible light Under short 

wavelength (UV) 
254 nm 

Under long wave 
length (UV) 

365 nm 

On filter paper 
(under short 

wavelength UV) 

On filter paper (under 
long wavelength UV) 

Solubility 
Analysis 

1 Dried Plant Powderd Green  Dark green Dark green - - - 
2 Powdered drug+50% KOH Leaf green Leaf green Blackish green Pale yellow Lemon yellow Partially soluble 
3 Powderd drug+10% aq. Fecl3 Pine forest Dark brown  Black  Dark brown  Chocolate black Soluble  
4 Powderd drug+Distl. H2O Leaf green Bottle green Greenish black Pink  Pinkish white Partially soluble 
5 Powderd drug+HCL Conc. Leaf green  Dark green Dark green Pink  Pink  Partially soluble 
6 Powderd drug+HCL 50% Leaf green Dark green Blackish green Yellow  Pinkish yellow Partially soluble 
7 Powderd drug+H2SO4 Conc. Yellowish green Fresh green Bottle green Dark brown Brown  Partially soluble 
8 Powderd drug+H2SO4 50% Brownish black Brownish black Black  Pinkish brown Pinkish brown Partially soluble 
9 Powderd drug+HNO3 Conc. Orange brown Chocolate brown Blackish brown Yellow  Yellowish brown Partially soluble 

10 Powderd drug+HNO3 50% Leaf green Pine forest Blackish green Pink  Pinkish brown Partially soluble 
11 Powderd drug+Conc. CH3OH Bottle green Brownish green Brownish green Pink  Pink  Soluble  
12 Powderd drug+CH3OH 50% Light green Dirty green Leaf green Pink  Pink Partially soluble 
13 Powderd drug+Conc. CHCl3 Fresh green Leaf green Red green Pink  Pink  Soluble  
14 Powderd drug+CHCl3 50% Golden glimmer  Black green Leaf green Yellow  Whitish yellow Soluble  
15 Powderd drug+Conc. 

C2H5OH 
Spring green Leaf green Red green Pink  Pinkish yellow Soluble  

16 Powderd drug+C2H5OH 50% Light green  Golden glimmer Leaf green Dark pink Pink  Soluble  
17 Powderd drug+Conc. 

CH3COOH 
Golden glimmer Brownish green Reddish green Yellow  Light yellow Partially soluble 

18 Powderd drug+CH3COOH 
50% 

Golden glimmer Leaf green Dark green Pinkish yellow Pinkish yellow Soluble  

19 Powderd drug+Conc. C6H6 Leaf green Pine forest Reddish green Pink  Pink  Soluble  
20 Powderd drug+C6H6 50% Golden glimmer Leaf green Spring green Pale yellow Yellow Partially soluble 
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Table 12: Fluorescence analysis and solubility tests (Hot method) of powdered drug  
of Chenopodium ambrosoides in various solvents 

 
S. No. Treatments Under visible light Under short wavelength (UV) 

254 nm 
Under long wave length (UV) 

365 nm 
Solubility 
Analysis 

1 Powdered drug+50% KOH Golden glimmer Leaf green Brownish black Partially soluble 
2 Powderd drug+10% aq. 

Fecl3 
Charcoal  Algal green Greenish black Partially soluble 

3 Powderd drug+Distl. H2O Golden glimmer Leaf green Greenish black Partially soluble  
4 Powderd drug+HCL Conc. Golden glimmer Greenish black Greenish black Partially soluble 
5 Powderd drug+HCL 50% Leaf green Greenish black Dark green  Partially soluble 
6 Powderd drug+H2SO4 Conc. Brownish black Chocolate brown Black Partially soluble 
7 Powderd drug+H2SO4 50% Black  Black  Black  Partially soluble 
8 Powderd drug+HNO3 Conc. Bright orange Yellowish brown Orange brown Partially soluble 
9 Powderd drug+HNO3 50% Yellow  Yellowish orange Yellowish green Partially soluble 

10 Powderd drug+Conc. 
CH3OH 

Spring green Leaf green Brownish green Soluble  

11 Powderd drug+CH3OH 50% Bottle green Leaf green Reddish green Soluble  
12 Powderd drug+Conc. CHCl3 Light green Leaf green Reddish yellow Soluble  
13 Powderd drug+CHCl3 50% Leaf green Algal green Reddish brown Soluble  
14 Powderd drug+Conc. 

C2H5OH 
Fresh green Dark green Reddish green Soluble  

15 Powderd drug+C2H5OH 
50% 

Leaf green Dull green Brownish green Partially soluble 

16 Powderd drug+Conc. 
CH3COOH 

Golden glimmer Yellowish brown Reddish green Partially soluble 

17 Powderd drug+CH3COOH 
50% 

Golden glimmer Leaf green Blackish green Soluble  

18 Powderd drug+Conc. C6H6 Fresh green Dark green Reddish yellow Soluble  
19 Powderd drug+C6H6 50% Leaf green Bottle green Fresh green Soluble  
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Table 13. Comparative Characterization for differentiation of Cassia angustifolia and Cassia obtusifolia 
No. Characters   Cassia angustifolia Vahl. 

 
 Cassia obtusifolia L. 

01 Nomenclature  English Names : Tinne velly Senna, Indian Senna 
Local Names : Senna, Sana, Sanna Makki 
Trade Names: Senna, Sanna Makki 
 

 English Name : Coffee Weed, Sicklepod 
Local Name : Chota Amaltas 
Trade Name : None  
 

02 Geographic distribution   In Pakistan; Punjab and Sindh province. In World; Pakistan 
(Punjab, Sind); India (Bombay, Madras); Algeria; Libya; 
Egypt, Sudan, Saudi Arabia. It has also been found in Kenya 
and Mozambique.   

 In Pakistan; Chakwal, Gujrat, Salt Range. In World; Central 
and South America. 
 

03 Occurrence & habitat  In Pakistan it is cultivated, but very rare.   It is commonly cultivated along roads, garden and house lawns.  

04 Morphology  
Perennial, 60-80 cm tall, branches glabrous to subglabrous,  
stipules lateral, 1.6 mm long, leaf paripinnate, 5.5-10.5 cm 
long, Leaflets 5-9 pairs, lamina 1.2-4.5 cm long, 3.5-10 mm 
wide, glabrous hairy on both sides, lanceolate to ovate, tip 
acute. Inflorescence terminal or axillary raceme, up to 15 cm 
long. Young flowers with 8-9 mm long cup-shaped bracts. 
Pedicel 3-4 cm long. Sepals 5, subequal, 10-13 mm long, 6-9 
mm broad, spoon shaped or cup shaped, light yellow in color. 
Petals 5, subequal, 14-17 mm long, 7-10 mm wide, obovate, 
stamens 10, rest perfect, 2 lower largest, ovary hairy, stipitate. 
Fruit 5-6 cm long, 17-23 mm broad, sparsely hairy, turning 
black at maturity, generally 5-10 seeded, flowering April – 
June (Fig. 20: A1). 

 An erect shrub, 0.5-3.5 m tall. Leaf stipulate, stipule 3-.8 mm 
long leaflets 3 pairs, 1.7-7 cm long, obovate, glabrous,  
rounded at the top, apex minutely acute. Racemes short, 
peduncle 2 mm long, bearing 1-2 flowers. Bracts linear-acute, 
glabrous except the edges, 3-9 mm long, pedicel 1.2-3.5 cm 
long, hairy. Sepals membranous, ovate, 6-7 mm long. Petals 
unequal in size, more or less ovate, obtuse or rounded, 2-15 
mm long; Stamens 10, 3 lower longest, 4 lateral smaller, 3 
upper stamens staminoidal. Ovary glabrous, stigma truncate. 
Pods, glabrous to subglabrous, indehiscent, 10-25 cm long, 4-8 
mm wide, septate, 20-50 seeded, 5-10 mm long, albumen 
copious. Flowering March - September (Fig. 21: A2). 

05 Palynology  Pollen monad, tricolporate, shape in polar circular view,  polar 
diameter 30 µm (27.5-32.5 µm), polar length 35 µm (32.5-37.5 
µm), shape in equatorial view subprolate, equatorial diameter 
27.5 µm (25-30 µm), equatorial length  38.75 µm (37.5-40 
µm), P/E ratio 1.09, exine thickness 2.13 µm (1.25-5 µm), 
length of colpi 4.25 µm (2.5-6.25 µm) and width 8.75 µm (7.5-
10 µm), sculpturing faveolate with holes or depressions which 
are evenly distributed over the surface. These holes are minute 
and variable in size (Fig. 20: C1 & D1). 

 Pollen monad, tricolporate, shape in polar view subangular, 
polar diameter 30 µm (27.5-32.5 µm), polar length 33.75 µm 
(32.5-35 µm), shape in equatorial view  spheroidal, diameter 
15.25 µm (10-30 µm),  equatorial length 32.5 µm (30-35 µm), 
P/E ratio 1.9, exine thickness 3.12 µm (2.5-3.75 µm), length 
colpi 5.62 µm (5-6.25 µm) and width of colpi 6.87 µm (6.25-
7.5 µm) (Fig. 21: C2 & D2). 

06 Leaf epidermal anatomy  Abaxial Surface : Ordinary epidermal cells of various shapes,  
length of ordinary epidermal cell 30 µm (22.5-37.5 µm),  

 Abaxial surface : Epidermal cells variously shaped, length 
29µm (22.5-35.5 µm), width 18.5 µm (16-21 µm), stomata 
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width 17.5 µm (15-20 µm), stomata irregularly oriented, 
paracytic, length 16.87 µm (16.25-17.5 µm), width 8.75 µm 
(7.5-10 µm), length of guard cell 21.25 µm (20-22.5 µm),  
width 15 µm (12.5-17.5 µm), stomatal complex: 21.5 µm 
(19.5-23.5 µm) long, 22.75 µm (20-23.5 µm) wide. Subsidary 
cell 28.5 µm (22-35 µm) long, and 19.5 µm (15-24 µm) wide. 
Trichomes unicellular and pointed at the tip, length 121.25 µm 
(87.5-155 µm), width 17.5µm (15-20µm) (Fig. 20: E1). 
Adaxial Surface : Ordinary epidermal cells pentagonal, 
hexagonal or various shaped, mostly narrow elongated cells 
with very thin smooth walls. Length of ordinary epidermal 
cells 41.25 µm (32.5-50 µm), width 30 µm (25-35 µm), 
stomata irregularly oriented and much abundant, paracytic, 
length 16.25 µm (15-17.5 µm), width 7.5 µm (6.25-8.75 µm), 
length of guard cell 21.25 µm (20-22.5 µm), width 14.37 µm 
(12.5-17.5 µm), stomatal complex: 22.33 µm (21.5-23.5 µm) 
long, 24.3 µm (23.5-25 µm) wide, subsidary cell 32.75 µm 
(25-40.5 µm) long, 24.5 µm (19.5-29 µm) wide, glands 
surrounded by six cells and six spikes are protruding out. 
Trichome single celled, non glandular, hair like structures 
attached at base, tapering at the tip, by 6-7 cells, length 343.5 
µm (325-362 µm), width of larger trichomes 23.75 µm (20-
27.5 µm) (Fig. 20: F1).  
 

length 18.25 µm (17-19.5 µm), width 14 µm (12-16 µm), 
length of guard cells 17 µm (16-18 µm), width of guard cells 
3.25 µm (3-5.5 µm), stomatal complex: 20.8 µm (20-21.5 µm) 
long, and 23.8 µm (23-25 µm) wide, subsidary cells: 20.5 µm 
(16-25.5 µm) long, 15.5 µm (12-18 µm) wide (Fig. 21: E2). 
Adaxial Surface : Epidermis cells narrowly elongated and 
tetragonal or variously shaped. Ordinary epidermal cell, length 
33.33 µm (27.5-42.5 µm), width 22.5 µm (20-25 µm), 
anomocytic type of stomata, uniformly distributed over the 
surface, length 20.9 µm (20-22.5 µm), width 17.5 µm (15-20 
µm), length 20 µm (19-21 µm), width 5.83 µm (5-7.5 µm), 
stomatal complex: 20.8 µm (20-21.5 µm) long, and 23.8 µm 
(23-25 µm) wide, subsidary cell 23.5 µm (18-28 µm) long, 18 
µm (14-20.5 µm) wide. Long trichomes pointed at tip. Length 
of trichome 122.6 µm (95.5-141.8 µm) and width 15.6 µm 
(8.9-20.5 µm) (Fig. 21: F2). 
 

07 Trade Part & Status  Leaves and aerial parts are traded commonly at herbal shops 
throughout the country, under the name of Sana makki.  

 Leaves and aerial parts are generally mixed in genuine drug 
Sana Makki.  

08 Organoleptgraphy  In dried herbal drug leaves, branches and flowers are mixed. 
Aerial parts odorless and good in taste. Branches brown in 
color, size 0.6-1.5 cm, branches hard, narrow, pointed and 
have rough surface. Leaves green in color, irregular margins 
and have rough texture. The size of leaves ranges from 0.8-2.5 
cm. Flowers yellowish brown in color. Flowers have delicate 
surface and 0.5-0.7cm in length (Fig. 20: B1). 

 Flowers, branches and leaves mixed in dried herbal drug. The 
aerial parts odorless and has herbal taste. Branches cylindrical 
and greenish brown in color. The length of branches 12.2 cm-
22 cm. Branches hard and narrow, diameter of branches is 0.8-
1.9 cm. Leaves are green in color and broad. The size of leaves 
1-1.5 cm in length. Pods also mixed with aerial parts. Pods 
black brown in color, segmented 7cm-11cm in size(length). 
Flowers yellow in color (Fig. 21: B2). 

09 Part Use  Leaves & Aerial parts  Leaves, Pods, Flowers, Aerial parts  
10 Medicinal Uses  Constipation, digestive disorder, piles, migraine, epilepsy, 

heart diseases, respiratory diseases, skin diseases.  
 Constipation, digestive disorder 
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11 Indigenous herbal recipes   
Dried leaves are ground to obtain powder. 2 g of powdered 
leaves are mixed with equal amount of quality powdered rose 
petals. 5-10 g of this mixed powder is given with water to 
patients for 5 days regularly at night to cure constipation, 
digestive disorders and respiratory diseases.  

In 2-3 g powdered leaves, mix with equal amount of Plantago 
ovata husk. Take 5-8 g of this powder with glass of milk at 
night for 10-20 days to cure piles.  

In 2-5 g powdered leaves of Senna, mix equal amount of pure 
honey to make tablets. Take one tablet with glass of fresh 
water at night for a month to treat migraine, heart diseases and 
epilepsy.  

 Dried leaves and flowers are used medicinally for constipation 
and digestive disorder. According to women at Khyber 
Pukhton Khawa and Punjab Provinces. Dried leaves and pods 
are ground to obtain powder. 1-2 g of this powder is given with 
water to patients suffering from constipation and stomach 
disorders.  

12 Toxicity   Non toxic  Non toxic 
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Table 14: Fluorescence analysis and solubility tests (Cold method) of powdered drug  
of Cassia angustifolia in various solvents 

  
S. NO. Treatments Under visible light Under short 

wavelength (UV) 
254 nm 

Under long wave 
length (UV) 

365 nm 

On filter paper 
(under short 

wavelength UV) 

On filter paper (under 
long wavelength UV) 

Solubility 
Analysis 

1 Dried Plant Powderd Dull muddy green Green  Green  - - - 
2 Powdered drug+50% KOH Pine forest Black  Brownish black Yellow  Yellow  Partially soluble 

3 Powderd drug+10% aq. 
Fecl3 

Pine forest Dark green Dark green Dark brown Chocolate brown Partially soluble 

4 Powderd drug+Distl. H2O Leaf green Greenish brown Greenish brown White  Whitish pink Partially soluble 
5 Powderd drug+HCL Conc. Golden glimmer Black  Greenish black Pink  Pinkish brown Partially soluble 
6 Powderd drug+HCL 50% Golden glimmer Reddish brown Red oxide Yellow  Pinkish yellow Partially soluble 
7 Powderd drug+H2SO4 Conc. Dark red Reddish brown Brown  Brownish white Whitish brown Partially soluble 
8 Powderd drug+H2SO4 50% Red oxide Black  Reddish black Brown  Brown  Partially soluble 
9 Powderd drug+HNO3 Conc. Red oxide Black  Reddish black Brown  Chocolate brown Soluble  

10 Powderd drug+HNO3 50% Golden brown Reddish brown Reddish brown Yellow  Yellowish brown Partially soluble 
11 Powderd drug+Conc. 

CH3OH 
Leaf green Dark green Reddish brown Yellow  Yellow  Soluble  

12 Powderd drug+CH3OH 50% Golden glimmer Pine forest Leaf green Pink  Pink  Partially soluble 
13 Powderd drug+Conc. CHCl3 Golden glimmer Leaf green Spring green Pink  Pinkish white Soluble  
14 Powderd drug+CHCl3 50% Copper  Dark brown Reddish brown Pinkish yellow Pinkish yellow Soluble  
15 Powderd drug+Conc. 

C2H5OH 
Golden glimmer Fresh green Spring green Glowing white Shiny white Soluble  

16 Powderd drug+C2H5OH 
50% 

Dull green Leaf green Spring green Yellow  Yellow  Partially soluble  

17 Powderd drug+Conc. 
CH3COOH 

Golden glimmer Dark green Leaf green Pink  Pink  Partially soluble 

18 Powderd drug+CH3COOH 
50% 

Golden glimmer Green  Dark green Yellow  Yellow  Partially soluble 

19 Powderd drug+Conc. C6H6 Golden glimmer Leaf green Reddish green Pink  Pink  Soluble  
20 Powderd drug+C6H6 50% Golden glimmer Leaf green Black  White Whitish yellow Partially soluble 
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Table 15: Fluorescence analysis and solubility tests (Hot method) of powdered drug  
of Cassia angustifolia in various solvents 

 
S. No. Treatments Under visible light Under short wavelength (UV) 

254 nm 
Under long wave length (UV)  
365 nm 

Solubility 
Analysis 

1 Powdered drug+50% KOH Brownish black  Reddish brown Reddish brown Soluble  
2 Powderd drug+10% aq. Fecl3 Brownish green Dark green Dark green Partially soluble 

3 Powderd drug+Distl. H2O Redo green Dark green Pine forest Partially soluble 
4 Powderd drug+HCL Conc. Brownish black Black  Black  Partially soluble 
5 Powderd drug+HCL 50% Golden glimmer Dark brown Chocolate brown Partially soluble 
6 Powderd drug+H2SO4 Conc. Reddish black Black  Black  Partially soluble 
7 Powderd drug+H2SO4 50% Blackish brown Black  Black  Partially soluble 
8 Powderd drug+HNO3 Conc. Red orange Dark red Dark red Soluble  
9 Powderd drug+HNO3 50% Orange  Dark brown Dark brown Partially soluble 

10 Powderd drug+Conc. CH3OH Pine forest Dark green Dark green Partially soluble 
11 Powderd drug+CH3OH 50% Mustard  Leaf green Dark green Soluble 
12 Powderd drug+Conc. CHCl3 Gold dust Leaf green Spring green Soluble  
13 Powderd drug+CHCl3 50% Red oxide Dark brown Reddish brown Partially soluble 
14 Powderd drug+Conc. C2H5OH Golden glimmer Dark green Reddish green Soluble  
15 Powderd drug+C2H5OH 50% Lemon color Leaf green Light green Insoluble  
16 Powderd drug+Conc. 

CH3COOH 
Golden glimmer Reddish green Reddish green Partially soluble 

17 Powderd drug+CH3COOH 50% Fresh orange  Dark green Dark green Partially soluble 
18 Powderd drug+Conc. C6H6 Gold dust  Leaf green Red  Partially soluble 
19 Powderd drug+C6H6 50% Golden glimmer Leaf green Dark brown Soluble  
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Table 16: Fluorescence analysis and solubility tests (Cold method) of powdered drug  
of Cassia obtusifolia in various solvents 

  
S. No. Treatments Under visible light Under short 

wavelength (UV) 
254 nm 

Under long wave 
length (UV) 

365 nm 

On filter paper 
(under short 

wavelength UV) 

On filter paper (under 
long wavelength UV) 

Solubility 
Analysis 

1 Dried Plant Powderd Fresh green Green Buckingham green - - - 
2 Powdered drug+50% KOH Mustard green  Black  Blackish brown Pink  Purple blue Partially soluble 
3 Powderd drug+10% aq. Fecl3 Dark brown Black  Black  Pale brown Dark brown Partially soluble 
4 Powderd drug+Distl. H2O Light green Light grey Grayish white Light blue Pink with white outline Insoluble  
5 Powderd drug+HCL Conc. Leaf green Dark green Dark green Pink  Light purple Partially soluble 
6 Powderd drug+HCL 50% Golden glimmer Pine forest Pine forest Purple  Light pink Partially soluble 
7 Powderd drug+H2SO4 Conc. Pink  Dark green Buckingham green Black  Blackish brown Partially soluble 
8 Powderd drug+H2SO4 50% Reddish black Black  Blackish brown Black  Chocolate brown Insoluble  
9 Powderd drug+HNO3 Conc. Reddish brown Dark brown Dark brown Light brown Brownish purple Partially soluble 

10 Powderd drug+HNO3 50% Golden glimmer Leaf green Golden glimmer Light brown Woody brown Partially soluble 
11 Powderd drug+Conc. CH3OH Spring green Brown green Reddish green Light purple Fresh pink Soluble  
12 Powderd drug+CH3OH 50% Pale green  Dark green Leaf green Brownish green Pinkish green Partially soluble 
13 Powderd drug+Conc. CHCl3 Pine forest Dark green Reddish brown Bluish brown Brown  Soluble  
14 Powderd drug+CHCl3 50% Spring green Algal green Dark green Dark green Green  Soluble  
15 Powderd drug+Conc. 

C2H5OH 
Spring green Fresh green  Reddish green Dull brown Soil brown Soluble  

16 Powderd drug+C2H5OH 50% Pale green Leaf green Lemon green Pink  Purple  Partially soluble 
17 Powderd drug+Conc. 

CH3COOH 
Leaf green Reddish brown Reddish brown Bluish brown Pink flash Partially soluble 

18 Powderd drug+CH3COOH 
50% 

Leaf green  Leaf green Redo green Light blue Pinkish brown Partially soluble 

19 Powderd drug+Conc. C6H6 Pine forest  Leaf green Reddish green Pinkish blue Light pink Soluble  
20 Powderd drug+C6H6 50% Light green  Leaf green Spring green Brown with blue shade Pinkish brown Partially soluble 
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Table 17: Fluorescence analysis and solubility tests (Hot method) of powdered drug  
of Cassia obtusifolia in various solvents 

 
S. No. Treatments Under visible light Under short wavelength (UV) 

254 nm 
Under long wave length (UV) 

365 nm 
Solubility 
Analysis 

1 Powdered drug+50% KOH Greenish black Black redo green Fresh green Reddish black Soluble  
2 Powderd drug+10% aq. 

Fecl3 
Orange brown Black  Greenish black Soluble  

3 Powderd drug+Distl. H2O Light green Golden glimmer Golden glimmer Partially soluble 
4 Powderd drug+HCL Conc. Brownish green  Brown  Blackish brown Partially soluble 
5 Powderd drug+HCL 50% Brownish green Black  Dark brown Partially soluble 
6 Powderd drug+H2SO4 Conc. Black  Black  Black  Insoluble  
7 Powderd drug+H2SO4 50% Black  Black  Black  Insoluble  
8 Powderd drug+HNO3 Conc. Orange  Dark brown Dark brown Soluble  
9 Powderd drug+HNO3 50% Light brown Dark green Golden glimmer  Soluble  

10 Powderd drug+Conc. 
CH3OH 

Buckingham green Spinach green Red  Partially soluble 

11 Powderd drug+CH3OH 50% Light green Brownish green Golden green Soluble  
12 Powderd drug+Conc. CHCl3 Redo green Fresh green Red green Soluble  
13 Powderd drug+CHCl3 50% Leaf green Dull green Brown green Partially soluble 
14 Powderd drug+Conc. 

C2H5OH 
Fresh green Spring green Reddish green Soluble  

15 Powderd drug+C2H5OH 
50% 

Leaf green Algal green Pine forest Insoluble  

16 Powderd drug+Conc. 
CH3COOH 

Leaf green Reddish brown Reddish brown Partially soluble 

17 Powderd drug+CH3COOH 
50% 

Redo green  Pine forest  Pine forest Partially soluble 

18 Powderd drug+Conc. C6H6 Spring green Dark green Red  Partially soluble 
19 Powderd drug+C6H6 50% Leaf green Brown Brownish green Soluble  
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Table 18. Comparative Characterization for differentiation of Centella asiatica and Bacopa monnieri  

No. Characters   Centella asiatica (L.) Urb.  Bacopa monnieri (L.) Wettstein 
01 Nomenclature  English Names : Indian Pennywort, Gotu Kola 

Local Names: Gotu Kola, Brahmi, Brahmi Boti 
Trade Name : Brahmi  

 English Names : Water Hyssop, Thyme Leave Grastila 
Local Names: Nira Brahmi, Jala Brahmi, Water Brahmi 
Trade Name: Brahmi, Salnim 

02 Geographic distribution   In Pakistan; Murree, Hazara, Rawalpindi, Lahore, Poonch, In 
World; India, Sri Lanka, Pakistan, Northern Australia, 
Indonesia, Iran, Malaysia, Melanesia, Papua New Guinea and 
other parts of Asia. 

 In Pakistan; Karachi, Sind, Balouchistan, NWFP, Peshawar, 
Hazara, Multan, Shahpur, Lahore, Salt Range, Poonch, 
Kashmir, Jhelum, Islamabad. In World; India, Nepal, Sri 
Lanka, China, Taiwan, Vietnam, USA 

 

03 Occurrence & habitat  It grows near water, ditches, streams. It occurs near fresh water 
bodies, but its distribution is very rare. It is shade and moist 
loving herb found in damp and shady places, marshy areas and 
wetland. 

 
Erect, spreading herb, commonly growing in marshy places, 
wetland, near stream pools. 

 

04 Morphology  Annual to biennial creeper, stem slender, creeping stolons, 
greenish color, green, reniform, bean or rounded shaped with 
palmately netted veins. Leaves 2-3 cm in diameter. Rootstock 
consists of rhizomes, growing vertically down. Flowers small, 
red, brown colored, small, rounded bunches (umbels) near the 
surface of the soil. Flowers hermaphrodite 2-5 mm, with 5-6 
corolla lobes per flower, flower with five stamens and two 
styles. Fruit small, seed flattened. Flowerig August - 
September (Fig 22: A1) 

 
Small annual creeping herb, sometime erect with numerous 
branches, 10-20 cm height, branches 8-30 cm long, roots thin, 
small, branched, creamy or yellowish color, stem green, 
sometime purplish green, 1.5-2.5 mm thick, soft with nodes 
and internodes, leaves simple, opposite, decussate, sessile, 
succulent 1.5-3 cm long, obovate, flowers small, solitary 
axillary, petals 5, white, purple variegated, pedicels 5-25 mm 
long, fruit capsule 4-5 mm long, ovoid, glabrous. Flowering 
March - June (Fig. 23: A2). 

05 Palynology  Pollen monad tricolporate, shape in polar view is circular, 
polar diameter 21.25 µm (20-22.5 µm), polar length 20.5 µm 
(17.5-25 µm), shape in equatorial view spheroidal, subprolate, 
equatorial diameter 21.6 µm (17.5-25 µm) equatorial length 
38.5 µm (32.5-42.5 µm). P/E ratio 0.98, exine thickness 3 µm 
(2.5-3.75 µm), sculpturing psilate with completely smooth 
surface (Fig. 22: C1 & D1).  

 Pollen monad tricolporate, shape in polar view circular, polar 
diameter 14.16 µm (12.5-15 µm), polar length 16.6µm (15-
17.5 µm), shape in equatorial view perprolate, equatorial 
diameter 17.5 µm (15-20 µm), equatorial length 40 µm (37.5-
42.5 µm), P/E ratio 0.81, exine thickness 3.12 µm (2.5-3.75 
µm), sculpturing faveolate, sculpturing elements consist of 
holes or depressions. The depressions are less than 1 µm. The 
distance between them is fairly wide (Fig. 23: C2 & D2). 

06 Leaf epidermal anatomy  Abaxial Surface : Ordinary epidermal cells hexagonal and 
pentagonal. Length 92.5 µm (90-95 µm), width 52.5 µm (50-
55 µm). Anomocytic stomata, length 16.66 µm (7.5-22.5 µm), 
width 9.16 µm (5-15 µm). Length of guard cell 25 µm (22.5-

 Abaxial Surface : Ordinary epidermal cells irregular shaped, 
with thin undulating bold walls, length 45 µm (25-65 µm), 
width 21.66 µm (20-22.5 µm). Stomata irregularly oriented and 
abundant, anomocytic, length of stomata 18.25 µm (16.5-20 
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27.5 µm), width 19.16 µm (17.5-22.5 µm). Trichomes and 
glands absent (Fig. 22: E1).  
Adaxial Surface : Epidermis mostly showing hexagonal and 
tetragonal cells with smooth walls. The epidermal cells are 
elongated, large and tubular, ordinary epidermal cell, length 
89.1 µm (82.5-95 µm), width 55 µm (52.5-57.5 µm). 
anomocytic stomata, Length 14.5 µm (7-22 µm), width 9.14 
µm (5-15 µm). Length of guard cell 24.75 µm (22.5-27 µm), 
width 19.16 µm (17.5-22.5 µm). Trichomes and glands absent 
(Fig. 22: F1). 
 

µm), width 9.25 µm (8-10.5 µm). Length of guard cells 19.5 
µm (18-21 µm), width 9.75 µm (7.5-12 µm). Stomatal complex 
19.8 µm (18-22 µm) long, and 27.25 µm (26-28.5 µm) wide. 
Subsidary cell 33.5 µm (18-48 µm) long, and 16.5µm (14-19 
µm) wide. Glands rounded in shape, length 35.5 µm (32.5-38.5 
µm), width 28.55 µm (27.5-29.5 µm) (Fig. 23: E2).   
Adaxial Surface : Ordinary epidermal cell of irregular shape 
with undulating thin walls, length 55.62 µm (30-75 µm), width 
31.25 µm (25-42.5 µm). Stomata irregularly oriented, diacytic 
type, length 21.66 µm (20-22.5 µm), width 11.37µm (10-12.5 
µm). Length of guard cell 21.66 µm (20-22.5 µm), width 10 
µm (7.5-12.5 µm). Stomatal complex 22 µm (21-23.5 µm) long 
& 33.5 µm (32-34.5 µm) wide. Subsidary cell 34.5 µm (20-50 
µm) long and 22.5µm (15-30.5 µm) wide. A typical secretary 
gland is found, length 40 µm (37.5-42.5 µm), width 33.75 µm 
(30-42.5 µm) (Fig. 23: F2).   
 

07 Trade Part & Status  Whole plant, mainly aerial parts are traded generally at herbal 
shops of Pakistan 

 It is not traded commonly  

08 Organoleptography  Dried leaves and branches mixed as herbal drug. Branches 
dark brownish in color and hairy, hairs white in color. The size 
of branches ranges from 4-15 cm. Branches curved/spiraled. 
Branches originated in the form of bunch from roots. Branches 
have whitish ridges on surface. Leaves dark green in color, 
broad like fan and with wavy margins. They are bitter in taste. 
Size of leaves ranges from 3-7.5 cm. Flowers pink or brownish 
in color and present in the form of clusters. Roots dark brown 
in color, hard and irregular. There are short pieces of roots and 
have ridges and furrows. Roots are tasteless and odorless (Fig. 
22: B1). 

 Dried whole plant contains aerial parts have mixed leaves, 
roots, flowers and branches. Branches cylindrical and brownish 
green in color. There are irregular branches and nodes are 
prominent. Size of branches ranged 3.8-9.5 cm. Leaves are 
green, ovate with entire margins. They are roughly textured, 
odorless and have bitter taste. Length of leaves ranges from 
0.9-1.5cm. Flowers white in color. Roots brown in color, hard, 
rough textured and swollen. Size of roots is from 0.5-0.8cm 
(Fig. 23: B2). 

 

09 Medicinal Uses  Wounds, skin diseases, epilepsy, digestion, mental depression, 
urinary disorder 

 Bronchitis, asthma, stomach disorder, blood purification, heart 
diseases.  

10 Part Use  Whole plant, mainly aerial parts  Whole plant, mainly aerial parts
11 Indigenous herbal recipes   According to herbalists (Punjab), the fresh plant is crushed to 

obtained paste. This paste is applied on wounds to cure and 
reduce skin infection.  
Whole plant is dried under shade and ground to obtain powder. 

 Half teaspoon of fresh juice of plant is mixed in glass of water 
and given thrice a day for a week to children for curing 
bronchitis and diarrhea. 
Fresh plant is crushed to obtain paste and this paste is 
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½ tablespoon powder twice a day is given to mentally retarded 
patient for 20-25 days in order to improve mental power, 
memory and increase intelligence. This recipe is equally 
effective in epilepsy and schizophrenia according to older 
ladies of Khyber Pakhtoon Khawa province among children. 
Decoction of whole plant is recommended for blood 
purification, skin disorders, digestion, urinary disorders and 
diabetes. 

externally applied as remedy for rheumatism, dermatitis, skin 
infection. Fresh juice of whole plant is mixed with half 
quantity of ginger juice and sugar. ½ teaspoon thrice a day is 
given to patients for stomach, disorders, cardiac tonic, anxiety 
and blood purification. Whole plant is dried in shade and 
ground to obtain powder. 2 g powder drug twice a day for 15-
20 days is recommended for nerve tonic and epilepsy.  

12 Toxicity   No toxic effects, but when taken in excess amount may cause 
headache and itching. 

 Normal dose of this herbal drug have no side effects or 
toxicity.  
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Table 19: Fluorescence analysis and solubility tests (Cold method) of powdered drug  
of Centella asiatica in various solvents 

  
S. NO. Treatments Under visible light Under short 

wavelength (UV) 
  254 nm 

Under long wave 
length (UV) 

365 nm 

On filter paper 
(under short 

wavelength UV) 

On filter paper (under 
long wavelength UV) 

Solubility 
Analysis 

1 Dried Plant Powderd Dull green Signal green Signal green - - - 
2 Powdered drug+50% KOH Yellowish green Leaf green Leaf green Yellow   Yellowish brown Partially soluble 

3 Powderd drug+10% aq. 
Fecl3 

Greenish brown  Black  Blackish green Brown  Chocolate brown Soluble  

4 Powderd drug+Distl. H2O Golden glimmer Pine forest Pine forest Pink  Pinkish white Partially soluble 
5 Powderd drug+HCL Conc. Golden glimmer Dark green Leaf green Pink  Pink  Partially soluble 
6 Powderd drug+HCL 50% Golden glimmer Dark green Leaf green Pink Light pink  Partially soluble 
7 Powderd drug+H2SO4 Conc. Orange yellow Black  Black  Black  Black  Partially soluble 
8 Powderd drug+H2SO4 50% Dark green Black  Dark brown Yellow  Yellowish orange Partially soluble 
9 Powderd drug+HNO3 Conc. Light brown  Brown  Brownish green Pink  Pink  Partially soluble 

10 Powderd drug+HNO3 50% Brown  Black  Brownish black Yellow  Orange yellow Partially soluble 
11 Powderd drug+Conc. 

CH3OH 
Spring green Algal green Reddish green Pink  Pink  Soluble  

12 Powderd drug+CH3OH 50% Golden glimmer Dark green Dirty green Yellow  Yellow  Partially soluble 
13 Powderd drug+Conc. CHCl3 Golden glimmer Pine forest Spring green Yellow  Yellow  Soluble  
14 Powderd drug+CHCl3 50% Yellowish green Dark green Brownish green Pink  Pink  Partially soluble 
15 Powderd drug+Conc. 

C2H5OH 
Spring green Fresh green Reddish green Yellow  Light yellow Soluble  

16 Powderd drug+C2H5OH 
50% 

Shiny green Pale green Pine forest Pink  Pinkish yellow Insoluble  

17 Powderd drug+Conc. 
CH3COOH 

Light green Reddish green Reddish green Pink  Pink  Partially soluble 

18 Powderd drug+CH3COOH 
50% 

Golden glimmer Leaf green Leaf green Yellow  Yellowish pink Partially soluble 

19 Powderd drug+Conc. C6H6 Golden glimmer Light green Reddish orange Yellow  Yellow  Soluble  
20 Powderd drug+C6H6 50% Leaf green  Dark green Pine forest Pink  Pinkish brown Partially soluble 
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Table 20: Fluorescence analysis and solubility tests (Hot method) of powdered drug  
of Centella asiatica in various solvents 

 
S. No. Treatments Under visible light Under short wavelength (UV) 

254 nm 
Under long wave length (UV)  
365 nm 

Solubility 
Analysis 

1 Powdered drug+50% KOH Orange green Dark brown Brown  Partially soluble 
2 Powderd drug+10% aq. Fecl3 Brownish green Black  Pine forest Soluble  

3 Powderd drug+Distl. H2O Yellowish green Dark green Leaf green Partially soluble 
4 Powderd drug+HCL Conc. Light orange Brown  Dark brown Partially soluble 
5 Powderd drug+HCL 50% Golden glimmer Dark green Leaf green Partially soluble 
6 Powderd drug+H2SO4 Conc. Black  Black  Black  Insoluble  
7 Powderd drug+H2SO4 50% Greenish black Black  Black  Insoluble  
8 Powderd drug+HNO3 Conc. Orange  Brown  Dark orange Soluble  
9 Powderd drug+HNO3 50% Pale cream Dark green Leaf green Partially soluble 

10 Powderd drug+Conc. CH3OH Fresh green Leaf green Red  Soluble  
11 Powderd drug+CH3OH 50% Leaf green Algal green Dirty green Partially soluble 
12 Powderd drug+Conc. CHCl3 Pale green Spring green Fresh green Soluble  
13 Powderd drug+CHCl3 50% Brownish green Algal green Leaf green Insoluble  
14 Powderd drug+Conc. C2H5OH Fresh green Dark green Red  Soluble  
15 Powderd drug+C2H5OH 50% Brownish green Dark green Algal green Partially soluble 
16 Powderd drug+Conc. 

CH3COOH 
Leaf green Reddish green Reddish green Partially soluble 

17 Powderd drug+CH3COOH 50% Brownish green Leaf green Redo green Partially soluble 
18 Powderd drug+Conc. C6H6 Grapes green Leaf green Reddish yellow Soluble  
19 Powderd drug+C6H6 50% Leaf green Dull green Mehandi green Partially soluble 
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Table 21: Fluorescence analysis and solubility tests (Cold method) of powdered drug  
of Bacopa monnieri in various solvents 

  
S. No. Treatments Under visible light Under short 

wavelength (UV) 
254 nm 

Under long wave 
length (UV) 

365 nm 

On filter paper 
(under short 

wavelength UV) 

On filter paper (under 
long wavelength UV) 

Solubility 
Analysis 

1 Dried Plant Powderd Muddy green  Muddy green Brownish green - - - 
2 Powdered drug+50% KOH Gold dust Dark green Dark brown Yellow  Pinkish yellow Soluble  
3 Powderd drug+10% aq. Fecl3 Blackish green Black  Blackish charcoal Brown  Chocolate dark brown Partially soluble 
4 Powderd drug+Distl. H2O Leaf green Brown  Greenish brown Brown  Yellowish brown Partially soluble 
5 Powderd drug+HCL Conc. Golden glimmer Green  Brownish green Pink  Pinkish brown Partially soluble 
6 Powderd drug+HCL 50% Orange brown Brown  Dark brown Pink  Pinkish brown Partially soluble 
7 Powderd drug+H2SO4 Conc. Orange brown Chocolate brown Black  Brown  Dark brown Partially soluble 
8 Powderd drug+H2SO4 50% Blackish brown Blackish brown Black  Brown  Brown  Partially soluble 
9 Powderd drug+HNO3 Conc. Bright orange Brownish orange Chocolate brown Yellow  Yellowish pink Partially soluble 

10 Powderd drug+HNO3 50% Pale cream Bright orange Orange brown Pink  Pinkish brown Partially soluble 
11 Powderd drug+Conc. CH3OH Leaf green Greenish brown Orange brown Pink  Pinkish yellow Partially soluble 
12 Powderd drug+CH3OH 50% Leaf green Golden glimmer Dark green Pink  Pinkish brown Partially soluble 
13 Powderd drug+Conc. CHCl3 Leaf green Dark green Red green Yellow  Yellow  Soluble  
14 Powderd drug+CHCl3 50% Golden glimmer Pine forest Leaf green Pink  Grayish pink Partially soluble 
15 Powderd drug+Conc. 

C2H5OH 
Golden glimmer Light brown Orange brown Yellow  Yellow  Partially soluble 

16 Powderd drug+C2H5OH 50% Light yellow Green  Golden glimmer Pink  Pink  Partially soluble 
17 Powderd drug+Conc. 

CH3COOH 
Muddy brown Dark brown Reddish brown Pink  Pinkish brown Partially soluble 

18 Powderd drug+CH3COOH 
50% 

Mustard  Brown  Terracotta  Pink  Pink  Partially soluble 

19 Powderd drug+Conc. C6H6 Golden glimmer Greenish brown Mustard  Pink  Pink  Partially soluble 
20 Powderd drug+C6H6 50% Gold dust Dark green Pine forest Yellow  Yellowish brown Partially soluble 
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Table 22: Fluorescence analysis and solubility tests (Hot method) of powdered drug  
of Bacopa monnieri in various solvents 

 
S. No. Treatments Under visible light Under short wavelength (UV) 

254 nm 
Under long wave length (UV) 

365 nm 
Solubility 
Analysis 

1 Powdered drug+50% KOH Mehandi green Leaf green Dark brown Partially soluble 
2 Powderd drug+10% aq. 

Fecl3 
Orange brown Brown  Chocolate brown Soluble  

3 Powderd drug+Distl. H2O Golden glimmer Brown  Golden brown Partially soluble 
4 Powderd drug+HCL Conc. Greenish brown Greenish brown Brown  Partially soluble 
5 Powderd drug+HCL 50% Orange brown Chocolate brown Chocolate brown Partially soluble 
6 Powderd drug+H2SO4 Conc. Brownish black Black  Black  Partially soluble 
7 Powderd drug+H2SO4 50% Brownish black Reddish black Black  Soluble  
8 Powderd drug+HNO3 Conc. Orange  Orange brown Orange brown Partially soluble 
9 Powderd drug+HNO3 50% Light orange Greenish brown Dull green Partially soluble 

10 Powderd drug+Conc. 
CH3OH 

Leaf green Greenish brown Orange brown Partially soluble 

11 Powderd drug+CH3OH 50% Golden glimmer Leaf green Greenish brown Partially soluble 
12 Powderd drug+Conc. CHCl3 Leaf green Algal green  Pine forest Soluble  
13 Powderd drug+CHCl3 50% Pale green Dull green Fresh green Partially soluble 
14 Powderd drug+Conc. 

C2H5OH 
Leaf green Greenish brown Orange brown Partially soluble 

15 Powderd drug+C2H5OH 
50% 

Golden glimmer Leaf green Leaf green Partially soluble 

16 Powderd drug+Conc. 
CH3COOH 

Dark brown Reddish brown Reddish brown Partially soluble 

17 Powderd drug+CH3COOH 
50% 

Mustard   Brown  Mustard brown Insoluble  

18 Powderd drug+Conc. C6H6 Leaf green Reddish brown Red  Partially soluble 
19 Powderd drug+C6H6 50% Leaf green Pine forest Pine forest Partially soluble 
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Table 23: Comparative Characterization for differentiation of Cymbopogon citratus and Cymbopogon jwarancusa  

No. Characters   Cymbopogon citratus (DC) Staff. 
 

 Cymbopogon jwarancusa Schult 
 

01 Nomenclature  English Names : Lemon grass, oil grass, citronella grass, fever 
grass 
Local Name : Lemon grass 
Trade Name : Lemon grass 

 English Names : Russ grass, wild lemon grass 
Local Name : Khawi 
Trade Names: None. While adulterated under the name of 
lemon grass.  
 

02 Geographic distribution   In Pakistan; Soon (Sodhi, Jaba, Kathwai, Khura, Mardwal, 
Khabaki), Kallar Kahar, Choa Saidan Shah, Attock, Hazro,  Dir, 
Malakand, Kashmir, Mansehra, Abbotabad , Murree hills and 
Sahiwal. In World; Afghanistan to Northern India, Nepal, Burma, 
Madagascar, Tropical Africa, China, Phillipines, Brazil, Sri 
Lanka, Indonesia, Central Africa, Hawaii and Native to Australia. 

 In Pakistan; Kallar Kahar, Soon Sakesar, Attock, Hazro, 
Islamabad, Choa Saidan Shah, Kariala, Chakwal, Dhok Seela, 
Kheura, Narwari, Dir, Quetta, Kohat, Peshawar, Sargodha, 
Lahore, Dadu, Karachi, Tharparker. In World; India, main 
Nepal, North east tropical Africa, Afghanistan, Iran and Iraq, 
Arabia, China. 

03 Occurrence & habitat  Common on marginal land, clay soil, stony soil. Commonly 
cultivated in gardens and along cultivated fields in Pakistan. 

 Common on mountains, rocky slopes, rare on  edges of fields, 
sandy clay soil. In Pakistan, it occurs as wild grass in arid and 
semi arid area generally.  

 

04 Morphology  
Clump forming grass, perennial, clumps, 1-2 m tall, 1-1.3 m 
wide, leaves pointed at both ends, leaf 1 m long, 1.5 cm wide 
with scabrous margins. Leaves aromatic, sheaths open, ligules 
membranous, blades glabrous, inflorescence axillaries terminal, 
compound panicles, 4-7 heterogamous spikelet pairs, pedicels 
swollen, sessile spikelts dorsally compressed, lower glumes 
characteristic, 2 keeled, often streaked with oil glands, upper 
florets with glabrous, short awn, lower floret reduced to a hyaline 
lemma; upper lemma hyaline or stipitiform, bilobed (very rarely 
entire), with or without a glabrous awn from the sinus; palea 
absent; caryopsis oblong, subterete to planoconvex. Pedicelled 
spikelet male or barren, as long as the sessile but never depressed 
on the back, awnless. Flowering July-September (Fig. 24: A1). 

 Perennial, tufted at the base, erect or geniculately ascending, 50-
140 cm high; Leaf blades aromatic when chewed, green, brick 
reddish, 8-30 cm long, 4-6 mm wide, whitish, alternate to 
filiform,  ligule membranous, 1.5-2.7 mm long, sheaths whitish 
flat, glacuous, rachis and pedicels densely ciliated margins; 
spikelets in pairs, one sessile and other pedicelled, sessile 
spikelet bisexual or female, lanceolate, densely ciliated at the 
base; Upper glume, boat shaped, compressed keel, purplish, 
bifid at the tip, glabrous, membranous to cartilaginous. Lower 
glume, as long spikelet, chartacious, 2 keeled, concave on the 
back, margins folded inwards, upper lemma, hyaline, narrow, 1 
nerved, membranous, about 3 mm wide, glabrous awn, 6-10 mm 
long, Lower lemma hyaline, enclosing the flower. Pedicelled 
spikelet male or barren, 4-7 mm long, awnless, not depressed on 
the back, lanceolate cilia at the margins of pedical; upper glume, 
lanceolate, lower glume, as long as the spikelet, dentate at the 
front tip; upper lemma hyaline, oblong, acute; Lower lemma 
hyaline, (Fig. 25: A2). 
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05 Palynology  Pollen circular in polar view and oblate spheroidal in equatorial 
view, polar diameter 27.5 μm (25-30 μm), equatorial diameter 29 
μm (25-35 μm), P/E ratio 0.96, pollen ectoporate, monoporate, 
pore diameter 1.45 μm (1-2µm), exine thickness 1.5 μm (1.0-
2.0µm), sculpturing rugulate and rugulae narrowly spaced (Fig. 
24: C1 & D1). 

 Pollen monad, circular in polar view, prolate spheroidal in 
equatorial view. Polar diameter 27.69 μm (22.5-32.5 μm), 
equatorial diameter  25.86 μm (22.5-30 μm). P/E ratio 1.07. 
Pollen monoporate or diporate. Pore diameter 1.41 μm (0.75-2.0 
μm), exine thickness 1.29 μm (1.25-1.5 μm). Sculpturing 
scabrate & narrowly spaced (Fig. 25: C2 & D2). 

06 Leaf epidermal anatomy  Abaxial surface : Intercostal long cells with thick sinuous walls, 
80.5 μm (63.5-108.5 μm) long and 22.5 μm (22-23.25 μm) wide, 
number of rows of long cell between two costal zones 3-18, two 
stomatal rows between two costal zones, stomatal complex, 35 
μm (33.5-38.5 μm) long 16.5 μm (15-17.5 μm) wide, guard cells 
dumb bell shaped, subsidiary cells dome shaped or triangular in 
shape, microhairs knife like, distal cell thin walled and not 
prominent,30.5 μm (27.5-35 μm) long and 6 μm (5-6.25 μm) 
wide. Hooks tapering towards the tip, broad at the base, 31.5 μm 
(28-36.5 μm) long and 11 μm (10-12.5 μm) wide. Long cells are 
smooth or slightly, sinous walls are found on intercostals zone. 
Silica bodies cross shaped,13 μm (12.5-13.75 μm) long 8.5 μm 
(5-11.25 μm) wide. Short cells with sinuous walls present 
between silica bodies, 30.5 μm (23.5-38.5 μm) long 10 μm (9.75-
12.25 μm) wide, prickles with sharp tip are found on the costal 
silica bodies couple with cork cells are found on costal zone (Fig. 
24: E1). 
Adaxial Surface: Intercostal long cells with thick sinuous walls, 
85 μm (72-136 μm) long and 29 μm (26-32 μm) wide, number of 
rows of long cells between two costal zones 5-9, stomatal rows 
between two costal zones, stomatal complex 34 μm (32-36.5 μm) 
long and 16 μm (14.5-17.5 μm) wide, guard cells dumb bell 
shaped, subsidiary cells triangular in shape, stomata not found 
frequently on the adaxial side, microhairs  26.3 μm (25-27.5 μm) 
long and 6.25 μm (3-8 μm) wide, macrohairs 120.5 μm (116-124 
μm) long and 6.75 μm (6.25-7.5 μm) wide, abundant on adaxial 
side. Hooks rounded at the base, pointed at one side, 34 μm 
(33.5-36 μm) long and 17.5 μm (15-20 μm) wide, costal zone: 
silica bodies cross and dumb bell shaped, 12.5 μm (11.75-14 µm) 
long and 10 μm (8.25-12 µm) wide, short cells rarely present, 
19.5 μm (15-24.5 µm) long and 8 μm (6-10µm) wide, Prickles 

 Abaxial Surface : Intercostal long cells with  sinuous walls, 
mostly long cells with large papilla at one side of long cell, 80.5 
μm (42-117.5 μm) long,  10 μm (8.5-13.5 μm) wide, short cell 
present between long cells,8 μm (5.25-12.5 μm) long 5 μm (4.0-
6.25) μm wide, number of rows of long cells, between two 
costal zones, 3-6, stomatal rows between two costal zones, 3-4, 
stomatal complex, 25 μm (23.25-29.75 μm) long and 25.5 μm 
(25-26.25 μm) wide, guard cells dumb bell shaped, thick in the 
middle, 7 μm (6.25-7.5 μm) wide, subsidiary cells highl dome 
shaped, 10.1 μm (9-11 μm) wide, microhairs present between 
two long cells, distal cell shorter than basal cell, 42.5 μm (37.5-
50 μm) long and 7 μm (6.25-7.5 μm) wide, macrohairs and 
hooks not seen. Silica bodies intermediate between cross and 
dumb bell shaped or cross shaped, 18 μm (16.25-20 μm) long 
and 9 μm (7.5-12.5 μm) wide, silica bodies and prickles present 
in a row, short cells present in rows, prickles in abundance in 
the costal zone (Fig. 25: E2).  
Adaxial Surface: Adaxial intercostal long cells cubical and 
with slightly sinuous or straight walls, 100 μm (83.5-128.5 μm) 
long and 20 μm (17.26-26 μm) wide, number of rows of long 
cell between costal zones, stomata with dome shaped subsidiary 
cells are the characteristic features, stomatal rows between two 
costal zones, 1-2. Stomatal complex 28 μm (25-30 μm) long and 
20.5 μm (17.5-23.5 μm) wide, guard cells dumb bell shaped, 
subsidiary cells dome shaped, microhairs bicelled, distal cell 
thin walled, shorter than basal cell and tapering towards the 
apices, 42.3 μm (41-43.5 μm) long and 8 μm (7.25-8.5 μm) 
wide, macrohairs absent, hooks not seen. Silica bodies cross 
shaped or intermediate between dumb bell and cross shaped, 18 
μm (15-22.5 μm) long and 4.6 μm (4.25-5 μm) wide. Short cells 
with sinuous walls, 16.5 μm (15-18.75 μm) long and 6 μm (5-
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present at the margins. (Fig. 24: F1). 
 

7.5 μm) wide. Angular prickles present at the margins of costal 
zone, 23.5 μm (20-25  μm) long and 7 μm (6.25-7.5 µm) wide  
(Fig. 25: F2). 
  

07 Trade Part & Status  Aerial parts (leaves & stalks) commonly sold at herbal shops of 
Indo-Pak subcontinent. It is sold in herbal market under the name 
of lemon grass herbal tea.  

 Aerial parts, adulterated in lemon grass at herbal shops.  
 

08 Organoleptography  Dried herbal drug includes leaves. Leaves aromatic with pleasant 
lemon like scent and lemon like taste. Leaves golden and green in 
color. Leaves little bit hairy and pointed at end, and margins 
straight. Leaf venation is parallel. Length of leaves ranges from 
10-11.8cm. Width of leaves ranges from 0.3-0.6 cm (Fig. 24: 
B1). 

 Dried herbal drug leaves and branches. Aerial parts odorless and 
good in taste. Leaves margins smooth, light green, hairy and 
pointed at end. Length of leaves ranges from 5-22cm.Width of 
leaves ranges from 0.1-0.2cm. Branches are cylindrical, smooth, 
yellow in color, divided into nodes and internodes. Length of 
branches ranges from 9-14.5cm. Width of branches ranges from 
0.1-0.2 cm (Fig. 25: B2). 

09 Part Use  Aerial parts  Aerial parts 
10 Medicinal Uses  Cough, cold, fevers, flue, allergy  Chicken pox, cold, cough, hair tonic  
10 Indigenous herbal recipes   For adult fevers, 3 g dried leaves are boiled in 3 cups of water for 

10 minutes, the patient is given full cup thrice a day to drink for 
fever, cold and cough. For childhood fevers, 3 g leaves are boiled 
in 3 cups of water for 10 minutes; 1/2 cup of this is given to the 
child 6 times daily and the child is kept warm throughout.  
According to elder people in Pakistan, lemon grass tea can be 
used as decoction, infusion or herbal tea. Particularly for cough, 
flu and cold. 2-3 g dried fresh leaves boiled in water mixed with 
appropriate quantity of honey and for taste add small cardamom 
(1-2). Full cup of this herbal tea thrice a day is recommended for 
3-4 days to cure chronic flue, cough, cold and allergy. This 
herbal tea for 15-20 days is also recommended for Asthma. 

 Aerial parts are dried in shade, burnt, and infusion is 
recommended for chicken pox in Salt Range region of Pakistan 
by local communities and herbalists. According to elder ladies 
aerial parts of the plant are crushed and mixed in mustard oil to 
make scented oil. This oil is recommended for long, healthy and 
shiny hairs for women. Herbal tea of this plant can be used for 
cold, cough and flue like lemon grass.   
 

11 Toxicity   Excessive use may cause stomach ulcer.  Excessive use may cause some stomach disorders.  
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Table 24: Fluorescence analysis and solubility tests (Cold method) of powdered drug  
of Cymbopogon citratus in various solvents 

  
 

S. No. Treatments Under visible light Under short 
wavelength (UV) 

254 nm 

Under long wave 
length (UV) 

365 nm 

On filter paper 
(under short 

wavelength UV) 

On filter paper (under 
long wavelength UV) 

Solubility 
Analysis 

1. Dried Plant Powderd Golden brown Yellowish brown Yellowish brown - - - 
2. Powdered drug+50% KOH Golden brown Yellowish brown Reddish brown Yellow  Greenish yellow Partially soluble 
3. Powderd drug+10% aq. Fecl3 Reddish brown Dark brown Dark green Light green Yellowish green Soluble   
4. Powderd drug+Distl. H2O Yellowish brown Light brown Chocolate brown Pink  Pinkish brown Partially soluble 
5. Powderd drug+HCL Conc. Red oxide Chocolate brown Reddish brown Light brown Pinkish brown Partially soluble 
6. Powderd drug+HCL 50% Mustard  Greenish brown Soil brown Dark brown Brown  Partially soluble 
7. Powderd drug+H2SO4 Conc. Brownish black Chocolate brown Black  Brown  Chocolate brown Partially soluble 
8. Powderd drug+H2SO4 50% Conker  Brownish black Black  Brown  Chocolate brown Partially soluble 
9. Powderd drug+HNO3 Conc. Red oxide Dark brown Chocolate brown Dark brown Mustard  Partially soluble 

10. Powderd drug+HNO3 50% Golden brown Light brown Chocolate brown Dark brown Mustard  Partially soluble 
11. Powderd drug+Conc. CH3OH Golden glimmer Rado green Leaf green Green  Green  Soluble  
12. Powderd drug+CH3OH 50% Gold dust Yellowish green Leaf green Light green Leaf green Partially soluble 
13. Powderd drug+Conc. CHCl3 Golden glimmer Leaf green Reddish green Pink  Light pink Soluble  
14. Powderd drug+CHCl3 50% Mustard  Reddish brown Dark brown Pink  Pink  Partially soluble 
15. Powderd drug+Conc. 

C2H5OH 
Gold dust Spring green Bottle green Colorless  Colorless Soluble  

16. Powderd drug+C2H5OH 50% Gold dust Golden glimmer Leaf green Light yellow Light brown Partially soluble 
17. Powderd drug+Conc. 

CH3COOH 
Light yellow Greenish yellow Pinkish green Pink  Light pink Insoluble  

18. Powderd drug+CH3COOH 
50% 

Lemon yellow Pinkish green Pinkish green Pink  Pink  Partially soluble 

19. Powderd drug+Conc. C6H6 Leaf green Dark green Reddish green Colorless Colorless Soluble  
20. Powderd drug+C6H6 50% Reddish yellow Yellowish green Reddish green Grey  Grey  Partially soluble 

 
 
 
 



           

 

77
	

Table 25: Fluorescence analysis and solubility tests (Hot method) of powdered drug  
of Cymbopogon citratus in various solvents 

 
S. No. Treatments Under visible light Under short wavelength (UV) 

254 nm 
Under long wave length (UV) 

365 nm 
Solubility 
Analysis 

1. Powdered drug+50% KOH Reddish brown Blackish brown Red oxide Partially soluble 
2. Powderd drug+10% aq. 

Fecl3 
Pine forest Dark green Black  Partially soluble 

3. Powderd drug+Distl. H2O Greenish yellow Black  Brownish black Partially soluble 
4. Powderd drug+HCL Conc. Red oxide Reddish brown Black  Partially soluble 
5. Powderd drug+HCL 50% Brownish black Dark brown Black  Partially soluble 
6. Powderd drug+H2SO4 Conc. Brownish black Black  Black  Partially soluble 
7. Powderd drug+H2SO4 50% Brownish black Chocolate brown Black  Partially soluble 
8. Powderd drug+HNO3 Conc. Reddish brown Brown  Chocolate brown Partially soluble 
9. Powderd drug+HNO3 50% Orange  Light brown Orange brown Partially soluble 

10. Powderd drug+Conc. 
CH3OH 

Leaf green Bottle green Reddish green Soluble  

11. Powderd drug+CH3OH 50% Golden glimmer  Leaf green Algal green Insoluble  
12. Powderd drug+Conc. CHCl3 Leaf green Bottle green Reddish green Soluble  
13. Powderd drug+CHCl3 50% Golden glimmer Dark brown Red  Partially soluble 
14. Powderd drug+Conc. 

C2H5OH 
Golden glimmer Leaf green Reddish green Partially soluble 

15. Powderd drug+C2H5OH 
50% 

Pale green Dull green Yellowish green Partially soluble 

16. Powderd drug+Conc. 
CH3COOH 

Lemon yellow Dark yellow Pinkish cream Insoluble  

17. Powderd drug+CH3COOH 
50% 

County cream Pinkish green Pinkish green Partially soluble 

18. Powderd drug+Conc. C6H6 Pine forest Dark green Black  Partially soluble 
19. Powderd drug+C6H6 50% Leaf green Golden glimmer Spring green Insoluble  
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Table 26: Fluorescence analysis and solubility tests (Cold method) of powdered drug  
of Cymbopogon jwarancusa in various solvents 

 
S. No. Treatments Under visible light Under short 

wavelength (UV) 
254 nm 

Under long wave 
length (UV) 

365 nm 

On filter paper 
(under short 

wavelength UV) 

On filter paper (under 
long wavelength UV) 

Solubility 
Analysis 

1. Dried Plant Powderd Copper brown Dark brown Greenish brown - - - 
2. Powdered drug+50% KOH Copper  Greenish brown Dark brown Light brown Mustard  Partially soluble 
3. Powderd drug+10% aq. Fecl3 Conker  Dark brown Chocolate brown Brown Chocolate brown Partially soluble 
4. Powderd drug+Distl. H2O Copper  Leaf green Bottle green Pink  Pink  Partially soluble 
5. Powderd drug+HCL Conc. Red oxide Brown  Chocolate brown Pinkish brown Pinkish brown Soluble  
6. Powderd drug+HCL 50% Off white Grey  Dove grey Purple  Pinkish purple Partially soluble 
7. Powderd drug+H2SO4 Conc. Conker  Blackish brown Black  Brown  Brown  Partially soluble 
8. Powderd drug+H2SO4 50% Pale cream Light brown Greenish brown Pink  Pink  Insoluble  
9. Powderd drug+HNO3 Conc. Orange  Black  Black  Brown Golden brown Partially soluble 

10. Powderd drug+HNO3 50% Pale mustard Brown  Grey brown Pink  Pink  Partially soluble 
11. Powderd drug+Conc. CH3OH Beige  Soil brown Reddish brown Pinkish yellow Pinkish yellow Soluble  
12. Powderd drug+CH3OH 50% Pale brown Golden brown Greenish brown Purple  Purple  Partially soluble 
13. Powderd drug+Conc. CHCl3 Dull brown Wood brown Brownish green White  White  Soluble  
14. Powderd drug+CHCl3 50% Beige  Brownish green Leaf green Purple  Purplish green Partially soluble 
15. Powderd drug+Conc. 

C2H5OH 
Clay   Dark brown Reddish brown Pink  Pink  Soluble  

16. Powderd drug+C2H5OH 50% Fawn  Yellowish brown Almond color Pink  Pink  Partially soluble 
17. Powderd drug+Conc. 

CH3COOH 
County cream Light green Bottle green Pink  Pink  Insoluble  

18. Powderd drug+CH3COOH 
50% 

Pale cream Light brown Greenish brown Off white Yellowish white Insoluble  

19. Powderd drug+Conc. C6H6 Soil brown Dark brown Blackish brown Light pink Colorless Partially soluble 
20. Powderd drug+C6H6 50% Clay brown Wooden brown Brownish green White  White  Partially soluble 
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Table 27: Fluorescence analysis and solubility tests (Hot method) of powdered drug  
of Cymbopogon jwarancusa in various solvents 

 
S. No. Treatments Under visible light Under short wavelength (UV) 

254 nm 
Under long wave length (UV) 

365 nm 
Solubility 
Analysis 

1. Powdered drug+50% KOH Red oxide Woody brown Chocolate brown Soluble  
2. Powderd drug+10% aq. 

Fecl3 
Conker  Chocolate brown Blackish brown Partially soluble 

3. Powderd drug+Distl. H2O Greenish yellow Leaf green Brownish green Partially soluble 
4. Powderd drug+HCL Conc. Brown  Chocolate brown Blackish brown Insoluble  
5. Powderd drug+HCL 50% Pale cream Grey yellow Sand stone Insoluble  
6. Powderd drug+H2SO4 Conc. Blackish brown Chocolate brown Black  Partially soluble 
7. Powderd drug+H2SO4 50% Red oxide Dark brown Chocolate brown Partially soluble 
8. Powderd drug+HNO3 Conc. Orange brown Dark orange brown Orange brown Insoluble  
9. Powderd drug+HNO3 50% Orange yellow Brown  Orange brown Insoluble  

10. Powderd drug+Conc. 
CH3OH 

Golden glimmer Yellowish brown Grey  Partially soluble 

11. Powderd drug+CH3OH 50% Soil brown Lemon yellow Pale brown Partially soluble 
12. Powderd drug+Conc. CHCl3 Light brown Soil brown Reddish brown Partially soluble 
13. Powderd drug+CHCl3 50% Dull brown Wooden brown Dark brown Partially soluble 
14. Powderd drug+Conc. 

C2H5OH 
Greenish brown Dull brown Yellowish brown Partially soluble 

15. Powderd drug+C2H5OH 
50% 

Ash green Light green Dove green Insoluble  

16. Powderd drug+Conc. 
CH3COOH 

Beige  Cream  Greenish yellow Insoluble  

17. Powderd drug+CH3COOH 
50% 

Yellowish brown Brown  Brownish black Insoluble  

18. Powderd drug+Conc. C6H6 Brownish green Dark green Leaf green Insoluble  
19. Powderd drug+C6H6 50% Gold dust Dull green Leaf green Partially soluble 
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Table 28: Comparative Characterization for differentiation of Lawsonia inermis and Mirabilis jalapa  
No. Characters   Lawsonia inermis L.  Mirabilis jalapa L. 
01 Nomenclature  English Name : Henna 

Local Names: Mehndi, Barg-e-Mehndi, Henna 
Trade Names: Mehndi, Henna 
 

 English Names : Four-o-clock, marvel of perll  
Local Names: Gul-e-Abbasi, Gul-e-Abbas  
Trade Name: None 
 

02 Geographic distribution   In Pakistan; Hyderabad, Sukhar, Sargodha, Lahore. In World; 
Henna is native to tropical and subtropical region, South 
Africa, Southern Asia, Northern Australia, Egypt, India, 
Kurdistan, Iraq, Pakistan, Turkey, Persia and Syria. 

 In Pakistan; Mianwali, Chakwal, Attock, Rawalpindi, 
Islamabad, Lahore, Abbotabad, Muzaffarabad. In World; 
China, Japan, Malaya, Burma, India, North Africa, South and 
Central Europe Pakistan, Nepal, South America. 

03 Occurrence & habitat  It is cultivated in Sargodha, Lahore, Hyderabad and Shukkar  It is commonly found wild and cultivated in garden and house 
lawn.  

04 Morphology  Tall shrub, heavy, sweet-smelling flowers borne on branches 
1-3 m high. Fragrant shrub, mutibranched, glabrous, leaves 
elliptic, ovate or obovate, actue, obtuse, 6-50 mm long, 2-25 
mm broad. Panicles 3-22 cm long, pedicles 2-4 mm long. 
Sepals ovate, petals 3-4 mm long, 4-5 mm broad, filaments 5 
mm long, capsules 5-10 mm in diameter, wall veined, flowers 
numerous, small, white or rose colored, fragrant, ovary 4 
celled, 30-50 seeds per fruit. Flowering July-September (Fig. 
26: A1). 

 Small perennial, glabrous herb, height 0.5-1.2 m, succulent 
stem & branches, leaves opposite, simple, ovate acute, leaf 
with long pedicle, pointed leaves, 6-12 cm long, flowers bright 
red, purple, yellow arises in leaf axils, hermaphrodite, trumpt 
shaped, 5 petals pink, yellow, varigated, bicolors, flowers have 
slight vanilla scent, fruit small with black seed coat, flowering 
April to summer to Fall (Fig. 27: A2). 

05 Palynology  Pollen monad, tricolporate, shape in polar view circular, polar 
diameter 11.87 µm (11.25-12.5 µm), polar length 15 µm (12.5-
17.5 µm), pollen in equatorial view subprolate, equatorial 
diameter 11.25 µm (10-12.5 µm),  equatorial length 15 µm 
(12.5-17.5 µm). P/E ratio 1.05, exine thickness 1.87 µm (1.25-
2.5 µm), length of colpi 6.25 µm (5-7.5 µm), width 2.97 µm 
(2.5-3.45 µm), sculpturing psilate with completely smooth 
surface (Fig. 26: C1 & D1). 

 Pollen monad, tricolporate, shape of pollen in polar view 
subangular, polar diameter 35 µm (32-37.5 µm),  polar length 
is 38.75 µm (35-42.5 µm), shape in equatorial view spheroidal 
and subprolate, equatorial diameter 31.66 µm (27.5-37.5 µm), 
equatorial length 37.5 µm (32.5-45 µm), P/E ratio 1.1, exine 
thickness 4.1 µm (2.5-7 µm), length of colpi  7.5 µm (5-10 
µm), width 9 µm (7.5-10 µm),  pollen grain periporate with 28 
pores, sculpturing scabrate, sculpturing elements with variable 
shape and size less than 1 µm (Fig. 27: C2 & D2). 

06 Leaf epidermal anatomy  Abaxial Surface : Length of ordinary epidermal cell 35.62 µm 
(32.5-42.5 µm), width cell 20.62 µm (10-30 µm),  stomata 
anomocytic type, length 15 µm (12.5-17.5 µm), width 5.83 µm 
(5-7.5 µm). Length of guard cell 27.5 µm (25-30 µm), width 
6.5 µm (6-7.5 µm). Stomatal complex 27 µm (25-28.5 µm) 
long, and 20.62 µm (10-30.5 µm) wide. Subsidary cell 30.5 

 Abaxial Surface : Ordinary epidermal cells irregular shaped, 
length 64.75 µm (55.5-69.5 µm), width 21.75 µm (15-28.5 
µm). Stomata irregularly oriented, diacytic type, length 25.75 
µm (21-30.5 µm), width 17 µm (13.5-20.5 µm). Length of 
guard cell 22.5 µm (21-24 µm), width 6.5 µm (4-9 µm). 
Stomatal complex 22 µm (20.5-23 µm) long, and 29 µm (28-
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µm (25-35.5 µm) long, and 18 µm (9-25 µm) wide (Fig. 26: 
E1). 
Adaxial Surface : Ordinary epidermal cell flat, hexagonal 
with thin smooth walls, length of epidermal cell 52.5 µm 
(47.5-62.5 µm),  width 26.25 µm (22.5-30 µm). Numerous 
stomata are distributed over the surface, stomata anomocytic 
type, length 15 µm (12.5-17.5 µm), width 7.5 µm (5-10 µm), 
length of guard cell 27.5 µm (25-30 µm), width 6.5 µm (5.5-
7.5 µm), stomatal complex 28 µm (25-29.5 µm) long, 20 µm 
(17.5-22.5 µm) wide, subsidary cells 31 µm (27-35 µm) long, 
and 19 µm (10-24 µm) wide, trichomes and glands absent (Fig. 
26: F1) 
 

30.5 µm) wide. Subsidary cell 47.5 µm (40-55.5 µm) long, and 
20 µm (13-26.5 µm) wide. Length of trichome 75.25 (70-80.5 
µm), width 17 µm (13.5-20.5 µm). Glands rounded at end, 
length 69.5 µm (68-71 µm), width 16.5 µm (15-18 µm) (Fig. 
27: E2). 
Adaxial surface : Ordinary epidermal cells irregular shaped, 
with undulating lobed walls, length of epidermal cell 80 µm 
(67.5-102.5 µm), width 29.8 µm (20-32.5 µm). Stomata 
irregularly oriented, abundant, diacytic type, length 30 µm (25-
35 µm), width 20.8 µm (17.5-22.5 µm). Length of guard cell 
27 µm (25-28 µm), width 7.5 µm (5-10 µm). Stomatal complex 
26.4 µm (24-27.5 µm) long, and 33.5 µm (32-35.5 µm) wide. 
Subsidary cell 48 µm (42-56 µm) long, and 18.5 µm (15-20.5 
µm) wide. Trichomes are 4 celled, length 74.5 µm (70-87.5 
µm), width 16.66 µm (15-17.5 µm). Glands rounded at end,  
length of glands 72.5 µm (70-75 µm), width 14.5 µm (15-20 
µm) (Fig. 27: F2).  
 

07 Trade Part & Status  Leaves and leaf powder  Leaves, Stem bark, fruit. It is not traded in Pakistan; it is mixed 
as adulterant in Henna powder commonly. 

08 Organoleptography  Branches, leaves and flowers in dried aerial parts are mixed. 
Aerial parts brown in color. Branches whitish brown, size from 
1.5-11 cm. Branches are hard and irregular ridges are present. 
Leaves brown in color, leaves have bitter taste and pleasant 
odor, alternate and lanceolate, size 0.5-1.5 cm. Flowers pinkish 
brown in color, flowers are white in color and present in 
cluster form. Flowers size ranges from 0.2-0.3 cm (Fig. 26: 
B1). 

 Aerial parts contain flowers, leaves and branches. The 
branches light green in color and have ridges and furrows on 
surface. They are cylindrical and smooth. The nodes and 
internodes are prominent and they are swollen. The size of 
branches is from 9-24 cm. Branch width varies from 0.5-
1.5cm. Leaves are hairy, lenceolate, dark green in colour with 
wavy margins. Veins on leaves are prominent. Length of leaf 
ranges from 14-16.5 cm. Taste is pungent and have irritating 
odor. Flowers red or yellow in color and umbrella shaped. The 
size of flowers is from 0.4-0.9cm (Fig. 27: B2). 

09 Part Use  Leaves & Aerial parts  Aerial parts (mostly leaves).  
 Medicinal Uses  Hair tonic, jaundice, skin diseases  Piles, dye, rheumatism, wounds 

10 Indigenous herbal recipes   Henna leaf powdered paste is used in marriage, festivals and 
other traditional ceremonies in Pakistan for decorating hands, 
nails, feet and head. Among elder ladies it is commonly used 
as hair dye.  
According to local people in Punjab, Khyber Pakhtoon Khawa 
and Sind provinces, the people decorate their horses, cows and 

 Fresh leaves are applied on wound. Leaves are dried in shade, 
ground to obtain powder. ½ teaspoon with water is taken twice 
a day for 8-10 days to treat piles, inflammation and 
rheumatism. A decoction prepared from fresh leaves in boiling 
water to treat abcesses. Leaf juice is also recommended to treat 
wound.  
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donkeys with henna to protect them from evil and accidents.  
According to an old lady 50 g of leaf powder mixed in 150 ml 
of boiling water to prepare paste. After cooling, this paste is 
applied on hair and leave it for 20-30 minutes. This recipe is 
recommended for cooling effects, hair dye for healthy hair. 
Similarly elder men used this recipe to make their hair and 
beard orange.  
According to the young ladies, the dye prepared from henna is 
useful for strong hair. According to her heat 300 g coconut oil. 
Add handful of henna leaf powder and heat up to boiling point. 
After cooling, stored in air tight container. This mixture is 
recommended to apply on head for 2-3 weeks to make hair 
strong, healthy and lengthy.  

11 Toxicity   None  None 
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Table 29: Fluorescence analysis and solubility tests (Cold method) of powdered drug  
of Lawsonia inermis in various solvents 

  
S. No. Treatments Under visible light Under short 

wavelength (UV) 
254 nm 

Under long wave 
length (UV) 

365 nm 

On filter paper 
(under short 

wavelength UV) 

On filter paper (under 
long wavelength UV) 

Solubility 
Analysis 

1. Dried Plant Powderd Muddy brown Brown  Chocolate brown - - - 
2. Powdered drug+50% KOH Conker  Dark brown Algal green Pink  Pink  Soluble  
3. Powderd drug+10% aq. Fecl3 Conker  Black  Brownish black Dark brown Chocolate brown Soluble 
4. Powderd drug+Distl. H2O Dark reddish 

brown 
Brown  Chocolate brown Pink  Glowing pink Soluble 

5. Powderd drug+HCL Conc. Greenish black Black  Black  Pink  Pinkish brown Partially Soluble 
6. Powderd drug+HCL 50% Greenish brown Black  Blackish brown Yellow  Yellow  Soluble  
7. Powderd drug+H2SO4 Conc. Golden glimmer Dark green Greenish black Dark brown Brown  Partially soluble 
8. Powderd drug+H2SO4 50% Golden green Dark brown Brown  Yellow  Yellowish brown Partially soluble 
9. Powderd drug+HNO3 Conc. Golden brown Brown  Dark mustard Pink  Pink  Soluble 

10. Powderd drug+HNO3 50% Dark golden brown Brown  Brown  Yellow  Yellowish brown Partially Soluble 
11. Powderd drug+Conc. CH3OH Brown  Dark reddish brown Reddish brown Mustard  Mustard pink Soluble 
12. Powderd drug+CH3OH 50% Mustard brown Dark brown Chocolate brown Pink  Pink  Partially Soluble 
13. Powderd drug+Conc. CHCl3 Brown  Reddish brown Chocolate brown Pink  Pinkish brown Soluble 
14. Powderd drug+CHCl3 50% Pale brown Brown  Brown  Yellow  Golden yellow Soluble 
15. Powderd drug+Conc. 

C2H5OH 
Reddish brown Dark brown Greenish brown Grey  Greyish brown Soluble 

16. Powderd drug+C2H5OH 50% Reddish brown Chocolate brown Chocolate brown Pink  Pinkish brown Soluble 
17. Powderd drug+Conc. 

CH3COOH 
Greenish brown Chocolate brown Reddish brown Pink  Pink  Soluble 

18. Powderd drug+CH3COOH 
50% 

Greenish brown Black  Blackish brown Yellow  Yellowish brown Soluble 

19. Powderd drug+Conc. C6H6 Golden mustard Dark red Reddish black Offwhite  Offwhite Soluble 
20. Powderd drug+C6H6 50% Reddish brown Dark red Dark red Yellow Yellowish brown Soluble 
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Table 30: Fluorescence analysis and solubility tests (Hot method) of powdered drug  
of Lawsonia inermis in various solvents 

 
S. No. Treatments Under visible light Under short wavelength (UV) 

254 nm 
Under long wave length (UV) 

365 nm 
Solubility 
Analysis 

1. Powdered drug+50% KOH Blackish brown Dark green Greenish brown Soluble 
2. Powderd drug+10% aq. 

Fecl3 
Dark brown Black  Black  Soluble 

3. Powderd drug+Distl. H2O Reddish oxide Black  Brownish black Soluble 
4. Powderd drug+HCL Conc. Black  Black  Black  Insoluble 
5. Powderd drug+HCL 50% Golden brown Black  Blackish brown Insoluble 
6. Powderd drug+H2SO4 Conc. Black  Black  Black  Insoluble 
7. Powderd drug+H2SO4 50% Black  Black  Black  Insoluble 
8. Powderd drug+HNO3 Conc. Yellowish cream Dark mustard Mustard  Soluble  
9. Powderd drug+HNO3 50% Fresh orange Orange brown Orange brown Insoluble 

10. Powderd drug+Conc. 
CH3OH 

Dark brown Dark reddish brown Reddish brown Partially soluble 

11. Powderd drug+CH3OH 50% Chocolate brown Dark brown Dark brown Partially soluble 
12. Powderd drug+Conc. CHCl3 Chocolate brown Reddish brown Conker  Soluble 
13. Powderd drug+CHCl3 50% Golden brown Dark brown Red oxide Soluble 
14. Powderd drug+Conc. 

C2H5OH 
Red oxide brown Chocolate brown Soluble 

15. Powderd drug+C2H5OH 
50% 

Reddish brown Chocolate brown Blackish brown Soluble 

16. Powderd drug+Conc. 
CH3COOH 

Greenish brown brown Chocolate brown Soluble 

17. Powderd drug+CH3COOH 
50% 

Brown Dark brown Chocolate brown Soluble 

18. Powderd drug+Conc. C6H6 Brown  Dark red Reddish brown Partially soluble 
19. Powderd drug+C6H6 50% Brown Dark red Reddish maroon Soluble 
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Table 31: Fluorescence analysis and solubility tests (Cold method) of powdered drug  
of Mirabilis jalapa in various solvents 

  
S. No. Treatments Under visible light Under short 

wavelength (UV) 
254 nm 

Under long wave 
length (UV) 

365 nm 

On filter paper 
(under short 

wavelength UV) 

On filter paper (under 
long wavelength UV) 

Solubility 
Analysis 

1 Dried Plant Powderd Fresh green Green  Dark green - - - 
2 Powdered drug+50% KOH Golden glimmer Dark green Algal green Pink  Pink  Partially soluble 
3 Powderd drug+10% aq. Fecl3 Dark brown Brown  Chocolate brown brown Chocolate yellow Partially soluble 
4 Powderd drug+Distl. H2O Yellowish green Grayish yellow Grayish green Pink  Pink  Partially soluble 
5 Powderd drug+HCL Conc. Dark leaf green Brown  Greenish brown Mustard  Mustard brown Partially soluble 
6 Powderd drug+HCL 50% Greenish yellow Dark green Blackish green Pink  Pink  Partially soluble 
7 Powderd drug+H2SO4 Conc. Greenish yellow  Golden glimmer Light leaf green Brown  Chocolate brown Partially soluble 
8 Powderd drug+H2SO4 50% Spring green Blackish green Blackish green Light brown Yellowish brown Partially soluble 
9 Powderd drug+HNO3 Conc. Light yellow 

brown 
Brown  Dark brown Light brown Light muddy brown Partially soluble 

10 Powderd drug+HNO3 50% Mustard  Dark brown Greenish brown Brown  Light brown Partially soluble 
11 Powderd drug+Conc. CH3OH Spring green Buckingham green Reddish green Yellow  Yellow  Soluble  
12 Powderd drug+CH3OH 50% Golden glimmer Pale green Forest green pink Light pink Partially soluble 
13 Powderd drug+Conc. CHCl3 Spring green Dark green Reddish green Yellow  Light mustard Soluble  
14 Powderd drug+CHCl3 50% Leaf green Algal green Pine forest Pink  Pink  Partially soluble 
15 Powderd drug+Conc. 

C2H5OH 
Spring green Bottle green Reddish green Yellow  Yellow  Soluble  

16 Powderd drug+C2H5OH 50% Leaf green Pale green Dark green Pinkish white Glowing white Partially soluble 
17 Powderd drug+Conc. 

CH3COOH 
Leaf green Pine forest Reddish brown Yellow  Pale yellow  Partially soluble 

18 Powderd drug+CH3COOH 
50% 

Leaf green Pine forest Redo green Yellow  Pale yellow Partially soluble 

19 Powderd drug+Conc. C6H6 Golden glimmer Shocking green Reddish green Pink  Pink  Soluble  
20 Powderd drug+C6H6 50% Leaf green Pine forest Reddish green Yellow  Yellowish mustard Soluble  
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Table 32: Fluorescence analysis and solubility tests (Hot method) of powdered drug  
of Mirabilis jalapa in various solvents 

 
S. No. Treatments Under visible light Under short wavelength (UV) 

254 nm 
Under long wave length (UV) 

365 nm 
Solubility 
Analysis 

1 Powdered drug+50% KOH Yellowish green Reddish green Reddish green Partially soluble 
2 Powderd drug+10% aq. 

Fecl3 
Yellowish brown Brown  Brown  Partially soluble 

3 Powderd drug+Distl. H2O Yellowish green Yellowish brown Light brown Partially soluble 
4 Powderd drug+HCL Conc. Blackish green Black  Black  Soluble  
5 Powderd drug+HCL 50% Golden glimmer Dark green Blackish green Partially soluble 
6 Powderd drug+H2SO4 Conc. Orange red Dark brown Brown  Insoluble  
7 Powderd drug+H2SO4 50% Reddish brown Dark brown Chocolate brown Insoluble  
8 Powderd drug+HNO3 Conc. Orange  Orange  Light brown Soluble  
9 Powderd drug+HNO3 50% Pale brown Woody brown Fresh green Insoluble  

10 Powderd drug+Conc. 
CH3OH 

Spring green Fresh green Reddish green Soluble  

11 Powderd drug+CH3OH 50% Gold dust  Pine forest  Leaf green Partially soluble 
12 Powderd drug+Conc. CHCl3 Signal green Buckingham green Red  Soluble  
13 Powderd drug+CHCl3 50% Leaf green Pine forest Reddish brown Partially soluble 
14 Powderd drug+Conc. 

C2H5OH 
Buckingham green Spring green Red  Soluble  

15 Powderd drug+C2H5OH 
50% 

Pale green Leaf green Spinach green Partially soluble 

16 Powderd drug+Conc. 
CH3COOH 

Pine forest Dark green Redo green Soluble  

17 Powderd drug+CH3COOH 
50% 

Golden brown Reddish brown Dark brown Soluble  

18 Powderd drug+Conc. C6H6 Leaf green Algal green Dark green Soluble  
19 Powderd drug+C6H6 50% Fresh green Spring green Reddish green Soluble  
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Table 38: Qualitative Preliminary Phytochemical test of powdered Drug of Problematic 
Medicinal Plants 

 
S.no: Plants Part Used Phytochemicals 

Tannins Saponins  Flavonoids Terpenoids  Glycosides Coumarins  Anthraquinone 
01 Azadirachta indica Aerial parts - - - + - + - 
02 Melia azedarach Aerial parts - + + + - + - 
03 Camelia sinensis Aerial parts + - + + - - + 
04 Chenopodium 

ambrosoides 
Aerial parts - + + - - + - 

05 Cassia angustifolia Aerial parts + - + + + + - 
06 C. obtusifolia Aerial parts - - - + + - - 
07 Nicotiana tabaccum Aerial parts - - + + - + - 
08 Helianthus annuus Aerial parts + - + + - + - 
09 Lawsonia inermis Aerial parts - - - + - - - 
10 Mirabilis jalapa Aerial parts - + - - - + - 
11 Bacopa monnieri Aerial parts + + - - - + - 
12 Centella asiatica Aerial parts + + + + - + - 
13 Cymbopogon citratus Aerial parts + - + + - + - 
14 Cymbopogon  

jwarancausa 
Aerial parts - - + - - + - 

 
 
(+) = indicates Presence (-) =indicates absence 
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Table 39.  MARKET SURVEY OF  7-PROBLEMATIC MEDICINAL PLANTS 

 
 

S. 
No. 

Plant Name Trade Name Part Traded Adulterant 
source  

Source of raw 
material 

Rs/Kg 

01 Azadirachta indica  Neem, Nim 
mehndi 

Leaves/Aerial 
parts  

Melia 
azedarach 
(Leaves/Aerial 
parts) 

Sargodha, 
Southern 
Punjab, Sindh, 
Gulf countries 

120 

02 Nicotiana 
tabaccum 

Tambaku, 
tobacoo 

Leaves/Aerial 
parts 

Helianthus 
annus 
(Leaves/Aerial 
parts) 

Pakistan  240 

03 Cymbopogon 
citratus 

Lemon grass Leaves/Aerial 
parts   

Cymbopogn 
jwarancusa 
(Leaves/Aerial 
parts) 

Punjab, KPK, 
Afghanistan, 
Iran 

480 

04 Lawsonia inermis Henna / Barg-
e-Mehndi 

Leaves/Aerial 
parts 

Mirabilis 
jalapa 
(Leaves/Aerial 
parts) 

Sargodha, 
Punjab, KPK, 
Iran 

320 

05 Camellia sinensis Tea, green 
tea, sabs & 
Kali pati 

Leaves/Aerial 
parts 

Chenopodium 
ambrosoides 
(Leaves/Aerial 
parts) 

Kenya, Sri 
Lanka, 
Shinkari, 
Mansehra 

400 

06 Cassia angustifolia  Sanna, sanna 
makki 

Leaves/Aerial 
parts 

Cassia 
obtusifolia 
(Leaves/Aerial 
parts) 

Pakistan, 
Saudi Arabia, 
Iran 

320 

07 Centella asiatica  Barhami, 
bermi booti 

Leaves/Aerial 
parts 

Bacopa 
monnieri 
(Leaves/Aerial 
parts) 

Pakistan, Iran, 
India 

440 
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 Authentication of herbal drug is massively wide and deep and not an easy task. 

In order to obtain quality oriented herbal drug, the botanical identity must based on 

studies like phytomorphology, microscopical, pphytochemical and pahramcognostical 

approaches (Yadav et al., 2011). In present project seven cases of problematic 

medicinal plants are authenticated by using mropho-palynological, anatomical and 

pyotpharmacognostical techniques.  

 

4.1 AUTHENTICATION OF HERBAL MEDICINE NEEM (Azadirachta 

indica) 

 

Azadirachta indica A.Juss. (family: Meliaceae, common name: Neem) is well 

known traditional herbal medicines in the Indo-Pak Subcontinent and neighboring 

countries used for various human diseases. Neem, an evergreen tree is indigenous to 

South Asia. In African countries, it is abundant in a tropical belt from Somalia to 

Nigeria. Introduced first into Fiji, it has spreaded to many islands in the South Pacific, 

and from Trinidad it has distributed to other islands in the West Indies and many 

countries in Central and South America. It has been introduced in Florida and 

Southern California. Large-scale plantations have been planted in Malaysia and the 

Philippines. Thousands of trees have been planted outside Makkah for affording shade 

to pilgrims. Thus, Neem has spreaded too many frost-free parts of the world 

(Anonymous, 1985; Ahmad, 1988; Stone, 1992). 

 

From very ancient times, various parts of the tree have been used as traditional 

medicine against various human ailments. Neem has been extensively used in Unani, 

Ayurveda and homeopathic medicine and has become a cynosure of modern medicine. 

In Sanskrit the name Arishta, meaning “the cure all”, is given to Neem, whereas 

Ayurveda regards the tree as Sarva Rogha Nirvarini, meaning “cure all ailments”. The 

importance of the tree has also been recognized by the US National Academy of 

Sciences by titling Neem as “The tree for solving global problems (Kraus, 1995; Singh 

et al., 1996). 
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In Indo-Pak Subcontinent, Greco-Arab and Ayurveda systems of medicine are 

considered the oldest system of medicine. Plants are generally referred to and 

published in folk literature by their vernacular or common names rather than botanical 

names. Due to this confusion, plant material is often adulterated with closely related 

species. The main difficulty in fixing the botanical identity of medicinal plants in 

ancient Unani literature and traditional systems arises due to the local name(s) of these 

plants, with local name(s) applied to more than one plant species. The actual botanical 

species of a large number of folk medicines found to be therapeutically effective in 

indigenous systems are still unknown or doubtful. Many workers (Ahmad 1988; Afaq, 

1998; Girach et al., 1998) have emphasized the need for authentic botanical 

identification of herbal plants used in the Unani system of medicine, in order to 

maintain herbal drug efficacy. 

 

For instance, Azadirachta indica has the local and trade name Neem and is found 

throughout the Indo-Pak Subcontinent, but its distribution is not uniform in the region 

and it is restricted to localized areas. The vernacular name or trade name Neem has 

been erroneously used for the closely related species Melia azedarach by many 

herbalists, local communities and herb sellers (Khan et al., 2000). Due to their 

morphological similarities, Azadirachta indica is commonly adulterated with Melia 

azedarach at herbal shops. The problems of adulteration and nomenclatural 

controversy in this case may lead to misuse of this plant for specific diseases. In this 

study, a systematic approach was adopted to authenticate samples of Azadirachta 

indica as the herbal medicine Neem by using taxonomic and pharmacognostic 

analyses. Taxonomic and pharmacognostic analyses of Azadirachta indica and Melia 

azedarach are presented in Table 3-7. Taxonomic characterization includes 

morphological, organoleptic, palynological and anatomical features. Morphologically, 

Azadirachta indica is an evergreen medium sized tree up to 20 m tall, with light green 

opposite pinnate leaves (Fig. 16: A1), while Melia azedarach is a deciduous tree up to 

45 m tall, with dark green alternate and bipinnate leaves (Fig. 17: A2). 
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Microscopic Authentication  

 

Palynological features are very useful for authentication at a microscopic level to 

distinguish closely related species (Zafar et al., 2007). Azadirachta indica can be 

distinguished from its superficially morphological similar species Melia azedarach by 

the presence of  perforate sculpturing of pollen with a few unevenly distributed holes 

or depressions, while rest of the surface of pollen is psilate (Fig. 16: C1 & D1). While 

Melia azedarach has pollen sculpturing perforate with numerous minute holes which 

are distributed over the surface (Fig. 17: C2 & D2). On the basis of sculpturing 

characteristics Azadirachta indica can be easily distinguished from Melia azedarach. 

In this regard Clark et al (1960) stated that some pollen features like sculpturing and 

exine ornamentation can be used as microscopic marker to distinguished closely 

related species e.g. Azadirachta indica and Melia azedarach. Similar studies based on 

pollen sculpturing was reported by Ahmad et al., (2009) to distinguished herbal drug 

Gul-e-Baboona (Matricaria chamomilla) from its morphologically similar species 

Anthemis nobilis and catulea aurea. In case of herbal drug neem, the trade material 

includes aerial parts of leaves, flowers and branches of Azadirachta indica and its 

adulterant Melia azedarach. Although these two species in dried form are difficult to 

differentiate generally but can be distinguished easily through microscopic 

palynological characterization for commercial purpose, even if there is bulk of trade 

material. Similarly on the basis of foliar epidermal features Azadirachta indica can be 

distinguished from Melia azedarch by the presence of elongated trichomes (Fig. 16: 

E1,F1,G1), while in case of Melia azedarch the epidermal cells are of variable in 

shapes and trichomes were absent (Fig. 17: E2 ,F2 ,G2). Similar studies based on 

foliar epidermal characterization were used for identification of closely related species 

of medicinal plants and grasses as reported by Ahmad et al., (2011). 

 

Pharmacognostic Screening 

 

 The pharmacognostic screening is an attempt to ascertain the botanical 

standardization of herbal drug neem.  The quality, purity and strength of trade part of 
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neem has been undertaken as tool to bring out several features of Azadirachta indica 

and Melia azedarach i.e. solubility in cold and hot tests, qualitative phytochemical 

screening (flavonoids, tannins, saponins, glycosides etc.) and fluorescence analysis 

representing the behavioural changes of powdered drug with different chemical 

reagents under UV short and long wavelengths (Table 4-7). Similar studies were 

conducted by Sunita et al., (2010) for authentication of Dendrophthoe falcate, Charles 

et al., (1958) for vegetable drugs standardization, Badami et al., (2002) for Grewia 

tiliaefolia authentication and Razique et al., (2010) for standardization of Couptis 

teeta. 

Based on pharmacognostic tests, the powdered drug neem (Azadirachta indica) 

can be distinguished on the basis of solubility and fluorescence analysis. Solvents like 

50% KOH, 10% aq. FeCl3, 50% HCl, HNO3, CH3COOH and C6H6 can be used to 

differentiate the powdered drug of Azadirachta indica and Melia azedarach easily. 

Among these distinguishing solvents, HNO3 and C6H6 are recommended as a good test 

for authenticating the herbal drug Neem. 

 

4.2 AUTHENTICATION OF HERBAL MEDICINE GREEN TEA (Camellia 
sinensis (L.) O. Kurtze, Var. assamica (Mast.) kitamura ) 

 

 Tea (Camellia sinensis) was discovered in 2700 B.C. by King Sheng Nong in 

China. It is native to Asia but now a days cultivated in South Asia, Asia, Africa, 

Europe and Middle East (Chopade et al., 2008 ; Hoffman and Manning, 2005). Tea 

plant is one of the most widely consumed beverage in the world. Medicinally, 

particularly in Indo-Pak, China and Japan Camellia sinensis is used mainly as hot 

infusion of unfermented fresh green leaves (Green tea) where as in the rest of world as 

a beverage it is used as fermented (Black Tea) (Takani et al., 2002). In herbal 

preparation, the dried green leaves are used for anxiety, cancer, cholesterol, digestion, 

asthma, stimulant, tension, cardiac and nerve tonic (Mukhopadhay, 2003). Tea as a 

widely consumed beverage is known to everyone throughout the world while only few 

people or herbalists known the tea having therapeutic potentials due to its various 
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properties like analgesic, antioxidant, antiviral, antibacterial, stimulant, antitumor and 

antispasmodic (Jarald and Jarald, 2006).  

 

Adulteration in Green Tea 

 

 The common problem faced by herbal drug preparation in herbal industry is 

the identification of genuine raw material and in the absence of data once can use 

adulterant in the drug formulation (Soni et al., 2008). It is observed that the plant 

collectors and traders add or replace the cheaper plant material in herbal formulation 

especially as in case of tea (Camellia sinensis), a lot of herbs are used as adulterant. It 

is not a case of inadvertent mistake but a malpractice, resulted into the adulteration, in 

turn decreasing the quality and reducing the therapeutic value. In case of Camellia 

sinensis, it is noted that the leaves and aerial parts of Chenopodium ambrosoides are 

substituted. Other examples of such adulterations can be cited with regard to the bark 

of Cesalpinia sappan, where the bark of Pterocarpus and Toona ciliata are 

substituted. Replacement of seeds of Holarrhena antidysentrica with the seeds of 

Curightia tinctoria. Bark of Neolitsea chinensis with the bark of unknown source etc 

are the examples of such malpractices (Purohit and Vyas,  2004 ; Ahmad et al., 2009). 

 

 For the purpose of quality assurance and herbal drug standardization, it is very 

important, therefore when laying down standard of a herbal product before bringing to 

market and clinical use, the standard should laid down very cautiously keeping in view 

all the possibilities of variance. In the light of above discussion the tea as a herbal 

medicine was studied, identified and standardized with recommendation that while 

purchasing a drug for use and herbal formulation. The detailed taxonomic and 

pharmacognostic screening in this regard can be use to establish correct identity of 

market samples of green tea leaves and its adulterant Chenopodium ambrosoides.  

 

Morphological authentication  
 

 Morphologically Camellia sinensis is the member of Theaceae and is 

evergreen shrub up to 2 m when it is in cultivation. The leaves are green, alternate, 
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lanceolate to obovate, mature leaves bright green, leathery while younger leaves are 

pubescent (Fig. 18: A1). Flowers in axillary or sub terminal cymes and brownish red 

capsule with solitary seed (Ross, 2005 ; Biswas, 2006). While Chenopodium 

ambrosoides can be distinguish due to its strong smelling herb up to 70-80 cm (Fig. 

19: A2) in height, stem angled or striped green, leaves reddish green lanceolate to 

elliptic, inflorescence panicle, flowers sessile fruits falling with perianth and with 

horizontal seeds (Gohar and Elmazar, 1997). 

 

Microscopic Differentiation  

 

 Pollen can be used as microscopic tools to differentiate Camellia sinensis and 

Chenopodium ambrosoides with aimed to identify the genuine source of herbal 

formulation. Camellia sinensis can be distinguish due to suboblate to prolate, 

tricolporate and semiangular pollen. The SEM reveled the sculpturing of tea pollen 

showed the network of narrow lumina and wide muri (Fig. 18: C1, D1). Since tea 

pollen was close to the range 25-48 µm for the genus Camellia as reported by Huang 

(1972) and Hussain and Akhlas (1999). While Chenopodium ambrosoides pollen are 

quite different from Camellia sinensis and are generally circular to oblate spheroidal 

and echinate with faveolate sculpturing. The SEM revealed that the Chenopodium 

ambrosoides pollen have faveolate sculpturing which can be distinguish due to the 

characteristic depressions almost evenly distributed (Fig. 19: C2, D2). 

 

 Similarly foliar epidermal anatomy can also be used as an aid to differentiate 

Camellia sinensis from Chenopodium ambrosoides. Ordinary epidermal cells in case 

of Camellia sinensis are oval in shaped and 6.2 µm in length and 15 µm in width with  

parasitic stomata and elongated trichomes (Fig. 18: E1, F1, G1). The present findings 

of foliar epidermal features coorelate with those of Camellia sinensis from Brazil by 

Maria and Daniele (2006). While Chenopodium ambrosoides can be distinguished 

from Camellia sinensis by the presence of irregular shape of epidermal cells with 

anomocytic stomata and tricellular, nonglandular trichomes (Fig. 19: E2, F2, G2).  
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Pharmacognostic Analysis  

 

  The details of pharmacognostic tests which differentiate Camellia sinensis and 

Chenopodium ambrosoides are shown in Table 9-12. Most of the qualitative tests 

includes color and fluorescence test which are specific for certain substances and can 

be used as tools to distinguish between the genuine source of Camellia sinensis and its 

adulterant Chenopodium ambrosoides having similar appearance in powdered drug. 

The organoleptic tests especially odor or smell or taste can also differentiate powdered 

drug of both species. Such type of pharmacognostic and preliminary phytochemical 

tests can be used as tool for correct identification of crude herbal drugs (Zakir et al., 

2009). According to Ashish et al., (2011) the physico chemical parameters and 

qualitative and quantitative analysis may be used for quality control parameters of 

herbal drugs to obtain genuine and standard drug for therapeutic use. Such studies are 

also emphasized by World Health Organization (WHO) in order to achieve the 

standard herbal drug formulation and neutraceutical for wider use and acceptance 

(Sharma et al., 2011). 

 
4.3 AUTHENTICATION OF HERBAL MEDICINE SENNA (Cassia 

angustifolia) 

 

 There are number of species of Senna used throughout the world for medicinal 

purposes. Linnaeus classified them under single species of Cassia senna L. Since his 

time, there have been a number of studies which indicate that there are different 

variants of senna. However the two most widely used for medicinal purposes are 

Cassia acutifolia Del. also known as Alexandrian senna and C. angustifolia Vabl. also 

known as Tinnevelly senna or Arabian senna (Khan et al., 2000). Herbal practitioners 

in Indo-Pak subcontinent, Arabian countries and oriental physicians prefer the use of 

C. angustifolia as herbal drug Senna. While at herbal shops in Arabian countries, 

India, Pakistan and other South Asian countries, there is an adulteration of broken 

aerial parts of closely related species C. obtusifolia. C. angustifolia was first 

discovered growing wild in and around the ancient and blessed city of Makkah, in the 
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heart of the old province Hijaz. Toady, this era of the Arabian Peninsula is known by 

the name of Saudia Arabia. The plant grow in abundance and were first used as herbal 

medicine by the Holy Prophet Muhammad (Peace Be Upon Him) (Ahmad, 2010). 

 

 At herbal shops in India, Pakistan and Arabian countries, it is traded under the 

name of Sana or sana makkahi and is considered to be a remedy as a cleanser of the 

digestive system and tonic for the entire body. The Holy Prophet Muhammad (Peace 

Be Upon Him) said; “If there is any remedy against death, it is Sana, the gladdened, 

the graceful one” (Al-Suyuti, 1985). Now Senna (C. angustifolia) is distributed 

worldwide especially, Pakistan, India, Arabian countries, Sudan, China, Kenya, 

Europe, Britan etc. Sine the Senna has proved to be reliable and beneficial and it has 

continued to be used worldwide. The use of Senna is so wide that is continuous to be 

used in traditional medicine of China, Indo-Pakistan, Africa and is also employed in 

Western Allopathic System of medicine (Dymoke, 1972). Cassia angustifolia is 

commonly used for digestive disorders, constipation, tonic, depression, asthma, 

eczema and other skin diseases. However due to its extensive use and trade, this herbal 

drug is intensively adulterated by C. obtusifolia and other allied species. In this study 

detailed morphological, microscopical, palynological, anatomical, pharmacognostical 

and preliminary phytochemical screeing of C. angustifolia and C. obtusifolia were 

carried out and presented in Table 13-17. 

 

Morphological Differentiation  

 

 Cassia angustifolia sold at herbal shops under the trade name of senna or sana  

makki is branched erect perennial shrub and is used medicinally throughout the world 

(Anonymous, 1992). It is a small under shrub up to 1 m or 1.5 m height with variable 

branches and with compound pinnate leaves (Fig. 20: A1) This species can be 

distinguished morphologically from its adulterant allied species Cassia obtusifolia 

which is tall shrub up to 2 or 2.5 m in height with obtuse or elliptic leaves (Fig. 21: 

A2). Srivastava et al., (2006) distinguished the Cassia angustifolia by the presence of 
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greenish brown or dark brown pod which is 3-9cm in size while its adulterant Cassia 

obtusifolia have greenish pod which is 10-15 cm long. 
  
Microscopic Authentication   

 

 From palynological point pollen of the C. angustifolia are tricolporate which 

are spherical to subprolate in shape having polar diameter 30 µm and equatorial 27.5 

µm with faveolate sculpturing (Fig. 20: C1, D1) and can be distinguished from its 

adulterant C. obtusifolia by the presence of minute holes on pollen While in C. 

obtusifolia the pollen are subangular to spheroidal shaped having polar and equatorial 

diameter 29.5 µm and 15.25 µm respectively with widely distributed minute holes on 

pollen surface (Fig. 21: C2, D2). 

 

 Similarly based on foliar epidermal anatomy at microscopic level the Cassia 

angustifolia can be distinguished from Cassia obtusifolia by the presence of smooth 

walled polyhedral epidermal cells with paracytic stomata and conical unicellular 

trichomes (Fig. 20: E1, F1, G1) while Cassia obtusifolia have irregular epidermal cells 

with diacytic stomata and flat trichome (Fig. 21: E2, F2, G2) 
 

Pharmacognostic Screening   

 

 The results of preliminary phytochemical tests for the presence or absence of 

active constituents is reported in table 38. The behavior of powdered drug on 

treatment with different chemical reagents and the fluorescence analysis under 

ultraviolet and visible day light is shown in Table 14-17.  

 

 Powder drug analysis with various chemical reagents also showed positive 

results for secondary metabolites. Drug powder of Cassia angustifolia is pale greenish 

in day light and showed various shades under UV light. This is the first report of 

pharmacognostic standardization of powder drug Cassia angustifolia in comparison 

with its adulterant Cassia obtusifolia. 
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Similar phytochemical standardization of herbal drug Mimosa pudica L. and 

Biophytum sensitivum DC. Was carried out by Saritha and Brindha (2008). From such 

type of studies it is stated that the knowledge of morpho-palynological, anatomical and 

preliminary phytochemical characters used in pharmacognostic investigation is 

important in the identification and delimitation of taxa like Cassia angustifolia for the 

purpose of employment in pharmaceutical preparations. 
 

4.4 AUTHENTICATION OF HERBAL MEDICINE BRAHMI (Centella 

asiatica) 

 

 The plant Centella asiatica (L.) Urban (Indian Peenywort) Syn : Hydrocotyle 

asiatica L. known as “Brahmi” in traditional system of medicine in Indo-Pak sub 

continent (Nadkarni, 2004). The aerial parts especially leaves are main source of 

official drug in several pharmacopoeias of the world (Heyne, 1950 ; Martindale, 

1958). Fresh, dried leaves and even the whole plant has been in use since long in Indo-

Pak subcontinent. The herb is known as Brahmi or Brahmi Booti in Greek medicine 

(Unani Medicine), Mandukaparini in Ayurveda and Gotu Kola in the Western world.  
 

 The plant is indigenous to Indo-Pak subcontinent, China, South Africa, Eastern 

South America and subtropical parts of the world. This plant grows wild in damp and 

shady places and can commonly be seen along the banks of rivers, streams, ponds, 

irrigated field etc. In the Himalayas it grows up to an altitude of 2000 m (Naaz & 

Zafar, 2002). Centella asiatica is an important constituent of the Ayurvedic and Unani 

Materia Medica and frequently mentioned as Brahmi in Charaka Samhita (1000 A.D. 

Sukhdev, 2006). In different herbal pharmacopoeia especially in India and Pakistan, 

the plant is confused and substituted for Brahmi as Bacopa monnieri Wettst. As both 

of the speices are sold in the herbal market under the same trade name Brahmi. 

However both species are distinctly different. At commercial level the Centella drug 

(Brahmi) is commonly adulterated with Bacopa monnieri, Merremia emarginata and 

Hydrocotyle rotundifolia (Bagchi and Puri, 1989). However in ancient Sanskrit 

writings provides the evidences that Jala Brahmi or water Brahmi assigned to Bacopa 

monnieri (Nadkarni, 1976). In historical uses the Brahmi (Centella asiatica) is used 
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externally in the form of plaster, ointment or water bath for skin diseases such as 

eczema, psoriasis and wounds (Nadkarni, 1954). While in classical Indian Ayurvedic 

literature it is recommended as one of the rejuvenator herb and is used to treat mental 

disorder such as epilepsy (Raghavendra, 2009). In other studies Centella asiatica is 

considered as nerve tonic and used to improve memory and healthy long life (Kirtika 

and Basu, 1993 ; Nadkarni, 1976). However in literature, it is revealed that Bacopa 

monnieri is commonly used for cardio-tonic, bronchitis, diarrhea, throat and lung 

diseases (Gohil and Patel, 2010). In such a precious herb which is used in herbal 

industry, adulteration can be checked successfully in present study that is confined to 

multiple taxonomic approaches for identification and authentication. 
 

Morphological Differentiation  

  

 Morphologically the Centella asiatica is herb with very few flowers and is 

prostrate, greenish leaves which are orbicular – reniform, base cordate, flowers 

fascicles umbles, fruits oblong, dull brown with compress seeds (Fig. 22: A1). While 

Bacopa monnieri is small creeping herb, sometimes erect with numerous branches, 

stem is thin greenish or purplish green, leaves decussate, sessile, obovate, flowers 

numerous, small, white or variegated purplish, fruit, capsule (Fig. 19: A2). However, 

in field they can be distinguish but in market sample microscopic and other studies are 

required for authentication. 
 

Microscopic Authentication 

  

Regarding microscopical differentiation, the pollen in Centella asiatica are 

tricolporate, circular, spheroidal and subprolate in shape with polar and equatorial 

diameter 21.25 µm and 21.6 µm respectively (Fig. 22: C1, D1). While Bacopa 

monnieri can be distinguished from Centella asiatica by the presence of circular to 

perprolate pollen with polar and equatorial diameter 14.6 µm and 17.5 µm 

respectively (Fig. 23: C2, D2). Here SEM study of pollen revealed that pollen 

sculpturing in case of Centella asiatica is psilate while in Bacopa monnieri it is 

faveolate which consist of holes or depression. The depressions are less than 1 µm. On 
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the basis of sculpturing elements one can easily distinguished Centella asiatica from 

Bacopa monnieri. Similar study was reported by Ahmad et al., (2008) to distinguished 

genuine source of herbal drug Ount katara (Echinops echinatus) from Silybum 

marianum based on microscopic pollen features. According to them the pollen in 

Echinops echinatus are semilobate while they are semiangular in Silibum marianum. 

 

 Similarly foliar epidermal investigation revealed that in Centella asiatica the 

leaf epidermis is with thin walled epidermal cells having 89.1 µm in length and 55 µm 

in width, anomocytic stomata and absence of trichomes and glands (Fig. 22: E1, F1, 

G1). While Bacopa monnieri can be distinguished from Centella asiatica by the 

presence of epidermis with thick walled cells havings 55.62 µm in length and 31.25 

µm width. The presence of diacytic stomata and sessile glandular trichomes with 

multicellular heads (Fig. 23: E2, F2, G2). According to Tutin & Heywood (1972) and 

Ahmad et al., (2008) Such anatomical characters are diagnostic and commonly used as 

an aid in taxonomic authentication. Among them the shape and the type of epidermal 

cells, stomata, glands and trichomes play an important goals to distinguished herbal 

drugs Brahmi (Centella asiatica) from Bacopa monnieri at microscopic level. 
 

Pharmacognostic Screening  

 

 In traditional medicine, the whole plant of Centella asiatica is used for cure of 

epilepsy, mental disorders and skin diseases very commonly in India and Pakistan 

(Sharma et al., 2011) for these purposes India and Pakistan consumes bulk amount 

annually. To meet this need, it is generally imported from Nepal, China and Iran. Our 

market survey revealed that demand of Centella asiatica is increasing while its supply 

is dwindling due to its rare distribution in Pakistan. To meet the difference between 

demand and supply it is adulterated with commonly available herb Bacopa monnieri 

due to same vernacular name and parallel traditional uses. In this study commercial 

samples sold as Brahmi Booti were procured from different crude drug markets and 

were examined pharmacognostically to ascertain their botanical identity. Based on 

pharamcognostic tests and preliminary phytochemical screening the herbal drug 
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Brahmi can easily be authenticated regarding to its different raw material source that is 

Centella asiatica and Bacopa monnieri. The dried plant powder of Centella asiatica is 

light green with characteristic odor and slightly with bittersweet while distinguishable 

variations were observed in powder drug of Bacopa monnieri which is muddy green 

with tasteless. The other pharmacognostic tests i.e. fluorescence analysis (color 

behavior of powder drug under visible and UV lights) and solubility tests (Hot & 

Cold) were presented in tables 19-22.  Similar studies were reported for authentication 

of herbal drug Hemidesmus indicus (Sariva) in comparison with Vallaris solanaceous, 

Icnocarpus pubescens and Cryptolepis buchanani by other workers (Roy et al., 2000 

and Rao et al., 1989). From this study which is based on taxonomic, pharmacognostic, 

phytochemical screening and evidences from ancient literature it is revealed that 

Centella asiatica has been used since time immense under the name of brahmi and 

commonly traded under the name herbal drug Brahmi booti in Indo-Pak subcontinent 

and Gotu Kola in Western World while Bacopa monnieri is distinctly different species 

with local names jala Brahmi, or water brahmi which is often confused with Brahmi in 

fact refers to Centella asiatica. In some studies it is stated that both speices were used 

for brain tonic while clinical studies based on ethnobotanical uses suggest that Brahmi 

(Centella asiatica) uses suggest that Brahmi (Centella asiatica) is superior to Jal 

Brahmi (Bacopa monnieri) (Manisha et al., 2011). Hence based on these evidences it 

is suggested that the genuine source of official herbal drug Brahmi is Centella asiatica 

rather than Bacopa monnieri.  

 

4.5   AUTHENTICATION OF HERBAL MEDICINE LEMON GRASS 

(Cymbopogon citratus)  

 

The Cymbopogon citratus (DC.) Stapf commonly known as lemon grass is 

native to warm temprate and tropical part of the world, Ceylon, India, Pakistan, 

Srilanka, Haiti, West Indies (Jiang, 1993). The lemon grass is widely used as 

medicinal herb in Asia specially Indo-Pak subcontinent. The herbal tea from its aerial 

parts has been used as an antiseptic, antipyretic, carminative and gastro-intestinal 

disorders (Barbosa et al., 2008). It has lemony flavor and used as dried or fresh in the 
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form of powder or broken aerial parts. Fresh lemon grass contains 78-80% citral 

(essential oil) (Chopra, 1985). Lemon grass possesses antibacterial, antifungal, 

antioxidant and cholesterol reducing properties (Burger et al., 1986 ; Dube et al., 1984 

; Morris et al, 1979 ; Ibrahim, 1992). It is also used in aromatherapy due to strong and 

sweet aroma and also used in the treatment of acne, skin diseases, scabies and stress 

(Folorunso and Oyestunji, 2007). This case is selected for herbal drug authentication 

because closely related species Cymbopogon jwarancusa with almost similar uses is 

commonly traded as adulterant at herbal shops of Pakistan and India due to its 

morphological similarities. The aim of this study is to differentiate both of the closely 

related species based on morphological, palynological, foliar epidermal anatomical 

and pharamacognostical characteristics. 
 

Morphological Differentiation  

 

 Morphologically Cymbopogon citratus is clump forming perennial grass up to 

1-2 m tall, with strongly aromatic leaves. Inflorescence solitary axillary or terminal or 

compound panicles, sessile spikelets dorsally compressed, lower glumes 

characteristics, upper florets with glabrous, short awn (Fig. 24: A1), while 

Cymbopogon jwarancusa can be distinguished due to less non-clump forming species 

with perennial erect 50-140 cm tall, leaves aromatic when chewed. Spikelets in pairs 

are sessile and other pedicelled, upper glumes lanceolate, awnless (Fig. 25: A2).  
 

Microscopical Authentication  

 

 Microscopically, the pollen grains of Cymbopogon citratus are spheroidal to 

oblate, ectoporate, monoporate with pore diameter 1.45 µm. SEM sculpturing regulate 

with narrowly spaced (Fig. 24: C1, D1). While the pollen of C. jwarancusa are 

circular to prolate spheroidal, monoporate or diaporate with pore diameter 1.41 µm. 

SEM sculpturing is scabrate with narrowly spaced holes (Fig. 25: C2, D2). According 

to Ahmad et al., (2011) and Woodhouse, (1935) variation in polar and equatorial view, 

sculpturing pattern, pore diameter and exine features of pollen can be used to 

differentiate closely related grass species. In this case the qualitative and quantitative 
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features of pollen in problematic taxa like C. citratus and C. jwarancusa can be used 

to differentiate species at specific level as some characters such as grain size and 

sculpturing pattern are of significance in taxonomy of grasses.  
 

 Similarly foliar epidermal features of C. citratus and C. jwarancosa showed 

significant degree of differentiation in terms microhairs, prickles and stomata. In case 

of C. citratus at abaxial surface the anticlinal walls were straight with dome shaped 

stomata, paracytic stomata are only found in dicots. The prickles were frequent with 

pointed tip and elongated swollen bases (Fig. 24: E1, F1, G1). In case of C. 

jwarancusa the anticlinal walls are slightly sinous rather than straight with guard cells 

dumb bell shaped. Micro hairs bicelled on adaxial surface and prickles absent on 

abaxial surface (Fig. 25: E2, F2, G2).   
 

 Folorunso and Oyetunji (2007) also differentiates the closely related species of 

C. citratus and C. giaganteus on the basis of comparative foliar epidermal features. 

Our findings were also in accordance with the findings of Renvoize (1982). It is stated 

that the foliar epidermal studies have proven to be very significant in providing 

taxonomic information for identification of closely related species of grasses and thus 

adds to our knowledge on the authentication of medicinally important grass species.  
 

Pharmacognostic Analysis  

 

 Details of pharmacognositc analysis including solubility tests, fluorescence 

analysis under UV and visible day light of aerial parts of C. citratus, their powdered 

drug along with its adulterant C. jwarancusa was presented in table 24-27. The plant 

C. citratus is one of the important folklore medicine of Indo-Pak subcontinent 

particularly and wolrd generally. The people of different regions in Pakistan use the 

aerial parts of this plant as a herbal tea. For such purpose correct identification of this 

plant is very important and crucial. So the present work focused on establishing the 

pharmacogonostic parameters which can be the standardization parameter for the 

aerial parts of C. citratus. The fluorescence analysis represented the behavioral 

changes of powdered aerial parts, extracts with different chemicals reagents under day 
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light and UV, which can be the identifying factor (Kabata, 2003 ; Charles et al., 1958; 

Badamir et al, 2002, Evana, 2002). In conclusion, the present study on taxonomic and 

pharmacognostical characters of C. citratus along with its adulterant C. jwarancusa 

may be useful to supplement information with regard to its identification and for 

comparison with authentic samples.   

 
4.6 AUTHENTICATION OF HERBAL MEDICINE HENNA (Lawsonia 

inermis) 

 

 Glamorization and trying to look attractive and adorable are a part of the 

human nature. Among women, the tradition of coloring their hands, feet, eyes, lips, 

cheeks and hair has persisted in every age and era. Among the natural aids to 

beautification, “Henna” has tenaciously maintained its popularity from ancient times 

beyond memory. This tropical shrub Lawsonia inermis L. has been popularly used for 

coloring the hands, feet and hair since time immemorial. In Henna, nature has 

generally packed both medicinal and commercial advantages, its popularity is not 

confined to any country or religion but has traveled for Arabia, Africa, China, Indo-

Pak subcontinent and rest of the world. The Jews anoint the dead with Henna in 

ancient Egypt, shrouds were dyed with henna and henna leaves accompanied the dead 

to the burial place. Among Muslims, henna perfume is applied to dead to repel insects 

(Levng, 1980). 

 

 While medicinally the leaves and aerial parts of Lawsonia inermis L. are 

frequently used as a herbal remedy for an array of human disorders including wounds, 

ulcers, cough, bronchitis and jaundice (Shiharta et al., 1978). Henna is an important 

but a controversial drug in market in Indo-Pak subcontinent. Due to the adulteration 

and use of other species as source of henna powder in trade, the drug has become 

adulterated. In view of the extent of adulteration attached to this drug, it was deemed 

necessary to study the market samples to ascertain their botanical identity. Detailed 

taxonomic and pharmacognositc screening have been carried out on Lawsonia inermis 

and its adulterant Mirabilis jalapa. Since the leaves of Lawsonia inermis are used for 
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dying hairs and skin. Detailed anatomical/morphological study is essential among 

other disciplines. 

 
Morphological Differentiation  

 

 Lawsonia inermis L. (Lytheraceae) is a perennial shrub commonly called 

Henna (English), Mehndi (Urdu & hindi), native to North Africa and East Asia 

(Kirtikar and Basu, 1993 ; Malekzadek, 1968). It is 2-2.5 m tall shrub, its foliage 

resembles to that of Pomegranate tree (Hannan, 1997). The leaves are 42-84 mm long 

and 2-24 mm wide and flowers bears in cluster, flower is 4-25 cm long petal 4-5 mm 

long, flower whitish, creamy and on wilting become greenish and dark brown (Fig. 26: 

A1). While Lawsonia inermis is quite different morphologically from its adulterant in 

physical appearance as Mirabilis jalapa is herbaceous plant 35-80 cm tall with large 

perennial tuberous roots, leaves cordate, flowers usually pink, yellow or purplish, 

perienth sometime variegated, fruit is nut ellipsoid rugose and 1-seeded (Fig. 27: A1)). 

Many other workers also give the detailed morphological description of Lawsonia 

inermis and Mirabilis jalapa separately  distinguished both species from each other 

(Nadkarni, 2004 ; Bhattacharjee, 2003 ; Kabata, 2001 ; Ansari & Ali, 2000).  

 

Microscopic Differentiation  

 

 Palynologically Lawsonia inermis is characterized by the presence of 

tricolporate pollen which are circular to subprolate in shape (Fig. 26: C1, D1). The 

polar diameter is 11.87 µm and equatorial is 11.25 µm and with psilate pollen 

sculpturing  (Fig. 26: D1) While from palynological point of view the Mirabilis jalapa 

can be distinguished from Lawsonia inermis by the presence of periporate and 

subangular to spheoridal pollen, the polar and equatorial diameter 35 µm and 31.66 

µm respectively and pollen sculpturing is scabrate and periporate rather than psilate 

(Fig. 27: C2, D2). In this way the two species Lawsonia inermis and Mirabilis jalapa 

can be differentiated on the basis of pollen shape, polar and equatorial outline and 

sculpturing pattern. Similar type of study was presented by Gearaerts et al., (2009) 
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who discussed the systematic significance of palynology in Ebenaceae with focus on 

Ebenoideae and found that substantial amount of variation in pollen size, equatorial 

outline and sculpturing pattern were most discriminating pollen features for subfamily 

Ebenoideae. Similarly foliar epidermal anatomy of Lawsonia inermis revealed the 

presence of polygonal epidermal cells having length 52.5 µm and width 26.25 µm, 

stomata diacytic and Unicellular trichomes (Fig. 26: E1, F1, G1). While its adulterant 

Mirabilis jalapa can be distinguished from Lawsonia inermis by the presence of 

irregular shaped epidermal cells which are 80 µm in length and 29.8 µm in width, 

stomata anomocytic and tetracellular trichomes (Fig. 27: E2, F2, G2).  
 

Pharmacognostic Screening  

  

 Details of pharmacognostic tests including solubility tests in hot and cold 

conditions, fluoresence analysis and preliminary phytochemical screening of both 

Lawsonia inermis and Mirabilis jalapa were presented in tables 29-32. The powdered 

leaf of Lawsonia inermis exhibited different fluorescence under different conditions. 

In this way the fluorescence method is adequately sensitive and accurate for 

determination of satisfactory authentication of powder drug Henna without several 

time consuming dilution steps prior to analysis of pharmaceutical samples (Pimenta et 

al., 2006). The macroscopical, microscopical, pharmacognostic and preliminary 

phytochemical characters observed in the present study were useful to distinguished 

the genuine source of herbal drug Henna. A comparison, based on present study and 

published literature (Jain et al., 2010; Ansari & Ali, 2000, Hannan, 1997) revealed that 

taxonomic and pharmacognostic analysis of market samples for herbal drug Henna are 

of great extent to be used as salient features to distinguish the genuine source 

Lawsonia inermis from its adulterant Mirabilis jalapa.   
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4.7 AUTHENTICATION OF HERBAL MEDICINE TOBACCO (Nicotiana 

tabaccum) 

 

 Nicotiana tabaccum commonly known as tobacco has been used traditionally 

for various diseases like skin diseases, asthma, digestion, bronchitis and local 

infection. Commercially plant is used and traded for the extraction of Nicotine (Sunil 

et al., 2011). Due to its high commercial value, it is adulterated commonly throughout 

the world by cheaper raw material. Particularly in Indo-Pak subcontinent, it is 

adulterated by the dried broken leaves of Helianthus annuus (sunflower). A combined 

taxonomic and pharmacognostic screening is the initial step in authentication of crude 

herbal drug like Nicotiana tabaccum. Authentication of crude herbal drug is a complex 

task but it is the first step towards ensuring the quality of starting material. In this 

regard there is a need for documentation and standardization of traditional herbal 

medicine like Nicotiana tabaccum (Dahanukar et al., 2000). The process of 

authentication and standardization can be achieved by stepwise morphological, 

microscopical, pharmacognostical and phytochemical analysis (Anonymous, 1998). 

Such studies may help in identification and correct authentication of crude plant 

material used as raw material for herbal formulation. Correct identification, 

standardization and authentication of plant material is prerequisite for quality 

assurance of botanicals used in herbal medicine as appreciated by WHO for public 

health care specially in developing nations (Sutar et al., 2011). The present 

investigation highlights the taxonomic and pharmacognostic evaluation of Nicotiana 

tabaccum and its adulterant Helianthus annuus. There are a number of crude traded 

drugs like Nicotiana tabaccum where the plant sources has not yet been scientifically 

identified in market samples (Paratima & Pratima, 2011). 
 

Morphological Identification 

 

 Morphologically the Nicotiana tabaccum is an annual herb 45-80 cm tall, leaf 

oval, obovate, sessile, yellowish brown in color, stem is cylindrical with rough 

surface, multi flowered and panicle influorescence (Fig. 28: A1)., While Nicotiana 

tabaccum can be morphologically distinguished from Helianthus annuus which is 
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erect annual herb 1-3.5 m tall, hirsute, leaves ovate to cordate, petiolate, flowering 

head terminal, flowers with yellow ligulate corolla (Fig. 29: A1). Morphologically 

these two species are very distinct belonging to different families, however 

adulteration in market samples can be judged with different taxonomic parameters. 
 

Microscopic Authentication  
 

 In Nicotiana tabaccum the pollen are tri-tetracolporate,  circular to prolate in 

shape with pollen sculpturing striate and sculpturing elements elongated sideways and 

running almost parallel forming lumina and muri (Fig. 28: C1, D1). While Helianthus 

annuus is micromorphologically distinguished due to the presence of  tricolporate 

pollen which are oblate spheroidal to subprolate in shape with presence of spines 

(Echinate) having acute pointed tip and broad or rounded base (Fig. 29: C2, D2). 

According to Parveen & Qaiser (2007) the pollen in Nicotiana tabaccum are elliptic in 

equatorial view and trilobed in polar view while in Helianthus annuus the pollen are 

spheroidal with characteristic echinate sculpturing. 
 

 Foliar epidermal studies showed that in case of Nicotiana tabaccum, the 

epidermal cells having 47.5 µm length and 21.66 µm in width with anomocytic 

stomata and bi or tri cellular trichomes with round or oval base (Fig. 28: E1, F1, G1). 

While  Helianthus annuus can be distinguished due to epidermal cell being 68.5 µm in 

length and 36.5 µm in width and trichomes are tricellular and non glandular (Fig. 29: 

E2, F2, G2).  
 

Pharmacognostic Authentication  
 

 The present pharmacognostic evaluation of the herbal medicinal plant 

Nicotiana tabaccum is an important attempt in detecting adulteration of improper plant 

like Helianthus annuus. The organoleptic characters such as bitter taste and strong 

odor of Nicotiana leaves can be differentiated form Helianthus annuus leaves where 

they are tasteless and odorless. The crude powder and extracts of Nicotiana tabaccum 

leaves have exhibited a wide range of color. The results of solubility tests and 

fluorescence analysis of Nicotiana tabaccum and Helianthus annuus powder using 
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various reagent are given in tables 34-37. Under visible day light and UV light, the 

powdered drug of both speices when treated with nitric acid, HCL, sulphuric acid and 

benzene shows characteristic coloration while the sample drug treated with distil 

water, ethanol and acetic acid did not showed any change in coloration. Fluorescence 

is an important technique exhibited by different chemical constituents in day light and 

UV light. If the botanicals themselves are not fluorescent, they might be converted 

into fluorescent derivatives by applying various chemical reagents and in this way 

same crude drugs are often assessed qualitatively (Ansari, 2006). Based on such 

screening the information identify purity and quality of the plant material like 

Nicotiana tabaccum from its adulterant Helianthus annuus. Such studies can served as 

a basis for preparation of herbal monograph for its correct authentication and 

standardization of drug.  
 

4.8 CONCLUSION  
 

 The present research project focuses on the taxonomic and pharmacognostic 

analysis of seven cases of problematic medicinal plants used as herbal medicine in 

Pakistan and neighboring countries. It has been the need of herbal industry that the 

genuine herbal material may be provided for drug preparation. These medicinal plants 

are traded under the names of Neem (Azadirachta indica), Green Tea (Camellia 

sinensis), Sana Makki (Cassia angustifolia), Brahmi (Centella asiatica), Lemon Grass 

(Cymbopogon citratus), Henna (Lawsonia inermis) and Tobacco (Nicotiana 

tabaccum). As there is no comprehensive information regarding taxonomic 

characterization (palynology, anatomy and morphology) combined with 

pharmacognostical work on records of these 7 herbal medicines. So the present project 

was initiated  in the view to lay down the pharmacognostic, macroscopic, microscopic, 

organoleptographic and pictorial standards which could be used in deciding the 

genuineness of the above mentioned seven herbal drugs. Morphological, microscopic 

and macroscopic descriptions are provided from diagnostic point of view, to 

differentiate the genuine source from its closely related adulterant. The colored 

photographs of plant, part used, pollen, foliar epidermal anatomy (LM & SEM) and 

pharmacognostic flow chart of genuine and their adulterant plant might facilitate the 
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researcher, taxonomist, plant biologists, herbalists and herbal drug traders for correct 

identification. The results of pharmacognositc tests, preliminary phytochemical 

screening and fluorescence behaviors of the powdered drugs of above mentioned 

seven medicinal plants and their adulterant can be considered as distinguishing 

parameters to identify and decide the authenticity of genuine source of these herbal 

drugs. The outcome of the qualitative and quantitative taxonomic and 

pharmacognostic parameters could be useful for preparation of standards for herbal 

pharmacopeia particularly and common use and trade generally. The outcome of this 

study can also serve as an important reference of information to ascertain the 

authenticity and to determine the equality and purity of plant material in future studies 

as per WHO guidelines and standards for plant drug research.  
 

4.9 RECOMMENDATIONS 

 
 

  The subject of herbal drug authentication and commercialization of medicinal 

plant is fast growing sector of herbal industry today, due to increasing demand of 

medicinal plants among the various communities and industries, there is a need of 

herbal drug standardization as the raw material should be pure and authenticated. 

Based on the findings of present project the authentication and standardization should 

be achieved by using classical and modern approaches according to the guidelines set 

by WHO. In order to have a good coordination between the quality of raw material 

and final product, it has become essential to develop reliable, specific and systematic 

method using a combination of classical and modern instrumental methods of 

authentication. Authentication of drug means confirmation of its identity and 

determination of its quality, purity and detection of its adulteration. In order to obtain 

quality and purity of raw material and herbal products, care should be taken right from 

the correct identification of plants, area of collection and their extraction and 

purification process. There is a need to develop linkage among various disciplines like 

ethnobotanical documentation, taxonomic investigation, pharmacognostic analysis and 

phytophramceutical preparation of herbal drugs by using up to date modern techniques 

like HPLC, HPTLC, GC-MS and fluorimetry etc.   



 References                                                                                                                                Chapter 5 
 
 

      ______________________________________________________________________________ 
  Taxonomic and Pharmacognostic Authentication of Problematic Medicinal Plants Used as Herbal Medicine 

 
127

Abid, M., M. Ahmad, A. Jabeen, M. Zafar and S. Nadeem. 2005.Pharmacognostic 

 studies of  some indigenous medicinal plants of Pakistan. J. 

 Ethnobotanical Leaflets. 

Afaq, S. H. Tajuddin and M. M. H. Siddiqui. 1994. Standardization of herbal drugs, 

 Aligarh   Muslim University Press, Aligarh, P. 93-94 : 143-146. 

Afaq, S.H. 1998. A comparative introduction of the Unani and Tibetan medical 

 traditions, Ay urVijnana, Volume: 6. 

 (http://www.ittm.org/publications/AyurVijnana  /Vol_06/AV_V06_5.htm). 

Agarwal, A., (2005):Pharma Times 37(6): 9-11. 

Ahmad, F., M. A. Khan, M. Ahmad, M. Zafar, A. Khan and Z. Iqbal. 2011. 

Palynological studies  in tribe Chlorideae (Poaceae) from salt range of 

Pakistan. African Journal of Biotechnol ogy. 10(44): 8909-8913. 

Ahmad, M., M. A. Khan, M. Zafar and S. Sultana. 2007. Treatment of common 

ailments by plant  based remedies among the local people of District Attock 

(Punjab) of Northern Pakistan.  African Journal of Traditional, Complementary 

and Alternative Medicines. 4(1)112-120. 

Ahmad, M., M. A. Khan, U. Rashid, M. Zafar, M. Arshad and S. Sultana. 2008. 

Quality assur ance of herbal drug valerian by using chemotaxonomic markers. 

African Journal of Bio technology. 8(6): 1148-1145. 

Ahmad, M., M. A. Khan, U. Rashid, M. Zafar, M. Arshad and S. Sultana. 2009. 

Quality assur ance of herbal drug valerian by using chemotaxonomic markers. 

African Journal of Bio technology. 8(6): 1145-1148. 

Ahmad, M., M.A. Khan, M. Zafar, M. Arshad, S. Sultana, B.H. Abbasi and S.U. Din. 

2010. Use  of chemotaxonomic markers for misidentified medicinal plants used in 

traditional medi cines. J.  Medicinal Plant Res., 4(13): 1244-1252. 

Ahmad, S. 1988. Neem Newsletter, Turkish University, Turkey. 5: 54. 

Ahmad, Z. 1996. Medicinal plants of Himalayan Pakistan, paper presented to an ICI

 MOD/IDRC/IPGRI/INBAR workshop on bamboo, rattan and medicinal plants 

in moun tain development, Pokhara, Nepal. 

Al-Suyuti. 1985. Tibb-ul-Nabbi, Osiris, Vol. 4. Pp. 92. 

Anonymous, 1985. The wealth of India. PID. CSIR, New Delhi. Vol. 1: 501. 



 References                                                                                                                                Chapter 5 
 
 

      ______________________________________________________________________________ 
  Taxonomic and Pharmacognostic Authentication of Problematic Medicinal Plants Used as Herbal Medicine 

 
128

Anonymous, 1998. Macroscopic and microscopic Examination: Quality Control 

Methods for  Medicinal Plant Materials, WHO, Geneva.  

Anonymous. 1992. The wealth of India II-Raw materials. New Delhi, Publication and 

informa tion Directorate, CSIR, P. 354-363. 

Ansari, S. H. 2006. Essential of pharmacognosy, 1st edition Birla publications Pvt. 

Ltd. New  Delhi. 

Ansari, S. H. and M. Ali. 2000. Phytochemical investigation on Mirabilis jalapa. 

Hamdard  Medicus. XLIII (3): 65-67. 

Ashish, S. and R. A. Sharma. 2011. Micropropagation of Croton bonplandinum Bail. 

Interna tional Research Journal of Pharmacy. 2(10): 82-86. 

Badamir, S., Gupta, M. K. and Suresh, B. 2002. Pharmacognostical evaluation of 

Grewia tiliae folia bark, Journal of Natural Products. 18(2): 6-10. 

Bagchi GD and Puri HS, Centella asiatica II, Herba Hung, 1989, 28, 127-134. 

 Bailliere Tindal, Oxford, U.K. p. 685. 

Barbosa, L. C. A., U. A. Pereira, A. P. Martinazzo, C. R. Á. Maltha, R. R. Teixeira 

and E. C.  Melo. 2008. Evaluation of the Chemical Composition of Brazilian 

Commercial Cym bopogon citratus (D.C.) Stapf Samples. Molecules. 13: 1864-

1874. 

Barthlott, W. 1984. Microstructural features of seed surfaces. In: V.H. Heywood, 

D.M. Moore,  Editors, Current Concepts in Plant Taxonomy, Academic Press, 

London, p. 95-105. 

Bhattacharjee S.K., L.C. De, 2003, Medicinal Herbs and Flowers, Aavishkar 

Publishers and Dis tributors, Pp. 366.  

BHP, 1990. British herbal pharmacopoeia, Vol. 1. London, British Herbal Medicine 

Association,  1990. 

Biswas, K. P. 2006. Description of tea plant. IN Encyclopaedia of medicinal plants. 

New Dehli.  Dominant Publishers and distributors, 964-969.  

Brain, KR and Turner, TD. (1975). The practical evaluation of phytopharmaceuticals. 

Wright  Sciencetechnica, Bristol, P.81 – 82. 

Burger, W. C. A.A. Qureshi and E. Charles. 1986. Methods for lowering of blood 

cholesterol  levels E; US Pat 1986:4603142. 



 References                                                                                                                                Chapter 5 
 
 

      ______________________________________________________________________________ 
  Taxonomic and Pharmacognostic Authentication of Problematic Medicinal Plants Used as Herbal Medicine 

 
129

Charles, J. Kokoski, R. and J. S. Kokoski. 1958. Fluorescence of powdered vegetable 

drugs un der ultraviolet radiation, Jour. Of American Pharmaceutical 

Association, SI(VIII): 715- 717. 

Chopade VV, Phatak AA, Upaganlawar AB, Tankar AA (2008). Green tea (Camellia 

sinensis):  Chemistry, traditional, medicinal uses and its pharmacological 

activities- a review.  PHCOG. Rev., 2(3): 157-162. 

Chopra,R.N.1985. Indigenous drugs of India. Dhur & Sons. Pvt. Ltd. Calcutta, India. 

Clark, J. 1960. Preparation of leaf epidermis for topographic study. Stain. Technol., 35 

: 35-39. 

Dahanukar S. A, Kulkarni R A and Rege N. N. 2000. Pharmacology of medicinal 

plants and natu ral Products. Ind J Pharmacol, 32: 81-118.  

Dube, K., G. Rao, T.S. Sankara. 1984. Antibacterial effect of some Indian essential 

oils. Pet ro.Chem.J.15 (1): 13-14. 

Dymoke, W. 1972. Pharmacographia Indica. Hamdard Press, Karachi, Vol. 1. p. 528. 

Erdtman, G. 1952. Pollen and spore morphology/plant taxonomy (An introduction to 

palynology,  II. Gymnospermae, Pteridophyta, Bryophyta) Almqvist and Wicksell, 

Stockholm. 

Erdtman, G. 1969. The acetolysis method. A revised description. Sven. Bot. Tidskr., 

54: 561-564. 

Evans, W. C. 2002. Trease and Evans. Pharmacognosy. 15th Edn., W. B. Saunders 

Publications,  Edingburgh, p. 135-205. 

FAO, 1987. Forest based rural enterprises in Pakistan, Food and Agriculture 

Organization of the  United Nations, RAPA, Bangkok.  

Folorunso, A. E. & Oyetungi, O. A. (2007). Comparative foliar epidermal studies in 

Cymbopo gon citratus (Stapf) and Cymbopogon giganteus (Hochst) Chiov in 

Nigeria. Notulae  Botanicae Horti Agrobotanici Cluj-Napoca 35: 1-13.  

Geeraets, A., J. A. M. Raeymaekers, S. Vinckier, A. Pletsers, E. Smets and S. 

Huysmans. 2009.  Systematic palynology in Ebenaceae with focus on Ebenoideae 

: Morphological diversity  and character evolution. Review of Paleobotany and 

Palynology. 153: 336-353. 



 References                                                                                                                                Chapter 5 
 
 

      ______________________________________________________________________________ 
  Taxonomic and Pharmacognostic Authentication of Problematic Medicinal Plants Used as Herbal Medicine 

 
130

Ghani, U. K. 2000. Herbal medicine industry in Pakistan. Issues product 

manufacturing market ing quality control research development. 1-244. 

Girach, R.D., A. Ahmad and M. Ahmad. 1998. Medicinal ethnobotany of Sundargarh, 

Orissa,  India. Pharm. Biol., 36: 20-24. 

Gohar, A. A. and M. M. A. Elmazar. 1997. Isolation of hypotensive flavonoid form 

Cheno podium species growing in Egypt. Phyto. Res. 11(8): 564-567. 

Gohil KJ, Patel JA (2010). A review on Bacopa monnieri: Current research and Future 

prospects.  International journal of green pharmacy Jan-march: 1-9. 

Hannan, H. A. 1997. Henna. Hamdard Medicus. XL (4): 17-21. 

Harborne, J. B. 1992. Chemicals as defence agens. In : Introudction to ecological 

Biochemistry. Harborne, ed. Acdemic Press. Harcourt Brace and Co Publishers. New 

ork. P. 131-158. 

Harborne, J.B. 1973. Phytochemical methods: A guide to modern techniques of plant 

analysis.  Chapman & Hall, London. Pp. 302 . 

Heyne, K. 1950. De Nuttige Planteu van Indonesia, 3rd ed., Part II. P. 1541-1660. ppl-

CCKLI. 

Hoffman F, Manning M (2005). Herbal Medicine and Botanical Medical Fads. New 

Yark: The  Haworth Press,Pp. 202. 

Honda, S.S. 2004. Indian efforts for quality control and standardization of herbal 

drugs/products.  Proceedings of the 1st Joint Workshop on Quality Control and 

Standardization of Tradi tional Medicine-Indo-China experience; Jan 8–10, 2004. 

Hooker JD, KCS I (1885a). Flora of British India. Asclepideae to Amarantaceae. Vol. 

4. 

Hooker JD, KCS l (1894). Flora of British India, Orchideae to Cyperaceae. Vol. 4. 

Hooker, J.D. 1875. Flora of British India, Rananculaceae to Sapindaceae. Vol. 1. 

http://www.siu.edu/~ebl/leaflets 

Huang, T. C. 1972. Pollen Flora of Taiwan, Natinal Taiwan University, Botany 

Department  Press.  

Hussain, M. and M. Akhlas. 1999. Palynological studies of Camellia sinensis (L.) O. 

Kuntze of  Mansehra, NWFP, Pakistan. Hamadard Medicus. XLII (4): 4546. 



 References                                                                                                                                Chapter 5 
 
 

      ______________________________________________________________________________ 
  Taxonomic and Pharmacognostic Authentication of Problematic Medicinal Plants Used as Herbal Medicine 

 
131

Ibrahim, D. 1992. Antimicrobial activity of the essential oil of the local serai 

Cymbopogon citra tus  J. Biosci. Malaysia 3(1—2):87-89.[Chem. 

Absts.120:212396e; 1994]. 

 India. Amerind Publishing Co. Pvt. Ltd. New York. 

Jain, V. C, D. P. SHAH1, N. G. SONANI1, S. DHAKARA2, N M. PATEL, ELLIS 

R.P. 2010.  Pharmacognostical and preliminary Phytochemical investigation of 

Lawsonia inermis l.  Leaf . ROM. J. BIOL. 55(2): 127–133  

Jarald EE, Jarald SE (2006). Medicinal Plants. New Dehli: CBS Publishers, Pp. 63. 

Jiang, S. 1993.  Pesticides made from plants. CN Pat 1,104,852 91993). [Chem. Absts. 

 124:48360;1996. 

Kabata-Pendias, A. and Pendias, H. 2001. Trace elements in soils and 

plants,Washington, D.C.,  CRC Press. 

Karki, M. and Williams, J.T. 1999. A report on priority speices of medicinal plants in 

South Asia  , IDRC, New Delhi, India. P. 1-64. 

Khan, M. J., H. Steingass and W. Drochner. 2002. Nutritive evaluation of some 

aquatic plants  from Bangladesh. Anim. Feed Sci. Technol. 

Khan, M.A., M. Ahmad, M. Zafar, S. Sultana, S.K.M., S. Shaheen, M.K. Leghari, G. 

Jan, F.  Ahmad and A. Nazir. 2011. Medico-botanical and chemical standardization of 

pharmaceutically important plant of Tricholepis chaetolepis (Boiss.) J. Medicinal 

Plants Res.,  5(8): 1471-1477. 

Khan, M.A., T. Khan and Z. Ahmad. 2000. Neem used as medicine. J. Hamdard 

Medicus, XLIII  (3): 212-221. 

Kirtika KR, Basu BD. Indian Medicinal Plants, Vol. 3. International book distributors, 

New Del hi, India, 1993. 

Kraus, W. 1995. The Neem tree, source of unique natural products for integrated pest 

manage ment, medicine and industry and other purposes, ed. by H. Schmutterer, 

VCH, Wein heim, Germany. 

Leung, A. Y. 1980. Encyclopeida on common Natural ingredients used in food, drugs 

and cos metics, John Willey and Sons, New York. 409.  

Malekzadek, B. C. 1968. Studies of medicinal plants from Margallah Hills Islamabad. 

Hamdard  Medicus. 51(2): 112-125 



 References                                                                                                                                Chapter 5 
 
 

      ______________________________________________________________________________ 
  Taxonomic and Pharmacognostic Authentication of Problematic Medicinal Plants Used as Herbal Medicine 

 
132

Manisha, M., P. C. Kotwal and C. Parsad. 2011. Harvesting of medicinal plants in the 

forest of  central India and its impact on quality of raw materials : A case of 

Nagpur District, India.  Ecoprint. 16: 35-42. 

Maria, R. D.; Daniele, O. M. (2006). Morpho diagnosis of leaf and stem anatomy of 

Camellia  sinensis (L.) Kuntze, Theaceae. Brazilian jounal of Pharmacognosy, 16 

(4), P. 545-551. 

Martindale, A. 1958. The extra Pharmacopoeia, Vol. 1. Pp. 1364.  

Maryum, I. S. 2005. Taxonomic Evaluation aspect of Medicinal Plants in Pakistan. 

Quaid-i- Azam University Islamabad Pakistan. 1-160. 

Metcalfe,	 C.R.	 1960.	 Anatomy	 of	 the	 Monocotyledons.	 I.	 Gramineae.	 Clarendon	

Press,	Ox	 ford. 

Moore DA, Watson TDG, Dodkin SJ, Blaxter AC, Crispin SM, Gruffydd-Jones TJ 

(1991). Tran sient  hyperlipidemia and anemia in kittens. Vet. Record, 140: 355-359.	

Morris JA, Khettry A, Seitz EWM (1979). Antimicrobial activity of aroma chemicals 

and essen tial oils. J. Am. Oil Chem. Soc., 56: 595-603. 

Mukhopadhay S., Mondal A., Poddar MK. Chronic administration of caffeine: Effect 

on the ac tivities of hepatic antioxidant enzymes of Ehrlich ascites tumor-bearing 

mice. Ind J Exp  Biol. 2003; (41): 283. 

Naaz, S. F. and R. Zafar. 2002. Centella asiatica Linn. A review. Hamdard Medcicus. 

XLV(1):  5572. 

Nadkarni K.M., 2004, Textbook of Pharmacognosy, Srishti Book Distributors, Pp. 

214. 

Nadkarni, A. K. 1954. Indian Materia Medica.  

Nadkarni, A.K.. 1976. Dr. K.M. Nadkarni’s “Indian Materia Medica”. Bombay, 

Popular Praka shan. 

Nasir, E. and S.I. Ali. 1974. Flora of West Pakistan (Verbenaceae), 77: 4-10. 

Nasir, E. and S.I. Ali. 1975. Flora of West Pakistan. (Lythraceae), 78: 6-7. 

Nasreen, U. (1998). Taxonomical & Palynological studies of some. Problematical 

medicinal  plants of Pakistan. M. Phil thesis Department of Biological sciences, 

Quaid-i-Azam Uni versity, Islamabad, Pakistan. 



 References                                                                                                                                Chapter 5 
 
 

      ______________________________________________________________________________ 
  Taxonomic and Pharmacognostic Authentication of Problematic Medicinal Plants Used as Herbal Medicine 

 
133

Ogie-Odia , E. A; Eseigbe, D.; Ilechie, M. N. Erhabor, J. and Ogbebor, E. 2010. Foliar 

epidermal  and Phytochemical Studies of the Grasses Cymbopogon citratus 

(STAPF.), Axonopus  compressus (P. BEAUV.) and Eragrostis tremula (S. W. 

Beauv) In Ekpoma, EDO State,  Nigeria. Science World Journal Vol 5 (No 1). 20-

28. 

Paratima, H. and P. Mathad. 2011. Pharmacognostic evaluation and phtochemcial 

analysis of  leaves of Cajanus cajan L. J. Advances in Developmental Research. 

2(2): 181-185. 

Perveen, A. and M. Qaiser. 2007. Pollen flora of Pakistan-Malvaceae, Grewioideae-

LII. Pak. J. 

Prat, H. 1932. L'Épiderme des graminées. Étude anatomique et systématique. Ann. Sci. 

Nat.,  Bot., 10e Ser., 14: 117-324. 

Primenta A M, Montenegro M C, Ara Ujo A N, Mart’inez J C. 2006. Application of 

sequential  injections analysis to pharmaceutical analysis. Journal of Pharm. 

Biomed. Annuls. 40,  

Purohit, S. S. and S. P. Vyas. 2004. Medicinal plants cultivation a scientific approach 

including  processing and financial guidelines. 1st edition, publishers Agrobios, 

Jodhpur, India, P.  1-3.  

Rafiq, R. A. 1997. Medicinal plants of Pakistan : Conservation priorities, a paper 

presented at the  expert consultation on medicinal plants species prioritization for 

South Asia,  IDRC/WWF-India, New Delhi, India.  

Raghavendra M. et.al (2009). Centella asiatica on cerebral post ischemic reperfusion 

and hypop erfusion. International journal of green pharmacy April-june: 88-96. 

Rajan, S., Thirunalasundari, T., Jeen, S. 2011. Antienteric bacterial activity and 

phytochemical  analysis of the seed kernel extract of Mangifera indica Linnaeus 

against Shigella dysente riae, (shiga, corrig.) castellani and chalmers. Asian 

pacific Journal of Tropical Medicine,  4(4): 294-300. 

Rao, A.R., M. Arshad and M. Shafiq. 1989. Perennial Grass Germplasm of Cholistan 

Desert  and its Phytosociology.Cholistan Institute of Desert Studies, Islamia 

University, Baha walpur, Pakistan, p. 160. 



 References                                                                                                                                Chapter 5 
 
 

      ______________________________________________________________________________ 
  Taxonomic and Pharmacognostic Authentication of Problematic Medicinal Plants Used as Herbal Medicine 

 
134

Rawat, A. K. S. 2005. Importance of quality control of raw material in Ayuryedic 

medicine. In:  Herbal medicine Phytopharmaceuticals and other natural products : 

Trends and advances.  Jointly publ. by Center for S and T of NAM and other countries 

and institute of Chemis try Ceylon, SiriLanka.  

Razique, A., A. Latif, R. H. Zuberi and R. R. Sukul. 2010. Physico-chemical and 

phytochemical  standardization of Mamira (Coptis teeta Wall.). Hamdard 

Medicus. 53(1): 113-116.   

Renvoize, S. A. 1982. A Survey of Leaf-Blade Anatomy in Grasses IX. Kew Bulletin. 

Centothe coideae. 41(2): 339-342. 

Ronald, O.K. 2000. Pollen and spores. 2nd Ed. American Association of Stratographic 

Palynolo gists.P. 13-21.  

Ross IA (2005). Tea common names and its uses. In Medicinal Plants of the World. 

3rd Vol.  New Jersey: Humana Press, P. 1-19. 

Roy, A. K. 2000. Mycological problems of crude herbal drugs : overview and 

challenges Ind.  Phytop. 4: 1-13. 

Saldanha CJ, Nicolson DH (1976). Flora of Hassan District Karnataka, 

Saritha, B. and P. Brindha. 2008. Phytochemical standardization studies on Lajjalu an 

Ayurvedic  Drug. Hamdard Medicus. 51(1): 138-148. 

Shah, B and A. K. Seth. 2010. Text book of Pharmacognosy and phytochemistry. 

Elsevier, a di vision of Read Elsevier India Private Ltd. P: 10-21. 

Sharma, H. and A. Kumar. 2011. Ethnobotanical studies on medicinal plants of 

Rajasthan (In dia): A review. J. Med. Plant Research. 5(7): 1107-1112.  

Shiharta, I. M., Hussain, A. G. and Mayah, G. Y. 1978. Pharmacological effects of 

Lawsonia in ermis leaves (el-henna). Egypt J. Vet. Sci. 15: 31. 

Singh, R.P., M.S. Chari, A.K. Raheja and W. Craus. 1996. Neem and Environment. 

Oxford and  IBH Pub., New Dehli. 

Sofowora, A. 1993. Medicinal Plants and Traditional Medicines in Africa. John Wiley 

& Sons  New York. P. 97-145. 

Soni, S., Kondalkar A., Tailang, M. and Pathak, A. K. 2008. Pharmacognostic and 

phytochemi cal investigation of Stevia rebaudiana, Phcog Mag, 4(13, Suppl 1). 89. 



 References                                                                                                                                Chapter 5 
 
 

      ______________________________________________________________________________ 
  Taxonomic and Pharmacognostic Authentication of Problematic Medicinal Plants Used as Herbal Medicine 

 
135

Srivastava, M., S. Srivastava, S. Khatoon, A. K. S. Rawat, S. Mehrotra and P. 

Puhpangadan.  2006. Pharmacognostical evaluation of Cassia angustifolia seeds. 

Pharmaceutical Biol ogy. 44(3): 202-207. 

Stewart, R. R. 1982. History and exploration of platns in Pakistan and adjoining areas. 

In: Flora  of Pakistan, E. Nasir and S. I. Ali, Natinal Herbarium, Pakistan 

Agriculture Council, Is lamabad. P 1029. 

Stewart, R. R., 1972. An annotated catalogue of the Vascular platns of west Pakistan 

and Kash mir, In : Flora of Pakistan, E. Nasir and S. I. Ali, National Herbarium, 

Pakistan Agricul ture Council, Islamabad. P 1029. 

Stone, A. 1992. The Neem. Science, 15(3): 255-107. 

Stuessy, T. 1990. Plant Taxonomy. Columbia Univ., Press, New York. 

Subrahmanyam, N.S. 1996. Laboratory manual of plant taxonomy. Vikas Publishing 

House (Pvt)  Ltd., New Dehli. 

Sukhdev, C. (2006). A Selection of Prime Ayurvedic plant Drugs Ancient modern 

concordance,  Anamaya publishers, New DelhI: 165. 

Sunil, K., Ahmad, S. and S. Paras.  2011. Pharmacognostic evaluation and HPTLC 

fingerprinting  of Nicotiana tabacum stem collected from different geographical 

regions of India. Der  Pharmacia Sinica, 2 (5): 1-11.  

Sunita, P., S. P. Pattanayak and A. Oraon. 2010. Pharmacognostic studies on leaves of 

Den dorphthoe falcate (L.f) Ettingsh. Hamdard Medicus. 53(1): 106-112. 

Sutar, N., R. Garai, U. S. Sharma, P. Goyal and G. Yadav. 2011. Pharmacognostic 

Studies of the  Achyranthes Aspera Leaves.www.pharmacie-globale.info. 

Takani S, Imai T, Hasumura M, Cho YM, Onose J, Hirose M (2002) Evaluation of 

toxicity of  green tea catechins with 90-day dietary administration to F344 rats. 

Food Chem Toxicol  46: 2224–2229. 

Trease, G.E. and W.C. Evans. 1989. Pharmacognosy 12th Ed. 

Tutin, T.G. and V.H. Heywood. 1972. Flora of Europe. Vol. 3. Cambridge University 

Press.  London. 

WHO. 2002. WHO Traditional Medicine Strategy 2002-2005. World Health 

Organization, Ge neva. 



 References                                                                                                                                Chapter 5 
 
 

      ______________________________________________________________________________ 
  Taxonomic and Pharmacognostic Authentication of Problematic Medicinal Plants Used as Herbal Medicine 

 
136

William, J. T. and Ahmad, Z. 1999. A report on priorities for medicinal plants 

research and de velopment in Pakistan, IDRC, MAPPA, New Delhi, India.  

Wodehouse, R.P., 1935. Pollen Grains. Their Structure, Identification and 

Significance in Sci ence and Medicine. Mc Graw – Hill, New York, London. 

Yadav, P., K. Mahour and A. Kumar. 2011. Standardization and evaluation of herbal 

drug for mulations. J. Advanced Laboratory Research in Biology. II(IV): 193-

199. 

Zafar, M., M. Ahmad and M. A. Khan. 2010. Medicinal Plants standardization. VDM 

Publisher  (VDM) Germany & USA. 

Zafar, M., M. Ahmad and M.A. Khan. 2007. Palynology of family Asteraceae from 

Flora of Ra walpindi-Pakistan. Int. J. Agri. Biol., 9(1): 156-161. 

Zafar, M., M. Ahmad, M.A. Khan, S. Sultana, G. Jan, F. Ahmad, A. Jabeen, G.M. 

Shah, S. Sha heen, A. Shah, A. Nazir and S.K. Marwat. 2011. Chemotaxonomic 

clarification of phar maceutically important species of Cyperus L. Afr. J. Pharmacy 

& Pharmacology, 51(1):  67-75. 
Zakir, M., S. H. Afaq and A. Latif. 2009. Pharmacognostical and phytochemical 

studies of  Sahdevi (Veronia cinerea Less.) A lesser known plant. Hamdard 

Medicus. 52(3): 112- 121. 

 


	Title page 1
	Title page 2 & Abstract
	ch1
	ch2
	ch3
	3.1
	3.2
	3.3
	3.4
	3.5
	3.6
	3.7
	3.8

	ch4
	chR

