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Glossory 

Abbreviation used in the text 

aq = Aqueous 

BA = 6-benzyl adenine 

BAP =6 benzyl aminopurine 

b.p = Boiling point 

CNHS= Central National Herbarium Section 

cone. = Concentrated 

cm= Centimetre 

2,4 D = 2,4 dichlorophenoxyacetic acid 

dL= Decilitre 

FeCl 3=Ferric Chloride 

Fl= Flora 

gm/litr=Gram per litre 

hac= Hectare 

HNO3 = Nitric acid 

HPLC= High pressure Liquid Chromatography 

H2 P03 = Phosphoric acid 

Hr= Hour 

ICBN= International Code of Botanical Nomenclature 

IR= Infrared 

IAA= Indole 3 -acetic acid 

IB A = Indole butyric acid 
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KOH= Potassium Hydroxide . 

Kg = Kilogram 

M= Molarity 

MeOH = Methanol 

Mg=Milligram 

mg/l= Milligram /Litre 

min= Minutes 

mol. Wt .= Molecular weight 

m.p =Melting point 

m.m.p= Mixed melting point 

ml= Millilitre 

MS =Murashige and Skoog 

m= Metre 

NAA= Napthalene acetic acid 

NaOH = Sodium hydroxide 

NH3 = Ammonia 

nm= Nanometer 

NaOH = Sodium Hydroxide 

|j,g = Microgram 

|j,g/ml= Microgram/ millilitre 

fx= Micron 

|j.m=Micrometre 

|j,l= Microlitre 
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O.D = Optical Density 

P.C = Paper Chromatography 

r.p.m= Rotation per minutes 

Rf = Mobility relative to front 

SnCl2 = Starmous chloride 

Sq cm. = Square centimeter 

Sq mm= Square millimeter 

TLC= Thin Layer Chromatography 

UV= Ultra-violet 

v/v= Volume/volume 

v/v/v=Volume / volume /volume . 

v/v= Weight / volume 

wt = Weight 



GENERAL INTRODUCTION 



Fagopyrum dibotrys (D.Don ) Hara is an ethnomedicine of the Darjeeling 

and Sikkim Himalayas. The culturally distinct region is being used this plant 

from the time immemorial. This plant has been using against the 

hypertension, jaundice, paralysis etc (Basu, 1997; Pradhan and Basu, 1998). 

Here in this region, this ethnomedicinal plant is well - known as Fagopyrum 

dibotrys (D.Don) Hara but the use of other name such as Fagopyrum 

cymosum, Polygonum cymosum, Fagopyrum cymosum M, Fagopyrum 

cymosum Meissn, Fagopyrum cymosum (Trev) Meissn in the literature has 

created confusion. Thus felt it is necessary to study the nomenclature of this 

plant. 

The plants that were collected from Darjeeling and Gangtok were different in 

the colour of the leaves, stem and stamen number in flower. Here, an attempt 

has been made with a chemotaxonomical approach to distinguish these plants 

into varietal level. The number of natural products, which were isolated from 

the plant, represented by Fagopyrum cymosum (Tsuzuki and Yamamato. 

1990; Furuya, 1951) but they have not cited author properly. It is very 

difficult to understand the plant, which they had taken into consideration to 

work out. 

The flavonoids. one of the most numerous and widespread groups of natural 

constituents, are important to man not only because they contribute to plant 

colour but also because many members are physiologically active. Nearly 

two thousand substances have been described and as a group they' are 

universally distributed among vascular plants (Harborne, 1973, 1975; 

Geissman 1962). Flavonoid compounds have attracted the attention of 

inquiring minds for many centuries. Certain flavones are among the earliest 

known natural dyestuff .The conspicuous colors that anthocyanins impart to 

flowers, fruit and leaves have made them objects of interest and speculation 

to researches .The importance of flavonoid compounds more recently, in the 

flavour qualities of foodstuffs have led to many recent investigation on it. 

Present day studies on the bioactivities, physiological activities and 

biosynthesis of flavonoid compounds continue to add new information to this 



field .The flavonoid was noted to store in the leaves, stem, rhizome and 

flower of Fagopyrwn dibolrys (D.Don) Hara (Liu et al., 1981, 1983, Liang 

and Xiao, 1990). For a long time flavonoids as with other secondary plant 

products have been regarded as metabolically inactive and products stored as 

waste, material in various plant tissues (Schwarze, 1958; Reznik, 1960) .A 

numbers of the bioactivities of the flavonoids such as anti-tumour activities, 

activation of lymphocytes, anti-diabetic, hypertension, etc have been noted 

(Wagenbreth et al, 1996; Pierzynowska, 1998; Webster et al., 1996) but,no 

work has so far been made in connection with the understanding of 

bioactivities of natural products isolated from Fagopyriim dibolrys (D.Don) 

Hara .Thus an attempt has been made to investigate the plant for 

understanding bioactivities of natural products. Besides a precise as well as a 

quick method for systematic quantitative analysis of rutin from the leaves of 

Fagopyrwn dibotrys (D.Don) Hara has been made on the basis of certain 

principle of chemicaL reaction noted earlier. This work will ultimately be 

helpful for quantitative determination of active principle from the leaves of 

Fagopyrum dibotrys { D.Don) Hara of both Darjeeling and Gangtok varieties. 

While working on the isolation of various chemical components in the leaves, 

stem, rhizome and flower of Fagopyrum dibotrys (D.Don) Hara of the 

Darjeeling and Gangtok varieties, few isolated natural products are supposed 

to be a new record .An attempts has been made to ascertain the chemicals, on 

the'basis of some chemical and physical data. But detailed, chemistry of it of 

the isolated products is not possible due to paucity of material. 

Fagopyrum dibotrys ( D.Don) Hara of both Darjeeling and Gangtok varieties 

found to be similar in morphology, because of this reason an attempt.has 

been . made to investigate to distinguish the two plants both from 

morphological and chemical point of views . 

The few chemical works were performed in Fagopyrum dibotrys (D.Don) 

Hara of both Darjeeling and Gangtok varieties and needs investigation for 

their chemical nature. Fagopyrum dibotrys (D.Don) Hara of both Darjeeling 

and Gangtok varieties have been studied physiologically under different 



treatments and conditions to work out optimum condition for the production 

of the maximum vegetative part. 

Macroscopic and microscopic observations of Fagopynim dibottys (D.Don) 

Hara have been feh necessary to support the chemotaxonomic work. It is 

expected to support the classical taxonomy or alpha taxonomy. 

Since the time immemorial, people are fighting against the diseases and the 

different people of the different regions are being survived by practicing the 

ethnomedicine .It is a common practice in the hill areas of Darjeeling and. 

Sikkim .A number of reports on ethnomedicines in the region is available but 

no report has so far been made on this aspect related to Fagopynim dibotrys 

(D.Don) Hara (Rai and Bhujel, 1999: Bhujel, 1996). 

Recently biotechnology is being used in connection with the commercial 

productivity of some pharmaceutically important natural products. Takamato 

(1988) attempted the tissue culture of Fagopynim dibotrys (D.Don) Hara in 

Q} medium and Murashige and Skoog medium for the shoot and root 

development. 

Here an attempt has been made to investigate tissue culture of the plant for its 

commercial utilization. 

With this background, the plant has been studied giving special emphasis on 

pharmacognosy where, macroscopic, microscopic, bipchemicals and 

chemical screening of various chemical constituents are performed. The 

knowledge derived out of which will be of much help during purposeful 

utilization of plant specially for the economic development of these regions 

by setting natural products industries which ultimately, may also help the 

mankind to freed from the diseases. 



ABSTRACT 



The present investigation has been carried out with Fagopyruin dibotrys 

(D.Don) Hara of the Darjeeling and Gangtok varieties, the etlinomedicine, 

which are growing in the wild condition. Attempts have been made to 

investigate the valid name of Fagopyruin dibotrys (D.Don) Hara. It is studied 

after comparing the authentic specimens with the herbarium sheets of 

Fagopyruin dibotrys (D. Don) Hara deposited in Botanical Survey of India, 

Central National Herbarium Section, and Howrah. 

Isolation and characterization of the flavonoids, phytosterol and phenolic 

acids from two varieties of the plant growing in the region have been carried 

out for understanding their chemical make up. It helped to study the taxa on 

the chemical basis and also for commercial utilisation of their natural 

products. 

Phytochemical analysis of Fagopyruin dibotrys (D.Don) Hara of the 

Darjeeling and Gangtok varieties has been performed following conventional 

method of soxhleting air-dried plant parts first with petroleum ether followed 

by benzene, chloroform methanol and their mixtures extract. Crude 

petroleum ether has been column chromatographed over, alumina and pure 

crystals have been isolated after elution with suitable solvent. Methanolic 

extract has been separated into phenolic acid part, acid pari, basic part and 

neutral part following conventional method^ and pure crystals have been 

separated from the sub-fraction from ether by column cliromatography or 

fractional crystallization. Chemical constituents are identified after studying 

comparative behavior in m.p, m.m.p TLC, PC, spectrum of UV and IR of the 

isolated products with those of authentic samples. 

Petroleum ether part of the leaves shows the presence of [3 sitosterol, 

lanosterol, stigmasterol and diosgenin. Phenolic acid part contained a 

considerable amount of residue identified as caffeic acid, benzoic acid, 3,4 

dihydroxybenzoic acid, ferulic acid and and o-coumaric acid. Basic part 



showed no appreciable amount of solid to be identified. Acid part and neutral 

part show no appreciable amount of crystals. 

Ether insoluble methanolic extract of leaf shows the presence of rutin, free 

quercetin. leucoanthocyanin, fagopyrin- like compound, cyanidin 3-glucoside 

and cyanidin 3,5 digiucoside. Water-soluble part showed the presence of 

saponin. 

The presence of cyanidin 3 glucoside. free quercetin. fagopyrin like 

compound, lanosterol. stigmasterol. diosgenin. benzoic acid. 3.4 

dihydro.xybenzoic acid, o-coumaric acid and saponin ma}' be considered as 

tlrst time report from this plant. While working on the phytochemicai 

analysis of different parts such as stem, rhizome and flower similar 

compounds have been isolated. Though in stem, the petroleum ether part 

shows the presence of stigmasterol. lanosterol and p sitosterol while in the 

ether insoluble fraction shows leucoanthocyanin. cyanidin 3-glucoside and 

cyanidin 3.5 digiucoside. The rhizome has been observed to contain phenolic 

acids as caffeic acid, benzoic acid. 3,4 dihydroxybenzoic acid, ferulic acid and 

and o-coumaric acid and rutin in the ether insoluble part .The flower has been 

observed to contain fagopyrin like compound from ether insoluble part. . No 

chemicals were isolated and worked out from the phenolic acid, acid, basic 

and neutral parts due to paucity of the chemicals .The methanolic part shows 

the presence of appreciable amount of crystals which were similar to rutin 

and leucoanthocyanin. 

Besides their morphological difference, the varieties also differ in the 

presence of various phytochemicals from the qualitative as well as 

quantitative view. During the isolation and characterization of chemical 

constituents in various parts of Fagopynim dihotiys (D.Don) Hara of the 

Darjeeling and Gangtok varieties, the former is characterized by the presence 

of anthocyanin. various phytosterol. phenolic acids and flavonoids .On the 

otherhand. no anthocyanin has been detected from the latter. The petroleum 

ether part of Fagopynim dihotiys (D.Don) Hara of the Darjeeling and 



Gangtok varieties has shown the presence of P sitosterol, lanosteroh 

stigmasterol and diosgenin. Phenolic acid part contains caffeic acid, o-

coumaric acid, 3,4 dihydroxybenzoic acid, benzoic acid and ferulic acid. 

Rutin (Quercetin 3 rutinoside) and free quercetin have been detected in ether 

insoluble part. Other part of methanolic part has been noted with cyanidin 3 

glucoside, cyanidin 3,5 diglucoside and leucoanthocyanin. In the water-

soluble part, the saponin that has been isolated and noted to be converted into 

16 DPA after being subjected to acid hydrolysis. 

The chemical constituents have been identified by the comparative studies of 

m.p, TLC, PC, spectrum of UV and IR with those of authentic samples. 

A.new method has been established for quantitative determination of rutin 

isolated from the leaves. Colour has been developed in the presence of 2 % 

FeCls and measured at 575 nm. Following this method, the accumulation of 

rutin in the various parts has been observed..The maximum rutin contents in 

Fagopyrum dibotrys (D.Don) Hara has been estimated to be 5.2% and 7.0% 

in Darjeeling and Gangtok varieties, respectively. 

•It has been observed that the different stages of development of the leaf of 

Fagopyrum dibotrys (D.Don) Hara of the Darjeeling and Gangtok varieties 

show the different amount of flavonoidal compound. In order to have better 

understanding of metabolism of the flavonoid, investigation has been carried 

out to study leaf physiology with special emphasis on qualitative estimation 

of various biochemical parameters at the different developing stages. 

The rapid increase in content of soluble and insoluble carbohydrate, at the 

initial phase of development of leaf is characteristics for Fagopyrum dibotrys 

(D.Don) Hara of the Darjeeling and Gangtok Varieties. Both the contents 

decline at the latter phase of development of leaves. On the otherhand, 

accumulation of total nitrogen has been rioted to increase upto 5̂ '̂  month of 

development of leaf after that it gradually declines till senescent stage of the 

leaf Free aminoacid has also been noted to decrease gradually as the plant 



attains maturity. The protein content gradually increases upto 5"' month of 

development of plant. After that all the contents decline . 

The chlorophyll content has been found to increase upto 5"' month and 

decline later on. 

The trend in rise and fall of carbohydrate as well as chlorophyll seems that 

they are interrelated. The decrease in free aminoacid content is associated 

with increase of protein and RNA upto 5"' month. This is justified for high 

requirement of enzyme protein during the biosynthesis of high amount of 

phenolic compound. There after gradual decrease of pheriol. content may be 

due to decrease in the protein and RNA conteijt. 

The enzymatic activity in the leaves also reflects.the normal behavior to 

attain senescence of leaf. 

Peroxidase activity has been observed to become maxinium at the initial 

stage of the development of leaf upto 2nd month after that h has been 

observed to decline. 

After the biochemical estimation, it has been observed that there may be a 

correlation amongst and the phenolic content, protein, aminoacids, total 

phenol and chlorophyll. It is believed that all the higher plant polyphenols are 

formed from phenylalanine via shikimic acid pathway the mechanism of 

which, has been well reviewed. It is obvious that during the production of 

high content of phenolic compounds lead to decrease the aminoacid and the 

protein content. The percentage of phenol is the same in Fagopynim dibotrys 

(D.Don) Hara 'of both Daijeeling and Gangtok varieties. The chlorophyll 

content has been estimated to be greater in Darjeeling varieties than Gangtok 

varieties, which might be a reason for more amount of carbohydrate in 

Darjeeling varieties than Gangtok varieties. Besides the estimation of 

biochemical parameter in the leaves, the estimation of natural products has 

also been taken into consideration. The isolated natural products such as 

anthocyanin and leucoanthocyanin have been estimated in Fagopynim 

dibotrys (D.Don) Hara of both Darjeeling and Gangtok varieties .The 

percentage of anthocyanin and leucoanthocyanin have been noted to be 



2.9%and 3.9 % in Darjeeling variety, respectively. While the contents of 

anthocyanin is nil in the Gangtok variety but tiie 5% of leucoanthocyanin has 

observed to be present in the variety. 

The effect of various micronutrients and NPK of the different combinations 

on the growth performances of the plant and other various growth 

parameters have also been observed in Fagopyrum dibotrys ( D.Don ) Hara 

of the Darjeeling and Gangtok varieties at NBU campus, 

hi connection with the study in the effect of various NPK combinations on 

Fagopyrum dibotrys (D.Don) Hara of both Darjeeling and Gangtok varieties 

- K culture solution, PK culture flasks observed to be the best for Gangtok 

variety but -N culture solution treated plant does not show good result as 

compared to other culture solutions. The different concentrations such as lO'' 

to 10"' M of ZnCb, CuCb and MnCl2 have been prepared for the growth of 

Fagopyrum dibotrys (D.Don) Hara of both Darjeeling and Gangtok varieties. 

While working on their morphological vaiiation, it has been.noted that these 

two varieties are very similar in appearance and may be distinguished by 

certain characters such as colour of leaf, stem and flowers. These characters 

were studied tluough macroscopic and microscopic studies. Morphological 

studies of Fagopyrum dibotrys (D.Don) Hara of the Darjeeling and Gangtok 

varieties have been studied in Darjeeling, Gangtok and N.B.U campus. 

Growth of Fagopyrum dibotrys (D.Don) Hara of the Darjeeling and Gangtok 

varieties have been observed to be stunted with less number of the leaves and 

no flower in the N.B.U campus condition. Several factors such as 

temperature and soil moisture etc are supposed to determine the normal 

growth of Fagoprum dibotrys (D.Don) Hara .So, both varieties have been 

studied in different soil moisture condition at N.B.U campus. 

In the macroscopic observation, the variation in the number of stamens has 

been observed. While in the microscopic study, the variation in the dump-bell 

shaped vascular bundle and I shaped vascular bundle in Fagopyrum dibotrys 

(D.Don) Hara of both Darjeeling and Gangtok varieties, respectively have 



been observed. It is, therefore, may be treated to be the first time report from 

these plants. 

During survey in the region of Darjeeling and Sikkini Himalayas, it has been 

observed that the local people commonly use Fagopyrum cliboliys (D.Don) 

Hara as an ethnomedicine. This ethnomedicinal practice has long been 

persisted in these areas. The old literature has also been surveyed and the 

possible trend of the development of traditional system of medical practice in 

Darjeeling and Sikkim studied. Besides an attempt has been made with 

special emphasis on scientific evaluation of the plant. So, the different 

concentrations of water soluble methanol extract of Fagopyrum dibotrys 

(D.Don) Hara were prepared and injected intravenously into albino .rat. After 

four days of intravenous injection of 50 jig, lOOpg, 200f.ig, 500|ig and 1000 

l-ig of water soluble methanol extract of each of the Darjeeling and Gangtok 

varieties of Fagopyrum dibotrys (D.Don) Hara separately more or less the 

same trend such as 39 %, 30 %, 58 %, 40 % and 80 % of the activation of T-

lyrnphocytes have been observed. Though the water soluble methanol extract 

of 1000 |j,g has maximum activation percentage, but the concentration has 

been not suitable for immunological development of the animals. 200 |.ig of 

water extract found suitable for the immunological development of the 

animals. The bilirubin was also estimated from the blood of patients who 

were taking 5.8 gm dried leaves extract twice a day as advice of the tribal 

medicine men and on the 13th day of treatment, decreased in the bilirubin 

content has been observed. Antifungal activities were also observed with the 

rhizome water extract of Fagopyrum dibotrys (D.Don) Hara of the Darjeeling 

and Gangtok varieties. This show that this ethnomedicines have the 

potentially to fight against the diseases. 



The information of ethnomedicinal practises of Darjeeling and Sildcim 

Himalayas has also been collected from the. priest doctors and on the basis of 

which the baid practice in Siklcim has been worked out. 

Besides, an attempt has been made to investigate the plant with a 

biotechnological approach. The use of modified Murashige and Skoog 

medium has been observed to give good result. A suitable composition of a 

medium for the suspension culture of stem explant of Fagopyriim dibolrys 

(D.Don) Kara has been worked out. The different natural products such as p 

sitosterol, leucoanthocyanin, cyanidin 3 glucoside; rutin and saponin have 

been isolated and identified after 60 days of initiation of suspension culture 

of the explants. 
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CHAPTER I : REVIEW OF LITERATURE 

Taxonoraic status of Fagopyrum dibotrys (D.Don) Hara, 

The name ^ofygonuni cymosum v^as mentioned in the Trevian Delect Sem. 

Hort. Vartisl, 1824; nom nud in Nov Act Acad Caes Leop, which was 

renamed as Fagopyrum cymosum by Meissn in Wall PI As Rar iii 63; in De 

Prodr XIV 1 114; Bab .in Trans Linn. Soc XVIII, 119; Lindl Bot Reg , 1842 t 

26 .Other published names such as Polygonum cymosum (Carol nat. Cur 

13; 77 ,1826 . and Steward I C 117 ,1930 ), Polygonum triangulare ( Wall 

Cat ,1689 ) ; Polygonum acutatum ( Lehm Cat Sem Hort Hamb ,1820) , 

Polygonum emarginalum ( Wall Cat 1688 ) Polygonum volubile ( Turea in 

Bull Soc. Imp Nat Mosq ,1840 ,77 , ) Polygonum rugosum ( Herb Ham ) 

Polygonum dibotrys ( D Don , 1825 ) were given for Fagopyrum dibotrys ( 

D Don ) Hara . 

It has been observed that Fagopyrum triangulare (Meissn 1 .l.c), Fagopyrum 

emarginatum var hmawarense (Meissn in D C 1. c 143), Fagopyrum 

cymosum (Trev) Meissn (Hooker, 1886) Fagopyrum dibotrys (D Don) Hara 

(Hara, 1966; Grierson and Long, 1983) were the plant names used by the 

different taxonomists in their literature. 

In some of the books, it has been found that there was no proper author 

citation in the plant names (Bamber, 1916; Tanaka 1976, 1991; Atkinson, 

1980; Kiritikar and Basu, 1975; Singh and Kachroo, 1976). Subba (1982) in 

his book " Agriculture of Sikkim " mentioned Fagopyrum cymosum I as the 

cultivated plants species. 

The taxonomic position of Fagopyrum esculentum Moench and Fagopyrum 

tataricum Geartn were mentioned by Hooker (1884), Kirtkikar and Basu 

(1975) as well as Grierson and Long, (1983). • 
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Fagopyrum esculentum was mentioned by Moench in Method 290; Meissn in 

Wall PI As Rar iii 63; DC Pvodr xiv 1: 143; Bab in Trans Linn Soc xviii 117 

Fagopyrum emarginatum Meissn in DC i.c excl var B; Bab i.c 118; 

Similarly synonyms were worked out for Fagopyrum tataricum mentioned by 

Gaertn Fruct ii 182, t 119, f 6; Meissn in DC Prodr xiv 144; F rotundalum 

Bab in Trans Linn Soc xviii 117; Meissn I.c Polygonum tdtaricumlAmr, Don 

Prodr 74 1825; Meissn Monog Polyg 62 .t 4. 8; Dala and Gibs Bomb Fl 

Suppl. 74 . 

Medicinal importance of different species oiFagop/rum\ 

The earlier mention of the medicinal use of plants were found in the 

Rigveda. perhaps the oldest repository of human knowledge, having been 

written between 4500 and 1600 B C. Susruta Samhita which was written not 

later than 1000 B C contains a comprehensive chapter of therapeutics and 

Charaka Samihita was written about the description of the materia medica. 

(Chopra et. al., 1956). From literature survey, it appear that grains of 

Fagopyrum cymosum Meissn was recommended as a diet in colic chloraic , 

diarrhoea , fluxes and abdominal obstruction ( Chopra et al ,1956 ) .The 

rhizome of Fagopyrum dibotrys ( D.Don) Hara was reported for its used 

against the pulmonary abscess ( Chopra et al ,1969). Fagopyrum esculentum 

Moench and Fagopyrum tataricum Gaertn also had the same effects as 

reported by Samaiya and Saxena, (1986) Chopra et al (1956) and Srivastava 

and Gupta, (1982). Honey made from buckwheat plant had been observed to 

be good especially for peptic ulcers. It also contained anti haemorrhagic 

factors believed to be vitamin K by the Chinese herbal practitioners (Richard, 

1977). 

Commercial importance of different species oi Fagopyrum 
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In India, Fagopyriim esculentum is grown almost entirely as a food crop in 

the temperate parts of the Himalayan ranges and the hilly areas of Tamil 

Nadu (Singh, 1961). When Couch et al (1940) reported that it was the most 

promising and economical source of rutin and for which Fagopyriim 

esculentum and Fagopyrum talaricum are being cultivated widely in several 

parts of the world viz., USA, Canada, USSR, Europe, Japan, South Africa, 

India and Nepal. The rutin content of Fagopyriim esculentum 1.9 -4.9 % 

(Ibanea, et al, 1949; Tang et al, 1989), F. taiariciim 5.3% (Tang et al, 1989) 

and Fagopyrum cymosum 4-8.5% rutin (Imai and Furuya, 1951) have been 

worked out though they were not exploited commercially. The seed of 

Fagopyrum esculentum Moench arid fagopyrum tataricum Gaertn contain 

rutin 1.5-1.56 mg/gm and 8.0-8.12 mg/gm, respectively (Suzuki et al, 1987). 

Variation in Rutin content due to environmental condition was studied in 

Fagopyrum species by Ibanez et al, 1949; Naghski et al, 1950; Bassler, 1957 

and a number of the papers.have been published in connection with the rutin 

content in Fagopyrum species (Schneider et al., 1996; Wagenbreth et al., 

1996; Shumnyi, 1985; Singh et al, 1989; Arraiga and Rumbera. 1989; Use 

and Noll 1955; Darwish and Moustafa, 1963; Tang et al., 1989; Suzuki et al.. 

1987; Ohara et al.. 1987; Ohara et al., 1987 Shibata and Yamazaki , 1957 ; 

Hallop and Margna , 1969 ). 

Chemical constituents in different species of Fagopyrum. 

The chemical constituents worked out for different species of Fagopyrum by 

different workers from time to time has been tabulated below. 



Table 1: Different phenolic compounds reported from Fagopyriim 

esculenliim Moench. 

SI no . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Plant species 

Fagopyriim 

esciilentiini 

Fagopyriim 

esciilenliiin 

Fagopyriim 

sagittaliim 

Fagopyriim 

esculenliim 

Fagopyriim species 

Fagopyriim 

emarginatiim 

Fagopyriim 

esciilentiim 

Fagopyriim 

esciilentiim 

Fagopyriim 

esciilentiim 

Moench 

Fagopyriim 

esciilentiim 

Fagopyriim 

esciilentiim 

Fagopyriim 

esciilentiim 

Fagopyriim 

esciilentiim 

Plant part 

Seedling 

Flower 

Seedling 

Seedling ; 

Seedling 

Seedling 

Not specfically 

mentioned 

Not specfically 

mentioned 

Seed 

Leaves 

Seed 

Seed 

Seed 

Flavonoid / phenolic acid 

Leucoanthocyanin 

Fagopyrin and 

Protofagopyrin 

Chlorogenic acid and 

Fagopyrin 

Rutin 

Quercitin 

And Caffeic acid 

Rutin 

Quercitin 

Quercitin 3 galactoside 

N5(2hydroxylbenzyl)-all^ 4 

hydroxyglutamine 

Kaempferol 3 rhamno-

glucoside p-cumary-lquinic 

acid and feruloylquinic acid 

7-o-_Dglucopyranosyl 

(1 -4)o-D galacto-pyran-oside 

Eriodactyol -5 o methyl ether 

7-0 D glucopyra-nosyl (1_4) 

0 -pyrano-side 

Taxifolin 3-0 xyloside 

Reference 

Troyer (1961) 

Wender , Gortner and 

lnman(1943) 

Feliks 1968 

Troyer (1955) 

Schunck (1858) 

Hansel and 

Horhanimer (1954) 

Grinkerich and 1\ A'H 

(1970) 

Zhanaeva, 1990 

Hansel and 

Horhammer.1954 

Koyama.etal. 1973 

Krause and Reznik . 

1972 

Saxena and Sama-iya. 

1987) 

Ibid 

Ibid 



Table 2: Different phenolic compounds reported from Fugopyrum diboirys 

(D.Don) Hara 

Sl.no 

1 

-) 

3 

4 

5 

Name of the 

Fagopyriim 

Don ) Hara 

Fagopyriim 

Don ) Hara 

Fagopyriim 

Don ) Hara 

Fagopyriim 

Don ) Hara 

Fagopyriim 

Don ) Hara 

species 

Jihoirys ( 

diboirys ( 

diboirys ( 

diboirys ( 

diboirys ( 

D 

D 

D 

D 

D 

Plant part 

Rhizome 

Leaves 

Leaves 

Leaves 

Leaves 

Phenolic Compond 

Procyanidin B-2 

Rutin 

Leticoanthocyanin 

Csanidin 3 glucoside 

Cyanidin3.5 diglucoside 

Reference 

Liang and Xiao. 1990 

Pradhanand Basi:. 1998 

Basil. 1997 

Basu and Pradhan . 2000 

Basu.1997 

Table 3a : Different phenolic compounds reported from Fagopyriim 

lataricuni Gaeitn . 

SI no 

1 

-) 

3 

4 

5 

Name of the 

species 

Fagopyriim 

laiariciim 

Fagopyriim 

laiariciim 

Fagopyriim 

laiariciim 

Fagopyriim 

latriciim 

Fagopyriim 

laiariciim 

Plant part 

seed 

Leaves and 

stem 

Not 

specitlcallv 

mentioned 

Not 

specificalls 

mentioned 

Seed 

Triterpenoids 

Ethyl beta rutinoside 

Rutin 

Kaemperol 3 rutino-side 

quercitin 

Kaemperol 

Reference 

Yastida and Shinoyama 

,(1996) 

Yorashetal(1964) 

Satoetal .( 1980) 

Underhill eta! ,(1964) 

Satoetal . .(1980) 

pB NOV 2002 
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Table 3b: Different phenolic compounds reported from Fagopynim 

cymosum . 

SI no 

1 

2 

3 

4 

5' 

6 

7 • 

9 

10 

11 

12 

13 

Name of the species 

Fagopynim 

cymosum 

Fagopynim 

cymosum 

Fagopynim 

cymosum 

Fagopynim 

cymosum 

Fagopynim 

cymosum M 

Fagopynim 

cymosum M 

Fagopynim 

cymosum M 

Fagopynim 

cymosum 

Fagopynim 

cy'mosum 

Fagopynim 

cymosum Meissn 

Fagopynim 

cymosum 

Fagopynim 

dibotiys (DDon ) 

Hara 

Plant part 

Plant 

Rhizome 

Root 

Stem 

Root&stem 

Root & stem 

Stem &ioot 

Rhizome 

Rhizome 

Leaves 

Dried herb , 

Leaves 

Phenolic compound 

Rutin 

Shakuchirin 

5 •7,3',4' tetrahydro-flavan 

3 ol dipolymer 

3 ,4 methylene dioxy 7 

hydroxy 6 isopen-tenyl 

flavone 

Ferulic acid 

Caffeic acid 

Chlorogenic acid 

(-)-epicatechin 

3,3' digalloyl procya-nidin 

Quercitin 3 -o-D-(2"-o-p 

hydroxycouma-royl 

glupyranoside 

Hyperin , quercetin and 

quercitrin 

Cyanidin 3,5 diglucoside 

Reference 

Furuya (1952) 

Takahashi and Tanaba. 

(1961) 

Liu, e ta l , 1981 

Samaiya and Saxena 

(1989) 

Tsuzuki and 

Yamamato(1989) 

Do 

Do 

Yao etal, (1989) 

Do 

Rustogi and Maholatra 

(1995) 

Yamato and Koye ma 

(1962) 

Basu, 1997 
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Table 4: Representation of the triterpenoids natural products from 

Fagopyrum species other than Fagapyrum dihotrys (D.Don) Hara. 

Plants 

Fagopyrum 

esculentimi 

Fagopyrum 

tataricum 

Fagopyrum 

sagittatum 

F .esculentum Moe-

nch 

Plant parts 

Pollen 

Leaves 

Not 

specifically 

mentioned 

Pollen 

Triterpenoids 

Brassinolide 

casterone 

P cymene 6.72 % 

Pinene 8.76% , d -

limonene , terpineol . 

bornyl acetate 

thujene, terpenolene 

mycine • 

^•sitosterol 

Campsterol, stigma-

sterol .^sitosterol , 24 

methylene lencho-

lesterol and isofu-

sterol 

References 

Takatsutoetal(1980) 

Samaiya and Saxena 

(1986) 

Kaezhiave ( 1968) 

Takatsuto et al 

(1990) 
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Table 5: Representation of the triterpenoids natural products from 

Fagopyrum cymosum or Fagopyrum cymosum (Trev) Meissn. 

Name of the plants 

Fagopyrum 

cymosum (Trev) 

Meisn 

Fagopynmi 

cymosimi (Trev ) 

Meisn 

Fagopyrum 

cymosimi 

Plant parts 

Bulb 

Bulb 

Not 

specifically 

mentioned 

Triterpenoids 

Hecogenin 

p-Sitosterol 

p'Sitosterol 

References 

Liuetal .,(1983) 

Liu etal. , (1983) 

Yao etal., (1989) 

Table 6: Representation of the triterpenoids natural products from 

Fagopyrum dibotrys (D.Don) Hara 

Name, of the plants 

Fagopyrum dibotrys 

(D Don) Hara 

Plant parts 

Leaves 

Triterpenoids 

pSitosterol 

References 

Basu (1997) 



Isolation, purification and characterization of different natural products 

in different species oi Fagopyrum. 

In general, this plant material is ground or macerated before the extraction. 

The possibility of enzyme action occumng during the early period of the 

isolation may lead to hydrolysis of glycosides (Beck, 1964; Trim, 1955). and 

that can be avoided by plunging the plant materials into boiling solvent or by 

rapid drying prior to extraction (Seshadri, 1962). Predrying of plant materials 

generally appear to increase the yield of extraction possibly due to rupture of 

the cell structure or due to better solvent action (Markham, 1975). Solvents 

used for the extraction were chosen according to the polarity of chemical 

constituents to be studied. Extraction with the light petroleum or hexane is 

frequently carried out to obtain phytosterols. This extraction is also helpful to 

get rid plant materials of carotenoid, chlorophylls and other fatty substances 

(Bhutani et al, 1969 a. b, Charke ET al, 1972). Even this treatment may 

extract certain flavonoid aglycone also. Some methylated flavanone isolated 

by action of hexane is known to be significantly soluble in light pertroleum 

(Kupchan ET al, 1969). Hexane is usually used for extraction of nonpolar 

constituent's extraction (Moriera et al, 1998). Rutin extraction was performed 

with n-butyl alcohol (Miniati and Montanari, 1998) and ether was used for 

phenolic acid isolation (Lozovaya, 1999; Gabriele et al 1998). 

Flavonoid glycosides and the more polar aglycones. such as flavone, flavanol 

biflavonyls, aurones and chalchones are generally isolated from plant 

material by extraction with acetone, alcohol, water or in combination of them 

(Markham et al, 1970; Ohta and Yagishita, 1970; Bhutanii et̂  al., 1969b; 

Bhutani et al 1969 a; Cambie and James, 1967). Traces of acid mixed with 

the solvent were occasionally used for the extraction of flavonoid glycosides 

(Wallace et al, 1969). Although this practice is normally reserved for the 

extraction of anthocyanin and anthocyanidins (Seshadri, 1962; Harborne, 

1973), the use of acid however, can lead to hydrolysis of glycosidic materials 



(Markham et al, 1970). Leucoanthocyanin was isolated by continuous hot 

percolation of acetone. The combined acetone extracts were concentrated to 

small volume and continuous extraction with ethylacetate gave a mixture of 

polyphenols and leucoanthocyanidin (Clark and Katekar, 1960). The extracts 

were streaked on paper chromatographic sheets (Whatman 3 mm) and 

developed with 2 % acetic acid (Roux, 1959; Harborne, 1973; Geissman, 

1962). The acetone residue was repeatedly extracted with hot water from 

which the leucoanthocyanidin was extracted from cold anhydrous acetone. 

The acetone extract was chromatographed with cellulose and developed with 

water to remove amorphous contaminant from the leucoanthocyanidin 

(Keppler. 1957). The secondary metabolite , d -catechin was recovered from 

the ether extract and recrystallized from water ( Freudenberg , 1924 ) . The 

residue from the ether solution was subjected to recrystallization to obtain 1 -

epicatechin and d - catechin (Freudenberg, 1924) Anthocyaniris were 

extracted from dried plant material with 1-2 % methanolic HCl and 

subsequently precipitated by the addition of a threefold volume of ether 

(Hayashi, 1939; Willstatter, 1915). 

For the preliminary purification of the crude extract different solvents with 

varying polarity have been used. This can lead to separation of glycosides 

from aglycone and to the separation of polar from non- - polar aglycones 

(Bhutanii et al, 1969 b; Thomas and Mabry, 1968; Margan and Orsler, 1967). 

Precipitation with lead acetate has been widely used as a method of isolating 

phenolics (Seshadri, 1962; Seikel, 1962). Recently polyvenyl pyrrolidone 

(PVP) as precipitant has been suggested' for the use in cases when lead 

acetate is unsatisfactory (Anderson and Sowers, 1968). Treatment of crude 

plant extract with charcoal powder is also used for the preliminary 

purification of flavonoids ( Mabry et al ,1970 ). Phenolic acids are considered 

next to flavonoid as regards their importance in plants (Seikel,, 1962): They 

'differ from other phenolic compounds including flavonoids because of their 

acidic character. Thus phenolic acids are dissolved in dilute bicarbonate and 
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in aqueous sodium acetates. They are soluble in polar solvent, methanol and 

weakly polar solvent such as ether and ethyl acetate (Seikel, 1962). 

Column chromatography remains the single most useful technique for the 

isolation off large quantity of flavonoids" and phenolic acids from crude 

extract. A technique for separating flavonoid has been discussed by various 

workers (Seikel, 1962; Mabry et al, 1970; Harborne, 1959 b; Anderman, 

1967 a) and the methodology has been well reviewed by Harborne et al., 

1975. Absorbant commonly used for the separation of flavonoids include 

silica gel (Markam et al, 1968 b). magnesol (Ice and Wender, 1962 ) alumina 

( Markliam and Mabry , 1968 b) cellulose ( Seikel, 1962 ; Clark and Porter, 

. 1972 ) polyamide ( Anderson and Sowers , 1968 , Endres , 1969 ) sephadex 

gel ( Fischer, 1969 ; Gelotte , 1960 ) and ion exchage resin ( Cassidy , 1957 ; 

Webster et al , 1967 ).There are numerous excellent reviews ( Kirchnev , 

1967 ; Stahl , 1969 ; Truter , 1963 ; Stahl and Mangold , 1967 ; Harborne et 

al., 1975 , Harborne , 1973 ) on the technique used for the separation of 

phenolic compounds with the help of thin layer chromatography ( TLC ) . 

This technique has been developed rapidly during the last few decades and to 

a limited extent it has replaced paper chromatography (Harborne et al, 1975, 

Harborne, 1973). It is also complementary to paper chromatography, in that it 

provides new media for the separation of flavonoids on a small scale and 

pursuits, the use of wider variety of detecting reagents (Markham, 1975). As 

in column chromatography , the adsorbents of choice for the separation of 

flavonoids are silica ,polyamide and cellulose . Solvent systems used often 

vary widely from those used for columns. In general, flavonoids are much 

more strongly held in thin layer and.as a result, solvents of higher polarity are 

required.for their elution (Markham, 1975, Harborne, 1973). Various solvents 

so far used for the separation of flavonoids and phenolic acids and the spray 

reagents for detecting these chemical compounds have been reviewed by 

Harborne et al, 1975 and the aspects of the separation and detection of 

various sterols have been discussed by Harborne (1973). Besides spectral 

characteristics of flavonoids, phenolic acid s and sterols have been reviewed 
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by various authors (Jackman, 1959; Cross and Jones, 1969; Scheinmann, 

1970; Harborne et ah 1975; Pavia et al, 1979). 

Quantitative estimation of phenolic compounds in Fagopynim species, 

Bakh (1954) used direct absorptiometry of paper chromatograms for 

quantitative estimation of flavonoids. Chromatograms of alcoholic extract of 

flavonoid was developed by ascending technique in the upper phase of a 

mixture of isoamyl alcohol -petroleum ether - Ac OH -H2O (3:1:3:3 v/v/v) 

until the front of the solvent reaches the forty centimeters mark. The paper 

strips containing the flavonoid were scaimed in a spectrophotometer at 350 

nm. These method was satisfactory for rutin alone and for buckwheat 

containing four other flavonoids ( Troyer ,1956 ) . Rutin and quereetin were 

estimated by Sakamoto and Takamura (1978) by using 

SnCl2.2H20.Quantitative determination by chromatospectrophotometric 

method after developing the silica gel plates in Et oAc -ACOH - H2O 

(10:43:1 v/v/v) was supposed to be the best for separation of the flavonoids 

using dioxane -water (1:1) with shaking (1 hour) and measured the 

absorbance measured at 363 nm (Balandiria,. 1980). A colorimetric method 

for quantitative estimation of rutin based on reaction with diazotized 

sulfanilic acid was worked out (Brejcha, 1958). Russian estimation with the 

reaction mixture containing (OT M Aluminium chloride, IM potassium 

acetate and IN HCl) and allowing to stand at room temperature for about 20 

minute measuring at 420 nm had also been used (Sethi, 1997). Some of the 

recent advances in other plants for the quantitative estimations of 

polyhydroxyflavones by high performance liquid chromatographic method 

using a solid phase borate complex has been developed and reversed phase 

chromatography with diode assay has been used for quick separation of rutin, 

myricetin, morin, quercetin, fisetin and kaemperol without significant 

interference of other components, indicating high selectivity (Tsuchiya, 

1998). Similarly, analysis of commercial multi-vitamin and rutin by HPLC 

with diode detector has also developed by Chu (1998). The identification of 
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flavonoid, naphthodianthrone and phloroglucinol constituents was performed 

using combined HPLC -diode detection (DAD) analysis, HPLC thermospray 

and HPLC -electrospray mass spectrometry. The flavonoids such as rutin, 

hypericin, quercetin etc were separated by an aqueous phosphoric acid 

acetonitrile -methanol gradient within 50 min. The quantification of the 

above constituents was performed using rutin as an external standard (Brolis, 

1998). Conditions for spectrophotometric determination of rutin, by complex 

formation with Uranil (II) ion, were investigated (Kurtic et al, 1998). 

Catechin can be determined quantitatively by means of the colour produced 

when they are treated with 1-% vanillin in 70% sulphuric acid w/v (Swain 

and Hillis, 1959). 

Leucoanthocyanidins can be determined after heating alcoholic solutions 

containing butanol: cone. HCl (20: 1 v/v) for forty minutes and estimating 

the resultant anthocyanidin spectrophotometrically (Harborne, 1964). 5,7.3", 

4' tetrahydroxy 3 flavanol was determined after heating with Fe S04 under 

acidic condition following the colorimetry by Jund (1986). Quantitative 

determination of procyanidin B-2 was done using TLC densitometry with the 

solvent mixture toluence - methyl formate methyl alcohol formic acid ( 1:2 

:0.2 : 0.1 v/v/v) following measurement at 280 nm ( Liang and Xiao , 

1990 ). Reversed phase HPLC was used for determination of Rutin in 

buckwheat grains and flour where a Nvdeocil 7 Ciscolumn was used. The 

eluting solvent contained 2.5 % hooch: MeOH: CH 3CN(35:5:10 v/v7v) and 

absorbance was measured at 350nm (Ohara et al, 1987). 

Bioactivity of natural products isolated from different species of 

Fagopyruin. 

Among the natural compounds, the flavones are the most important to show-

therapeutic properties. Dr Szent Gyorgi observed that there were synergistic 

substances in the food that tended to potentiate the vitamin C activity. When 

tested, these chemicals were found to decrease the breakage of small blood 



vessels which ultimately prolonged life in guinea pigs having deficiency in 

vitamin C. These were observed to overcome small haemorrhages in human 

subjects who were vitamin C deficient (Armentuno, 1936; Geissman. 1962). 

This group of substance was called vitamin P, referring to their effect on 

permeability of small vessels or capillaries. The designation of vitamin P was 

dropped in 1950 on the recommendation ,of the American Institute of 

Nutrition. Since then, the flavones and flavanols have been termed 

bioflavonoid, which enliance the antiscorbutic activity of ascorbic acid 

(Zloch. 1909;Bland. 1984). Bland (1984) reported that the decrease in blood 

cholesterol by bioflavonoid administered with vitamin C. Bionavonoids has 

been reported to protect vitamin C, which are transported to the site where 

vitamin C is to be stored in the cell (Scarborough, 1949). Bioflavonoids and 

vitamin C being useful in wound healing, in having protective function 

against various viral infections, incliding oral herpes and in reduction of 

duodernal ulcer problems, (Bland. 1984). In few clinical studies, 

bioflavonoids help to reduce the symptoms of menopause, to prevent 

abnormal platelet adhesion and reduction of inflammation (Robbins, 1980) 

.The useful activity of bioflavonoid as food supplements, for prevention of 

retinas hemorrhages, reduction of capillary fragility, reduced risk of stroke of 

high blood pressure patients, increased protection against arthritis, against 

rheumatic fever, reduced risk of arteriosclerosis, decreased menopausal 

symptoms, decreased risk of diabetic cataract, decreased histamine response 

to allergen exposure, prevention of habitual abortion . reduction of ulcer 

problems , treatment of dizziness due to inner ear problems , decreased 

symptoms of asthma , protection against radiation damage and decreased 

inflammation after injury was mentioned by Shits and Goodhart (1956). A 

recent review of the flavonoids shows a favorable effect on white blood cells 

in increasing immune defense, which may account for the anti-inflammatory 

activity resulting from the oral supplementation (Bland, 1984). 

Flavonoids have diuretic activity (Furuya and Ishil, 1972). Flavanone and the 

flavone glycosides have curative properties to the symptom of scurvy which 
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are not cured by vitamin C (Lockett. 1959). They also confirmed that 

flavonoid might enhance the synthesis of collagen which was knovvn to be 

part of the supporting structure of the capillary wall. Fuhrman (1955) 

reported that the extent of tissue loss in rats with frost bite was less in the 

group of animals fed with diet containing moderate amounts of flavonoids 

than in the flavonoid free group, and particularly the flavonoids were more 

effective in cases of mild injury. Hergert (1962) reported that flavonoids 

were cardiac stimulants and vaso constrictors and that they increased blood 

pressure. Flavonoids are also antimicrobial metabolites and accum.ulate in 

high concentrations in or around cells damaged by many different stimuli 

particularly during infection caused by pathogenic fungi and bacteria 

(Deverall. 1972; Kuc, 1972a). 

Rutin is. used for the protection. against harmful effects of X- rays , 

cardiovascular system (Alkamatsu, 1931), histamine shock (Wilson, 1947), 

oral contraceptive (Ryan. 1955), frost bite (Ambrose, 1950), purification of 

blood, coronary thrombosis, treatment to retintis, prevention of apoplexy 

(Sood et al, 1982). Armentano et al, (1931) postulated that an additional 

vitamin is necessary to keep capillary permeability normal. Lovallay and 

Newmann (1941) suggested that rutin has vitamin P properties. Griffth et ai.. 

(1944) found that it was effective in treating patients with abnormally.high 

blood pressure (Hypertension) complicated by increased capillary fragility. 

Rutin, has been used clinically as an antihaemorrhagic factor in hj'pertension 

certain type of hereditary haemorrhagic disorder, hemophilia symptoms, 

blood poisoning (taxaemia) in pregnancy and as a pre- operative measure to 

reduce post operative hemorrhage (Atal and Kapur, 1982) Rutin derivative 

used in brain edema and subpleural hemorrhages has been reported (Benko, 

1970). 

Rokers and Marti (1951) found that administration of rutin to rats before 

and after splenectomy reduced the degree of anaemia and leukocytosis. Dried 

leaves and flow-er of buckwheat ( Fagopyrum esculentiim) can be used to 

stabilize permeability and elasticity of the capillaiy blood vessels thus 
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preventing hemorrhage and ruptures , the main flavonoid and active agent 

responsible being rutin ( Wagenbveth et al . 1996) . Petkov and Manolov 

(1978) and Schussler et aL (1995) found that rutin have bioactivity to 

increases coronary flow. Rutin is also effective on the carcinogen induced 

DNA damage and repair enzymes for protective effect (Webster et al, 1996). 

It has antimutagenic effects against aflatoxin Bl ( Pierzynowska , 1998). 

Within the plant, rutin has its effect upon reversing the effect of growth 

inhibitors, and absicisic acid (Mashtaker et al, 1971; Pradhan and Basu, 

1980): 

Respiration of uncoupled mitochondria was inhibited by quercetin, a glycone 

pait of rutin (Takahashi, 1998). Sokoray and Czimmer , (1938) studied the 

action of quercetrin on the blood content of abdominal organs and found that 

in doses of 1 mg per Kg . there was a fall in the blood pressure. Naghsaki . et 

al ( 1947) observed that quercetin possessed considerable toxicity towards 

Staphylococcus aureus completely inhibiting growth at the concentration of 

0.1 mg /ml.Quercetin has been observed to inhibit the activity of an aldose 

reductase ( Underhill, 1957) .It has been observed to reduce the hemorrhage 

in the eye and in reducing the risk of stroke in susceptible patients ( Griffith 

,1955 ) . Application of 10 mg, and 20 milligrams per day of quercetin is 

generally used against to capillary fragillary , easy bruising and small 

pinpoint hemorrhage called petechiae ( Bland , 1984 ). Kaempferol, hyperin 

and quercetin -3 methyl ether have also been observed to reduce activity as 

hypotensives ( Laekeman et al , 1986 ) . Dietary flavonol quercetin induces 

CI " secretion and most likely HCo"" secretion in rat small and large intestine 

ofrat(Cermaketal, 1998). 

Rutin and quercetin pentamethyl ether have been observed to serve as 

detoxifier of the carcinogen ( Wattenberg , 1970 ) . Dittman et al, (1999) also 
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found that quercetin and its glycosides were Weakly inhibitory to glycolysis 

in human brain tumour slices. Quercetin shows activity against hypertension 

( Griffith et al . 1955) and hypoglycaemic activity ( Dar et al J 976 ). Besides 

this, antioxidant activity has been noted (Heimann et al ,1953; Ashok, et al 

,1981 ).Quercetin , hyperin , rutin , procatechuic acid and 3,4 dihydroxy 

benzaldehyde are considered as antioxidant compounds (Watanabe et- al , 

1997 ) .Quercitin 7 - rhamnoside shows hypotensive activity ( Rivera 

Banilla et al , 1991 ) and Kaempferol ^3 rutinosuide is used as 

antihypertensive ( Ahmad et al, 1993 ). 

Galston (1969 ) found that monohydroxy phenols such as Kaemperol 3 

triglucoside coumaric acid esters and Kaemperol 3 triglycoside are cofactors 

for lAA oxidase while dihydroxyl phenols such as quercetin 3 triglucosides 

p coumaric acid esters and quercetin 3 triglucosides are growth inhibitors in 

Pisum sativum . The relative antioxidant activity was related to the major 

phenolic compounds present including gallic acid ,catechin , 

myricetin.quercetin , caffeic acid , rutin , epicatechin , cyanidin and malvidin 

3 glucoside ( Frankel et al , 1995 ; Meyer , et al , 1998 b ). Further , 

individual flavonoids including flavan 3-ol ( catechins and procyanidins ) 

anthocyanins , flavonols , and a number of phenolic acids showed strong 

activity in reducing LDL oxidation in vitro (Meyer et al , 1998 a.b ) .The 

lipopolysaccharide induced endothelial cytotoxicity has been observed to be 

due to catechin , myricetin , quercitin , hesperitin and rutin ( Melzig and 

Loose , 1998 ).The estrogenic activity is in accordance with the known 

properties of reputed phytoestrogenic isoflavones , such as diadzein , 

genistein and formononetin ( Knight and Eden , 1995 ) . 

Proanthocyanidins exhibit antimutagenic properties against nitroaromatic 

compounds ( Dauer et al . 1998 ).5.7 dimethyl ether of leucopelargonidin 3-o 

-d -L rhammoside and 5,3 ' -dimethyl ether of leucocyanidin 3-o -2 -D 

galactosyl cellobioside were observed to show possessed insulinogenic action 
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( Sheeja and August! ,1992 ). Leucoanthocyanhi are the substances 

possessed the property of improving vascular resistance ( Tayeav , 1948 ) . 

5,7,3",4' tetrahydroxy 3 flavonol from wot of Fa gopyrum cymositm found to 

be antimicrobial activities ( Liu et al , 1981 ).The dipolymer of 5,7.3\4' 

tetrahydroflavan -3 ol dipolymer has exhibited expectora:nt activity in mice 

enhanced phagocytic activity of the peritoneal' macrophages and antipyretic 

activity in rabbits ( Liu et al , 1981) .Srjnivasan et al , (1971) reported its 

important role in the circulatory system by acting on the aggregation of 

erythrocytes . Procyanidin has antifungal ,antibacterial and even antiviral 

activity ( Heimann et al, 1953 ; Swain, 1977 ) . 

(-) _ Epicatechin 3 galloyl , -(-) epicatechin , procyanidin and 3,3 ' digalloyl 

procyanidin isolated from rhizome of Fagopynim cymosum share antitumour 

activity ( Yoa et al , 1989 ). Catechin , epicatechin and mixed epimers of 

catechins have the capacity to reduce capillary fragility and permeability ( 

Bukin et al , 1954 ; Lavollay et al , 1943 ) .It is also reported that they 

could serve as highly active vasoconstrictors ( Haley et al . 1947 ) .They 

have been observed to increase resistance of corpuscles to hemolysis 

(Parrot, 1947). However epicatechin and ascorbic acid has been used for 

vascular fragility correction associated with anaphylaxis ( Malkiel et 

al.,1951) . Epicatechin has antioxidant activity ( Husiani et al , 1953 ; 

Watanabe ,1998 ). It acted as anticoagulant ( Martin and Swayne 1949) and 

decreased fatality caused by roentgen irradiation disease ( Field and Revers, 

1949 .) .It inhibits the activity of testicular hyaluronidase (' PaiTOt and 

Fasquella ( 1949 ) , bovine hyaluronidase activity ( Rodney et al , 1950) and 

choline acetulase ( Beiler et al, 1950 ) . 

Anthocyanin has protective action on the vitamin and provide protection 

against UV radiation (Kano and Miyakashi, 1973; 1976; Heintze et al., 1959) 

Delphimidin slightly inhibited the activity of matrix metalloproteinases . 

which may have been responsible for the inhibition of tumour cell 

invasiveness ( Nagase et al . 1998 ). Anthocyanin and leucoanthocyanin have 

antibacterial action with inhibiting respiration and reproduction at the levels 
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Chailakhayan (1944) did not observe flowering during any treatment of 

increased amounts of mineral nutrition to Fagopynim esciilenliim . 

Buckwheat showed increase in the yield with the Mo , B , Zn when either 

form of nitrogen i.e , nitrate or ammonium salt were supplied ( Steklova and 

Shkolnik , 1962; Shustova , 1962).The decrease in yield of leaves was 

comparatively less in buckwheat when nitrate was replaced by ammonium 

(Kirkby , 1968 ) . Tayler and White ( 1950 ) reported that in fertile soils 

supply of N was necessary for good yield of plant . Krause and Reznik 

(1972 ) observed that plants grown under P ,N deficiency accumulate 

flavanols to a higher extent. Repeated utilization of phosphorus and sulphur 

by buckwheat produced no detectable growth difference ( Vlasyuk and 

Grodzinskii 1955 ). MCA amine salt (R-CH3) and MCA amine salt (R=C1) 

increased the yield from 15.9to 18.6 quintal / hectare and increased the 

1000 grain weight from 22.9 to 23.4 g . The former decreased the grain 

protein content from 15.04 to 15.52% whereas the latter increased it from 

15.48 to 16.00% ( Derbyshin and Kravels ,1981). 

Absorption of water insoluble phosphate by Fagopynim esculentiim vv̂ as 

observed greatest when grown in sandy soil but least in loamy soil (Chirikov 

and Malyugin , 1944 ). Mclachlan , (1976) reported that greatest phosphorus 

uptake was associated with its ability to acidify the rooting medium . Sulphur 

does not stimulated growth of buckwheat and neither CI nor S affected 

transpiration in buckwheat but in combinations with sand and CI increased 

yields of buckwheat ( Scialer ,1970 ). At a constant amount of calcium and 

potassium in the medium buckwheat the yield was the highest at Ca /K 

ratio 1:4 . The calcium and potassium contents.in buckwheat increased with 

he increase of these cations in the nutrient medium . The increase of 

potassium only reduced the uptake of calcium by the plant . The highest 

nitrogen uptake was found at the calcium /potassium ratio 1 -.4 . The calcium / 

potassium ratio did not affect the phosphorus uptake ( Peterburgsidi and 

Zhitneva , 1968 ). The percentage of calcium and the root cation exchange 
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and inhibit larva development ( Applebaum et al , 1965 ). Stigmaslerol 

glucoside has anti inflammatory activity ( Ortega et al, 1998 ). 

Effect of light on production of biologically active phenolic compounds 

in different species of Fcigopyrum . 

Light is one of the most important external environmental factors 

controlling plant growth and it can be introduced into an intact cell with a 

minimal pertubation of the biological object ( Siegelman , 1964 ). Troyer 

(1964 ) observed that leucoanthocyanin content in the hypocotyls of 

buckwheat seedling grown in continuous darkness increased until 7''' day of 

growth and he reported that the synthesis of leucoanthocyanin fell in 

seedlings when anthocyanin was formed following light treatment . Hans 

and Nes ( 1957 ) while working with Fagopynim esculentiim found that the 

light dependent anthocyanin synthesis in seedlings is regulated by. the 

phytochrome system and the high energy reaction . Both the type of 

synthesis follow independently , yet synergistic action was noticed .( Hans 

and Nes ,1963 ). Phytochrome is involved in the photocontrol of anthocyanin 

from L - phenylalanine ( Tokhver , and Myadamyurk , 1984 ) .Role of the 

light was studied in the other species oi Fagopynim ( Tohver et al , 1996 ; 

Ellis , 1987 ; Margna and Vainjen .1985 ; Ellis and Degruttola , 1989 ; : 

HansMohr and Nes . 1963 ; Margna and Hallop . 1971 ; Tohver and 

Voski-esenskaya , 1969). A pulse far red light ( 20 w/m" for min ) following 

the white light exposure suppressed subsequent anthocyanin formation in the 

dark . The degree of inhibition decreased with increasing exposure time in 

white' light .On the otherhand if the duration of the latter exceed 24 hour a 

stimulating effect of the far red pulse was found . It was suggested that dark 

formation of anthocyanins requires phytochrome P 730 ( Tohver a ,1970 ). 

However . blue light promoted anthocyanin accumulation upto 20 w/ m" . 

Under far red light. known to affect via phytochrome . the light saturation for 



anthocyanin formation was reached at 2 w/ m" ( Tokhver and. Mayadamyruk . 

1984 .) . Anthocyanin formation was noted ,in the dark with exposure to 

intermittent and continues red light ( 1.3 and 6.8 w/m " ), after preliminary 

exposure of the seedlings to white light ( 38 w/m" ) for various periods . 

Then the anthocyanin content was 5- 10 % in the hypocotyls (Margna et a!; 

1971 Ellis , 1987 ; Ellis and Daniel , 1939 ; Use and Gertrud,1955). The 

effect of exogenous L phenylalanine and glyphosate on anthocyanin 

accumulation in buckwheat seedling grown under blue or far red light was 

investigated with respect to light intensity level . Blue light promoted 

anthocyanin accumulation with increasing light intensity (Margna and 

Hallop , 1971;Tohver and Madamurk , 1984 ; Tohver and Voskresenskaya , 

1969 ). Under blue light the phenylalnine biosynthetic pathway via shikimic 

acid was suppressed by glyphosate ( Tohver, et al,1964). The light dependent 

anthocyanin synthesis is regulated by the phytochrome system and high 

energy reaction ( Hans and Nes ,1963 Tohver, 1964 ) . The amount of the 

anthocyanin formed in darkness and that formed after light exposure for 2-7 

hours was proportional to light intensity and period of exposure ( Hallop, et 

al.,1968 ) .Similar response of anthocyanin formation with light and a 

subsequent dark period was noted (Troyer ,1964 ; Tohver 1970 ) .It was 

suggested that the dark formation of anthocyanins after prolonged light 

exposure ( 15hours )could be approximately related to P''"''' deficiency in the 

seedlings (Hans and Nes , 1963 ; Margna 1985 ). 

Effect of carbohydrate on the production of bioactive phenolic 

compounds in Fagopyrum species 

Under constant illumination the supply of sucrose increased the 

anthocyanin pigment formed in the excised material to a value equal to that in 

the intact plant. ( Tohver , 1970 ; Troyer , 1964 ). Sucrose , glucose or 

fructose at a concentration of 1 % inhibit the anthocyanin formation during 



germination of seed in the sugar solution ( Margna et al , 1969; Margna and 

Otter ,1968 ) , Na, HP04 (0.01 M ) and K2 HP04 ( 0.05 M ) increased 

anthocyanin accumulation in buckwheat seedling hypocotyls by7.6 and 

6.2% . respectively ,but the value increased upto 11.3 % and 11.1 % 

respectively . when 2 % sucrose was added with the phosphates ( Margna 

and Margna 1969 ). The presence of sucrose , glucose , fructose or mannitol 

in water used for seed germination and in the medium for seedling 

cultivation reduced the content of anthocyanin . Sugars also inhibited the 

formation of glycoflavones and rutin in' buckwheat seedlings . The 

stimulating effect of phenylalanine was partly prevented by 0.2 M fructose . 

sucrose or mannitol (Margna , 1970 ) .Anthocyanin formation in cotyledons 

of buckwheat seedling was inhibited by 1 % sucrose , glucose , fructose and 

mannitol solutions supplied at the time of illumination but the effect was less 

when placed in the solution before the light treatment . Rutin formation was 

increased by the same treatment ( Margna . et al . 1972 ). However , the 

leucoanthocyanuin content did not change when anthocyanin synthesis was 

increased after adding sucrose to the plant. Thus no simple relation exists 

between leucoanthocyanin and anthocyanin synthesis in buckwheat seedling 

hypocotyls ( Troyer , 1964). 

The etiolated intact biickwheat seedling when exposed to a nutrient 

solution containing glucose ( 0.1 M ) for 16 hrs in light showed decrease in 

anthocyanin content in the cotyledons and hypocotyls, while the 

leucoanthocyanin content did not show any marked change ( Margna et . 

1971 ) .The increase of leucoanthocyanin and anthocyanin in seedlings were 

observed after exposing to glucose (0.2M ) for 3-5 minutes ( Margna , et al., 

1971 ; Margna etal., 1972). 

Effect of Chemical factors on the growth of Fagopynim species 



Chailakliayan (1944) did not observe flowering during any treatment of 

increased amounts of mineral nutrition to Fagopynim esciileniiim . 

Buckwheat showed increase in the yield with the Mo , B , Zn when either 

form of nitrogen i.e , nitrate or ammonium salt were supplied ( Steklova and 

Shkolnik , 1962; Shustova , 1962).The decrease in yield of leaves was 

comparatively less in buckwheat when nitrate was replaced by ammonium 

(Kirkby , 1968 ) . Tayler and White ( 1950 ) reported that in fertile soils 

supply of N was necessary for good yield of plant . Krause and Reznik 

(1972 ) observed that plants grown under P ,N deficiency accumulate 

flavanols to a higher extent. Repeated utilization of phosphorus and sulphur 

by buckwheat produced no detectable growth difference ( Vlasyuk and 

Grodzinskii 1955 ). MCA amine salt (R-CH/) and MCA amine salt (R=C1) 

increased the yield from 15.9to 18.6 quintal / hectare and increased the 

1000 grain weight from 22.9 to 23.4 g . The former decreased the grain 

protein content from 15.04 to 15.52% whereas the latter increased it from 

15.48 to 16.00% ( Derbyshin and Kravels , 1981). 

Absorption of water insoluble phosphate by Fagopynim esciilentwv was 

observed greatest when grown in sandy soil but least in loamy soil (Chirikov 

and Malyugin , 1944 ). Mclachlan , (1976) reported that greatest phosphorus 

uptake was associated with its ability to acidify the rooting medium . Sulphur 

does not stimulated growth of buckwheat and neither CI nor S affected 

transpiration in buckwheat but in combinations with sand and CI increased 

yields of buckwheat ( Scialer ,1970 ). At a constant amount of calcium and 

potassium in the medium buckwheat the yield was the highest at Ca /K 

ratio 1:4 . The calcium and potassium conterits in buckwheat increased with 

he increase of these cations in the nutrient medium . The increase of 

potassium only reduced the uptake of calcium by the plant . The highest 

nitrogen uptake was found at the calcium /potassium ratio 1:4 . The calcium / 

potassium ratio did not affect the phosphorus uptake ( Peterburgskii and 

Zhitneva , 1968 ). The percentage of calcium and the root cation exchange 



capacity increased with the addition of nitrogen in buckwheat ( White . 

1961). 

The best results of grain production were attained following row wise 

application of the mixture containing 15% N . 15% P: 0? and 14% KNO;, 

(Gorpdoil . 1969 ). Effect of various forms of potassium fertilizers on the rale 

of nutrients uptake by buckwheat plants was studied by Lakishik. 1967 . The 

activity of buckwheat roots in taking out P2O5 from insoluble phosphates on 

chernozen and podzolized loam became doubled with KN03. ( Chirikov and 

Malyugiri . 1944 ).Buckwheat was observed to develop best on sulfate forms 

of K fertilizer (Pchelkin . 1970 ).An aqueous solution containing 1.0 ppm of 

2.4 dichlorophenoxyacetic acid was observed to delay germination and 

caused abnormalities . At a cone . of lOppm . 4 chlorophenoxy acetic acid . 2 

-methyl -4 chlorophenoxy acetic acid . 2 -methyl -4 chlkorophenoxy acetic 

acid and 2.4 .5 trichlorophenoxyacetic acid root length was reduced and 

caused abnormalities to the same extent as 2.4 dichlorophenoxy acetic acid 

did but isopropyl N phenylcarbonate was less effective when applied to soil 

2. 4 dichlorophenoxyacetic acid and 2 .methyl 4 chlorophenoxyacetic acid 

prevented germination also .According to Shutixa (1962) .the exclusion of 

Zinc from the nutrient medium during the vegetative period slows down the 

growth of plants in comparison to that of control . Growing of buckwheat 

plant in nutrient solution with Zn applied during the flowering phase and 

especially during the third and fourth stages of development leads to a 

considerable decrease in the yield by 47.7 % and 45.3 %. respectivelx' . This 

explained the fact that Zinc is an indispensable element for the formation 

and development of the seed bud . and that about 75 % of Zinc is 

accumulated in the seed bud of Fagopyntm esculenlum ( Shutiva . 

1962).Effect of cobalt was studied by sprinkling the seed of Fai^(>p\riini 

esculenlum with 400 mg /kg of 0.04. 0.06 or 0.08% of Co(No) 3 solution and 

then dried in air . The soil of the experimental plots contained the fine sand}' 

loam with N. P and K added at 30 ke/ ha each . The treatment with Co was 



found to improve chlorophyll level ( Elagin , 1970) and chelating agent 

(EDDHA ) at 14 the molarity of the aluminium added gave near maximum 

yield for aluminium tolerant buckwheat . As chelating agent added to the 

nutrient solution, increased the solubility of aluminium but decreased its 

toxicity to aluminium sensitive plant ( Foy and Brown, 1964) . Krause and 

Reznik ( 1972 ) observed that plants grown under P and N deficiency 

accumulate flavanols to a high extent than those receiving a complete set of 

nutrients .. 

Nozzolillo (1972) reported that gibberllin acid affected the flowering and 

fruit production of Fagopyrum esculentum when two weeks old buckwheat 

seedlings , growing under 16 hours day . were treated with 0.01 ml 0.2% 

gibberllic acid . The flowers were morphologically normal except that the 

pistils were much reduced in size . Tlie fruit production was greatly reduced. 

In another instance , Nozzolillo , (1970) reported that Gibberllic acid caused 

formation of abnormal flower buds in buckwheat and some leaf abnormalities 

associated with increased dry weight as well as the number of nodes .He 

again.reported that maleic hydrazide caused leaf deformation and.inhibited 

flowering in buckwheat . 

The effect of thiamine on germination of buckwheat seeds was low ,' but 

flowering increased by 45. % . The average weight of roots was observed to 

be increased by 14% , stems 23%) , leaves 48 %> and the yield of seeds by 

78%) ( Bluzmanas and Rancelis , 1961 ). The effect of kinetin on Fagopyrum 

esculentum was studied by Margna , et al , (1985) and found that Ca"*"" ions 

reduced stimulatory effect of kinetin on the accumulation of anthocyanins in 

the plant. 

Application of tissue culture in different species oi Fagopyrum 

The culture of isolated plant parts as callus and the growth of free cell 

groups in suspensions are pioneering efforts of White (1943) .Hilberandt 

(1946) and others studied on the physiology of cell and tissue growth and 

differentiation .Organ redifferentiation can be manipulated in undifferentiated 
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tissue i.e. callus by subjecting h to the interacting influence of plant 

hormones and nutrient constituents ( Murashige and Skoog . 1962 ) . An 

organized tissue such as root or stem , could be completely changed to a 

rapidly proliferating undifferentiated mass of cells ( callus ) and it cultured 

on nutrients in the mediiim containing specific growth hormones such as 

lAA, NAA , IBA ,2,4 D , Kinetin , Gibberellic acid and BAP . Skoog and 

Miller (1957 )demonstrated that the relative ratio of cytokinin to auxin ( 

lAA) determined the nature of organogenesis in tobacco pith tissue. 

According to Okazawa et al.,(1967 ), the organogenesis was generally 

dependent upon the size of the explant culture .The smaller the explant , the 

less was the regenerative ability .The larger ones consisting of parenchyma . 

vascular tissue and cambium shared spontaneous initiation of shoot buds 

irrespective of the auxin cytokinin concentration ( Okazawa et al ,1967 ). 

Nutrient media used for the initial proliferation of the tissue played a vital 

role in inducing embrogenesis . Somatic ernbryogenesis could be induced 

only in those suspension cultures which are derived from explants grown on 

an auxin containing medium ( Halperin , 1970 ) . 

The capability of producing callus in Fagopynim esciilentiim Moench v*'as 

dependent on explant age and species . The pattern of callus variability in 

Fagopyrum esculentum Moench was wider than that of F lalariciim ( L ) 

Geartn The greatest organogenic ability under ( 1.5 years ) cultivation was 

observed in densely globular slowly grown callus in Fagopyrum escidenliim 

Moench. In the callus lines of Fagopynim esculentum Moench , the abundant 

formation of buds were successfully propagated and rooted ( Ramyantseva et 

al., 1989 ). Embryo was isolated from the common buckwheat ( F esculentum 

Moench ) cultured in the presence of 2,4 dichlorophenoxyacetic acid and 

kinetin for the first 5 days and later transferred to benzylamiriopurine plus 

lAA medium for the growth . From callus tissues developed from hypocotyls 

and cotyledons , the three types of tissue were selected in later s'ubcultures { 

a) the strain of callus tissue that produced buds , ( b) embryogenic tissue and 

(c) unorganised callus tissue , lacking any organogenic capacity . 
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Pretreatment with 2,4 dichlorophenoxyacetic acid increased the number of 

explants which gave rise to bud forming embryogenic tissue and the plantlels 

could be easily obtained by inducing adventitious roots on shoots , but 

spontaneous root development in somatic embryos was infrequent ( Neskovic, 

1987). 

Takahata ( 1988) worked with the cultured of immature inflourescence of 

common buckwheat and the perennial buckwheat on Bj • media 

supplemented with NAA . 2.4 D and BA at various concentrations . Direct 

shoot production from the inflorescence of common buckwheat was 

promoted by the addition of 0-2.0 mg/1, NAA 0-2.0 mg/1, BA optimum 0.2 

mg/1 and NAA + 1.0 mg/1 BA . hi perennial buckwheat, direct shoot was 

induced only on the medium containing liO iiig/1 NAA and 1.0 mg/1 BA in 

lower frequency as compared to that observed with annual type . In 

presence of more than 1.0 mg/1 2,4 D or more than 2.0 mg/1 NAA , callus 

was well formed in both the types. Shoots were induced from annual type of 

buckwheat callus on B s medium containing 0.2 mg /litre NAA and 1.0 mg/1 

BA and lacking plant growth regulators ., but not from perennial buckwheat . 

However, a root system was developed on -Murashige and Skoog medium 

containing 1.0 mg /I BA. When the isolated buckwheat cotyledons form 

calli in the medium containing high 2,4 D ( 5 mg /I ) and kinetin ( 0.1% 

mg/1) induced callus formation .It was found to stimulate cell division in the 

layer between palisade and spongy parenchypia tissue after 72 hours . Low 

2,4 D and low kinetin ( 0.1 mg/1 each ) , which stimulated root formation in 

buckwheat cotyledons . induced divisions primarily in spongy parenchyma 

cells . High benzylaminopurine ( 10"""" M ) and low lAA ( 10''' M) medium 

favored bud induction , cell induction , cell divisions to the palisade layer 

(Neskovia, 1985 ) . 

Thiem et al ( 1987 ) reported qualitative TLC analysis of cultured tissue of 

Fagopyrum esculeniiim .The callus cultures revealed the same flavonols . 

flavone C - glycosides , anthocyanins , phenolic acids and diathrones as in 



the field grain specimens ,additional unidentified components were also 

observed . Substantial differences were noted , however, in a qualitative 

assay .Rutin content was only 1.1 % as compared to 3.5 % in the field grown 

plants . Addition of phenylalanine to the culture medium enhanced the 

growth of the callus and biosynthesis of rutin and polyphenol during 

Fdgopyrum esculentum and Fagopyrum tataricum tissue culture. However , 

Moumov et al ( 1987) found relatively high level of procyanidin in cultured 

tissue as compared to that in normal plant tissue . 

Liquid suspension cultures were established from tissues of buckwheat 

hypocotyl ( Gamborg , 1966 ) .The secondary metabolites were synthesized 

depending upon the environmental condition .It was observed in the othei-

plant that the dark grown suspension culture did not form flavonoid 

pigments , but many of enzymes involved in flavone glycoside biosynthesis 

were detected(Sutter et al 1972 ; Hahlbrock et al 1971) . It was also noticed 

that the callus exposed to the light produced more the flavonoids and which 

were absent in absence of light (Brunetand Ibrahim 1973) . Gregor and 

Reinert (1972) showed that exposure to blue light increased PAL activity 

and anthocyanin production but the tissues cultured in the dark showed 

increased tannin production though the exposure of light caused a several -

fold increase in all the monomeric compounds . It also appeared to inhibit 

polymerisation of the leucoanthocyanin(Constabel 1965 ; Forrest 1969 : 

Butcher, 1988). 

Some ecological features of the Darjeeling and Sikldm Himalayas 

In general , Sikkim is viewed as a stupendous stairway leading from the 

western border of Tibetan plateau down to plains of West Bengal .Sikkim is 

the most humid place in the whole of the Himalayan range because of its 

proximity to the Bay of Bengal and direct exposure to the effect of moisture 

laden southwest monsoon . Rainfall variation along the Tista Valley in 

Mountainous slope of Sikkim . The whole state is a land of mountain 



crests . It consists of the tangled series of interlacing ridges , rising range 

above range to the foot of the wall of high peaks and passes which marks 

the " abode of snow " and its off-shoots ( Risley , 1989 ) Another more 

striking features of the state is the peculiar V-shaped valleys with steep 

and often precipitous slopes . In this mountainous state , the most 

important single factor that determines the rainfall at a place is the altitude ( 

Bandyopadhyay and Singh , 1998 ). 

It was found that the substantial amount of rainfall i.e 58-76 % of the 

ammal totals received during south-west monsoon was followed by i 6-

30 % in premonsoon season . The least rainfall occurs during winter 

about 200 cm , in the extreme south to about 400 cm in the Central of the 

Valley ( Samui, 1994). 

Fog is more frequent during early morning and late afternoon hours of 

south-west monsoon in Sikkim .Fog in Monsoon is mostly associated with 

inflow of low clouds but in winter it is mainly due to radiation cooling . 

Monthly average frequency of fog over Gangtok and Tadong as observed 

by Samui and Gupta ( 1994) found highest in the month of July and lowest 

in November . Frequency of cold waves and severe cold waves over 

Gangtok was studied by Atri e ta l . . (1995) who reported that severe cold 

wave cases found highest in February and lowest in January . 

Darjeeling district exhibits a typical monsoon climate . with wet summer 

and large and dry winter. The condition is brought about by the vapour -

laden monsoon wind flowing upward from the Bay of Bengal from May to 

October . The climate ( rainfall , temperature and humidity ) varies from 

one part of the district to another corresponding to variation in altitude and 

configuration of different areas. Elevation wise , the district is unique in 

having three district climatic zones ,viz ,tropical , temperature and subalpine 

vegetation's and bringing about biological diversity (Bhujel,1996). 



Four • climatic seasons were recognised within the district • (1) 

Monsoon/Rainy season (2) Autumn (3) winter and (4) Summer (spring ) .The 

spring and summer were taken separately . 

Monsoon or rainy seasons usually ranging from June to September . is 

marked by continuous rain , clouds ,fog and Mist .The relative humidity is 

the highest from June to September in the district .It ranges from 95-

100% .The autumn is veiy short and usually stays from last quarter of 

September to first half of November .It is marked by clear sky . free from 

clouds .dusts and mist .It extends upto the immediate first few weeks of 

winter .The temperature from December to February , on an average in 

quite low causing a cold vvinter . In winter ( November to March ) the frost 

accumulate , often in large quantities in the Upper elevations . These regions 

also experience usual snowfall , mostly in January and sometimes in 

February and March . The upper mountains such as Sandakphu and Phalut 

at an elevation of about 3600 m receive frequent snowfall .Winter is 

followed by a rather hot summer in the month of April and May 

especially in the lower hills . In the latter half of February out of the four 

subdivisions of the district , hailstorms in Kalimpong is more windier than 

the others (Samanta.1998; Bhujel,1996). 

The floral diversity of Sikkim is fascinating because of richness of species 

and diverse community structure . Approximately 4500 species' of 

flowering plants have been estimated to find representation in this region. 

As many as 362 species of ferns and fern allies had been reported from 

Sikkim and Darjeeling (Mehra and Bir , 1964 ). Hooker (1906 ) attributed 

the floristic diversity of the Indian subcontinent " to the immigration of 

plants from widely different bordering countries .notably Chinese and 

Malayan on the East and south ,of oriental .European and African on the 

North " . In Sikkim many such influences were easily noticed by Singh 

and Chauhan , 1998 ) and reported that these elements are purely 

descriptive and full assessment of floristic elements can be made only 
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after external distribution of all the taxa of Sikkim are worked out and 

analysed on a non-selective basis . 

The forest vegetation of Sikkim can be broadly classified into the tropical 

forests . subtropical forests . temperature and Alpine forests.{ Singh and 

Chauhan, 1998 ) and the vegetation of Darjeeling too is classified into the 

tropical , subtropical , temperature , subtemperate and subalpine forests ( 

Bhujel, 1996 ) . Besides these, Choudhury (1951) also worked out the forest 

type of Sikkim as well as the classification of the vegetation of the region 

that was studied earlier by Gamble (1875 ) Hooker (1906 ) , Cowan (1929 ), 

Champion (1936 ) and Kanai (1967 ) . Hara (1966) too had also classified 

the forest vegetation of Eastern Himalayas into rain- green deciduous 

forest , mixed broad-leaved forest, evergreen Oak forests, Rliododendron 

Coniferous forest, Alpine shrub and Meadows temperate deciduous forest. 

Daphniphyllum forest, Grassland . He too mentioned' that the other cereals 

were Zea mays , Triticum aesticum, Hordeiim vulgare , Fagopynim 

esculentum , Fagopynim tataricum and Eleiisine coracana where Zea 

mays found in lower to middle altitudes and Triticum ,Hordeum and 

Fagopynim in middle to upper altitudes . 

Tropical forest: 

The vegetation and flora of this zone ranging up to 900 m consists mainly 

of tropical moist deciduous to semi-evergreen species with Sal ( Shorea 

robiista Geartn ) as a dominant species . These forests occur at low-

altitude bordering the West Bengal in Teesta and Rangeet Valleys .The 

characteristic species of this type of forests are Alstonia nerifolia D.Don . 

A scholaris (Linn) R.Br , Bombax ceiba Linn Chiikrasia tiibularis A 

Juss, Duabanga grandiflora ( Roxb .ex-D-C) Walp , Eugenia kurzii 

Duthie , Ficus sp , Mangifera sylvatica Roxlb (Burkhill ,1916 ;Gamble , 

1893 ) The shoots and undershrubs of tropical zone are Barleria crista!a 

Linn . B strigosa Willd, Buddleja asiatica Lour , Clerodendron 



japomcum ( Thunb ) Sweet . C visosiim Vent etc However . Gamble 

(1878 ); Rao and Panigrahi 1961 ; Rao ( 1963 ) and Gamble (1875 ) also 

worked out with the trees , shrubs and large climbers of Darjeeling 

district. 

hiterestingly at some places in dry valleys , e.g at Chitam etc Chir Pine 

{Pinus roxburghii Sarg ) forests which are generally found in subtropical 

to temperate regions elsewhere can also be seen thriving well with 

associated species like Shorea robust a Geartn , Cycas peclinala Griff 

Ficus oligodon Miq etc ( Singh and Chauhan , 1998 ). 

Subtropical forests : 

These forests are confined at elevation from 800 to 1500 m especially 

along the Teesta and Rangeet rivers and their tributaries . It is mainly 

mixed forest comprising of following tree species . Adina cordifolia 

(Roxb) Hook.f ex Brandis , Alongium Chinese ( Lour ) Harms , Bischofia 

javanica Bl , Callicarpa arborea Roxb ) Miq Eiirya cerasifolia (D.Don ) 

Kobuski .Fraxinus Jloribunda Wall etc ( Hooker . 1854 , 1855 ; Biswas 

and Chopra , 1956 ) . Besides these , Cowan (1929 ) also worked out the 

forests of Kalimpong to account its ecological significance . Climbing 

species of Piper , Smilax , Tetrastigma , Cissus are common in the area . 

Ferns and fern allies along with species of orchids constitute 

predominant epiphytic flora of this region . Interestingly . these forests are 

harbouring rich germplasm of orchids ( Sen , 1964 ; Singh and Chauhan . 

1998 ; Thomson, 1851 ; King and Pantling , 1898 ). 

Subtemperate forest: 

Bhujel (1996) categorised the subtemperate vegetation which ranges from 

1200 to 1850 m . The most noticeable character of this vegetation is the 

absence of profuse mosses and lichens that clad the trees so commonly in 
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temperate region .This type is categorised by the presence of Engelhardia 

spicata var acerifolia, Viola diffusa . Ficus oligodon , Indigo/era dosua . 

Ardisia macrocarpa , Agapetus sikkimemis etc 

Temperate forests : 

These types of forests are found between 1500 to 3500 m altitude viz 

Lachen and Lachung valley . These forests can be mainly classified into 

Broad leaved forests and coniferous forests depending on the 

predominance of Dicotyledonous trees or coniferous trees . The main 

components of broad leaved tree species in Sikkim are Almis nepalensis 

D.Dori , Acer campbelli Hook .f and Thorns' , Betiila iitilis D.Don . Enget 

hardtia spicata Bl . Juglans regia Linn Oiierciis lineata Bl O lanaia 

Smith etc. Oak forests are characteristic feature of this zone . Shruby 

vegetation is quite dense in temperature forests and is compose of 

Berberis umbellata Wall B wallichiana D.C Elaegnus umbellata Thunb . 

Fagopyrum dibotrys ( D.Don ) Kara ( Clarke , 1876 , 1885 ; Gammie , 1892; 

1959). 

Coniferous forests are common in the Abies densa Griff .Larix grijjiihiana 

Carr , Picea spimdosa (Griff ) Henry , Jiinifenis sp . These forests ai-e 

comrnon in Lachen valley , Zemu valley , l^achung Valley and Yumthang 

Valley . At some places in North and West Sikkim pure strands of Taxus 

wallichiana Zucc can also be seen . The undergrowth in these forests 

comprises of Acer caiidatiim Wall , Berberis allichiana D.C etc ( Singh 

and Chauhan , 1998 ; Rap , 1963 ; Smith ,1911) . 

Sulalpine Vegetation : 

The turban belt of Darjeeling district is characterized by the presence of a 

subalpine vegetation ranging between 3200 m and 3800m . This region has 



been categorised by some as alpine region ( Biswas , 1959 ; Mitra . 1951 ) 

and temperate region by others (Gamble . 1875 ; Kanai , 1966 ) .The upper 

ridges of the temperate zone of Singalila mountains display a subalpine 

character with conspicous stunted dwarf plants, a habit principally prevalent 

in alpine precipitation zones . The presence of typical alpine meadows that 

runs from Sandakphu (3600m ) along the upper ridges to Phalut (3600 m), 

Gosha (3800 m) , is the characteristic for the zone .The Common plant 

species observed in this zone are Abies densa , Rhododendron 

cinnabarinum , R fiilgens , Impatiem kingii , Acer caiidalwn, Primula 

rotundifolia , P sikkimensis etc ( Bhujel, 1996 ). 

Alpine vegetation : 

This zone ranges from 3500 to 5000 m . The lower altitudes of this zone 

support shrubby species of Rhododendron , Berberis Cofoneasler , 

Diapensia himalaica Hook f. and Thorns etc Among the herbaceous flora, 

species of Aconitum . Arenaria , Anaphalis , Astragalus , Bryocarpiim . 

Epilobium , Potentilla, Primula etc are common in this zone . 

At higher elevation of alpine zone , as in areas above Thangu in Lachen 

valley and Yomesamdong in Lachen vallley , the vegetation comprises 

typical alpine moorland type where tree growth is completely arrested . The 

stunted bushy growth along these slopes consists of tough clumps of 

Juniperus squamata D.Don , Rhododendron nobile .D.Don , R setosum 

D.Don ,Rosa sericea Lind Lonicera tomentella Hook f and Thorns etc 

(Rao,1964;Hooker .1949-51) 

Llonakh Valley situated in North -West and Chholamau plains in extreme 

north -East of the Sikkim have a unique flora of its kind . It has more 

affinity with Tibetan than Himalaya flora . Among the woody prostrate 

species , Berberis , Spiraea , Lonicera . Hippophae and Salix are 

abounded in the plateau while in the herbaceous species , the Arenarias 

are the most striking with their hemispheric mounds covered with 
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white flowers . Besides Poterium filforme Hook .f .Primula sikkememsis 

Hook . f, P tibetica Watt and species oi Delphinium are also common ( 

Smith and Cave , 1911, 1913 ; Smith ,1963 ; Stream and Mitula . 1960 ; 

Thomson ,1851; Marquand , 1929 ; Hooker , 1849 ) . 

The flora of Sikkim is very rich both in luxuriance and diversity . .The 

region abound in a number of primitive taxa viz Alcimaiulra . 

Exbuncklandia , Houttuynia , Magnolia ,'Michelia (Singh and Chauhan , 

1998) 

Some of the endemic species of Eastern Himalayan , which are also found 

in Sikkim, are Abies dense Grift, Agapets incwvata{Gnfi) Steum, 

A.sikkimensis. Airyshaw, Betula utilis D.Don., Dipsacus atralus Hook f and 

Thoms ex clarke, Eribotrya hookeriana Deene.. Geum macrosepaliim 

Ludlow Myricaria albiflora Grierson and Long etc.(Singh,1994). 

Numerous publication on the flora of these region were published by M.J 

Barkelay (1850) B.N Gosh (1951-57 ),K M Mathew (1970 , 198.1 ). A 

Mukherjee (1991) ;U.C Pradhan (1987,'l992 ) . A.P Das (1981. 

1985,1987,1995). 

Characteristic features of Soil in the Sikkim and Darjeeling Himalayas 

Banerjee and Chakraborty (1977) reported that on passing from hill to 

foothill in Darjeeling district , the humic acid / fulvic acid ratio also alters . 

They reported that the hill soil is less than unity but in terai soil it is greater 

than unity .Similar report was made by Chakraborty and Chakraborty (1980). 

The later workers also reported that cation exchange capacity of humic acids 

and fulvic acid s are in general , higher in the hill soil of Darjeeling district . 

Gupta and Prasad ( 1983 ) extracted humic acids from forest soil of Sikkim 

and repotted the presence of functional groups to the extent of 293,171 and 

227 C mol ( P"") /kg for COOH ,0H and C=0 groups respectively . Gupla 

(1984 ) reported that the content the content of exchangeable Al in C mol 

(P"̂ ) /kg of Sikkim soil varies from Oto 75 . The soils of higher altitude 
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contains higher percentage of Al^" than that of the lovyer elevations . 

Exchangeable Al"̂ " has been found to be negatively correlated with pH.( r= 

0.75) 

Khera and Pradhan ( 1976 ) reported that the acid soils of Sikkim fixed very 

high proportional of applied phosphorus . They studied the lime requirement 

for soil of Sikkim based on exchangeable Aluminium and noted pH of soil 

to became 5.3 . Dhanija et al ( 1956 ) studied the soil in the district of 

Darjeeling and recorded pH as low as 4.5 to 5.0 . 

Adhikai-i et al .,( 1986 ; 1983 ) studied the minerological properties of some 

hill soils of North Bengal by X ray , data and electrometric titration methods. 

They reported that quartz; feldspar and mica (Biotite) dominated the sand and 

silt fraction. Other primary minerals were Tourmaline; garnet, epidote, zincan 

and hernblende were reported as the dominant clay mineral. Shaklee et al 

(1965) studied the morphological, physical, chemical and mineralogical 

properties of two profiles at the foothill soils of Himalayas and found, that 

associated with chlorite was the dominant mineral. 

The total organic matter content in soil generally increases with the increase 

in altitude. The high organic matter content of high altitude hill soil is mainly, 

due to low temperature and heavy rainfall. The sharp fluctuation in 

temperature and moisture favours the formation of humus like substances in 

the region (Chhetri, 1991). Jenny, (1950) stated that the decomposition of 

organic matter in soil is a biological process and it is accompanied by uptake 

of oxygen and liberation of carbon dioxide. The result was confirmed with 

the view of Bint and Roviva (1955) who reported that that the rate of 

decomposition of humus increases upto a maximum of about 37 '̂ C. 

Mukhopadhyay and Banerjee (1985) also reported that the degree of 

decomposition of organic matter in the Himalayan region gradually decreases 

with the increase in altitude. The decomposition of humus in the soil may 

lead to the formation of a number of organic acids much simpler in 

composition than humic acid resulting in lowering the pH (Mukherjee, 1976). 
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The percentage of carbon, nitrogen, and hydrogen in humic acid is greater 

than that in the corresponding fulvic acid in Sikkim (Chhetri, 1991). These 

features are considered indicative of the simpler structure of fulvic acids 

(Kononova, 1966). The percentage of carbon in these acids increases on 

maturing and found as indicative of the increasing degree of condensalion of 

the aromatic rings ( Kononova , 1975 ) . 

A negative correlation between available zinc and organic matter in Sikkim 

soils could be attributed to strong adsorption of Zinc by organic matter in 

these soils (Clihetri, 1991). Lindsay ( 1972 ) stated that organic matter could 

interact with zinc . 
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CHAPTER II: INVESTIGATION ON NOMENCLATURE OF 

FAGOPYRUMDIBOTRYSiD.DON)UARA AVAILABLE 

IN DARJEELING AND SIKKIM HIMALAYAS. 

Introduction: 

Nomenclature study of the plant seems to be an important aspect of the 

plant identification. To justify the proper names of the species of Fagopyrum 

under consideration , the herbarium sheets deposited by various authors in 

Central National Herbarium were studied .It has been observed from the 

literature that a number of authors have utilized different name for the plant 

under study while some of the reports are available on the same plant having 

the same name but without any author citation . Moreover a nui-gber of 

information are available for the same plant having the same generic and 

specific epithets part but they differ in ccinnection with the name of the 

author. 

To avoid the confusion, it is felt necessary to go through the nomenclature 

inyestigation of this ethnomedicinal plant, which is known in Darjeeling and 

Sikkim Himalayas as Fagopyrum dihotrys (D. Don) Hara (Bhujel. 1996). 

This attempt of the study will be helpful for proper utilization of 

ethnomedicinal knowledge gathered from different communities. 

Materials 

SpeQimens of Fagopyrum dibotrys,{(p. Don) Hara collected from different 

i locality in Darjeeling district, West Bengal and Sikkim state, Lidia. 
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Methods 

i) Field study. 

The area under study has been approached by number of conveyances 

available (i.e. bus. trucks, jeep, bicycle), though however major part of the 

exploration in the interior of the forest was covered on foot. Besides 

Government forest rest houses , Tea estate bungalows , Range Officers and 

Beat Officer's quaters have been selected as camping . 

ii) Herbarium Study. 

Specimens of Fagopyrum dibolrys (D. Don) Hara collected during 

exploration after proper drying, poisoning and mounting on standard 

herbarium sheet (42 x 29 cm) have been scrutinized following the modern 

herbarium technique. The herbarium sheets of Fagopyrum species and 

Polygonum species that have been kept at the Central National Herbarium, 

Section, Botanical Survey of India, Howrah, West Bengal have been 

carefully and critically studied. 

Different floras, monographs reversionary, work published in different 

journals and publications have been consulted in the library of Botanical 

Survey of India, North Bengal University and Calcutta University. Special 

attention was given to compare the plant specimens collected from Darjeeling 

district; West Bengal and Sikkim State with those of preserved herbarium 

sheets available at the Central National Herbarium Section, Howrah. 

Results and Discussion 

While searching the literature it has been found that in some books there were 

no proper author citation in connection with the name of the plants under 

study (Bamber, 1916; Tanaka 1976; Atkinson. 1980. Kiritikar and Basu. 

1975; Gurcharan Singh and Kachroo, 1976). As a result difficulty arises as 

regards the understanding of the plant. This could be justified with the 

comment made by Subba (1982) in his book " Agriculture of Sikkim " 

mentioning the Fagopyrum cymosum as the cultivated plants. But during 

survey in the Sikkim Himalayas , it was found that the cultivated plants 
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were Fagopyrum esculentum Moench and Fagopyrum tataricum Gaerln 

.However , similar confusion was noted when Royle (1970) mentioned that 

" — Fagopyrum esculentum. and F tataricum . cultivated in many part of 

Europe , and in the hnmlayas with P emarginalum . The species of 

Fagopyrum, with the exception of Fagopyrum trigulare, are found in a 

cultivated state ". He also stated in another instance that— In the himalayas, 

Fagopyrum esculentum (Phaphra and Kooltoo of the natives) is also most 

commonly cultivated, but F emarginatum (Ogla) coming very near to the ; 

Linedn specimens of Fagopyrum tataricum is preferred in higher and drier 

climates, as in Kunawur ". It is very difficult to identify yago/jyrw/n iriangulare 

and F emarginatum without author citation because the same names were 

used at different instances (Tanaka, 1976; Hooker, 1886). 

From literature, it was noted that there were no proper author's citation in 

connection with the work on the isolation and characterization of natural 

products utilizing. Fagopyrum species (Yao et al, 1989; Liang and Xiao, 

1990; Liu et al 1981; Samaiya and Saxena. 1990; Takahashi and Tanaka. 

1961; Tsuzuki and Yamamato, 1989). Thus without proper nomenclature 

the chemical information about a plant still remains in vague . 

The nomenclature of the plant under consideration is of controversy because 

the plant has been reported by the different Botanists and Chemists with 

different names at different times (Hooker, 1886; Liu et al, 1981; Liang et al . 

1989; Imai and Furiiya , 1951 ; Griers'on and Lang , 1983 ; Hara , 1966 ) . 

During the investigation on nomenclature of the plant much emphasis was 

given on the consultation of various herbariums sheets related to the plant 

preserved in the Central National Herbarium Section (CNHS). Howrah. West 

Bengal. The plants collected and deposited by the different authors with 

different names are represented in the Table 7. 



Table.7: Representation of the names cited as well as details presented in the 

herbarium sheets by authors about Fagopynim cymosum and Fagopynim 

dibotrys (D. Don) Hara 

SI 

No. 

1 

2 

3 

4 

5 

6 

7 

Name cited by authors 

Fagopynim cymosum Trev 

-1 

Fagopyrum dibotrys ( D Don 

Hara 

Fagopyrum cymosunil 

F trigulare 

Fagopyrum dibotiys ( D Don 

Hara Syn Fagopyru 

cymosum(Trew)Me\sn 

Fagopyrum cymosum Meissn 

Fagopyrum cymosum Meissn 

Fagopyrum cymosum Meissn 

Details contained in the herbarium sheets o 

Central National Herbarium, Howrah. 

Flora of Nepal , 0 Polunin , W R Sykes 

LH J Williams , Ex Herbario Musei 

Britannici, Herb Near Jarakot ,'Q\\zn 

River ,Alti 10,000 ft Date 13/7/1952. 

Uttar Pradesh, Ex Herb G King M B No 24 

Coll G King , MB M lurl XIV 144 , Wall 

Sikkim , Lachung Valley , Loc Chubondoii Nort 

of ChungtTiang ,PL. Rar III 63 

Flora of Punjab, Herb.Hort. Bot Calcutteiisi 

Calcutta National Herbarium No 376417,L,ocah't 

Paugi 

Flora of Bashahr,( Pakistan ) North Wester 

Himalayas Calcutta National herbarium N 

376422 Hab hr Dhuni Alt 9300 No 269 Dat 1 

June 1980 . ex Herb J H Lace 

Flora of Bhutan, Locality Paro, Altitude 2500m 
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8 

9 

10 

1 1 

12 

13 

14 

Fagopymm cymosum Meissn 

Polygomnii fagopynim'} 

Fagopvriiw cymosum Meissn 

Fagopymm cymosum IVIeissn 

Fagopymm cymosum Meissn ? 

Fagopyrum cymosum 

Polygonum corymbosa = 

cymosum 

Date 19/8/1963. coll. And identified 

Balakrisiian 

Hab Nepal . Marshandi River . Legitoi 

Nakao. 

Nepal Central National Herbarium 

No 376421 Ham 

Same as above 

North West Yunnan . China 

Coll Dr Aug Henry's collection from 

1885-1888. Herb sheet No 7688 

West Shanghai. 1861 . 

Herb A C Maingaj. MD 

Herb Sheet No 431 Coll: A C M 

Dr K Biswas , East Himalaya 

Place Gangtok. Date 20/10/1952 

Altitude 5500ft 

by N. 

Sasuk 

Himalayan Herbarium .R Strachev and J. 

Winterbottom 
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The specimens which have been collected from the Darjeeling and Sikkim 

Himalaya have been observed to be similar in all characters, with most of the 

herbarium specimens of wild species of Fagopyrum kept in the Central 

National Herbarium Section, Howrah, West Bengal. Thus all the specimens 

excepting Polygonum fagopyrum represented in the Table 7 may be 

considered synonymous with the specimens under study. From literature it 

has been observed that Polygonum fagopyrum L is the synonym of 

Fagopyrum esculenium Moench but the specimen of Polygonum fagopyrum 

kept in the CNHS (Table 7) did not show the authors name. Similarly other 

specimens were also without the name of the author. 

According to the International rule of Botanical Nomenclature, the name of 

the authors is essential though it is not a part of the name of the plant. To 

differentiate them, it is customary to indicate the scientific name of the plant 

by means of an italic typeface. The authors name and date of publication are 

provided for the purpose of precision and to identify a particular plant name 

with the description of that plant as published by the author. For the 

indication of the name ( unitary ,binary or tenary ) of a group to be accurate 

and complete , and in order the date may be readily verified . It is, therefore, 

necessary to cite the author who first published the name. 

From Table 7 it also appears that Fagopyrum cymosum Meissn was written in 

most of the specimens by the taxonomists but their author citation were not 

proper. The name of Fagopyrum cymosum Meissn was adopted from the 

nomenclature Polygonum cymosum Treviranus (Del Sem Hort. Vrat (1824) 

nom nud). Thus the correct author citation of the plant should be Fagopyrum 

cymosum (Trev) Meissn as written in Wall PA Asia .Rar .3: 63, 1832 - Fl 

Brit ,Ind 5:55,1886; Fl As 4: 22, 1940; Kitam. In F & Fl NEP Him 115 1955; 

Vautier in Candollea 15: 226, 1956. 

Other published names such as Polygonum triangulare (Wall Cat, 1689), 

Polygonum acutatum (Lehm Cat Seem Ort Ham, 1820), Polygonum 

emarginatum (Wall Cat, 1688), Polygonum voluble (Tuvea in Bull Soc Imp 

Nat. Mosq 1840 .77) Polygonum rogosum (Herb Ham) are found as 
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synonyms of P^ctgopyrum cymosum (Trev) Meissn. But in response to the 

ICBN. the validity has not been given to the nomen nuda, because of that, the 

priority has been given to valid names which was published after 1 May 

1753. So, the nomen nuda have no validity. , 

After searching the literature, there was Latin diagnosis on Polygonum 

dibotrys by D.Don in Prodr. Fl .Nep 73, 1825 , and which was worked out 

by Hara to establish its valid name as Fagopyrum dibotrys ( D. Don ) Hara 

1:69.1966 ; 2:22.1971 : Bhutan . 176 , 1973 ; Murata in Acta Phyt Geabot 26: 

86 , 1974 : FPK 86 . 1981 ; EFPN 3 :174 ,1982 : Fl Bhutan 1(1) :171 , 1983; 

, Chowdhury and Wadhwa in Fl Himachal Pradesh 2 :609 , 1984 . 

Thus the valid name of the plant under study is Fagopyrum dibotrys (D.Don) 

Hara and this is similar to the observation made by Basu (1997). It is 

interesting to note that specimen bearing the same valid name is also present 

in the Central National Herbarium Section, Howrah, West Bengal (Table 7) 

found in mix with other specimens which were treated as synonyms of 

Fagopyrum dibotrys (D. Don) Hara. 

Without proper author citation of the plant nomenclature misguided the 

Chemists also. During the phytochemical reviews of this plant, it was found 

that there was no proper author citation after the isolation, characterization 

and identification. Yao et al , (1989) isolated some of the anti -tumour 

constituents from the rhizomes of Fagopyrum cymosum such as (-) 

epicatechin , 3 -galloyl - (-) epicatechin . procyanidirie and 3 , 3' 

digalloylprocyanidine and 3, 3 ' digalloylprocyanidin . Similarly, chlorogenic 

acid, caffeic acid and ferulic acid isolated from Fagopyrum cymosum M. 

Hence, the plant is of controversy which has been named with the different 

names by the different Botanists and Chemists (Hooker, 1886; Liu et al, 

1981; Liang et al, 1989; Imai and Furuya, 1951; Grierson and Long, 1983; 

Hara, 1966). Here, this work performed with the help of herbarium sheets 

observation as well as with the reference to the recent edition of the 

International Code of Botanical Nomenclature. Tokyo, and shown in the 
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Table 7 about the collected plants as deposited by the different taxonomists 

with naming different names. 

. Fagopyrum triangulare (Meissn 1 .l.c), Fagopyrum emarginatum, var 

kunawarense (Meissn in D C 1. c 143), Fagopyrum cymosum (Trev) Meissn 

(Hooker, 1886) Fagopyrum dibotrys (D Don) Hara (Hara, 1966; Grierson and 

Long, 1983) were the plant names used by the different taxonomists in their 

literature. It is true that some of the plant of genus Polygonum has been 

changed to Fagopyrum on the certain characters, even then , the use of both 

Fagopyrum cymosum ( Trev ) Meissn and Fagopyrum dibotrys ( D Don ) 

Hara that have been observed even in the recent works ( Liu et al , 1983 ; 

Basu, 1997; Pradhan and Basu 1998 ; Liang et al, 1989 ; Liu et al , 1981 ; 

Ma et al . 1989 ) make a confusion and this investigation would be of 

helpful for the proper use of ethnomedicine. Fagopyrum dibotrys ( D. Don ) 

Hara of Darjeeling and Sikkini. 
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Summai-y: 

The herbarium sheets deposited by the different authors were examined at 

Central National Herbarium Section. 

The names, which were given by original authors, were enumerated with 

other information, which were present in the hei-barium sheets. 

Different literatures were collected for the search valid name for this plant 

and found that Fagopyrum dibotrys (D.Don) Hara is the valid name for this 

plant. 
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CHAPTER 111: ISOLATION AND CHARACTERIZATION OF 

VARIOUS CHEMICAL CONSTITUENTS IN 

DIFFERENT PLANT PARTS OF DARJEELING AND 

GANGTOK VARIETIES OF FAGOPYRUM DIBOTRYS 

(D DON) HARA. 

Introduction. 

During the past few decades a large number of the natural products have been 

isolated from different parts of Fagopynim species, specially. Fagopynim 

esculentum Moench (Troyer, 1955; 1961; Horhammer, 1954; Koyama et al., 

1973; Krause and Reznik. 1972; Saxena and Samaiya, 1987), Fagopynim 

lataricum (Yasuda and Shinoyama, 1996; Yorash et al. 1964; Sato et al. 

1980; Underbill et al. 1964) and Fagopynim sagitatiim (Feliks. 1968). But 

most of the isolated and identified natural products are phenolic in nature 

though a few report in sterols ( Kaezmave , 1968 ; Takatsuto et al , 1989 ) 

and triterpenoid ( Takatsuto et al, 1980; Samaiya and Saxena et al , 1986) 

are available . Inspite of the availability of a number of reports on 

Fagopynim cymosum (Furuya. 1952; Takahashi and Tanaba. 1961; Liu et al. 

1983; Samaiya and Saxena, 1989; Tsuzuki and Yamamato (1989); Liang and 

Xiao 1990; Yao et al, 1989), there is a lack of author's name of the plant. For 

this reason it is not possible to understand whether Fagopynim cymosum is 

the synonym of the plant under study i.e Fagopynim dibotrys (D. Don) Hara 

or not. It has been observed that the work on isolation and identification of 

natural products by ail these authors again is restricted only to few phenolics 

and sterols. From literature it appears that very limited information on 

phytochemical in Fagopynim dibotrys (D. Don) Hara is available (Basu, 

1997). 

Thus it is very necessary to investigate Fagopynim dibotrys (D. Don) Hara 

for understanding its chemical make up so that knowledge derived out of it 
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will be utilised for solving the problem of nomenclature. According to 

Batesmith (1972) , the phenolic compounds are very important to deal with 

the taxonomic problems . It has also been well established that some phenolic 

played a role on growth and development of plants (Galston, 1969) and a 

large number of compounds have been noted to act as good inhibitors causing 

dormancy and non-viability of seed (Basu. 1972. 1977 a). Here an attempt 

has been made to isolate and characterize the natural products present in 

Fagopyrum diholiys (D. Don) Hara collected from two different habitats of 

Darjeeling and Gangtok, the understanding of which will be of much help in 

connection with identification of the two types from chemotaxonomy point of 

view. 

Materials 

Leaf, stem, rhizome and flower of Fagopyrum dibotrys (D. Don) Hara 

Methods. 

The photochemical analysis of different parts of Fagopyrum dibotrys (D. 

Don) Hara involves four steps. 

I) Extraction 

II) Separation of different fractions 

III) Isolation and purification 

IV) Characterisation of the chemical constituents 

I Extraction . 

Air-dried powder of plant materials (1 kg each of various plant parts) was 

soxhleted with petroleum ether (b.p 60- 80 c) followed by methanol as well 

as water. Extraction was conducted for three days for each of the solvent at 

the rate of eight hours per day. The extracts obtained were termed as fraction 

A. B and C on the basis of solubility in different solvents like petroleum 

ether, methanol and water, respectively. 
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Chart I 
Flow sheet showing the different steps involved during the extraction and separation of 
different chemical constituents'of various plant parts of Fagopynim cliboliys (D.Don) Hara 
of the Darjeeling and Gangtok varieties. 

Plant parts 

Soxheleted with 

Petroleum ether part (A) 

petroleum ether (60-80 c) for 8x4 hours 
( 

Plant parts 

Soxheleted with methanol for 8x4 hours 

Fraction B-2 
(Anthocyanin) P'a"fpart 

Alcoholic part (B) 
Concentrated to a small volume 
And extracted with a large • 
volume of ether. 

Plant parts 

Boiled with water for 8x 4hours 

Water soluble part(C) Plant part ( Rejected) 

Ether soluble part 
(Fraction B-1) 

1 

Extracted with 

Ether part 

Ether insoluble part on concentrated to 
a small volume under reduced 
pressure and a 
large volume water was added ( 

I Fraction B). 

Flavonoids and other 
phenolics .. 

0 % NaHC03olution(Thrice) 

Extracted 

1 
with 3 % acetic acid ( Twice ) 

Ether part 

I 

Extracted with 5 % NaoH (aqueous )' 

Ether soluble 

d) Neutral part 

r 

Acidified in cold with 10 % HCL and 
extracted with ether. 
Z "—^ 

Ether soluble Aqueous part ( Rejected) 

a) Phenolic acid part 

Acidified in cold HCI and extracted with ether 

Ammonia treatment 
for neutralization. 

b) Basic part Aqueous-part ( Rejectol) 

J 
Ether soluble Aqueous cart ( 

Rejected) 
c) Acid part 
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II Separation of different fractions. 

The petroleum ether (A) was directly purified by column chromatography 

but the methanolic (B) and water fraction(C) were concentrated to a small 

volume under reduced pressure and a large volume of ether was added to the 

concentrated solutions to remove the ether soluble part. 

The extraction was continued until the solvent became colourless. The ether 

fraction again, was separated into four sub-fractions, namely: -

a) Phenolic acids part 

b) Basic part 

c) Acid part 

d) Neutral part 

The methanolic part and water part remained after the treatment with ether 

were utilized for the examination of the flavonoids and other chemical 

constituents according to the flow sheet represented (Chart I). 

a) Phenolic acid part 

The ether fraction was treated with 10 % sodium bicarbonate (w/v) 50 ml 

sodium bicarbonate solution was added at each time so that the total volume 

of bicarbonate solution became 150 ml after frequent treatments and 

separated with 500 ml separating funnel. The aqueous layer was acidified in 

cold with HCl and phenolic acids were reextracted whh ether, after standing 

for a day with anhydrous sodium sulphate. This was evaporated to dryness 

and residue was dissolved in methanol for further purification. 
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b) Basic part 

After removing the sodium bicarbonate layer the ether fraction was once 

washed with water and then extracted with 35% acetic acid (w/ v) .The acetic 

acid fraction was treated with 5% aqueous NaOH (w/v) to make it a neutral. 

The aqueous fraction was extracted with ether and after dehydration with 

anhydrous sodium sulphate, evaporated to dryness under reduced pressure 

and the residue was taken in small volume of chloroform and 

chromatographed. 

c) Acid part. 

The remaining ether fraction was treated with 50 x 2 ml of 5% aq. NaOH 

(w/v) .The aq. alkali fraction was acidified and extracted with ether which 

after dehydration with anhydrous sodium sulphate, evaporated to dryness 

under reduced pressure and the residue was taken in small volume of 

chloroform and chromatographed. 

d) Neutral part 

The ether fraction left after the separation of the phenolic acid, basic and 

acid fractions were treated as neutral fraction. This part was again dehydrated 

with anhydrous sodium sulphate and evaporated under reduced presssure. 

The residue was taken in the minimum volume of chloroform and was 

chromatographed . 

e) Ether insoluble methanolic fraction. 

The mass of the alcoholic fraction left after the treatment with ether was 

taken in small volume of alcohol and treated with large volume of water. It 

was kept in freeze for few days to obtain any solid separated in the flask. 

Ill Isolation and purification 

The petroleum ether part (A) and the various other subfractions of the 

methanolic part and water part (B & C) were further purified by fractional 

separation as well as column chromatography in order to isolate pure 

chemical compound. Two different adsorbents, silica gel and alumina were 
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used for the column chromatography. The procedure was as follows. Each 

fraction was evaporated to dryness under reduced pressure and taken in small 

volume of chloroform, which was again adsorbed over silica gel or alumina. 

This was eluted with solvents starting from non-polar to polar solvent as 

follows: 

1). Petroleum ether 

2 )Petroleum ether :Benzene (3:1) 

3)Petroleum ether :Benzene(l :1) 

4) Petroleum ether:Benzene (1:3) 

5)Benzene 

6)Benzene : Chloroform (3:1) 

7) Benzene : Chloroform (1:1) 

8) Benzene: Chloroform (1:3) 

9) Chloroform 

10) Chloroform : Methanol (3:1) 

11 )Chloroform :Methanol( 1:1) 

12) Chloroform: Methanol (1:3) 

13) Methanol 

50ml of eluted solvent was collected at each time and evaporated to small 

volume. It was kept aside for the crystallization . The change of the solvent 

was done only when an elute showed no trace of any crystals . The elutes 

were airanged according to serial number . 

IV. Characterisation of chemical constituents. 

Different chemical compound isolated in pure was identified on the basis of 

they're chemical and physical data represented below 

1) Mehing point (m p) 

2) Mixed melting point (m m p ) 

3) Thin layer chromatography (TLC) 

4) Paper Chromatography (PC) 
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5) Ultra violet spectrum (U V) 

6) Infra red spectrum ( 1 R) 

Solvents used for the chromatography as follows: 

1) Butanol: Acetic acid : Water (4:1:5 v/v/v) 

2) Benzene : Chloroform ( 40:60 v/v) 

3) Chloroform : Benzene : Acetone ( 90 :9: 1 v/v/v) 

4) 1%HC1 

5) Phenol saturated with water 

6) Hexane : Acetone (4:1 v/v) 

7) Isopropanol : Ammonia : Water (10:1:1 v/v/v) 

8) Chloroform :Acetone (99:1 v/v) 

9) Chloroform : Methanol (3:1 v/v) 

10) Butanol: 2 M HCl (1:1 top layer ) 

11) Benzene : ethylacetate (90:10 v/v) 

Reagents used for chemical tests 

i) Fast Blue Salt B for phenolic compounds. 

0.5 % Aqueous solution of Fast Blue Salt B freshly prepared was sprayed 

followed by spraying with 0.1-(N) NaOH solution. 

ii) Para- anisidine phosphate for sugars. 

0.5gm of anisidine was dissolved in 2 ml of H3 P04 and the solution was 

diluted 50 ml with ethanol . The precipitated anisidine phosphate was 

dissolved in ammonium quantity of water and diluted with equal volume of 

ethanol. 

ill) Liebernian -Burchard Reaction for the sterols: 

TLC plates were sprayed with a mixture of 1 ml cone sulphuric acid. 20-ml 

acetic anhydride and 50 ml chloroform and heated at 85 -90 ^C for 15 

minutes. 
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iv) Phosphoric acid for the detection of steroid : 

1 volume of 0- phosphoric acid was diluted with 1 volume of water. The 

Developed chromatograph was sprayed until it was transparently humid and 

heated to 120 ''C for 10-20 minutes. The fluorescent spots were examined 

under UV light. Unsaturated steroids and sterols were detected as blue spot 

in visible light when the plates were heated for ten minutes . The 

chromatogram was again sprayed in hot with freshly prepared solution of 1.5 

GM phosphomolybdic acid in 100ml ethanol and dried in an oven at 120 OC 

for five minutes. 

v) Aniline hydrogen phthalate for sugar on paper chromatography. 

1.6 GM of 0- phthalic acid was dissolved in 49ml n-butanol and mixed with 

0.92 ml, Et2 O and 2-ml water were added. The chromatograms were heated 

at 105 OC for ten minutes after spraying. 

vi) Napthoresorcinol and phosphoric acid for sugar on TLC plate : 

A spraying solution was prepared with 0.2% napthoresorcinol in butanol 

containing 10% phosphoric acid. The developed chromatogram was sprayed 

with the solution and heated at 100 ''C for 10 minutes. 

Section A: Isolation, purification and characterization of different 

chemical constituents in the leaves of Fagopyrum dibotrys 

(D .Don) Hara. 

Results 

I Petroleum ether soluble part. 

i)Fraction A. 

The petroleum ether (b.p 60 -80 "C) extract of the air-dried powdered 

leaves (500gm) of Fagopyrum dibotrys (D.Don) Hara was evaporated to 

dryness and the residue was taken in a minimum volume of chloroform 

which was column chromatographed over alumina. The crystals obtained 
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after eluting the column with different solvents are presented in the following 

(Table 8). 

Table 8: Residue obtained from fraction A of leaves of Fagopyrum dibotrys 

(D.Don) Hara after elution with different solvents (eluents). 

Eluents 

Petroleum ether (60-80 "C) 

PetroIeum:Benzene(3:1) 

Petroleum ether: Benzene (1:1) 

Petroleum ether: Benzene (1:3) 

Benzene 

Benzene : Chloroform (3:1) 

Benzene : Chloroform : (1:1) 

Benzene : Chloroform (1:3) 

Chloroform 

Chloroform : methanol 3:1) 

Chloroform : Methanol (1:1) 

Chloroform : Methanol (1:3) 

Methanol 

Sub fraction 

1-6 

7-11 

12-19 

20-27 

28-35 

36-40 

41-46 

47-58 

59-65 

66-71 

72-78 

79-83 

84-90 

Residue on evaporation 

Oil 

Crystals 

Crystals 

Crystals 

Crystals 

Crystals 

Nil 

Nil 

Nil 

Nil 

Crystals 

Crystals 

Nil 

a) Sub fraction? &-11 

The sub fractions were mixed, evaporated to small volume and was kept in 

cold for 3-4 days to obtain a white crystal (150 mg), which was separated out: 

The melting point was determined to show 137-138 "C. The crystals were 

separated and recrystallized in the pure form in the chloroform and methanol 

mixture and melting point was confirmed again to be 137*^0.This crystal was 

soluble in chloroform and benzene but insoluble in methanol. 

The crystals along with authentic sterols were spotted on T L C (Silica gel) 

plate and developed in benzene: chloroform (40:60) and chloroform: acetone 

(99:1) to obtain Rf values at 0.74 and 0.88, respectively. Plates were sprayed 

with the mixture of 1 volume of H2SO4, 40 vol. acetic anhydride and 50 
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volume chloroform and kept in oven (85-90 "C) for 15 minutes .The region 

of the sterol was coloured tinged violet and the Rf values of the chemical was 

noted as well as IR study of the crystals show Vmax 3310. 1740. 

1710,1380,1160,900,800 cm "' which was similar to those of authentic 

f-sitosterol (Fig 1). 

b) Sub-fraction 12-35 . 

The fraction were collected and evaporated to small volume and kept for 3-

4 days when crystals having the melting point 212 "C was obtained. These 

crystals were recyrstallized and melting point was confirmed again at 212 "C. 

The crystals were also spotted on TLC (Silica Gel) plate along with the 

authentic marker sterols. The relative flows noted in the solvents benzene: 

chloroform (40:60) was 0.60 and in chloroform: acetone (99:1) was 0.59. 

hifrared spectrum showing peaks Vmax 3320, 1720, 1680, 1480, 1360,1300, 

1250, 1190, 1050, 980 cm"' was found to be superimposed with that of 

stigmasterol (Fig 2). 

c) Sub-fraction 36-40. 

The fractions were mixed and concentrated after evaporation. It was kept in 

cold for 3-4 day when the crystals were separated .The solid mass was 

dissolved in chloroform, warmed and methanol was added in drops for 

recrystallization. Crystals were observed to show melting point at 139 OC. 

The isolated chemical was spotted on thin layer chromatogram with silica gel 

G along with the authentic marker of various sterols and was run in the 

solvents chloroform: acetone (99:1) and to have Rf 0.68 in benzene: 

chloroform (40-60), Rf was noted to be 0.73. Thin layer plates was developed 

with Liebermann Burchard reagent and heated in oven at 85 -90^C for the 

fifteen minutes. The spots on the plate showed the characteristic tinged 

colour similar to that of authentic marker of lanosterol. The IR spectrum 

Vmax 3280, 1700.1450. 1380.110,1030 cm"' (Fig 3). 
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d) Sub fraction 72-83. 

The sub fractions of the eluent were mixed and evaporated to small volume 

when an appreciable amount of crystals were obtained. It was recyrstallized 

in chloroform: methanol and white waxy plated crystals were obtained. The 

crystals showed m .p 206^208 C. It was subjected to T L C on Silica Gel G 

in solvents such as chloroform: acetone (99:lv/v) Rf 0.58: hexane: acetone 

(4:1 v/v) Rf 0.32. The plate showed purple spots after spraying with 

antimony chloride in cone HCl and subsequent heating at llO^C for 10 min. 

The chemical properties were very much similar to those obtained with 

authentic diosgenin .It was further confirmed with superimposable IR 

spectrum of the isolated product and authentic diosgenin with characteristics 

peaks Vmax 3300 . 1720 . 1375 . 1250 , 1050 , 900 . 840 . 800 . 720 cm "' 

(Fig 6). 

ii) Fraction B-1. 

a) Phenolic acid part. 

The sodium bicarbonate fraction was acidified and shaken with ether. The 

ether part was evaporated and the solid mass was dissolved in methanol. 

Chloroform was added warmed and kept for 3-4 days for crystallization (150 

mg). After drying the crystals the melting point was confirmed to be 199-200 

"C. This was soluble in methanol and hot water but insoluble in the cold 

water, ether and petroleum ether. The compounds and authentic samples of 

phenolic acids were spotted in paper chromatograph (Whatman No 1) and 

run in butanol: acetic acid: water (4:l:5v/v/v) and isopropanol: ammonia: 

water (10:1:1 v/v/v) and 5 % acetic acid. The calculated Rfs are shown in the 

Table 9. 

The isolated phenolic acid showed similar behavior on paper 

chromatography with the authentic caffeic acid. This was further confirmed 

when 1-% aqueous FeCl.i solution turned green to both the isolated and 

authentic caffeic acids. Infrared spectrum with peaks V max 3400. 3200, 

67 



1635. 1610,1595,1520.1370,1280,1180 cm- 1of caffeic acid and of isolated 

phenolic acid were observed superimposable (Fig 5). 

Ferulic acid had been identified after paper chromatography whose Rfs 

were 67 and 12 in butanol: acetic acid: water (4: I :5 v/v/v) and 5% acetic 

acid, respectively. The melting point of this i~olatecl. crystal was 170-171 °C 

(Table 9). The infra red spectrum of isolated-secondary product shows peaks 

at V max 2950, 1635. 1580,1500, 1430. 1280, 1110, 1070, 930, 810, 750 cm-1 

as similar to those of benzoic acid (Fig 6). Similarly .the other fraction of the 

phenolic acid on the infra red peaks "":ith Vmax 3300. 2850. 1640. 1600. 

1435, 1400, 1200, I 070, 970, 800 em -I resulted the superimposiability to the 

authentic o- coumaric. Acid (Fig 7). Infra red study of the another crystals 

gave Vmax 3300.2850. 1640, 1570. 1430. 1400, 1360, 1300, 1270, 

1250.1220. 1190.1110. 1000. 910. 840 cm-1 found similar to those of 

authentic sample of 3,4 dihydroxybenzoic acid (Fig 8). 

Table 9: Representation of relative flows and physical properties of the 

isolated chemicals isolated from phenolic part of leaves of Fagopyrum 

dibotrys (D.Don) Hara after being subjected to paper chromatography. 

Phenolic acids BAW(4: 1:5 Isopropanol uv light UV +ammonia 

v/v/v) :Ammonia.:Water 

RfxiOO (I 0: I: I v/v/v) Rfx I 00 

or 5% Acetic acid * 

Caffeic acid Deep blue Colour brighten 

78 26 

o-coumaric Green 

acid 92 42* Mauve 

3.4. 

dihydrobenz- 56 17 Bluish Green 

oic acid 

Benzoic acid 

87 20 Green Mauve 

Ferulic acid 67 12* Green violet 

Blue 
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All these crystals were isolated and identified with the help of relative flows 

and IR which were observed to become similar toauthentic sample as shown 

in that of Table 9 and Fig 5-8. 

b) Basic part. 

This fraction did not any show appreciable amount of solid, therefore, it was 

discarded. 

c) Acid part. 

This fraction was discarded due to paucity of isolated product. 

d) Neutral part. 

This fraction was discarded due to paucity of isolated product. 

II Ether insoluble methanolic fraction. 

i) Fraction B. 

After the complete evaporation of the ether insoluble methanolic fraction an 

appreciable amount of solid was obtained, it was treated with hot water and 

refluxed. These water-soluble fraction was kept in defreeze for 24 hour and 

the dark brown solid was separated out. After the filtration, the residue was 

washed with chloroform and dissolved in methanol in concentrated volume. 

Water was added to it till the turbidity appeared. It was cleared by warming 

and subsequent cold treatment. Pale yellow needle crystals were separated 

(50 mg) and melting point 192 C was determined. This was soluble in 

ethanol and methanol but sparingly soluble in water and insoluble in 

chloroform, benzene and petroleum ether. It could be dissolved in alkaline 

solution of the chemical to show green colour that was produced on reducing 

with magnesium and HCl. Following the procedure of Sakamato and 

Takamura (1978), the crystals in the methanol was mixed with 0.10 M of 
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methanolic solution of SnCh. 2H2 O in 1:2 proportions and absorbance was 

seen in speckle and the peak at 430 nm was similar to that of authentic rutin. 

On paper chromatography, the relative flows were measured in the solvents . 

butanol: acetic acid : water (4:1:5 v/v/v) and isopropanol : ammonia :water 

(10:1:1 v/v/v) (Table 10) . Other colour observation in ultra-violet light and 

ammonia were studied .The infra red study was made whose Vmax were 

3300, 2880, 1630, 1580, 1480, 1430, 1350, 1300, 1280, 1220, 1180, 1040, 

1000, 990, 930, 860. 820 cm"' which found to be identical with the rutin (Fig 

9). 

The isolated chemicals were hydrolyzed after boiling with dilute sulphuric 

acid (7%) under refluxed condition for 2 hours. On cooling the solution, the 

aglycone was separated as yellow solid. It was filtered and crystallized first in 

methanol and then treated with chloroform - methanol mixture to obtain 

yellow needles, which melted at 312-314 "C. Observation on paper 

chromatography has been represented in the Table no 11. The aqueous acid 

filtrate from hydrolyzed product was extracted twice with ether to remove 

remaining traces of aglycone .The ether was removed. The solution was 

neutralized with barium carbonate. After filtration, the filtrate was 

concentrated under reduced pressure. The residues was taken in a small 

quantity of water and spotted for paper chromatography in a- solvent of 

butanol: acetic acid: water (4:1:5 v/v/v) to obtain the relative flow at 0.16 and 

0.33 which were identical with those of authentic glucose and rhamnose. 

respectively. Colour was developed after spraying with anisidine phosphate. 

It was noted to be brown for glucose and yellow brown for rhamnose (Table 

10). 
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Table 10: Representation of the relative flows and physical properties of the 

isolated chemicals from leaf of Fagopynim diholrys (D.Don) Hara during 

paper chromatography. 

Flavonoid 

Rutin 

Isolated flavonoid 

Quercitin 

Flavonoid obtained 

after acid 

hydrolysis of the 

isolated products 

from the leaf 

BAW(4:1:5 

v/v/v)Rf 

x 100 

45 

45 

67 

67 

Isopropanol: 

Aminonia:vva 

ter(10:l:lv/v/ 

V) Rfx 100 

21 

21 

21 

21 

Ammonia 

Yellow 

Yellow 

Yellow 

Yellow 

UV 

Dull 

brown 

Brown 

Dull 

brown 

Dull 

brown 

UV+amm 

onia 

Brown 

Brown 

Brown 

Brown 

The yellow needles crystallized in methanol and petroleum ether mixture.on 

the paper chromatography with the solvents butanol: acetic acid: water (4:1:5 

v/v/v) and Isopropanol: ammonia: water (10:1:1 v/v/v). the Rf values were 

calculated and which were identical to those of authentic sample of quercetin. 

It was further confirmed by the absorption maxima 470 nm observed in the 

speckol from methanolic solution of SnC12 of 0.10 M mixed in 1:2 

proportion. The infra red spectrum having Vmax 3400, 1220, 1200, 1150, 

1050 cm"' of the isolated material was noted to be superimposable with those 

of authentic sample of quercetin (Fig 10). 
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The dried powdered leaves was extracted with petroleum ether, and the 

petroleum ether extract was discarded .The plant material was subjected to 

methanol extraction. Original MeOH extract was concentrated to small 

volume and petroleum ether was added to remove fatty substances. On 

evaporation, under the reduced pressure the fine fluorescent crystals were 

finally crystallized in MeOH part. Infra red spectrum, studied had Vmax 

3300.2880. 1630.1590. 1550.1450. 1430. 1360.1290. 1200. 1090.1030.1010. 

950- 820 cm''. These peaks were superimposable with those of fagopyrin like 

compound (Fig 11). 

In another fraction, the dried leaves of Fagopynim dibotrys (D. Don) Hara 

was powdered finely with the mixer before extraction with acetone: water 

(1:1) .The extracts were streaked on paper chromatographic sheets (Whatman 

3mm) and developed with 6% acetic acid and measured Rf 0.53. The 

leucoanthocyanin was located by spraying a test strip with flourescent light 

on paper sheets. The bands containing leucoanthocyanin crystallized readily 

from the concentrated solution in the form of needles with m.p 123-125 "C. 

The infrared spectrum shows characteristic peaks Vmax 3300, 2880,1680, 

1445, 1360, 1140.1000.700 cm '' which were superimposable to those of 

leucoanthocyanin (Fig. 12). Acidic hydrolysis of these crystals converted the 

solution into red, which further confirmed its presence. 

ii) Fraction B-2 

The dried powdered leaves were immersed in 1-% cone. HCl with some 

amount of methanol (50 ml). The macerate filtered or centrifuged and the 

extract concentrated in vacuo at 35 40 C until the volume reduced to about 

l/5th of the original extract. The anthocyanins were chromatographed one 

dimensionally on paper in butanol: acetic acid: water (4:1:5) and butanol: 

HCl and ] % HCl against authentic marker samples .It was later identified as 

cyanidin 3 glucoside and cyanidin 3,5 diglucoside as shown in the Table 11. 
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Table 11: Representation of the relative flows and physical properties of the 

isolated chemicals from leaf of Fagdpynim dihotrys (D.Don) Hara during 

paper chromatography. 

Anthocyanin 

Isolated 

anthocyanin 

Cyanidin 3,5 

diglucoside 

Cyanidin 

3 glucoside 

isolated 

anthocyanin 

BAW 4: 

)RtxlOO 

0.22 

0.22 

38 

38 

:5 v/v/v BuOH:21VIHCI 

(1:1 top layer) or 

Rfx 100 

7* 

7* 

25 

25 

1%HCI * 

Visible light 

Light red 

Deep red 

Deep red 

Deep red 

III Water soluble part 

i) Fraction C 

Dried leaves were extracted with water for one hour. The extract was 

concentrated after adding the petroleum ether .The flask when gently 

shaken., the foam appeared and which remained in between the two layers. 

i.e upper petroleum ether fraction and lower water soluble fraction. On 

addition of water, the foam was dissolved, column chromatographed over 

alumina and eluted with butanol saturated with water. The residue obtained 

during the procedure is as follows: 



Table 12: Residue obtained from water-soluble part of Fagopyriim cUbotiys 

(D.Don) Hara after elution with different solvents (eluents). 

Eluent 

Butanol (Saturated with water) 

Do 

Do 

Do 

Do 

Do 

Fraction 

1-10 

11-20 

21-30 

31-40 

41-50 

51-60 

Residue after 

evaporation 

Nil 

Crystal 

Crystal 

Nil 

Nil 

Nil 

a) Subfraction 11-30 

It was evaporated to small volume under reduced pressure when heavy 

frothing confirmed saponin or soapy lather appeared while boiling .The 

concentrated solution was kept in cold for 4 days when appreciable amount 

of crystal having mp 287 "C was obtained. Infra red study was made on the 

basis of peaks and had Vmax were 3300, 2890.1600. 1450, 1380,1130. 1050, 

1010. 920 cm"'(Fig. 13). 

The sapogenin was derived after the following the procedure adopted by 

Brain et al., (1968) .The residue was hydrolyzed with molar HCl for 6 hours. 

It was neutralized and was shaken with chloroform. The chloroform part was 

evaporated to dryness and fine crystals were obtained from chloroform and 

methanol mixture .The residue was run in solvents i.e. Chloroform: Acetone 

(99:1, v/v) Rf 0.58; Hexane: Acetone (4:1 v/v) Rf 0.32. The plate showed 

purple spots after spraying with antimony chloride in cone. HCl and 

subsequent heating at 110 "C for 10-mins. The chemical properties were very 

much similar to those obtained from the authentic diosgenin and was further 

confirmed with superimposable peaks Vmax 3450, 1720, 1375, 1250, 1050, 

900,840,800,720 cm"' (Fig. 4). 
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Conversion of diosgenin to 16 DPA: 

Based on the methodology of Fakid and. Hamied (1964), 16 DPA was 

prepared from diosgenin. It was column chromatograph and 16 DPA was 

obtained from petroleum ether sub fraction (1-10). The residue obtained 

was dissolved in chloroform and methanol was added dropwise until 

turbidity appeared and which was warmed and kept for 24 hours for 

crystalization. Pure crystals showed mp 169 -170 "C. The isolated 

products was subjected to paper chromatography under different solvent 

mixtures Chloroform: acetone (99:1) Rf 0.50. Chloroform: Methanol (3:1) 

Rf 0.45) which were similar to those of authentic sample. IR spectrum 

Vmax 2900, 1650. 1600.1470, 1250,1020, 800 cm"' were observed to be 

superimposable with those of 16 DPA (Fig 14). 

Section B: Isolation, puriHcation and identiilcation of different chemical 

constituents in the stem of Fagopyniiu dibotiys (D.Don) Hara 

Results: 

I) Petroleum ether part 

i) Fraction A 

Air-dried and finely crushed stem was extracted in petroleum ether (60-80 

"C). Petroleum ether extract was evaporated to dryness under reduced 

pressure and dissolved in small volume of chloroform. These were 

chromatograph in column packed with alumina (Al 2O 3). The following 

solvents were run as represented in Table 13. 
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Table 13: Column chromatography of the petroleum ether e.xtract of stem of 

Fagopyrum dibotrys (D. Don) Hara. 

Eluents 

Petroleum ether (60-80 c) 

Petroleum:Benzene(3:1) 

Petroleum ether: Benzene (1:1) 

Petroleum ether :Benzene (1:3) 

Benzene 

Benzene : Chloroform (3:1) 

Benzene : Chloroform : (1:1) 

Benzene : Chloroform (1:3) 

Chloroform 

Chloroform : Methanol 3:1) 

Chloroform : Methanol (1:1) 

Chloroform : Methanol (1:3) 

Methanol 

Sub fraction 

1-6 

7-:l 1 

12-19 

20-27 

28-35 

36-40 

41-46 

47-58 

59-65 

66-71 

72-78 

79-83 

84r86 

Residue on evaporation 

Oil 

Crystals 

Nil 

Nil 

Nil 

Crystals 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

Nil 

a) Sub fraction 7-1 

These sub-fractions were collected, mixed and evaporated to a small 

volume. These on keeping for air-drying condition, the crystals were 

precipitated. The melting point of the crystals was found to be 140 °C. It 

was recrystallized in chloroform ,and methanol mixture which was dull 

white and the melting point at 136"C was observed .The melting point and 

chromatographic behavior of the isolated product was very much similar to 

those obtained in connection with the authentic,.sitosterol. It was further 

confirmed by the superimposable IR spectrum of the isolated product with 

that of authentic sitosterol .The absorption peaks of IR spectrum were Vmax 

3310, 1740, 1710, 1380. 1160,900.800cm"' (Figl). 
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b) Sub fraction 36-40. 

The collected fractions v/ere concentrated and the crystals were separated 

after keeping at room icmperaturc for seven days. I'hc solid mass was 

dissolved in chloroform and, methanol was added on drops when 

crystallization occurred. Melting point was noted at 139'̂ C .The isolated 

chemical was spotted in thin layer chromatography with the silica gel G 

alongwith the synthetic marker of various sterols and was run in the solvents 

chloroform: acetone (99:1) and had relative flow 0.68 and in Benzene: 

chloroform (40:60) the relative flow at 0.73. Thin layer chromatography 

plates were developed with Lieberman Burchard reagent and heated in oven 

at 85 -90 '̂ C for 15 minutes. The spots on the plate showed the 

characteristics tinged colour coinciding with the synthetic marker of 

lanosterol. IR spectrum V max 3280, 1700.1450. 1380,1100.1030 cm"' of the 

isolated crystals shown the same peaks as obtained with authe'ntic lanosterol 

confirming furthermore (Fig 3). 

II Ether soluble methanolic part.' 

i) Fraction B-I. 

a) Phenolic acid part 

The isolated phenolic acids were caffeic acid, o -coumaric acid, ferulic acid, 

3,4 dihydroxybenzoic acid and benzoic acid as mentioned in the Table 9 

with same characteristics tests and IR spectra as discussed earlier in 

connection with isolation of phenolic acids in leaves of the plant. 

b) Basic part. 

This fraction was discarded due to paucity of Ihe isolated chemicals. 

c) Acid part. 

This fraction was discarded due to paucity of the isolated chemicals 
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e) Neutral part. 

This fraction was discarded due to paucit>' of the isolated chemicals 

f) Ether insoluble methanolic fraction. 

i) Fraction B 

The ether insoluble fraction was treated with the hot water and refluxed after 

the evaporation of ether. The water soluble part was kept in defreeze for 24 

hours, light yellow amorphous was observed to be deposited .It was separated 

out after filtration, the residue v\as washed with chloroform and dissoUcd in 

methanol in concentrated volume. Water was added to it till the turbidity 

appeared and kept in cold, a pale yellow solid was deposited .The solution 

was filtered and recrystallized with the chloroform and methanol into a pale 

yellow needles, melting point 199 'C was separated. That separated crystals 

were run in butanol: acetic acid: water (4:1:5) and isopropanol: acetic acid: 

water (10:1:1) and measured the relative flow at 0.45 and 0.18. respectively 

.The infra red study was studied and noted the peaks at V max 3300. 

2880.1630.1550.1580. 1480.1430.1350.1300.1280. 

1220.1180.930. 860.820 cm "' Analysis of IR spectra showed that the 

characteristic peaks which was superimposible to that of authentic rutin (Fig 

9). 

The another crystal w âs also separated from same fraction which was run in 

butanol: acetic acid; water (4:1:5 v/v/v) and isopropanol: ammonia: water 

(10:1:1 v/v/v) and measured Rfs at 0.67 and 0.21.rcspecti\ely. These crystals 

share all the chemical characteristics of quercetin. which has been 

represented during isolation of quercetin from the leaf of this plant (Table 

10). 
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Section C 

Isolation, purification and identification of different chemical 

constituents in the rhizome of Fagopynim dibotrys (D.Don) Hara. 

I. Ether soluble part 

i) Fraction B-1 

a) Phenolic part 

This fraction did not any show appreciable amount of solid, therefore, it was 

discarded. 

b) Basic part 

This fraction did not show appreciable amount of solid, therefore, it was 

discarded. 

c). Acid part 

This fraction was discarded due to paucity of isolated product. 

d) Neutral part 

This fraction was discarded due to paucity of isolated product. 

II. Ether insoluble methanolic part, 

i) Fraction B 

The dried ether insoluble fraction treated with hot water and refluxed. The 

water-soluble part was kept in defreeze for 24 hours and separated out yellow 
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brown solid. The solid residue was washed with chloroform and dissolved in 

methanol at concentrated volume Subsequently, the water added to develop 

the turbidity, which resulted with a pale yellow solid deposition. The isolated 

crystals were run in the paper chi-omatography and performed other physical 

tests such as UV light, ammonia, UV+ ammonia treatments and IR study .As 

the result, the compound was identified as rutin (Fig 9). 

As in the case of rhizome also the fractional isolation of ether insoluble part 

was performed and found that leucoanthocyanidin which was confirmed 

with tests and properties as discussed earlier in leaves. 

Section D: Isolation, purilication and identification of different 

chemical constituents in the flower of Fagopyrum dibotrys (D.Don) Hara. 

I. Ether soluble part 

i) Fraction B-1 

a) Phenolic acid part 

This fraction did not show appreciable amount of solid, therefore, it was 

discarded. 

b) Basic part 

This fraction did not show appreciable amount of solid, therefore, it was 

discarded. 

c) Acid part 

This fraction was discarded due to paucity of isolated product. 
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d) Neutral part 

This fraction was discarded due to paucity of isolated product. 

II. Ether insoluble part. 

i) Fraction B. I 

The dried powdered flower wa|s extracted with petroleum ether. After 
i 

separation of petroleum ether exti-;act the dried powder was extracted with 

methanol. The methanol extract was evaporated under reduced pressure to 

1/5 Th of its volume and the extract was treated with the water in 1:2 ratio. 

The flasks containing concentrated extract was kept for 24 hrs to obtain fine 

•red crystals. It had characteristic fluorescence under visible light. Infra red 

spectrum of the isolated crystal' showed characteristic peaks at Vmax 

3300,2880, 2950,1600, 1440,1350^ 1140,1080, 1000, 710 cm"' and which 

were superimposable with those of fagopyrin like compound (Figl 1). 



Discussion: I 

The extraction of different plant parts of Fagopynim diboirys (D.Don) Hara 

yielded the phytosterols, flavonoids and phenolic constituents in the different 

solvents fractions. Isolation of secondary products with the petroleum ether, 

chloroform, methanol and ethanoj fraction were done The crystals were 

collected and studied with the special emphasis on paper chromatography, 

thin layer chromatography and Infra -red spectroscopy. The identification of 

different natural products has been performed after comparing the physical 

and chemical characteristics with those of authentic samples collected from 

different laboratories in India. While working on leaves of Fagopynim 

dibotrys (D.Don) Hara. P sitosterol (Fig 1): stigmasterol (Fig 2) lanosterol 

(Fig 3) and diosgenin (Fig 4) have been observed to be present in 

appreciable quantity .The presence of p sitosterol was reported in Yao et al 

(1989) from Fagopynim cymosum but the part from which it was isolated had 

not been elucidated in that work. Subsequently, this steroid was isolated from 

the bulb (Liu et al, 1983) and recently Basu (1997) isolated from the leaves of 

the plant Fagopynim dibotrys (D.Don) Hara. 

The phenolic acids were separated from the sodium bicarbonate fraction 

after the acidification and which was subjected to ether extraction. The ether 

soluble part with the addition of few drops of ethanol on the flasks was kept 

undisturbed for 4-6 days. Fine square shaped crystals appeared. Here in this 

part of work the physical and chemical characteristic features of the phenolic 

acids have been studied with special emphasis on the determination of 

melting point, chromatographic behaviours and IR spectrum study .all these 

features have been compared with the authentic chemicals. The chemicals 

that have been identified are caffeic acid, o- coumaric acid, benzoic acid, 

ferulic acid and 3,4 dihydroxybenzoic acid (Fig 5-8). Laing and Xiao (1990) 

reported the presence of chlorogenic acid, caffeic acid and ferulic acid from 

the shoot and rhizome of Fagopynim cymosum M but they did not mentioned 

the presence of any phenolic acid in the leaf. Thus, the presence of all these 
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phenolic acids in the leaves of Fagopyrum diholrys (D.Don) Hara may be 

considered as the first time to report. Though, the caffeic acid was isolated 

and reported in the leaves of Fagopyrum esculenium (Hansel and 

Horhammer, 1954). 

The yellow crystals that have been isolated from the leaf of ether insoluble 

part and relative flows measured after running in the solvents, butanol: acetic 

acid: water (4:1:5 v/v/v) as well as isopropanol: ammonia: water (10:1:1 

v/v/v) at 0.67 and 0.21, respectively. Infra -red study reveals the presence of 

Vmax 3300, 2880, 1630, 1550, 1430, 1480, 1350, 1300, 1220, 1180, 1030 

930 cm and which have been characteristics for authentic rutin (Fig 9). 

Previously. 4.5-8.5 % of rutin was isolated by Imai and Furuya (1951) from 

Fagopyrum cymosum but in the present work, it was measured at average 7% 

and 5.2 % of rutin from the leaves of Fagopyrum diholrys (D.Don) Hara of 

the Gangtok and Darjeeling varieties, respectively. The rutin was also 

isolated from Fagopyrum esculentum by Schunck (1858), Troyer (1955), 

Grinkevich and Ivanova (1970) and from Fagopyrum lalaricum by Vevash 

(1964) but the amount was not of remarkable one. 

In the other instance, the yellow crystal was isolated from the other fraction 

of ether insoluble part. It was run on the paper chromatography with Butanol: 

acetic acid: water (4:1; 5) and Isopropanol: ammonia: water (10:1:1) and 

noted the Rfs were noted to become 0.65 and 0.18, respectively (Table 10). 

I R spectrum has Vmax 3400, 1660, 1555, 1520, 1400, 1380, 1220, 1200, 

1150, 1050 cm which are similar Jo those of authentic quercitin (Fig 10). 

Yamato and Koyama who had reported from Fagopyrum cymosum could 

support the availability of the free quercitin. It was also however reported 

from some other species of genus Fagopyrum (Hansel, 1954) like, 

Fagopyrum esculentum Moench (Zhanaeva, 1990) and Fagopynmi tataricwn 

Gaertn (Underhill et al, 1964) .The other works on the quercetin contents in 

Fagopyrum species were done by Singh et al, (1989) Underhill et al, (1957) 

and Sato etal (1980). .̂ 



In connection with the isolation of anthocyanin the leaf of the Fagopynim 

dibotrys (D.Don) Hara has been immersed in 1% HCl with the methanol and 

crystals have been isolated. The isolated crystals run in the solvents BAW 

4:1:5, butanol: 2M HCI (1:1 top layer) and 1% HCl have been observed to 

show relative flow of 0.38, 0.25,.and 0.07 respectively (Table 11). These 

values of relative flows of the isolated product have been observed to be 

similar to those of authentic cyanidin 3 glucoside. Cyanidin 3,5 diglucoside 

has also been identified to be present in the leaf of the plant. However, the 

presence of cyanidin 3, 5 diglucoside was reported earlier by Basu, (1997) 

from the leaves of Fagopyrum dibotrys (D Don) Hara .The most interesting 
i 

point to note that anthocyanins as mentioned above have been detected in the 

Darjeeling variety but not in the Gangtok variety. These may be considered 

as the taxonomically important character. Another fine red fluorescent crystal 

has been isolated from the methanol extract of leaves after fractional 

crystallization. Infra red spectrum has shown the Vmax values as 

3300,2950,2880,1600.1440,1350,11:40,1080,1000,710 cm"' (Fig 11). These 

peaks are superimposable with that of the authentic sample of fagopyrin -

like compound. Though the isolation of fagopyrin like natural product from 

the plant has not been earlier reported but it was reported from the other two 

species of Fagopyrum, viz, Fagopynmi esciilentiim Moench by Wender et al, 

1943) and Fagopyrum sagitlaium (Kaezmarek. 1968) except hyperin which 

was reported by Yamato and Koyama (1962). 

The isolation of leucoanthocyanin has been made from methanol extract of 

the plant .The Infra red spectrum shows V max 3300, 2860, 2460, 2380, 

1740, 1445, 1360, 1010, 815, 710 cm and which are similar to those of 

authentic leucoanthocyanin .The crystals when subjected to hydrolysis 

produced the red colour of solution in the flask. The relative flow in the 

solvent butanol: acetic acid: water 4:1:5 and 1% HCl and butanol: 2M HCl 

(1:1 top layer) are 0.38, 0.07and 0.25. respectively and these are the 

characteristics for cyanidin. This confirms the presence of the 
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leucoanthocyanin. The presence of leucoanthocyanin was already reported by 

Basu (1997) from the leaves of the plant and Liang and Xiao (1990) had 

reported P - procyanidin from the rhizome of Fagopynim dibotrys (D. Don) 

Hara from the rhizome .In 'Other species, the presence of the 

leuGoanthocyanidin was noted in Fagopynim esciilennim (Troyer, 1961). 

The presence of free sapogenin i.e. diosgenin has been detected the leaf of 

Fagopyrum dibotrys (D.Don) Hara .The isolated product has the capacity to 

be converted to 16 DPA (Fig 14) and which is the characteristic for diosgenin 

and has been confirmed after Infra red study. The characteristic-peaks Vmax 

were 3300, 2890, 1600, 1450, 1380, 1130, 1050,1010.920 cm'' have been 

observed to be similar to those of authentic diosgenin (Fig4). This presence 

of sapogenin may be treated as a new report from the leaves of the plant. 

However, the presence of hecogenin from the bulbs of Fagopyrum dibotrys 

(D. Don) Hara was discussed in Vaoxue Xuebao, (Liu ET al, 1983; Rastogi 

and Mahalotra, 1995). 

From the petroleum ether extract of stem of Fagopyrum dibotrys (D.Don) 

Hara P sitosterol and lanosterol have been isolated. Hence, the presence of 

the p sitosterol and lanosterol may be considered as a new report from the 

stem part of the plant. 

The phenolic acids such as caffeic acid, o- coumaric acid, ferulic acid, 3,4 

dihydroxybenzoic acid and benzoic acid have also been isolated from the 

stem. All those isolated products have characteristic peaks in the I R 

spectrum similar to those of authentic samples. Besides the paper 

chromatographic behaviour of the isolated products are similar to that of the 

authentic sample. Tsuzuki and Yamamato (1989) isolated the chlorogenic 

acid, caffeic acid.and ferulic acid from the shoot of Fagopyrum dibotrys 

(D.Don) Hara. 
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While isolating the anthocyanin from the stem, deep red crystals cyanidin 3 

glucoside and light red ciystals cyanidin 3,5 diglucoside have been isolated 

and identified following co-clifomatography and IR spectroscopy of the 

isolated product and authentic sample .The presence of cyanidin 3, 5 

diglucoside was reported by Basu, (1997) in the leaves of Fagopyriim 

dibotrys (D Don) Hara but not from the stem .So, the presence of cyanidin 3 

glucoside and cyanidin 3, 5 diglucoside in the stem of the plant should be 

considered as a new report from the plant. 

Yellow crystals have been isolated from the ether insoluble part of the stem. 

It has been identified after the studying chromatography and IR spectroscopy 

of the isolated product and authentic quercetin. Ether insoluble fraction has 

also been observed to show the presence of rutin in the stem of Fagopyrum 

dibotrys (D Don) Hara. . The presence of rutin in the stem and leaves of other 

Fagopyrum species was also noted earlier (Yorash et al, 1964; Troyer, 1955; 

Grikerich and Ivanova, 1970). 

The flower of Fagopyrum dibotrys (D.Don) Hara have been extracted with 

the methanol which on the fractional crystallization found red fluorescent 

crystal .The IR spectrum of the isolated product have been observed to be 

similar to that of authentic fagopyrin like compound which has also been 

reported to be present in the leaf (Fig 11). No report of its presence in the 

plant has been published but its presence in Fagopyrum esciilentum Moench 

had been reported by Wender et al.j (1943 ) and Fairbairn (1959 ). 

In this part of work of phytochemical investigation of the different parts of 

Fagopyrum dibotrys (D Don) Hara of the Darjeeling and Gangtok varieties is 

expected to throw some light on the presence of uptodate knowledge of 

active constituents in the respective parts of the plant. 
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Summary. 

Investigation has been carried out with special emphasis on isolation and 

characterisation of chemical constituents in different plant parts of 

Fagopyrum dibotrys (D.Don) Hara such as leaves, stem rhizome and flower. 

Phytochemical analysis has been performed following the conventional 

method of soxhleting air-dried plan|t parts first with petroleum ether followed 

by methanol. Crude petroleum .ether part has been directly column 
1 

chromatographed over alumina and pure crystals have been isolated after 

elution with suitable solvent. i 

Methanolic extract has been separated into phenolic acid, basic, neutral and 

ether insoluble parts and pure crystals have been isolated after column 

chromatography and fractional crystallization. Chemical constituents have 

been identified after comparative study of their m.p, m.mp, TLC, PC and IR 

spectrum of the isolated chemicals with those of authentic samples. 

Petroleum ether extract of leaves o^ Fagopyrum dibotrys (D.Don) Hara of the 

Darjeeling and Gangtok varieties shows the presence of p sitosterol, 

lanosterol, stigmasterol and diosgenin. , 

Methanolic extract of the leaf of Fagopyrum dibolrys (D.Don) Hara of the 

Darjeeling and Gangtok varieties show the presence of rutin, free quercetin, 

leucoanthocyanin and fagopyrin like flourescent compound. Only the 

Darjeeling variety shows the presence of cyanidin 3 glycoside and cyanidin 

3,5 diglucoside .In both the varieties a saponin has been isolated which on 

acid hydrolysis produces diosgenin which is confirmed after being converted 

to 16DPA. 

Phenolic acid sub-fractions of the methanolic extracts of leaves of both the 

varieties show the presence of caffeic acid, ferulic acid, benzoic acid, 3,4 

dihydroxybenzoic acid and o-coumaric acid. 
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The petroleum ether part of the stem show the presence of P sitosterol. and 

lanosterol .The methanolic part showed the rutin and free quercetin. 

Phenolic acid sub-fractions of the methanolic extract of stem of both the 

varieties shows the presence of caffeic acid, ferulic acid, benzoic acid, 3,4 

dihydroxybenzoic acid, o-coumaric acid and rutin. Rutin has been isolated 

from the ether insoluble fraction of the rhizome. Other sub-fraction of 

methanolic part contains leucoanthocyanin. 

The flower of Fagopynim dibotrys (D .Don) Hara of the Darjeeling and 

Gangtok. varieties has been observed to show the presence of fagopyrin like 

fluorescent compounds in the ether insoluble part. 



CHAPTER IV : A NEW AND EASY METHOD FOR QUANTITATIVE 

ESTIMATION OF RUTIN ISOLATED FROM 

FAGOPYRUMDIBOTRYS (D.DON) HARA 

Introduction: 

Fagopyrum dihonys (D.Don ) Hara is an ethnomedicinal plant of Darjeeling 

and Sikkim Himalaya .The leaves of the plant has been observed to contain rutin, 

a bioflavonoid, commercially utilised nowadays, as a remedy against various 

diseases of human being. It has been observed that most of the methods used for 

quantitative estimation of rutin are time consuming . Besides . HPLC and 

instruments that have been used are costly ones and which are not easily 

available in a laboratory ( Chu . 1998 : Tsuchiya . 1988 : Brolis . 1998 ; 

KurticJ998 ) .Thus in this part of work an attempt has been made to esdtablish 

a quick and easy meth':od for the estimation of rutin from Fagopynim dibolrys. 

(D. Don )Hara 

This is an attempt for the quick and easy estimation of rutin from Fagopynim 

dibotiys (D. Don ) Hara collected from both Darjeeling and Sikkim Himalayas. 

Material. i 

Leaves of Fagopyniin dibpjrvs (D.Don) Hara collected from Darjeeling and 

Gangtok(Sikkim). | 

The three different stages of leaves iie first, third and fifth were collected from 

Darjeeling and Gangtok and dried separately for the rutin isolation . 

Methods. 

i) Ciiemical used for tlie preparation of reaction mixture . 

For determining the absorption maxima and standard curve . the following 

solution were taken . 

a) Methanol 

b) Rutin 
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c) 2%FeC!3 

ii) Determination of absorption maxima of reaction mixture b} eaiorimetric 

method. 

Img authentic rutin was taken 1ml methanol and 1 ml 2% I'cCI-; was added in 

the test tube . The solution was kept to de\eiop the deep orange coloration at 

room temperature . The optical densities were measured at the range i'rom 300-

800 nm .after the lllleen minutes in Spectrophotometer ( Model No 106 . 

Systronics ) .The absorption maxima was determined . 

iii) Preparation of different grades of rutin . 

For the preparation of standard curve, the different gradation of solutions were 

prepared from stock solution. 10 mg of rutin was dissolved in lOmI of metlianol 

as iOOO ppm to prepare stock solution . The series of solution of 900. 800. 700. 

600. 500. 400. 300. 200. 100 (ppm) were prepared being dikiled with methanol 

from the slock solution . 

Standard curve preparation : 

1 ml of each of the grades of rutin and was mixed with 2"'\> FeCf-, to develop 

orange colouration at room temperature. After 15 minutes . the optical densitx 

was measured at 575 nm in Spectrophotometer ( Model No 106 . S\stronics ) . 

The values were plotted on a graph paper for the standard curve. 

v) Extraction and isolation of rutin 

1 gm of the powdered leaves sample of Fc/i^opyruiu clihoirvs ( D.Don ) Flara 

was retluxed with 50 cc of methanol for 30 minutes and filtered . The filtrate was 

concentrated under reduced pressure in the waterbath . 

vi) Purification of rutin by paper ciiromatograpliy . 

Solvents used in connection with the identification of siniable sohents for 

purification during paper chromatography v\ere as follow , 
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a)Butanol : Acetic acid : Water (4:1 ;5 v/v/v) 
I 

b)Isopropanol : Ammonia : Water (10:1:1 v/v/v) 

The two dimensional paper chromatography was also spoted with the pure rutin 

to locate the position of rutin on the Whatman paper (3mm). The strips 

containing the rutin at Rf 0.45 and Rf 0.22 in the Butanol : Acetic acid : Water 

(4:1:5) and Isopropanol : Ammonia : Water (10:1: 1), respectively , were cut 

into pieces and heated to dissolve the rutin in the hot methanol .Filtration was 

performed and the filtrate was diluted with methanol to make the volume of 1ml 

and 1 ml of 2% FeCb added to develop the deep orange colouration . After 

fifteen minutes , the optical density was measured at 575 nm . The amount of 

rutin was determined from the standard curve . 

Results and Dicussion: 

A new methodology was developed for the quick and easy estimation of the 

rutin. The earlier methods performed by the number of workers were based on 

spectrophometer, calorimeter and others. But with the help of this method Img 

of the dry powder is found to be sufficient for the estimation of rutin. This 

method is also less time consuming and the total duration for the rutin 

estimation could be completed within the half an hour after the addition of 

FeCIs (2%) . Following the paper chromatography . the rutin can be purified 

from the leaf extract of the Darjeeling and Gangtok varieties of Fa^opyrimi 

dibotrys, ( D. Don ) Hara . 

The number of the works have been reported in connection with the estimation 

of rutin . Bakh (1954 ) used direct absorptiometry of paper chromatograms 

for quantitative estimation of flavonoids .The absorptiometric method was 

used by Troyer (1956) to estimate rutin and four other flavonoids .Rutin and 

quercetin were also estimated by Sakamoto and Takamura( 1978) by using 

SnCI? . 2H2O .Quantitative determination by chromatospectrophotometric 

method developed by Balandiria , (1980). A colorimetric method for 

quantitative estimation of rutin based on reaction with diazotized sulfanilic 

acid was worked out ( Brejcha , 1958 ).Rutin estimation with the reaction 



GRAPH 1 :OPTICAL DENSITY MEASURED AT THE DIFFERENT WAVELENGTH TO OBTAIN 
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mixture containing ( 0.1 M Aluminium chloride , IM potassium acetate and 

IN HCl ) and allowing to stand at room temperature for about 20 minute 

measuring at 420 nm had also been used ( Sethi .1997). Some of the recent 

advances in other plants for the quantitative estimations of 

polyhydroxyflavones by high perfermonance liquid chromatographic method 

was performed by Tsuchiya , 1988 . Similarly , analysis of commercial 

multi-vitamin and rutin by HPLC with diode detector has also developed by 

Chu ( 1998 ) .The identification of flavonoid, naphthodianthrone and 

phloroglucinol consituents was performed using combined HPLC -diode 

detection ( DAD) analysis , HPLC thermospray and HPLC -electrospray 

mass spectrometry . The flavonoids such as rutin , hypericin . quercetin etc 

were separated by an aqueous phosphoric acid acetoniu-ile -methanol 

gradient within 50 min( Brolis . 1998 ) .Conditions for spectrophotometric 

determination of rutin , by complex formation with Uranil ( II) ion , was 

investigsated by Kurtic et al (1998). 

However, this newly developed methodology is more effective than the other 

methods that spare less time compared to others already reported .Following 

this methodology the rutin was estimated from the plant collected from 

Darjeeling and Gangtok at the different stages of the plant growth . The 

estimated rutin content with the new above-mentioned calorimetric method 

in the first leaf, third leaf and fifth leaf were 5.2%, 4.8% and 3.2% in the 

Darjeeling variety whereas 7.0%,63% and 5.9%), respectively were observed 

in the Gangtok variety. These estimation provides the information of the 

rutin content in the Gangtok variety which contains more amount at the 

various developmental stages as compared to the Darjeeling variety . That 

the rutin is synthesized in large amount in immature leaf is shown in the 

Table 14. . 
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Table 14: Comparative analysis of rutin and anthocyanin in the Gangtok and 

Darjeeling varieties of Fggoj-)ynim dibolrys ( D.Don ) Hara 

Unfolded 

Leaf 

First 

Third 

Fifth 

Rutin % (Darjeeling variety) 

(mg/lOOmg) 

5.2 

4.8 

3.2 

Rutin % (Gangtok variety) 

(mg/lOOmg) 

7.0 

6.3 

5.9 



Summary : 

In connection with the rutin estimation, the method was established with 

utilizing 1 gm of leaf powder and refluxed with 50 cc methanol for 30 

minutes.Purification of rutin was done by paper chromatography . 

Absorption maxima (575 mn ) was worked out after preparing a reaction 
i 

mixture containg 1 ml methanolic: extract of rutin mixed with 1 ml 2 % 

FeCls. 
I 

Standard curve was also prepared from the grades of rutin ( 100 ppm to 900 

ppm );The method developed for the estimation of rutin may be considered 

as an easy and sensitive one.The rutin content in the first, third and fifth 

leaves were 5.2 %, 4.8% and 3.2 % in the Darjeeling variety whereas 

7.0%,6.3% and 5.9% ,respectively in the Gangtok variety . The results seems 

that the Gangtok variety content. more amount of rutin at the various 

developmental stages as compared to the Darjeeling variety. 
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CHAPTER V: PHARMACOGNOSY OF FAGOPYIWM DIBOTRYS 

(D.DON) HARA WITH SPECIAL INTEREST ON 

UNDERSTANDING THE AVAILABLITY OF DIFFERENT 

VARIETIES OF THE PLANT. 

Introduction: 

Recent trend defined the term Pharmacognosy as the study of the medicinal 

herbs with special emphasis on the identification of the plant along with the 

chemical isolation, which deserved their mode of action on the animals or. 

mankind. This concept is also applicable for Fagopynim dihoiiys (D.Don) Hara 

that is an ethnomedicine of the Darjeeling and Sikkim Himalayas. According to 

Metcalfe and Chalk (1972) the anatomical observation of petiole of leaf with 

a plant is of considerable taxonomic importance. During survey in Darjeeling 

and Sikkim Himalayas, it has been observed that plant collected from 

Darjeeling district differs from that collected from Sikkim. Thus it is' very 

necessary to study those plants from anatomical and morphological point of 

view to understand their taxonomic status .In this part, an attempt has been 

made to study all the characters of the plants collected from different locality 

of Darjeeling and Sikkim has been studied from anatomical and 

moiphological point of view. Moreover much emphasis has been given on 

the study of herbarium sheets deposited in the Central National Herbarium, 

Howrah with a view to understanding more about nomenclature adopted by 

various authors. This will also help to study phytogeographical variation of 

the plant in the Darjeeling and Sikkim Himalayas especially from ecological 

point of view. 

Besides this biochemical studies oi Fagopynim dibotiys (D. Don) Hara of both 

Darjeeling and Gangtok were also undertaken at N.B.U Campus. In this part of 

work some biochemical parameters such as the ribonucleic acid, carbohydrate, 

chlorophyll, protein, total aminoacids. phenol and peroxidase were taken into 

consideration for understanding differential behaviour of the Gangtok and 

Darjeeling varieties at the taxonomic level. 
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Material. 

Leaf of the Darjeeling and Gangtok varieties of Fagopyrum diboliys (D.Don) 

Hara. 

Section A: Observation on macroscopic and microscopic characters of 

the plants collected from Darjeeling and Sikkim Himalayas 

Methods. 

i) Herbarium Study. 

The herbarium sheets of Fagopyrum species and Polygonum species that 

have been kept at the Central National Herbarium Section. Botanical Survey 

of India, Howrah, West Bengal have been carefully and critically studied. 

ii) Anatomical preparation. 

Thin sections were made from diff;erent plant parts of Fagopyrum dibotrys 

(D.Don) Hara, which were coilecte|d from the Darjeeling and Gangtok and 

stained following the procedure of Jahansen (1940). 

iii) Quantitative microscopy. 

Studies relating to stomatal frequency and vein-islet were conducted from the 

mature leaves of Fagopyrum dibotrys (D.Don) Hara (5-month old age plants) 

collected from Darjeeling and Gangtok. 

a) Stomatal index: Method of Trease and Evans (1983) was followed for its 

determination from tip, middle and periphery of the leaf 

b) Vein-islet number: The vein-islet is the minute area of photosynthetic 

tissue encircled by the ultimate divisions of the conducting strands. Number 
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of vein -islet per sq. mm, calculated from contiguous square millimeters in 

the tip of the lamina, middle of, the lamina and periphery of the lamina 

following the method of Trease and Evans (1983). 

The different areas of lamina weije cleared after boiling in chloral hydrate 

solution in a test tube placed in; a boiling water bath. After clearing, a 

temporary mount was prepared and with the help of a stage micrometer, areas 

were demarcated into sq. mm units in the drawing sheet of paper to 

determine the vein-islets per sq. mm. 

Results and Discussion : 

The herbarium sheets of Fagopynim dibotrys (D Don) Hara were observed in 

Botanical Survey of India, Central. National Herbarium, Calcutta and noted 

down the flowering period of the plant according to different ecological 

conditions. The flowering period of Fagopyrum dibotrys (D.Don) Hara in the 

Himalaya of Sikkim has been observed from August to October and in the 

Darjeeling Himalayas. West Bengal from the month of September to 

November. The time of flowering in the plants as noted by the different 

taxonomists was from June to February (Table 15). 

During thorough examination of herbarium sheets, the plants were examined 

with special emphasis on variation in colour of the leaves. Mosi of the plants 

collected by Hooker as well as Biswas from the Sikkim Himalayas were 

found to bear leaves red in colour but a few cases collected by other had non 

reddish colour of leaf During the examination of herbarium sheets the plants 

collected from Darjeeling were found with reddish colour leaves in the 

deposited herbarium sheets. It may be concluded that the mixed type of 

reddish leaves and non-reddish colour leaves of Fagopyrum dibotrys (D.Don) 

Hara are present in the hills of the Eastern Himalayas. Sikkim has no 

exception (Table 16). The nature of the leaves size and shape would 

completely depend upon the environmental condition. Out of the study of the 

leaves of Fagopynim dibotrys (D Don) Hara collected in Central National 
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herbarium it also appeared that there were different forms of sizes and shapes 

of the leaves with the differences in their existence at different areas. In case 

of herbarium sheets collected from Sikkim, the leaves were medium cum 

saggitate type whereas in Darjeeling plants, it was large (12 x 17 cm) and 

broad triangular type. The plants collected from Himachal Pradesh, Jammu 

and Kashmir, Sikkim and Bhutan and Megalaya had medium size, sagittate 

leaves. It is very interesting to note that the plant collected from Tokyo also 

had the same feature which could support the statement of Hara that " — 

In 1856 Hooker f and Thompson have already clearly stated that in their 

Flora Indica 1:181 that the flora of Sikkim bears a remarkable resemblance to 

that of Japan. Although the Eastern Himalayas and .lapan are now separated, 

the flora of both regions are considered to have been derived from the 

common flora of the Tertiary which had covered whole East Asia including 

Himalayas. China and Japan —". These seem that the flora of Eastern 

Himalayas is more or less similar with that of Japan. But the herbarium 

sheets of Fagopyrum dibotrys (D.Don) Hara deposited in Central National 

Herbarium from Assam and Manipur flora were found to bear small leaves 

whereas Upper Burma plants had two type of leaves sizes, tliat was, small 

and large sagittate leaves .The leaves of Pakistan, Tehri of Uttar Pradesh, 

Punjab, Mussorie Nepal etc were small cordate and found to have stout stem 

like rhizome in the herbarium sheets collected especially from Pakistan and 

Mussorie. It reveals that the plants were collected from the soil having 

moisture-stressed condition. 
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Table 15: Representing the different flowering months Fugopyrum diholrys 

(D. Don) Hara by the different authors in the herbarium sheets deposited in 

Central National Herbarium Section, Botanical Survey of India, Howrah. 

Name of the 
country /State/City 

Pakistan 

Garhwal 

Himalchal 
Pradesh 
Uttar Pardesh 

Mussorie 

Kumaon 

Nepal 

Sikkim 

West Bengal 

China 

Bhutan 

Megalaya 

Assam 

Nagaland 

Upper Burma 

Upper Burma 

Japan (Tokyo) 

Flowering month reported 
in Herbarium sheets 

June 

June- August 

September - October 

August- October 
August 

August ; 

October - November 
i 

August - October 

September - November 

August 

September - Noveniber 

June -October 

September -February 

June 

September -November 

June 

October 

Herbarium sheet no 
deposited in CNHS and 
name of the collector. 

376422 ; J.H Lace 

47931; B.DMaithani 

376418; J.H Lace 

49967 ;C.M Arora 
376431 

376434 R strachey and 
Winterbottom 
6307011 ;Kanai and 
Tayashi 
405; N.C Majumdar and 
R.N Banerjee 
376440 :G. King 

376414; D.J Anderson 

423; D.B Deb 

3758 ;DrK Biswas 

376388: I.H Burkill 

376397 ; Dr. D. Prain 

376402; Adul Huk 

376409; Adul Huk 

12949 ;Tomitaro 
Makino 
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Table 16: Observation of the leaves colour of Fagopyriim clibolrys (D. Don) 

Hara deposited by the different authors in the Central National Herbarium 

Section, Botanical Survey of India, Howrah. 

Name of the Country 
/State 

Pakistan 

Jammu and Kashmir 

Himalchal Pradesh 

Uttar Pradesh 

Nepal 

Sikkim 

West Bengal (Darjeel-
ing) 
Bhutan 

Assam 

Arunachal Pradesh 

Nagaland 
Manipur 

Burma 

Japan (Tokyo) 

China 

Colour of the leaves Of 
Fagopyriim clibolrys ( 
D.Don) Hara i 
Non-reddish 

Non-reddish ': 

Non-reddish • 
Reddish 
Non-reddish • 
Reddish 
Reddish 
Non-reddish ' 
Non-reddish • 
Non-reddish 
Reddish 
Reddish 
Reddish 
Reddish 
Reddish 
Reddish 
Non-reddish i 
Reddish 
Reddish 
Reddish 
Non-reddish 
Non-reddish 
Reddish 

Reddish 
Reddish 
Non-reddish 
Reddish 

Non-reddish 

Reddish 
Non-reddish 
Reddish 
Reddish 
Non-reddish 
Non-reddish 

Reddish 
Reddish 
Non-reddish 

Central National Herbarium 
no. Or Author collection no*. 

376422 

376420 

4940* 
376418 
376423 
743-376431 
376432 
376435 
376419 
24 m* 
6407011 
247*-
376445 
376443 
376439 
376441 
1667* 
9744* 
376440 
41010* 
474* 
1260* 
16439 

376387 
17639 
14555 
No number (collected by 
D.Prain) 
376405 

376414 
376415 
373* 
376407 
376406 
12949 

376414 
376472 
376473 
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With these distribution patterns, it appears that the plants grown in different 

ecological condition may differ in leaf sizes. However, the plants of Eastern 

Himalayas show the mixture of plants having medium and large size leaves. 

In order to understand whether the different stature of plant was due to 

environmental condition or due to genetic factors, both the varieties were 

grown in the same environmental of N.B.U campus. It has been observed that 

the variation in structure of all the features of Darjeeling and Sikkim varieties 

were maintained (Fig 16 & 17 ). This suggests the existence of two varieties 

of Fagopyrum dibotrys (D.Don) Hara in the region. This observation on the 

existence of two varieties is also supported by morphological and anatomical 

studies. 

Microscopic observation of Fagopyrum dibotrys (D Don) llai-a was 

performed from both the hills of Darjeeling and Gangtok (Sikkim) in virtue 

of study about the phytogeographical variation The phytogeographical 

variation was resulted from climatic factors varied in stem length, leaf size, 

petiole anatomy and flowering date. To establish the phytogeographical 

difference, the anatomical work was carried out. In 1972 , Metcalfe and 

Chalk stated in one instance that " — the petiole is of considerable 

taxonomic importance , since its structure appears to be but little affected by 

means of transverse sections of strictly comparable portions of the petioles in 

questions are examined . ". These statement stronghold the importance of 

petiole anatomical sections. The transverse sections of the petiole of 

Fagopyrum dibotrys (D Don) Hara through the distal end examined in Kew 

described by Metcalfe and Chalk (1972) was that "—' A deep crescent of 

about 11 collateral bundles surrounding 2 central strands with their xylem 

groups directed towards one another petiolar vascular strands strongly 
I 

supported by fibres in the pericyclic region, fibres unlignifgied when present 

". With reference to the comment made by them, the anatomical sections of 

the plants have been studied in two regionally different habitats growing 

plants. Those plants were collectedfrom Darjeeling and Gangtok hills only. 



The petiole of the Darjeeling growing plants has two central strands but the 

lower strand resembles the shape of dumbell. In between the dumbell shaped 

strands, phloem is present (Fig 18) whereas Gangtok growing plants has two 

central strands directed towards one another with their xyleni groups (Fig 

19). As the leaf of Darjeehng plant is larger in its area than that of Gangtok, it 

is expected that the dumbbell shaped lower strand has the capacity to 

counteract by total weight of the leaf as compared to smaller leaf area oi" 

Gangtok plant with a lower strand circular in outline .The upper strand in 

both types of petiole remains the same. In the petiole of Darjeeling variety of 

leaf the centrally placed upper and lower dumbell shaped strands constitute 

L-shaped configuration as compared to I shaped configuration in the petiole 

of Gangtok variety of leaf (Fig 18). 

hi Darjeeling plants. 11 collateral strands are found but Gangtok plant shows 

9 strands only. The number of vessels in case of Gangtok plant has been 

observed to be less in number and- also smaller in diameter as compared to 

those of the Darjeeling plant .On the comparative growth studies of both 

Darjeeling and Gangtok plants in NBU campus (500 m i.e. low altitude) it 

was observed that the collateral strands decreased to nine in number but other 

features remained the same in both Varieties of Fagopyrum dibotrys (D.Don) 

Hara. 
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The leaves of ihe'Fagopyrum dihuliys (D Don) Hara were collected from 

both habitats of Darjeeling and Sikkim and vein islet number was estimated 

in Fagopymm dihotrys (D Don) Hara taking the consideration three different 

places on leaf i.e. base, middle and apex surfaces. The vein islet number at 

the base, middle and apex of leaf were noted 6, 7 and 6 in Gangtok variety 

whereas 8,9 and 6 have been observed in Darjeeling variety (Table 17). But 

in connection with the stomatal index the two varieties were observed to 

show certain variation The stomatail index of Fagopymm dibotrys (D Don) 

Hara of Darjeeling variety showed was 37.3. 36 and 20 per sq mm whereas of 

Gangtok 34.2, 31 and 17.2 per sq mm in basal, middle and apex, respectively 

(Table 18). 

In anatomical preparation of Fagopymm dihotrys (D Don) Hara leaf lamina, 

trichomes were observed on the surface of lamina with a distribution of 

calcium oxalate (Fig 20). Similar report of the anatomical work on 

Fagopymm emarginalum Roth was done by Balandina and Grinkevich, 

(1979) who considered unicellular hair and calcium oxalate crystals in the 

leaf of this plant as a marked taxonomic chaî acter. However, Fagopyrum 

emarginatiim Roth seems to be synonym of Fagopymm esciilentum Moench. 

(Hooker. 1886; Tanaka. 1976; Don. 1825). 

The anatomical section of stem of F dibotrys (D Don) Hara contained two 

types of vascular bvmdles i.e. primary and secondary vascular bundles. It 

shows the presence of cavity or air space in the pith region. However, the 
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Table 17: Vein islet number in the Darjeeling and Gangtok varieties of 

Fagopyrum diboUys (D.Don) Hara. 

Leaf portion 

Apex 

Middle 

Base 

Nurnber of Vein islet in 
Gangtok variety 

6 

7 ' 

6 

Number of vein islet in the 
Darjeeling variety 

6 

9 

8 

Table 18: Stomatal index in the Darjeeling variety and Gangtok varieties of 

Fagopyrum dihotrys (D.Don) Hara 

Leaf portion 

Apex 

Middle 

Base 

Stomatal index in Gangtok 
variety (sq mm) 

34.2 

31 

17.2 

Stomatal index in Darjeeling 
variety (sq mm) 

26 

36 

37.3 
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Latter might be absent, if the section is made from nodal region. In between 

the two bundles, the medullary rays were present. Vascular bundles are 

collateral (Figure 21). The stout stem of water stressed plant was also studied 

but it did not show any similarity in various characters with those of normal 

stem mentioned earlier but it showed similarity with those of rhizome of the 

plant (Fig 22). 

The transverse section of the rhizome of Fagopyruin dibolrys (D.Don) Hara 

showed a series of the arrangement of xylem trachieds, which encircled the 

ground tissue of the pith. Outer to this layer of bundles, the phloem was 

present, followed by cortical cells and epiblema (Fig 22). 

The Central National Herbarium of Botanical Survey of India, Howrah was 

consulted and the comments made on the respective herbarium sheets for the 

flower by the different taxonomists were noted. Dr Aug Henry's collected 

from Liachiang Range. North -West Yunan China made a comment "flower 

white, anther red " in number 7688; R.S Roa collected from the locality 

Tuting Yinguing, Flora of Siang (Arunachal Pradesh), altitude 915 m -1130 

m noted pinkish flowers; CM Arora collected from Dafia forest, altitude 

2200m on 17''̂  August "72, as flora of Kumaon, No 449967 commented as 

flowers white; G Panigrahi collected from Kheti Tinchha. Flora of Tirap, No 

14555 remarked flower white; Polygonum Limi fagopyrum Linn with 

Central National Herbarium No 376394 with a remark " flowers pale pinkish 

or nearly white"' ; C B Clarke legit on 6 August 1885 recorded no 376398 

commented as corolla white ; G A Gammie collected from Lachen valley 

.altitude 7000 ft remarked flower white ; G Panigrani remarked flowers snow 

white locality Markasa to Nongstom •; Upendranath Kanjilal remarked 

flowers white from the flora of Assam herb , near Langkyrdem . altitude 
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Fig. 16 . Fagopyrum dibotrys (D.Don ) Hara collected from Darjeeliing and Gangtok . 



Fig 17 Growth of Fagopvrum dibotrys (D.Don ) Hara during the stress condition at N. B.U 

campus. 
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Fig 18 Anatomical section of the petiole of Fagopyrum dibotrys ( D.Don) Hara of the 
Daijeettng variety. 



Fig 19. Anatomical section of the petiole of Fagopyrum dibottys (D.Don ) Hara of the 
Gangtok variety. 



^ 51 p ' d evrvn 's 

>PBL'I i se i de 

^ p ^ ^ i l o e ""lo 

* - ' X N J | e rvn 
\ ^ 

Fig 20. Anatomical Section of the leaf lamina of Fagopymm dibotrys (D.Don) Kara. 
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Fig 21 Anatomical Section of the stem oiFagopyrum dibotrys ( D.Don) Hara 
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Fig 22 Amtomical Section of the rhizome ofFagopyrum dibotrys (D.pon) Hara 



Fig 23. Flower of Fagopyruni dibotrys ( D.Don ) Hara of the Gangtok and Darjeeling 
varielies. 



5200 ft in sheet number 376390 . l"he sheet no 21874 showed as llower 

whitish > ellow; George Forest collected from Hastern Hanks of the Lichiang 

Range, altitude 8500-1100 ft (Flora of E Tibet and S W China) commented as 

flowers white, anthers red; D Prain collected the plant from Nagaland (Naga 

Hill flora. localit\- Konoma. 5000ft) as tlower white; .Abdul Huk collected 

from Upper Burma chin Hills remarked as flower while; G Panigrahi 

collected the plants from Cherrapungi. coll no 3460 described flower as 

white, on the other instance . he collected the same plant from locality 

Nongkhlow No 16274 and remarked that " perennial herb trailing 

through grasses and — 120 long . tlower white C 5 distinct . A 5 brown 
t • 

anthers ne.xt to bridge - Mairang seen occasional 1_\' upto Kyashi "" ; 0 

poUunin. W R Sykes and L H .( Williams collected from Nepal . no 2441 

commented flowers white stamen maurish . Thus different taxonomist 

mentioned the comment differenth'. Taking into the account of the 

taxonomisls \'iews. it gave a clue to study with the flower pattern in the plant. 

The comments made b\' Pannigrahi about the five stamens strike out against 

with the usual eight number of stamens which had been worked out by 

number of taxonomists such as Hooker (1886); Grierson and Long (1983); 

Hara(1966). 

The flower of Fugopynim dihutrys (D Don) Hara of the both habitat 

condition were procured and examined. In Darjeehng plant, there was five 

perianth, androecium eight with hone\ secreting glands and styles 3. long-

free stigmas capitate but Gangtok flower had onh' fl\e stamens, three of 

which had been found as staminodes. howe\'er. other characters were 

remaining the same (Fig 23). The presence of five stamens in the plant is 

\er} much similar to that of G. Pannigrahi. It was also seen that the plants in 

Gangtok did not shov\ any setting of fruit on the inflorescence axis whereas 

few seeds (2-3) were collected from Darjeehng plant in due course of the 

three years of research work. Though. Dr K Biswas collected the plant 

specimen of Fagopyrum dihulrys (D Don) Hara from Gangtok with seeds in 
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his sheet number 9744 dated~~ 20.10.1952, however, the herbarium sheets 

prepared from Sikkim (5-10,000 ft) by Joseph D Hooker did not bear the 

seeds. Similarly, the other taxonomists such as T Anderson (1862), Sinclair 

(1941) could not collect the plants with seeds from Ratong to Yoksum and 

Lachen valley, respectively .It is expected that the Gangtok variety may have 

lost the capacity of seed setting in course of evolution .The meteorological 

data of Gangtok, Darjeeling and North Bengal University were collected 

from the respective meteorological stations and the temperature of Gangtok 

was found to be higher as compared to that of the Darjeeling throughout the 

year (Table 24 ). On the basis of recent meteorological daj,/worked out by 

Singh (1999), the temperature of Gangtok has been observed to be increased 

on an average of 2 "C in last ten years. According to some authors high 

temperature and high humidity in the atmosphere could decrease the viability 

of pollen considerably (Jadhav et al, 1991; Kichiro et al, 1998; Shine et al, 

1997: Hoekstra and Bruinsma. 1975a) .The rise of 5 "C temperature and 

decrease in rainfall were earlier reported by Chhetri (1991) from Sikkim .The 

presence of five stamens with three staminodes may be due to environmental 

condition having high temperature. 

On the basis of anatomical, flower character and the study of different 

herbarium sheets, it may be concluded that there exist two distinct varieties of 

Fagopynim dibotrys (D. Don) Hara in the two regions of the Eastern 

Himalaya and the nomenclature for these two varieties are being purposed as 

as Fagopyrum dibotrys (D.Don) Hara var dibotrys to Darjeeling variety and 

Fagopynim dibotrys (D.Don) Hara var alba Basu and Pradhan to Gangtok 

variety (Basu and Pradhan, 2000). The herbarium sheets of these two 

varieties were deposited in Centre of Life Science, North Bengal University, 

and Rajarammohunpur with field number 401 and 402. Their characters are 

tabulated in Table 19. 
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Table 19 ; Various characters of two types of Fagopynim dibotrys (D.Don) Hara 

collected from Darjeeling and Gangtok hills. 

Parameter 

Habit 

Stem 

Leaf 

Infloures-

cence 

Perianth 

Androec-

ium 

Gynoec-ium 

Fruit 

Character of Gangtok variety 

Puberulous branching herb to 

Im and grow with perennial root 

stocks 

Clasping, jointed with nodes and 

in green in colour 

6-12 X2-8 cm deltoid or 

triangular acuminate , entire base 

cordate with tri angular; obtose 
i 

lobes uppermost leaves narrow 

and amplexicaule glabrous , 

petiole 5-8 cm , stipules 1.5-2.5 

cm 

Terminal or axillary cyme's 

White 

5 partite , segment siibequal 

0.4-0.5 cm across lobes 0.35-

0.4cm long. 

Stamens Salternating with 

glandular disk lobes. 

Stigmas captate, trigonous 0.5 r 

0.8cm, twice as long as 

persistent twice as long as 

persistent perianth 

Nut much longer than the 

perianth 3 gonous cotyledons, 

very broad twisted or rolled 

round the ascending radicle. +_ 

4mm long. 

Character of Darjeeling variety 

Puberulous branching herb to Im and 

grow with perennial root stocks 

Clasping . jointed with nodes and 

internodes ; red in colour 

6-16x 5-12 cm deltoid or 

Triangular, acuminate, entire base 

cordate with triangular obtuse lobes 

leaves narrow and amplexicaule 

glabrous petiole to 7-13 cm: stipules 2-

3.5 cm. 

Terminal or axillary cymes 

Pinkish 

5 partite , segment subequal 0.4-0.5 Cm 

across lobes 0.35-0.4 cm long 

Stamen 5 alternating with glandular 

. disk lobes with three staminodes 

Stigmas capitate, trigonous0.5-0.8cm 

No fruit was found. 
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Summai-y. 

The herbarium sheets Fagopynmh dihotrys ( D.Don) Hara deposited in the 

Central Herbarium Section have been examined and the different flowering 

periods and other characters were mentioned by the different authors have 

been noted . The colour of the leaves in the dried specimens of herbarium 

sheets has also been observed. 

Fagopyrum dibotrys ( D.Don) Hara of the Darjeeling variety and Gangtok 

variety were collected and studied both macroscopically and microscopically 

.On the basis of various taxonomic characters the nomenclature of the two 

varieties has been proposed as Fagopyrum dibotrys (D.Don ) Hara var 

dibotrys Basu and Pradhan and Fagopynim dihotrys ( D.Don ) Hara var 

alba Basu and Pradhan for Darjeeling and Gangtok varieties .respectively . 

The anatomical section of the leaf lamina , petiole, stem and rhizome have 

been prepared .The difference in the petiole of two varieties of Darjeeling 

and Gangtok of Fagopynim dibotrys ( D.Don ) Hara .Dumbell shaped lower 

strand as well as 1- shaped central strands were observed in the petiole 

sections of the Darjeeling variety and Gangtok variety of Fagopyrum 

dihotrys ( D.Don ) Hara ,respectively. 

Stomatal index and vein- islet number were determined from both varieties of 

Fagopyrum dihotrys (D.Don) Hara. 

The flower of Darjeeling variety was found to bear eight stamens but the 

Gangtok variety was found with five stamen and three staminodes. 
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Section B: Observation on biochemical parameters of first leaf of the plants 

collected from Darjeeling and Sikkim Himalayas. 

Materials and Methods. 

All the leaves of two varieties of Fagopynim dibotrys (D. Don) Hara collected 

from both Darjeeling and Gangtok were collected, separately. In each 

experiment single plant of each variety was taken into consideration. The results 

presented here are the average of data obtained in three years from 1997-1999. 

I) Extriaction and estimation of Ribonucleic acid (Cherry, 1962; Markham, 

1955). 

The extraction of RNA from the leaves was done following the method as 

described by Cherry (1962). 50 mg plant sample was homogenized in 5 ml cold 

methanol and after centrifugation at 5000 rp m for the ten minutes, the 

supernatant was decanted off. The residue was washed successively with 0.2 M 

perchloric acid and absolute ethanol and dissolved in 10 ml ethanol : ether ( 2:1 , 

v/v ) and kept in a water bath at 70 c for 30 minutes and soared in a refrigerator 

for overnight . The mixture was then centrifuged at 5000 r p m for 10 minutes 

and the supernatant was analyzed for RNA The content of RNA was determined 

according to thee method Markham (1955) .3ml of orcinal reagent (Igm 

dissolved in 100 ml of cone HCl containing 0.1% Fe Cb) was taken in a boiling 

water bath for 20 minutes. After cooling down to the room temperature the 

absorbance of the blue green colour was measured at 700 nm in 

spectrophotometer (Model No 106, Systronics). The total RNA (mg/gm fresh 

weight basis) was measured following the standard curve prepared with yeast 

RNA. 

i 

II) Quantitative estimation of carbohydrate ( Mc Cready , et al,1950). 

50mg samples of collected and crushed in 5 ml of 80 % ethanol and centrifuged 
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at 5000 rpm for 10 minutes. The supernatant was taken to estimate the soluble 

carbohydrate, while each residue was used for estimation of insoluble 

carbohydrate. 

Ill) Estimation of soluble carbohydrate using the supernatant: 

For each sample, the supernatant was taken in a beaker, and evaporated to 

dryness. It was washed with solvenj; ether and finally eluted with 80 % ethanol. 

The volume was made upto 10 ml. To each of 3 ml of elute 9 ml. anthrone 

reagent (0.1 % in concentrated H2S04) was added slowly under chilling condition 

and mixed well. Each of the mixture was kept in boiling water bath for 7-8 

minutes and cooled immediately., The O. D was measured at 610 nm in 

spectrophotometer (Model No 106, Systronics). 

IV) Estimation of Insoluble carbohydrate from the residue: 

The residues obtained were digested separately with 25% Sulphuric acid (5 ml) 

in water bath for 1 hr at 100 C. They 'wer_e cooled to room temperature and 

centrifuged at 5,000 r.p.m for 10 minutes. The standard curve for-carbohydrates 

was prepared by using D - glucose (Glaxo) as the standard solution. 

V) Estimation of the chlorophyll from the leaves of Fugopyrum dihotiys (D 

Don) Hara; 

To estimate chlorophyll from the fresh leaves, the samples were placed in a 

glass mortar and macerated to a paste with a small amount of 80 % acetone. 

Maceration was continued with more acetone until the plant tissue became white. 

The acetone extract was centrifuged at 5000 r p m for 10 minutes and each 

supernatant was taken and diluted to 10 ml with 80 % acetone. The optical 

density of extract was determined separately at wavelength of 649 and 665 nm. 



Total chlorophyll (a+b) per liter of extract was calculated, total chlorophyll (a+b) 

mg /1=6.5 X A649 + 17.72 x A665 

665 and A649 stands for absorbant at 665 nm and 649 nm . respectively . 

VI) Estimation of total nitrogen (Vogel, 1961); 

Fresh leaves (50 mg) were taken for the estimation. It was digested with I-ml 

cOnc. sulphuric acid for an hour, the digested part was then dissolved in distilled 

water and filtered and volunie was made upto 100ml . To 1ml of each solution, 

1ml of 40% NaoH. 10 % sodium silicate (1:1) 5ITI1. freshly prepared Nessler"s 

reagent was added. The yellow orange colour developed was measured in 

systronic spectrophotometer ( Model No 106 ) at 410 nm . 

Preparation of reagent: 

Nessler"s reagent. 7.5 ml of starch solution. 35 ml of 10 % NaoH solution and 

7.5 ml of distilled water were mixed. The resultant solution was ready for 

estimation. The standard curve for nitrogen was prepared using (NH4) 2 S 04 

solution as a standard solution. 

VII) Quantitative determination of protein with Birut reagent (Gornall et 

al, 1948): 

50 mg of the leaves samples were taken and crushed separately with 0.05 (N) 

NaOH and the volume was made upto 5 ml with water. Each solution was 

centrifuged at 5000 r p m for 10 minutes. The supernatant was taken and volume 

was made upto 10 ml. The control was made after mixing 5-ml. biuret solution 

with 5-ml distilled water. Both the samples and control were then kept in the 

incubator for at least 15 minutes at 37 C. It was. then, cooled to room 

temperature and the optical density was measured in spectrophtometer (Model 

No 106. Systronics). at 520 nm. The protein content with (mg /gm fresh weight 

basis) was measured with the help of standard curve which was prepared from 

egg albumin. 

800 mg sodium hydroxide crystal was taken in 100 ml volumetric flask and 



dissolved in about 20ml of water. Then, the ingredients of the Biuret reagent i.e.. 

900 mg'Na -K tartarate. 300mg copper sulphate. 500mg Kl were dissolved 

successively and finally the volume was made upto 100 ml with water. 

Standard curve of protein was made using egg albumin ( lOOmg dissolved in 50 

ml water with a few drops of NaOH. 2.5 -5 to facilate the solution ) 

VIII) Estimation of total aminoacids from leaves of Fa<^opyrum dihotiys 

(D Don) Hara. 

50mg of the fresh leaves was taken separately for the estimation of total 

aminoacids. They were crushed in boiled ethanol (80%) immediately thereafter, 

the extract was passed through the processing to remove extraneous materials 

present there in, through resin columns (Dovvex -50) 

The extraction was followed by centrifugation of the extract samples at 5000 r 

p m for 10 minutes. The process was repeated twice and ultimate volume of each 

of the supernatant was made upto 100ml. In each case, 5ml aliquot was mixed 

with an equal volume of ninhydrin solution (0.3 % in 95 % ethanol) and heated 

for 10 minutes at 80 c on water bath. They were allowed to cool to room 

temperature. The violet colour of the solution were determined in the 

spectrophotometer ( Model NO 106 . Systronics ) at 570 nm . Total aminoacids 

( mg /gm fresh weight basis ) was measured following the standard curve of 

aminoacid with DL alanine. The standard curve of aminoacid was made using 

lOOOppm' DL alanine . 

IX) Estimation of phenol from the leaves of Fagopyrum dihotiys ( D Don ) 

Hara : 

50 mg of the fresh weight was taken and extracted out the phenolic acids 

following the methodology of Ibrahim and Tewers (1960) The colour developed 

was blue with Folin - phenol reagents (Folin- Ciacalteau; water, 1:1) was 

determined in spectrophtometer (Model No 106. Systronics) at 760 nm. The total 

phenol content ( mg /gm fresh weight basis ) was measured following the 

standard curve prepared with caffeic acid . 



X) Ex t rac t ion and est imat ion o f polyphenol oxidase : 

The activity o f the enzyme polyphenol o.xidase was assayed fo l lowing the 

method o f Kar and Mishra ( 1976) 200 mg o f the leaf tissues was 

homogenized in cold phosphate buffer 0.05 M ( pH 6.5 ) 10 ml centrifuged at 

10000 g for 10 minutes separately . Filtrate was taken as enzyme source . 4 ml o f 

the assaxed mixture contained 1ml 300 um of phosphate bulTer ( pi I 6.8 ) . 1ml 

o f 50 um p\rogal lol and 1 ml o f crude enz_\me extract uas incubated at 25 c for 

exact!) 5 minutes . The reaction was stopped with the addition o f 1ml 10 % 

sulphuric acid . Then the O D was measured in spectrophotometer (Model No 

106. SNStronics) at 430 nm. 

\ I ) Ex t rac t ion aiul est imat ion o l 'peroxidase act iv i ty : 

The e.xtraction and estimation o f the enzyme peroxidase were done, fo l lowing 

the method of Kar and Mishra (1976). 200 mg o f the fresh tissues was 

homogenized in cold phosphate buffer 0.05 M (pH 6.5) The homogenized 

solution was centrifuged at 10 000 gm for 10 minutes and the tlltrate was used as 

enzyme source. 

In this case 5 ml o f assayed mixture contained I ml o f 50 ul H : OT. 300 ul o f 

phosphate butTer (pH 6 .8) 1 \J.\ o f 15 um pxrogallol and 1 ml o f crude enzyme 

extract. After incubation at 25 C for 10 minutes the reaction was slopped wi th 

the addition o f 1ml 10 % sulphuric acid and the o d o f the yel lowish solution was 

measured at 430 nm in spectrophotometer (Model No. 106. Systronics). The 

enzyme activity was measured fo l lowing the method o f Pick and Qualset (1975) 

X I I ) Est imat ion o f the anthocvanin and leucoanthocyanid in o f Fa^opyrum 

J/A«//T.v (D.Don) Hara (Rosenheim. 1920 and Harborne. 1964. 1973). 

Leaves of Fagopvnini dibotrvs (D.Don) Hara were taken from both Dai jeel ing 

and Gangtok varieties for isolation and estimation of anthocyanin and 

leucoanthocyanidin. b\ fo l lowing the procedure o f Rosenheim (1920) and 

Harborne (1964. 1973). 
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Results and Dicussion: 

The biochemical estimation of Fagopynim dihotrys (D Don) Hara were 

undertaken from all the leaves of the plant and estimated number of parameters 

such as RNA, chlorophyll, carbohydrate, protein, total aminoacids. peroxidase, 

anthocyanin, and leucoanthocyanidin .The plant collected from the Darjeeling 

and Gangtok found different in the morphology and anatomy. In commercial 

point of view, the leaves were found more important than other parts because 

they contain more rutin as 5.2 and 7.0 in the Darjeeling and Gangtok variety, 

respectively, which was estimated by a new colorimetric method as discussed in 

the chapter IV. 

The highest amount of the RNA was found in Fagopynim dihotrys (D Don) 

Hara of both Darjeeling and Gangtok varieties at the values 6.35 and 6.7 \.igl mg 

and the lowest were measured at 3.4 |.ig/mg in both cases. The variation in the 

RNA contents at different times in a year has been observed to show the 

sigmonoidal curve (Graph 2). The numerous workers had explained about the 

decrease in the RNA content from the other plants as the deterioration of 

synthetic activity during leaf aging, which leads one to expect a decline in RNA 

(Ku and Leopold, 1970; Leopold and Kriedemann, 1975). They also observed 

that the progress of senescence may be associated with a decline in RNA under 

some case but not under other and suggested also that RNA might not be 

represented the basic control of the senescence processes. Wright et al.. (1973) 

found that some species of t-RNA were lost during the senescence and similar 

works explained on the leaves senescence which resulted in the deterioration of 

the cell organelle associated with the RNA production (Leopold and 

Kriedemann. 1975. Shaw and Manocha. 1965. Sacher. 1957). Though no report 

in connection with the estimation of RNA in Fagopynim dihotrys (D.Don) Hara 

but some work has been done by McHale and Dave (1968) in Fagopynim 

esciilentum. 

The chlorophyll contents of the Darjeeling and Gangtok varieties were 

observed to be 6.0 mg/gm and 5.6 mg /gm whereas the lowest values were 



GRAPH 2: RNA CONTENTS OF FAGOPYRUM DIBOTRYS (D DON ) MARA OF THE 
DARJEELING VARIETY (SERIES 1) AND GANGTOK VARIETY (SERIES 2). 
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GRAPH 3: CHLOROPHYLL CONTENTS OF FAGOPYRUM DIBOTRYS ( 0 .0 ON) HARA IN THE DARJEELING (SERIES 1) AND THE 
GANGTOK(SERIES2) VARIETIES . 
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GRAPH 4: NITROGEN CONTENT OF FAGOPYRUM DIBOTRYS ( D DON ) HARA OF THE 
DARJEELING VARIETY (SERIES 1) AND GANGTOK VARIETY (SERIES 2 ) . 
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GRAPH 5 : CARBOHYDRATE CONTENTS OF FAGOPYRUM DIBOTRYS (D DON ) HARA OF 
THE DARJEELING VARIETY (SERIES 1 ) AND GANGTOK VARIETY (SERIES 2 ). 
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GRAPH 6 : TOTAL AMINO ACIDS (SERIES 1) AND TOTAL PROTEINS (SERIES 2 ) OF 
FAGOPYRUM DIBOTRYS (D DON ) HARA OF THE DARJEELING VARIETY . 
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GRAPH 8 : PHENOL CONTENT IN .FAGOPYRUM DIBOTRYS (D.DON ) HARA OF THE 
GANGTOK. VARIETY (SERIES 1) AND DARJEELING VARIETY (SERIES 2). 
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GRAPH 9 : PEROXIDASE ENZYME OF FAGOPYRUM DIBOTRYS (D.DON) HARA IN BOTH 
DARJEELING AND GANGTOK VARIETIES. 
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3.1 to 3.5 mg/gm. respectively. (Graph 3). There are some reports in 

connection with the decline and degradation of chlorophyll. Leopold and 

Kriedemann ( 1975) found that the decline in photosynthetic rate started 

soon leaf age along with apparent changes found with respiratory activity, 

where the chlorophyll and protein fell rapidly . The decline of these two 

components may be structurally associated with the deterioration of the 

chloroplast which was found with the rapidly declining protein and 

chloroplastic fraction I ( RuDP carboxylase ) . During other water stressed 

condition, the decline in chlorophyll content was noticed by Rajasekar et al, 

1991. According to them, this was due to reduction in ability of plant to 

produce protochlorophyll and which was considered to be responsible for the 

inhibition of the development of the chlorophll had been reported in the 

earlier work of Hsiao. (1973). Some work on Fagopynim esculentiim . 

Fagopynim sagittatiim and F . khashmiriamim about the chlorophyll a and 

chlorophyll b reduction was done by Tahir and Farooq (1990) .Chlorophyll 

content was studied in the other species of Fagopynim by Krewson and 

Couch (1951) ; Kaczmarek . (1968) Nikofskii et al , (1969) The highest 

amount of nitrogen were estimated at 4.00 ng/mg and 4.05 pg/mg in the 

Darjeeling and Gangtok varieties and the lowest at 2.8 and 2.69 ng/mg , 

respectively ( Graph 4 ) . 

The carbohydrate was estimated in Fagopynim dihotrys (D. Don) Hara of 

both plants of Darjeeling and Gangtok habitats and the highest carbohydrate 

values were 50 mg/ gm and 48.50 gm, respectively but the lowest values 

were 37 mg /gm and 34 mg / gm, Respectively. This seems that carbohydrate 

content of the Darjeeling variety was a bit more than the Gangtok variety 

(Graph 5). 

The total amino acids of the Darjeeling and Gangtok varieties were at the 

range of 25 -11.20 |.ig /mg and 22.50 -11.8 )-ig/mg. respectively (Graph 6 & 



7). The highest protein contents were 20 |.ig/mg in the Darjeeling variety and 

17.5 )ig/mg in the Gangtok variety. The lowest protein reported at 11.25 |.ig/mg 

and 10.20 i-ig/mg in Fagopynim dihotrys (D. Don) Hara of Darjeeling variety 

and Gangtok variety, respectively (Graph 6 & 7). The report of Yarosh (1964) 

showed that the total proteins consisted of 22 -44 % albumins and 36-45 % 

globulins in both Fagopynim tataricum and Fagopynim esciilentiim. 

No works on the protein and aminoacids estimation of Fagopynim dibotrys (D 

Don) Hara has been found but Yardaniv et aL (1975) and Katiyar and Bhatia 

(1991) worked out on Fagopynim. esciilentiim. The latter authors found that 

Fagopynim esciilentiim posses better aminoacids profile with high lysine 

contents of 4.4 and 4.7 mg /100 GM protein., respectively. Similar work was 

done by Prakash et al.. (1987) in Fagopynim esciilentiim Moench. 

The measured values of the total phenol of Fagopynim dihotrys (D.Don) Hara 

were 15.01 mg/gm and 15.02 mg/gm in both Darjeeling and Gangtok varieties 

but afterwards the total phenol contents decreased its amount upto 10.02 mg/gm 

and 10 mg/gm. respectively (Graph 8) 

Peroxidase has been recognised as a principal enzyme controlling secondary 

metabolism. Different forms of peroxidase have been found in the protoplast and 

in the periplasmic space of higher plant (Mader et al 1975; Mader, 1976). They 

have also been noted to be present in the endoplasmic reticulum, dictyosome. 

tonoplast. vacuoles, plasma membrance and chloroplast (Liu and Lamport. 1974; 

Parish, 1975; Henry, 1975 a; Mader et al, 1975). They are totally involved in 

phenolic biosynthesis (Nakamura et al, 1974) and the enzyme has been used for 

the conversion of methione into ethylene (Yang. 1967) or peptides of methione 

into ethylene (Ku and Leopold. 1970). About the flavonol oxidizing enzymes 

like oxidase and peroxidase, the effective activity in the buckwheat organs was 

reported by Zhanaeva et al (1986) and Zhanaeva. (1990). Taking into 

consideration of this fact, the peroxidase was observed to be the highest 3 |.ig/ 

mg and lowest 1.25 f.ig/mg in both the varieties of Fagopyrum dihotrys (D.Don) 
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Hara (Graph 9). Wang ct al. (1996.) reported that during senescence of attached 

and deattached buckwheat leaves, the activities of catalase and superoxide 

dismutase decreased and lipid peroxidation increased. They also found that the 

treatment of detached leaves with ibenzyladenine, gibberllic acid, 2,4 -D . light 

and EDTA significantly delay senescence and inhibited the decrease in the 

enzyme activities. : 

Thus out of investigation in connection with quantitative estimation of 

various biochemical parameter. It appears that both the varieties of 

Fagopynim dibotrys (D. Don) Hara differ in their biochemical activities 

which may be due to genetic variation at the varietal level .As the secondary 

metabolism is an outcome of activities of various biochemical parameters an 

attempt has been made to estimate different secondary metabolites like 

anthocyanin and leucoanthocyanin in the two varieties of Fagopynim 

dibotrys (D. Don) Hara. This is essential in connection with the identification 

of the varietes from chemotaxonomy point of view. With this background 

anthocyanin content and leucoanthocyanin content were estimated and found 

that there was variation in the leaves of Darjeeling and Gangtok varieties of 

the plant. After the estimation of anthocyanin in the leaves, it was found 2.4 

mg/gm in the Darjeeling variety but the anthocyanin content was nil in 

Gangtok variety .In another instance, the leucoanthocyanin was measured 

with converting the secondary products into anthocyanidin by adding the 

2%HC1 into the solution and heating along with for about 0.5 hour .It was 

estimated from the intensity of red color of anthocyanin following the 

methodology purposed by Harborne (1973). That leucoanthocyanin was 

estimated 5% in the Gangtok variety whereas the leucoanthocyanin content 

was 3.3 %in the Darjeeling variety. Margna and Otter, (1971) and Troyer 

(1964) observed that anthocyanin content decreased without change in the 

leucoanthocyanin in etiolated buckwheat seedlings after a long exposure to 

light and its accumulation of leucoanthocyanin within the buckwheat seedling 

also depend on the externally introduced nutritive factors and light (Margna 
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et al. 1972. Margna. et al 1969; Margna et al. 1971). Oomah (1996) reported 

that the flavonoid content was strongly correlated with rutinoside content and 

weakly associated with antioxidative activities in buckwheat, while the 

rutinoside content was unrelated to antioxidative activity. Similarly the 

number of the works were published for the leucoanthocyanin and 

anthocyanin by Boss et al (1996), Zhang et al. (1998). Kannangara and 

Hansson. (1998), Shvarts et al (1997). Hung et al (1997). Justesen et al 

(1997), Ellis and Degruttola, (1989), Ellis (1987) in Fagopyntm esculentum. 

Chemical variation in anthocyanin and leucoanthocyanin content are however 

not yet report from Fagopynim dibotiys (D.Don) Hara . 

Moore et al ( 1970) utilised the knowledge of variation in flavonoids solving the 

taxonomic status of two taxa practically from morphological point. As two 

geographically different Fagopynim dibotiys ( D Don) Hara plants also differ in 

their content of anthocyanin and leucoanthocyanin . it is expected that both of 

them may be treated as to separate variety of Fagopynim dibotiys ( D.Don ) 

Hara . 

The flavonoids offer a number of advantages to solve the biological status of the 

plant from chemical point of view .A number of authors published observation 

on chemotaxonomical aspects (Harborne 1966b. 1975; Lowry 1972; Bate-Smith 

et al 1967; McClure and Alston 1966; Moore et al., 1970). 

Some authors have published on the other plants about the anthocyanin as 

genetic marker such as Ruebenbau^r and Ruebenbauer(l978 ) ; Vanghn and 

Lyeria (1978) ; Wiering and DeVlejming (1977); Nozzolillo (1978). (1979 ); 

Picard (1976 ); Arkator et al (1976 ); Gosch and Reinert (1978 ); Dooner and 

Nelson .(1977a ,b) .(1979) ; Doerschug (1976) ; Chen and Coe (1977) .That the 

production of anthocyanin of anthocyanin is controlled by temperature was 

reported earlier by several workers (Overton 1899 ; Shavarts et al . 1997: Hung 

et al . 1997 ; Alston . 1959 : Creasy:. 1968b ; Marousky 1968 : Meredith and 

Young 1968; Rutland 1968). 

During the study of Fagopynim dibotiys (D.Don) Hara collected from 
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phytogeographically different regions i.e. Darjeeling and Gangtok but 

maintained in the same environmental condition of NBU campus for a long time, 

it was found that cyanidin 3 glucoside and 3. 5 diglucoside were observed to 

occur in Darjeeling variety but no anthocyanin was isolated from the leaves of 

the Gangtok variety. All these suggest those two different phytogeographic 

plants of Fagopyriim dihoirys (D. Don) Hara have genetically fixed characters 

and may justify the creation of two varieties. 
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Summary: 

Tlie leaves of Fagopyrum dibotrys ( D.Don) Hara from both Darjeeling and 

Gangtok varieties were collected and estimated RNA, Carbohydrate , 

chlorophyll, nitrogen . proteins, total aminoacids . phenol and peroxidase, 

separately. Most of the examined biochemical parameters were differ in the 

Darjeeling variety and Gangtok variety of Fagopyrum dibotrys (D.Don) 

Hara. 

The leaves of Fagopyrum dibotrys ( D.Don) Hara were taken for the 

estimation of the leucoanthocyanin and anthocyanin from Fagopyrum 

dibotrys ( D.Don ) Hara of the Darjeeling and Gangtok varieties .The 

leucoanthocyanin was found more in the Gangtok variety than the Darjeeling 

variety .No anthocyanin was isolated from the Gangtok variety . but, 

anthocyanins was observed be present in Darjeeling variety . 

Fagopyrum dibotrys ( D.Don) Hara of the Darjeeling variety were also grown 

in the N.B.U campus condition for the estimation of leucoanthocyanin and 

anthocyanin from the leaves . The same observation is noted for the both the 

varieties from chemical and biochemical point of view. 

On the basis of chemotaxonomic viewpoint the nomenclatvu'e for the two 

varieties has been proposed as Fagopyrum dibotrys (D.Don) Hara var 

dibotrys Basu and Pradhan and Fagopyrum dibotrys (D.Don) Hara var alba 

Basu and Pradhan. 
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CHAPTER VI: GROWTH PHYSIOLOGY OF DIFFERENT 

VARIETIES OF'FAGOPYRUM DIBOTRYS (D 

DON) HARA COLLECTED FROM DARJEELING 

AND SIKKIM HIMALAYAS BUT MAINTAINED 

IN THE SAME ENVIRONMENTAL CONDITION 

OF N.B.U CAMPUS. 

Introduction: 

Fagopyrum dihotiys (D Don) Hara is a common plant growing wildly in 

both Darjeeling and Gangtok hills where the plant bears different leaf 

colour and floral arrangement .On the basis of different macroscopic, 

microscopic, chemical and biochemical characteristics different varieties 

of the plant have already been worked out and represented at chapter V 

in the thesis. Sometimes the same plant may differ in several characters, 

vv'hich are influenced by the environmental • factors. These plants are 

generally known as ecotypes as the characters of which are not 

genetically fixed .In order to determine Fagopyrum dibotrys (D.Don) 

Hara having different character are the varieties and not really the 

ecotypes. the two types of the plants were grown in the same 

environmental condition. Thus the plants collected from two regions 

were grown separately in the same experimental plot of the N.B.U 

campus (500m). Besides the Darjeeling plant was also studied in 

Darjeeling condition (Altitude 7, 500 ft) and the Gangtok plant was 

studied in Gangtok conditon (Sikkim, Altitude. 5500 ft). 

During investigation a number of growth parameters have been taken 

into consideration. Informations are available in connection with the 

effects of temperature and photoperiod on leaf appearance, expansion 

and growth duration of plants other than Fagopyrum dibotrys (D.Don) 

Hara (Van Esbraeck et al. 1997; Craufurd at al. 1997; Baker et al, 

1974;Hofstra et ah 1977; Ong and. Baker 1985;Cao and Moss, 1989; 

Kiniryetal 1991). 
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Thus in this part of work an attempt has been made to study growth 

physiology of different varieties of Fagopyrum dibotrys (D.Don) Hara 

maintained in the same condition. So that the knowledge will be helpful 

to justify their varietal status as well as their adaptability in the plains of 

North Bengal. 

Materials: 

Fagopyrum dibotrys (D Don) Hara was used as experimental material. 

The plants were collected from different places of both Gangtok and 

Darjeeling. 

Methods 

Preparation of chemical solution. 

Aqueous solutions of each of the micronutrients such as ZnC^, CuC12, 

MnCh were used at the concentrations of IC'̂ M, 10 '' M and lO'̂ M. 

Maintenance of soil moisture percentage 

The plantlets were transplanted from the nursery into the pots filled with 

sand and humus (1:1). Each pots were labeled as Soil A, Soil B and Soil 

C. Watering was done twice a day for Soil -A, once in every after two 

days for soil B and once in every after four days for soil C. With this 

operation the soil moisture Soil A. B andC were determined to become 

35%. 25 % and 15 % respectively. During determination of soil moisture 

percentage, the soil was collected at a depth of 3 to 5 inches from each 

pot. 

Determination of the soil moisture 

Each of the samples of soil was heated at 110 "C for 5 min .The 

percentage of soil moisture was calculated from difference in weight of 

soil samples. 

Preparation of NPK culture solution and treatment: 

NPK culture solutions were prepared after following the method 

of Premadasa (1981). Culture solutions were designed as NPK, -NPK -
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PK. -NK. -NP, -K. -P & -N. Negative sign symbolized their absence 

from the complete (NPK) solution. Altogether nine sets of culture 

solution were prepared including control with only distilled water. 

Culture solutions were fed through the soil after addition of 100 ml of 

solution/ plant / week upto flowering stage of the plant . Watering was 

done twice a day , once in the morning and again in the evening . 

Observed morphological characteristics . 

Followings were the morphological characteristics taken into 

consideration during investigation. Measurements were taken for each 

parameter and mean was calculated from twenty readings. 

Plant height 

Number 
leaves 

of 

Leaves area 

Fresh we 
of leaves 

ght 

Dry weight 
of leaves 

Petiole 
Length 

Number 
node 

Length 
rhizome 

Number 
branches 

Number 
fruit 
Fresh we 

of 

of 

of 

of 

ght 
of total 
biomass 
Dry we ght 
of total 
biomass 

The height of the plant was measured in cm from the 
ground level to the top. 
Total numbers of leaves per plant were counted . 

Outline of each of the leaves was drawn on paper and area 
was determined in sq cm with the help of planimeter. 

Fresh weight was taken from freshly collected leaves. 

Total number of leaves per plant was taken out, cleaned 
and kept in oven at 80 " C for two days and weight of the 
dry leaves were as calculated in gm. 

Measurement of the length of the petiole was done. 

The number of nodes in the aerial stem was counted. 

The length of rhizome was measured in cm. 

Total number of branches was counted per plant. 

The number of the seeds per plant was counted. 

Total fresh biomass of the plant was estimated . 

Different parts of the plants were separated, cleaned, 
chopped into pieces and kept at 80 C for 2 days. Total dry 
matter was determined. 
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Results and Discussion: 

The growth of Fagopynim diholrys (D.Don) Hara were studied after 

setting the experiments in three different areas, viz. Darjceling (West 

Bengal). Gangtok (Sikkim) and North Bengal University campus (West 

Bengal). Their growth performances were observed to differ according 

to different habitat condition. They varied in the number of parameter 

such as. height of the plant, number of leaves, total leaf area, length of 

the petiole, the number of nodes, average length of rhizome, the number 

of branch, the number of seed and biomass. 

The number of leaves in the Darjeeling and Gangtok (Sikkim) 

varieties of Fagopynim diholrys (D.Don) Hara maintained in the North 

Bengal University campus experimental plot was very less and found 4-

5 and 20.1 _+ 2 respectively whereas 40 to 45 in their normal habitats 

(Table 20 & 21). Beside the number of leaves of the plant of Darjeeling 

variety, it was also observed to vary the total leaf area as 250 sq. cm i.e. 

in N.B.U campus condition against 6795 sq. cm in Darjeeling condition 

but the Gangtok variety had 840.1 sq. cm in N.B.U campus condition 

against 3580 sq. cm in their original habitat in Gangtok. The mark 

differences were also found in the height of the plant. The height of 

Darjeeling variety was found to. become 144 cm in NBU campus 

condition but the plant was reduced to their height of 96 cm. Likewise, 

the Gangtok variety plotted in NBU campus condition was found to 

grow upto 60 cm against 105 cm ft in the original habitat condition of 

Gangtok. These seems that Darjeeling variety can assumed height more 

than the Gangtok variety despite less in the number of the leaves when 

grown in the N.B.U campus .The total biomass per plant for each of the 

varieties of plant grown in their normal habitat as well as in N.B.U 

campus condition were determined .The biomass per plant of Gangtok 
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and Darjeeling varieties were observed and found to become 250 gm and 

255 gm. respectively in N.B.U campus as compared to their natural 

habitat where 498.8 gm and 577.3 gm was measured .respectively ( 

Table 20 and 21 ) . 

The plant of Darjeeling variety was found with a few seeds during the 

fruiting period in Darjeeling condition (Table 20) but no seeds were 

obtained from the Gangtok variety from its natural habitat. This 

Table 20 .'Observations on growth of Darjeeling variety of Fagopyrum 

dibotrys (D.Don) Hara grown in N.B.U Campus as well as in the original 

habitat condition of Darjeeling. 

Growth parameter 

Heiglit of the plant (cm) 

No of leaves/plant 

Total area of leaf (sq cin) 

Fresh weight of total red leaves 

/plant(gm) 

Dry weight of total red leaves 

''plant (gm) 

Length of red petiole /plant (cm) 

No of nodes in the aerial part of 

the red stem 

Length of a rhizome /plant(cm) 

Number of branch / plant 

Number of fruit/ plant 

Fresh wt of biomass/plant (gm) 

Dry w.t of biomass /plant (gm) 

N.B.U 

campus 

96.1 

5 

250 

4.3 

0.36 

8.2 

14 

II 

3 

0 

255 

29 

Darjeeling 

Plot 

144.2 

45 

6795 

98.5 

9.63 

10.5 

11.2 

9 

11.7 

4 

577.3 

58 
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Table 21 : Observations on growth of the Gangtok variety of Fagopynim 

dibotrys (D.Don) Hara grown in N.B.U Campus as well as in the original 

habitat condition of Gangtok. 

Growth parameters 

Height of the plant (cm) 

No of leaves/plant 

Total area of leaf (sq cm) 

Fresh weight of total green 

leaves /plant(gm) 

Dry weight of total green 

leaves /plant(gm) 

Length of green petiole 

/plant (cm) 

No of nodes in the aerial 

part of the green stem 

Length of rhizome 

/plant(cm) 

Number of branch / plant 

Number of fruit/ plant 

Fresh weight of biomass 

/plant (gm) 

Dry weight of biomass 

/plant (gm) 

N.B.U 

campus 

( mean) 

60.1 

20 

840 

43.0 

3.6 

6.1 

14 

11 

10 

0 

250 

27 

Gangtok 

plot (mean) 

105.2 

40 

3580 

49.9 

4.71 

10.2 

10.1 

9 

10.9 

0 

498.8 

50 
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Table 22: Comparison of the growth parameters studied upon the 

Darjeeling variety of Fagopynim dibotrys (D.Don) Hara in the Soil B 

and Soil C at the N BU campus . 

Growth parameters 

Height of the plant (cm) 

No of leaves/plant 

Area of total leaves /plant 

(sq. cm) 

Length of red petiole 

/plant (cm) 

Fresh weight of total red 

leaves /plant(gm) 

Dry weight of total red 

leaves /plant(gm) 

Number of nodes /plant 

Number of branch / plant 

Length of rhizome 

/plant(cm) 

Number of fruit/ plant 

SoilB 

63 

4.0 

169.2 

6.;i 

42.3 

0.67 

13-

4 

8.2 

0 

SoilC 

24' 

1.5 

24.15 

6.8 

24.2 

2.3 

13 

2 

10.3 

0 



Table 23 : Comparison of the growth parameters studied upon the 

Gangtok variety of Fagopyriim dibotrys (D.Don ) Hara in the Soil B and 

Soil C at the N BU campus . 

Growth parameters 

Height ofthe plant (cm) 

Total leaves areas /plant 

Length of green petiole 

/plant (cm) 

Fresh weight of total leaves 

/plant(gm) 

Dry weight of total green 

leaves /plant(gm) 

No of leaves/plant 

Number of nodes/plant 

Number of branch / plant 

Length of • rhizome 

/plant(cm) 

Number of fruit/ plant 

SoilB 

54 

382 

5.9 

374 

3.5 

10 

13.3 

4 

8.1 

0 

SoilC 

36 

301.2 

7.1 

353.1 

3.35 

6 

' 14 

2 

10.9 
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Table 24: Mean meteorological data from different stations. 
A.Gangtok(1992-1996) 
B.Darjeeling (1993-1997) 
C. North Bengal University Campus (N.BU Campus) 

Mo 
nth 

.Ian 

Feb 

Marc 
-li 

April 

May 

.lune 

.luly 

.Aug 

.Sep 

Oct 

Nov 

Dec 

Avg 
/mo 
nth. 

Monthly rainfall ( 

A 

47.68 

82.44 

I I7 .6 
2 

223.9 

8 
617.7 
2 

536.7 
6 
654.4 

626.7 
4 

395.8 

267.8 

54.8 

14.92 

303.4 
0 

B 

37.16 

42.82 

56.9 

200.46 

269.94 

717.4 

878.82 

681.46 

562.04 

90.5 

10.7 

7.96 

296.30 

mm) 

C 

8.5 

14. 

6 
25. 
-) 

101 
.4 
262 
.1 

618 
.6 
740 
.7 

626 
.5 

375 
.1 

135 
.5 

12. 
7 

4.3 

243 
.8 

Number o f rai 

A 

11.6 

14.8 

17.0 

18.0 

28.4 

28.4 

30.8 

30.6 

27.2 

17.8 

8.6 

5.0 

19.8 
5 

B 

9.8 

14.4 

11.6 

16.2 

27.2 

27.2 

30.6 

28.4 

26.8 

16.8 

4.6 

4.6 

18:1 

ny day 

C 

l. i 

1.4 

2.4 

6.2 

12.7 

20.4 

23.2 

22.6 
4 

16.6 

8.1 

2.1 

0.8 

9.7 

Mean 

A 

max 

10.7 

12.5 

17.1 

20.9 

21.3 

21.7 

21.7 

21.8 

21.3 

19.4 

16.5 

13.3 

18.1 

max and 

min 

5.08 

6.0 

9.7 

12.5 

14.6 

17.6 

17.3 

17.3 

16.4 

13.4 

9.9 

6.8 

12.1 

min .Temper 

B 

Ma 

x 

16. 

J 
16. 
2 
19. 
0 

2 1 . 

3 
2 1 . 

5 

22. 
3 

22. 
0 
22. 
7 
22. 
3 
22. 
9 

2 1 . 
5 

19. 
1 

2 1 . 
4 

mil l 

1.1 

2.1 

6.4 

8.0 

9.9 

13. 
0 

13. 
6 
13. 
6 
12. 
3 
9.0 

5.4 

2.4 

8.0 
6 

Jture 

C 

max 

22.8 
4 
21.3 

25.6 

28.4 

34.4 

22.5 

33.7 

32.4 

29.6 

29.8 

27.2 

25.4 

27.9 

Min 

10.2 

14.6 

17.6 

19.4 

22.5 

23.1 

24.8 

20.7 

21.6 

21.2 

17.4 

12.2 

18.3 
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Table 25: Effect of NPK and mineral nutrients on the growth of the 

Gangtok variety of Fa^opynim clihotrys (D.Don) Hara in N.B.U Campus 

condition. 

Treatni 

ent 

NPK 

-N 

-P 

-K 

-NP 

-NK 

-PK 

-NPK 

ZnCI; 

:n-''M 

ZnCI; 

10--M 

ZnCI: 

10 - ' M 

CiiCI: 

lO'M 

CiiCi: 

lO'M 

CuCI; 

10 ' M 

MnCl: 

IO-'M 

MiiCI: 

IO-'M 

MnCI: 

I(I"M 

Conirol 

No of 

leaves/planl 

20.1-^1,1 

3.6 J* 

16 + 0.92 

-0.10 

2 0 + _ 0.91 

4.2 v 

20.3+_0.71 

5.91 •» 

19.3+_0.72 

4.44 •» 

18.0+_0..'il 

3.72 

19.1 +_0.79 

3.79 

16 .9+0 .81 

0.987 

!5.8+_0.59 

-0..^0 

18.8+_0.41 

6.58 « 

18.0 +_0.34 

5.58 * 

18.1 +_0.61 

3.27 *• 

16.8+_0.74 

0.945 

16.1+_0.S6 

0 

20+_ 0.57 

6,8 r 

10.1+_0.76 

-7.89 

18.5+_0.95 

2.52 * 

16.1 +_0.60 

Area ol' total 

leaves /plant 

906.5^_ 1 72 

46.8 * 

576.48+_2.l 

-77.7 

784+_ 1.50 

29.43 » 

958.16+-2.7 

80.8 * 

754.63+_3.0 

4.92 « 

768.6+_1.3 

22.11 » 

804.!1+_2.1 

30.6 * 

648.96+_1.2 

-59.79 

583.02+_1.7 

-92.25 : 

735.08+_l:.l 

-3.38 

779.22+_219 

13.57 « 

704.09+_l;.8 

-2.0 

645 .12+2 .9 

0.30 

582.S2+_3.1 

-50.65 

882+_1.39' 

102.2 #• 

720.38+_2.1 

-8.42 

723.35+_2.1 

-5.67 

739.85+_1.4 

Dry wt (gm) 

of Total 

leaves/planl 

8 .9K 0.71 

2.56 » 

5.63+_0.91 

-1.60 

7.10+_0.4I 

0.024 

9.1+^0.42 

4.785 

7.0+_0.59 

-0.152 

7.1+_0.3I 

0.032 

7.8+_0.71 

-1 

6.15+_0.I7 

-5.52 

5 .4+0 .29 

-5.82 

7.01+_0.61 

-0.13 

7.15+_0.71 

0.084 

6.9+10.21 

-0.904 

6.I5+_0.31 

-3.03 

5.51+_0.39 

-4.05 

8:20+_0.09 

12.33 

6.96+_ 1.3 

-0.01 

6.9S+_ 0.21 

-0.5 

7.09 +_ 

No or 

branches 

(mean) 

1 6 - 0 . 9 1 

6.593 *• 

6+_0.5I 

-7.84 

11+_0.71 

1.408 

16+_0.69 

8.69 

10+_0.-62 

0 

12+_0.29 

6.89 *-

12+_0.31 

6.45 »» 

10+_0.39 

0 

10+_0.09 

0 

10+_0.34 

0 

6+_0.31 

-12.90 

11+_0.17 

5.88 »• 

12+_0.14 

14.28 *• 

IO+_0.24 

0 

10+_0.37 

0 

5+_0.24 

-20.833 

10+0 .19 

0 

10+_0.12 

•Siunincaiitly greater than eoiitrol at I " 

**Sii!nillcantlv ureater than control ai 5' 

ii level ot'sienilicancc. 

•o level of siunitlcance 



Table 26. Effect of NPK and mineral nutrients on the growth of the 

Darjeeling variety of Fagopyriim dibotiys (D.Don) Hara in N.B.U 

Campus condition. 

Treatnic 

nt 

NPK 

-N 

-P 

-K 

-NP 

-NK 

-PK 

-NPK 

ZnCI; 

IO-'M 

ZnCI: 

IO'"M 

ZnCI: 

10 "M 

CiiCI: 

lO'M 

CuCI: 

l()-M 

CuCI: 

i n " M 

MnCI: 

lO'M 

MiiCI: 

10--M 

MnCI; HY 

"M 

Conlrol 

No of 

leaves/pl 

ant 

(mean) 

5+_0.31 

0.90 

3.9+J).2 

0.952 

4.6+_0.2 

2.27 < • 

4.9+_0.1 

4.70 r 

4.5+_.31 

1.29 

4.6+_.35 

1.428 

4.2+_.24 

0.416 

3.6+_.2l 

-0.023 

4.0+_.15 

-0.0066 

4 .K_. I7 

0 

4.0+_0.2 

0.0058 

4.0+_ 10 

0 

5.0+_.13 

6.923 * 

3.9^_.14 

1.42 

4.5+_.17 

2.35 t 

3.9+_.17 

1.17 

4.0+_.12 

0.833 

4.1-(-_.21 

.Area of total 

Leaves /plant 

(sq cm) 

250+_ 1.2 

4J.5 y 

205+_0.86 ; 

5.58 * 

210+_0.71 • 

U.80 

237.2+J).9 ' 

10 

20I.24-_0.2I 

4.76 

207.1 +_0.29 

2.37 >t 

I97.2+_0.3I 

-9.67 

I89.5+_0.I-

10.7 

206.54-_0.7l 

17.46 *• 

2!2.6-^_0.71 

17.46 

208. lH-_ 0.41 

19.26 

210.24-_7.l 

1.40 

250.H-_6.0 

8.3 r 

l90.0K_2.a 

-5.09 

225.54-_3.4 

7.44 r 

200.54-_l.25 

0.24 

205.7-<-_l.2 

4.58 » 

200.2-<-_0.12 

Dry « t of 

total leaves / 

plant (gm) 

2.4-^_ 0.21 

1.8571 ir* 

2.{)+J).43 

-0.023 

2.34-i-_0.29 

1.13 

2.14-^_0.31 

0.419 

2.044-0.28 

0.1071 

2.034-_0.31 

0.064 

1.864-0.11 

H.36 

2.11+_0.12 

0.833 

2.024-_O.I9 

0.052 

2.I04-_0.31 

2.290 

2.024-_0.15 

0.66 

2.034-_34 

0.05 

2.404-_0.15 

2.6 

!.89-_0.23 

-0.52 

2.2l4.J).41 

0.487 

2.054-J).37 

0.10 

1.994-_0.28 

-0.07 

2.01-^_0.19 

No of 

branclies/p 

lant(mean) 

3.14-0.16 

6.75 • 

3.04-_0.20 

-t.9 ^ 

3.04-_0.19 

5.15 * 

2.14-0.09 

0.88 

2.24-_0.0S 

2.25 

2.I4-_0.12 

0.66 

3.04-_0.21 

4.66 * 

3.04-_0.18 

5.44 * 

2.24-_0.21 

0.857 

2.054-_0.4 

0.75 

2.074-_0.9 

1.8 

2.06+_0s2 

0.33 

3.014-0,08 

U J 7 

2.07^_0.2 

-0,25 

2.024-_0.1 

0 

2.0l4-_.02 

0 

2.014-_ 0.09 

-0.1 1 

2.024-_0.21 

Siynificanily 

**SiL'nificantlv i 

greater than control at I 

ireater iliati control at 5" 

"o level of significance. 

I level ol'siiinificance. 
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observation may be considered as a new report.However, both 

Darjeeling and Gangtok varieties when maintained in Soil A of N.B.U 

campus did not produce any fruit .As regards to other parameters the 

performance of both the varieties has been observed to be more or less 

the same, when they are grown in the same environmental condition of 

N.B.U campus as discussed earlier. There is no doubt that these two 

types of plant cannot be treated as the ecotypes .On the basis of 

genetically fixed characters like leaves shape as well as colouration leaf 

and stem which may suggest to consider as two varieties of Fagopyrum 

dibotrys (D.Don) Hara .So. in this connection of production of fruit in 

the plant, the environmental factors specially the temperature may 

control the same. Because of the fact that, the Darjeeling variety which 

produces fruit in the cold climatic condition of Darjeeling is unable to 

produce fruit in hot climatic of N.B.U campus. 

In order to understand the effect of soil on the growth of two varieties of 

Fagopyriim dibotrys (D.Don) Hara. both of them were maintained in soil 

B and C in N.B.U campus condition .The growth parameters such as 

height of the plant, number of leaves, total leaf area, length of the 

petiole, the number of nodes, average length of rhizome, the number of 

branch, the number of seed and biomass as discussed earlier were taken. 

In the Table 22. it has been shown that the Darjeeling variety produced 

the leaf area of average 169.2 sq. cm and 24.15 sq. cm at 25%and 15%. 

soil moisture condition, respectively. The height of the plant was also 

observed to decrease with the decrease in the soil moisture of Soil B and 

Soil C and attended 2.land 0.8 ft, respectively. It was also noted that the 

plant could not flower during its reproductive periods in the NBU 

Campus condition (Table 22). 

Similarly, the growths of the Gangtok variety were studied in the Soil B 

and Soil C in the N B U campus. In this case also number of leaves were 

observed to be varied with the moisture percentage decrease in the soil. 



However, a noteworthy thing was that the production of leaves was more 

in the Gangtok variety than in the Darjeeling variety though the 

conditions are same .It produced 20 leaves with average 840 sq cm of 

leaf area. The average length of the rhizome per plant increased as the 

moisture percentage in the soil decreased and in no case the Gangtok 

variety flowered in the N.B.U campus condition. This observation of 

which was similar to that of Darjeeling variety (Table 23). No report so 

far is available in connection with the growth physiology of Fagopyrum 

dibotrys (D.Don) Hara but Satoh (1996) and Wang et al (1996) have 

done few works on the other species of Fagopyrum. The comparative 

statement on the Darjeeling variety and Gangtok variety is that plant 

growing in Gangtok condition can survive effectively at the high 

temperature of N.B.U campus as compared to Darjeeling variety. 

Though overall decrease in growth may be due to environmental factors 

such as temperature, humidity, sunshine, soil moisture etc. From the 

meterological data (Table 24). it is; obvious that the Gangtok variety has 

the capacity to cope with higher temperature as compared to the 

Darjeeling variety .The results obtained from the study of growth of the 

plants in different soil condition explained that Soil A condition having 

much higher percentage of moisture, was good for the growth of both 

Darjeeling and Gangtok varieties- .hi case of the Darjeeling variety 

however large differences were observed during the study of the plant in 

Soil A .Soil B and Soil C condition .This seems that Soil A condition 

i.e approximately 35% soil moisture, is extremely needed for the growth 

of the Darjeeling variety of Fagopyrum dibotrys (D.Don) Hara whereas 

in the Gangtok variety . the growth was observed in all soil conditions 

comparatively well than the Darjeeling variety .though the moisture 

percentage in the soil was less than the control . 

In connection with the study on the effect of various N.P.K combinations 

on both the varieties of Fagopyrum dibotrys (D.Don) Hara. -K culture 

solution was observed to be best for the Gangtok variety because the 
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number of leaves were 20.3 per plant with the total leaf area 958.16 sq. 

cm, dry weight 9.1 gm and the number of the branches were 16 per plant 

per plant against the control 16.1.739.85 sq cm. 7.09gm and 10 per plant, 

respectively (Table 25). Similarly, the NPK culture solution treated to 

the Gangtok variety produced 20.1 leaves per plant, the total leaf area 

906.5 sq. cm per plant, 16 branches per plant and dry weight of leaves 

8.91 gm per plant .The plants maintained in -N culture solution 

produced 6 branches per plant, 16 leaves per plant, 576.48 sq. cm of total 

leaf area per plant and 5.63 gm of dry weight of leaves .The number of 

leaves in other treatments such as :-N, -P, -NP, -NK, -PK, -NPK were 

16,20,19.3. 18.0, 19.1 andl6.9 per plant , respectively against the 

control 16.1.The area of the leaves were measured and found that 

576.48, 784. 754.63. 768.6, 804.11 and 648.96 sq cms per plant were 

observed inconnection with -N.-P, -NP.-NK,-PK,-NPK 

treatments,respectively as compared to control showing 739.85 sq cm. 

Total dry weight of the leaves we're also taken and found 5.63. 7.10. 

7.0,7.1,7.8 ,6.15 gms per plant with the treatment of -N,-P, -NP,-NK,-

PK,-NPK ,respectively over the control 7:09 gm .The number of 

branches were counted for all the treatment of -N,-P, -NP,-NK,-PK,-

NPK and found 6.11, 10,12,12 and 10 per plant ,respectively over 

control 10 , which suggests that the -N culture solution gave very 

unsatisfactory result in comparison to others .Thus it may be concluded 

that nitrogen is essential for good growth of the Gangtok variety of 

Fagopyrum dibolrys (D.Don ) Hara ( Table 25). ' 

But the performance of the Darjeeling variety in the NBU campus 

condition did not show any promising results in comparison to that of 

Gangtok variety though it was observed that NPK (complete) and -K 

culture solution were essential for showing good growth of the plant. 

Out of investigation it may be suggested that nitrogen is essential for 

showing good growth of both the varieties 
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The different concentrations 10"" M. 10 ""' '̂" and 10 "̂  M of Zn C! 2-

CuCh and MnC12 were also prepared for the plant growth study of on 

both Darjeeling and Gangtok varieties. In case of the Darjeeling variety, 

Zn CI 2 10' M and 10""̂  M showed a very promising result in connection 

with the total leaf area per plant as 779.22 sq. cm and 735.08 sq. cm. 

respectively over the control 739.85 per plant. However, there were 10 

branches in 10'""' M Zn CI i culture solution as compared to 10'̂  M of Zn 

CI 2. which produced 6 branches per plant as against the control 10 per 

plant. 10"'' M culture solution of CuCb gave good results with 18 leaves 

per plant, the total leaf area 704.09 sq. cm per plant, dry weight of 6.9 

gm per plant and 11 branches per plant. Similarly, MnCh 10"" M 

developed the plants with 20 leaves per plant, the total leaf area 882 sq. 

cm per plant, dry weight 8.2 gm per plant and the branches ten in 

number per plant. The treatments of MnCh 10"""'M and MnCh 10"̂  M 

were also studied and found the number of leaves 10.1 and 18.5, 720.38 

sq. cm and 723.35 sq. cm of total number of leaf areas 720.38 and 

723.35 sq cm per plant. 6.96 gm and 6.98 gm of total leaves dry weight 

per plant and the number of branches 5 and 10 per plant over the control 

16.1, 739.85 sq. cm, 7.09gm and 10, respectively. (Table 26). In case of 

the Darjeeling variety, no such mineral or micronutrients in the diffrent 

combination can bring back the significant growth as in the original 

habit or as Gangtok variety. But in this variety also, N.P.K and - K 

culture solution treatment gave good response as compare to control. 

Until now there was no report in connection with the growth physiology 

of Fagopyrum dibotrys (D Don) Hara in relation to the effect of NPK 

and other inorganic nutrients. But in connection with other species, there 

was a strong positive linear relationship in Fagopyrum esculentum 

between N and the coefficients of P, K. Ca and Mg in the green manure 

treatments with or without the biodecomposer worked out (Kpakpo et 

ah, 1997). Saini and Negi (1998) reported that the effect of spacing and 

nitrogen on Fagopyrum lalaricum. (L) Gaertn under dry temperature 
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conditions. Fagopyntm emarginatiim was studied with the treatment of 

CuSo4. Mn S04, Co (N03) 2 or ammonium molybdate and it was reported 

that there was an increase in rutin and cyanidin content due to CuSo4 

treatment (Grinkevich and Ivanova, 1970). 

So. the detail is necessary for the growth study to understand in the 

micronutrient correlation with the growth of the plant in both varieties. 
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Summarj': 

The growth of Darjeeling and Gangtok varieties of Fagopyrum dihotrys 

(D.Don) Hara were studied separately in the different experimental plots 

of Gangtok, Darjeeling and N.B. U campus. The growth of the 

Darjeeling variety was observed to be much less in comparison to that 

Gangtok variety, when they were grown in NBU campus condition. 

They were compared considering the number of parameters such as 

height, leaves number, leaf area, number of branches, flower, fruit etc. 

The effect of water stress condition on the growth of two varieties of 

Fagopyrum dibotrys (D. Don) Hara was studied involving various 

growth parameters and found Soil A which contain approximately 35% 

soil moisture was observed to be suitable for the Gangtok variety to 

obtain the large number of leaves in comparison to the Darjeeling 

variety. 

Growth pattern were different in different condition of nutrient solutions 

were prepared with nitrogen, phosphorus and potassium to culture 

Fagopyrum dibotrys ( D.Don ) Hara .Out of all the treatments , -K and 

NPK ( complete ) culture solution was observed to be the best for the 

Gangtok variety and Darjeeling variety . The different concentrations 

ranging such as 10"̂ ' 10'""' and lO"'' M ZnCf-;., CuCh and MnCh were 

prepared for the plant growth studies. ZnCh 10'̂  M and 10'" M gave 

good result for the Gangtok variety only. The NPK (complete) and 

CuCh 10'"̂  M were observed to be only suitable for showing better 

growth of both varieties. 



CHAPTER VII: ETHNOMEDICINAL DEVELOPMENT IN SIKKIM 

AND DARJEELING WITH SPECIAL EMPHASIS TO 

FAGOPYRUMDIBOTRYS (D. DON) HARA 

Introduction 

The term "ethnobotany'" was first used by Harshberger (1885) and its scope 

was much elaborated later, since then it takes of interest (Jain, 1986: Ford. 

1978; Faulks. 1958: Martin, 1995). Ethnobotany in the wider context denotes 

the entire realm of useful relationship between plants and man (Arora. 1997). 

Ethnobotanical studies assume great importance in enhancing our knowledge 

about the plants grown and used by native/ tribal communities. The Sikkim 

and Darjeeling Himalayas are good sites for the ethnobotanical study. Many 

different communities reside with the different dialects (Malloy. 1907; Dash, 

1947). So. each community has practiced the ethnomedicine in their own 

way. The tribal people are accustomed with the use of wildly grown plants as 

their foods or for the medicinal purposes. The number of data has been 

collected about the wildly grown plants and the tribal medicines of plant 

products sold in the markets of Gangtok in Sikkim (Hajra and Chakraborty. 

1981: Raju and Krishna. 1986: Sundriyal et al.. 1992.1994). The medicinal 

practices of this hill of Sikkim have also been discussed by Rai and Sharma 

(1995). In Sikkim and Darjeeling Himalayas, the settlement of different 

communities may develop the complex ethnomedicinal system by 

exchanging their views. During survey it has been observed that different 

parts of Fagopynim dihotrys (D.Don) Hara are being used by the local people 

as a remedy against various diseases. In this part of work an attenipt has been 

made to investigate the development of ethnobotanical aspect in the region of 

the Darjeeling and Sikkim Himalayas and to carry out pharmacological 

experiments in connection with scientific evaluation of Fagopynim diholrys 

(D.Don) Hara. 



Material and Methods 

a) Ethnobotahical Survey in Sikkim and Darjeeling. 

Survey was made in the different places of Darjeeling and Sikkim .A number 

of priest doctors of different communities was consulted. Oral interviews 

were taken about the use of Fagopyrum dihotrys (D Don) Hara. The quantity 

of the plant extract used by medicinemen were measured by taking measuring 

cylinder into the field or by bringing the sample in the laboratory for 

weighting. Various informations were gathered from different libraries such 

as Community Hall. Gangtok, Sikkim Science Society. Gangtok Indian 

Institute of Tibetology, Deorali and North Bengal University, 

Rajarammohunpur West Bengal. 

b) Ethnobotanical survey in Kathmandu. 

Oral interview was taken from the baids of Kathmandu who are still in 

touch with the people of Sikkim State for their medical treatments. Asha 

Archieves library of Kathmandu was consulted to know about the baid 

tradition in the Sikkim State. 

Results and Discussion. 

Although 15-20.000 plants species in India are reported to possess 

medicinal properties (Ahmad and Srivastava. 1977), however, only about 

100 are more commonly exploited by pharmacists for manufacturing drugs 

(Jain. 1977). It is only in recent years that an attempts to cultivate medicinal 

plants on mass scale have been directed example, ergot {Claviceps purpurea 

Fr tul). Sarpagandha {Ramvolfia serpentina Bth. Fagopyrum esculentum 

Moench. (Singh and Khan. 1990; Sood ET al. 1982) Information of drugs 
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yielding plants known from that particular area where modern medicine have 

not yet reached but the native who suffer from various diseases received 

treatment from the head medicine man of the village etc. Utilising the herbal 

medicine obtained from the plants growing in their respective localities 

(Singh and Khan. 1990; Sliarma and Rai. 1995: Pradhan and Basu. 1998). 

This approach, in recent years, has received a lot of attention in India and 

abroad (Bliattacharjee, 1980; Hemadri, 1980,1981; Karnick et al., 1981; 

Nautiyal 1981; Sharma 1981; Jain. 1981; Vartak and Mandavgana 1981; 

Khan and Chaghtai 1982: Brahman and Saxena 1989;Pandey et al.. 1981; 

Singh et al.. 1984:Singh and Khan.. 1989;Wagner. 1993; Pandey et al.. 1981; 

Singh and Pandey 1986; Hemadri 1981; Nath 1968; Jain 198r,Karnick et al., 

1981; Singh 1986; Nautiyal, 1981; Saxena and Shukla. 1971; Singh and 

Abrar. 1989). 

The World Health Organization recognized that these traditional 

medicinal herbs do have healing properties, and therefore research should be 

stepped up (Singh and Khan, 1990). Akerele (1987) pointed out that the flora 

remained virtually unexplored from'the point view of practical utilization in 

most developing countries, yet past experience showed that many valuable 

drugs have been derived from plants-. 

The information about the utilization of traditional medicines indicates that it 

needs scientific approach to understand the efficacy of traditional herbal 

medicine. In recent development, the modern scientific tools help to isolate 

many new compounds of therapeutic value, which so far were not known in 

plants (Basu 1997). 

During the study of Sikkim and Darjeeling Himalayas, the ethnomedicinal 

information has been collected from the tribal people (Lepcha. Bhutia and 

Sherpa )and local people (Nepali ) who were found to be settling in an areas 

where no proper development and facilities of the modern medicine reach. 



Because on tracing into the history, the Lepcha were the aboriginal 

inhabitants of Silckim and people of Tibetan origin called Bhutias took refuge 

in the country (Gorer. 1984; Thakur, 1988). The culture and customs as well 

as memories of their tradition of Lepcha are available in the jungles of 

Sikkim and Darjeeling (Rustomgi, 1987). However, they have immense 

knowledge in the plants and animals are concerned (Gorer. 1984). Bongthing 

or medicinemen and nun are the doctors of this tribe. In fact . they treat 

bongthing as a psychiatrist, medicinemen . spiritualist , preacher and a priest 

all rolled in to one .The word bongthing is the derivative of the two words 

abong and athing . "Abong" means the trunk, the main or the original and 

"athing "means honourable and the highly respected one. Originally, the 

word stood as abongthing, but due to local usage h is abbreviated almost all 

compound to become bongthing the original highly honoured and respected 

one. Now. coming back to the learning the function of nuns and bongthings 

as priests, the student does not have to learn anything like what the lama 

apprentice into the buddhist regilion has to do (Foning. 1987). The priests, 

bongthings and nuns transmitted their skill orally by chanting and singing 

with appropriate gestures (Sen. 1985;Gorer. 1984). These methods might be 

useful to transfer ethnomedicinal knowledge to other coming generations. 

The Lepchas used the plants for the diseases when neither botanist nor 

naturalist were present because of the knowledge of plant was clearly known 

to them. Among the hill peoples living in the regions the Lepcha still observe 

the tradition of digging roots and drugs and they can discriminate with 

wonderful skill the poisonous vegetables from the edible; they know that 

which grasses were good against diseases and in what season they were to be 

eaten, and they know the names of all grasses. Lepcha names are usually 

reliable (Thakur. 1988; Kawaiguchi. Op .Cit). Lepcha herbalist Mr S.D 

Karthak also equivocally was mentioned by Biswas (1956) in his work and 

world renowned explorer of Sikkim Himalayas, Joseph Dalton Hooker 

mentioned in his Himalayan .lournal about the the Lepchas wonderful 
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knowledge on Sikkim plants. In his book, it is written that the womenfolk, for 

example, make excellent mirse.'i and men have been of immense help to 

botanists in locating and identifying species. The Lepchas therefore knew the 

identification of plant in their region (Gorer. 1984; Cowan and Cowan. 1929; 

Thakur. 1988). 

Disease is very rare among the Lepchas and opthalmia. elephantiasis and 

leprosy, the scourges of hot climates, are rarely known (Hooker. 1855). These 

paved an idea that the medicines used by the Lepcha tribals would treat the 

root of the disease and without resulting into the side effects. 

Beside the Lepcha. other people of Tibetan origin called Bhutias took refuge 

in the Sikkim (Before the division of Sikkim and Darjeeling) played the 

important role for the development of the ethnic communities .The Lepchas 

adopted the king from the Bhutia community (Foning, 1987; Thakur. 1988). 

Later, the economic relegation of the Lepchas was accentuated by Bhutia 

cultural domination. The Lepchas, who were spirit worshippers, embi'aced 

lamaistic Buddhism somewhat half-heartedly. (Gorer 1984; Foning, 1987). 

The lamasim was introduced into Sikkim in about 1641. the date of accession 

of first Lamaist king Penchoo Namgye. He is said to have been made king by 

the three lamas who were fugitives from Tibet, following the violent 

struggles between the yellow Hats and Red Hats and possibly due to Chinese 

or Mongolian intervention (Gorer, 1984;Thakur, 1988; Thakur and Lepcha, 

1981: Risley 1905; Rustomgi, 1987)̂ . 

Their history led to rethink that the civilization of those days may be without 

good medical facilities. Again, the question was raised, how can they sustain? 

However, it is not clear whether they were medical men or not but the lamas 

travel started from, those time of Bhutia immigrated to Sikkim (White. 1909; 

Thakur. 1988). On the study of the historical events from the books, it is 

evidenced that lamas played the roles in the development of the country with 

administratively (White, 1909 ). However. White (1909) stated in one 
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instance in his books that " the medical officer with his wife also 

arrived hungry on the scene, also to find no one at home". Simiiiarly. in other 

instance, the involvement of the Tibetan doctor in the murder of the king was 

described in Sikkim Coronation. These explained that the king kept the 

medicine man or lama near to his courtyard. 

Alexanda Dravid -neel. a tibetan scholar, who spent thirteen years in Tibet 

and her writing introduced to the world much that is now known about 

lamaistic Buddhism in Tibet .She said that the monks of Sikkim are for the 

most part of illiterate and have no desire to be enlightened even about the 

Buddhism which they profess. (Rastomgi. 1987: Lall. 1981). There is 

possibility that the Buddhism in Sikkim may differ from that of other place 

and may have different ethnic practice .For this reason, the ethnobotanical 

informations were collected from the region. 

Lamas learnt some of the knowledge from the bongthing also, in the later part 

of development. It is clear from these statement made by Lepcha writer. 

Foning (1987) in his book is that " — brilliant, highly intelligent and far 

sighted lama sought out and made contact with a highly attained bongthing. 

Thekung Mensalong. the native .snanmnisic priest. Learning from him all the 

inherent beliefs of the autochthons, their various objects of veneration, and 

base of their faith". From this fact, it could be realised that lamas of Sikkim 

gathered the knowledge of other ethnic practitioners and for which reason the 

ethnic development of Sikkim may be considered as mixed type and could 

have certain impact on the ethnobotanical development in the region. This 

ethnobotanical development which is still growing in these regions. 

Nevertheless, the other part of the world nowadays took the interest on the 

lamas and amities practices. These development of practices for the medicine 

prescription were from the long period .As Lamas were practicing medicines 

in the regions Buryatia. Tuva and Kalmykia succeeded in adopting many 
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species of the local plants as substitutes for the traditional Indian and Tibetan 

ingredients (Rechung 1973). Taking into the consideration of their 

importance, the lamas, amchies. bongthing and other medicinemen cannot be 

avoided. 

The ethnobotanical or ethnomedicinal development in Sikkim was also 

coordinated with the help of other medicinemen. Here, it has been discussed 

how does the Newar medicinemen might have entered into Sikkim. 

Under the leadership of Raja Prithvi Narayan Shan of Nepal, there were 

frequent Gorkha invasions, Bhutan also invaded and captured all the areas 

east of the Tista River, but later withdrew after negotiations at Rlienock. A 

peace treaty with Nepal was signed in 1775. But at a later stage Gurkhas 

violated the treaty and occupied the land in western Sikkim (Risley, 1905). 

In Sikkim. the Khangsapa brothers in collision with Darjeeling Deputy 

Commissioner then started settling Nepalese in Rlienock (East Sikkim). The 

Khangsapa brothers had meanwhile made a deal with the Newar traders. 

Laxmidas Brothers. An embezzlement charge was laid against Lassoathing 

and all his lands were attached, which were settled by the Newar - brothers 

(Foning, 1987). Newar is, in .fact, the name of a nationality rather than a 

caste. Nepal and Newar being two forms of the same word and practically 

were traders (Lall. 1981; Singh and Gunanand. 1877) .All these information 

stronghold that the Newar traders came into Sikkim through Rlienock on the 

basis of survey made on these region during this research work and it was 

found that Rlienock population still bear with descendents of few Newar baid 

(medicine men) families and Newar traders. This support the idea that the 

baid in Sikkim might have entered through Rlienock and spread the 

knowledge of the baid practice (Fig 24,25 & 2'?). 

In the another survey work, consultation was made with the baid families of 

Nepal. They said that their forefather was from the South Indian province and 

whose name was Nande Dev. He was the king of some small province. On 
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the sixth generation of their dynasty, the king Harishiha Dev send his son 

Govindananda Dev to learn Ayurvedic knowledge called Baid for the uplift 

of the societies. Then after the name " baid" was entitled with the title of their 

dynasty, as they had claimed. Singh and Gunanand (1877) mentioned in the 

book title " History of Nepal that Hari Sinha-Deva was honoured as baid by 

king and was settled near Sesha Narayana. Though the origin of baid practice 

in Nepal is controversy. Still today a few baid of Kathmandu valley are 

practicing the medicines for the treatment and they claimed themselves as the 

fourteen generations from their forefather king Govindanande Dev. This 

interview was taken from Hariharananda Baid and relatives who were of the 

baid family of Kathmandu. He mentioned that they were also known with the 

name. Newars. 

Some of the medical books, which were used by ancient Newar baids. were 

found in the library of Asha Arechives Trust Kathmandu, Nepal enlisted here. 

Aushadi Banaunae upchar, Aushadi Upchar, aushadi Upchar, Aushadi Kithab 

(Chandra Nihantu) Aushadi ko Kithab. Aushadiko Kithab. Aushadiko Kithab, 

Aushadiko Pustak; Aushadi Mahlam Azirna manzari; Aalpa vaid Samuchari 

Shastra; Aadhnachichisha (shachitra); aangla Xan Widi. Aayuwaaid Granth; 

2 Aushadi waadi; Aushadi Karma; Aushadi Wasista Yog; Bhan Prakash; 

Banaunae Tarika Baidhang, Baidhang; Baidhang; baidhang; Baidhang; 

Baidhang ko Pustak; baidhang Pustpk; Baid Vidhya baaid; Chikitsha Karma; 

Chikitsakarma Karma Chitkitsadshissar; Bidhhi ; Chikitsha Vidi wah Kafu 

pinth baat Zaro ; Chitsha Safu; Damodarkrit Bhim chitsa Dhawantri ; Dhos 

ra Upai;Doha (Dohra ) Mani ;1 Kustko Aushadi;2 loha bhashama ; 

Aushadiko Bayan Garaika ; Pinasko Mantro Pachar; Mahaaushad Prachar; 1 

Graha Ghochar Gambhadhan Guunnatna Mala ; Jantra Mantra Chikitsha Safu 

; Hawantri vaid ; Kalpa tarra Rass ; Kaashaput Gajhotra ; Nari Gyan Nidan ; 

Nimai Gam Nidhanda Gaadi;Nidan (8 volumes) Vidhya Baaid Vinod ; 

Wibhinna Aushadi :Aushadi; Whibhinna Aushadi .; ( Uogutuogu : Sindh 

Praneshwar Ghaw Lagaeko Upai Jeerva Manzari Vhasa Sarwayasu safu (Gari 
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Gyan Vidi ) Vaidhya Shastra , page no 16J8 Asha Arechives Trust . 

Kathmandu )In the other catalogue at page number?? . Austa bailaga bhas ; 

Wo ukriyha shaothi bhas; Wo meae bhiveenna Aushadhi bhanauna vidhi 

harmaekhala Vhaju Dharmaratna Bhajaracharyaju Deechanadhigu , 

Grantha Dalaa from the Asha Archives Trust, Kathmandu .Figure of the 

some of the books are published here with the permission of Asha Shapu 

Guti. Kathandu (Fig 28,29.30.31&32). 

Ethnobotanical aspects of Sikkim and Darjeeling have developed with the 

influence of different sections of ethnic practices (Malloy. 1907). It was 

stated earlier that the lamas had talcen the knowledge of Bongthing who was 

known for medicinemen of Lepcha. These means that the sharing of the 

ethnic medical knowledge with other ethnic groups of Sikkim was taken 

place. Beside the Lepcha and Bhutia, other section of people who were 

settled in the Sikkim with their own cultures and customs called Nepali, may 

have shared the knowledge of medicine between other communities .As Baid 

is the caste of Newar who seems that they might have enter through RJienock 

into Sikkim. Similarly, the medicinemen of other communities may enter 

through Rlienock or from other places and which is yet to be worked out. 

Whatsoever, the combination of all communities may led to establish a 

complex system of ethnomedicinal practices in Sikkim. In the Table 2?. the 

name of priest doctors of the different castes of all the ethic groups of the 

Sikkim and Darjeeling has been shown. This Table was prepared from the 

oral interview with tribes and local peoples of both Darjeeling and Sikkim. 

These interviews were essential because of some flaw remained about the 

vernacular names of the priest doctors. As it was found that .I.D Hooker in his 

Himalayan Journals, vol. I. page number 120 with commenting "bijou's" term 

naming for Lepcha priest doctors was found incorrect .On the oral interview 

with the different ethic groups of Sikkim and Darjeeling. il is established that 

Rae and Leach have different names to the priest doctors. They said that the 

priest doctors of Lepcha called as Bongthing and the priest doctors of Rai 
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Fig 24 & 25. Newar medicineman 's shop with different etlmomedicines 

Fig 26. Fagopyrum dibotrys ( D. Don ) Hara growing around the courtyard of Lepcha house 
at Gangtok. 



Fig 26. Fagopyrum dibotrys ( D. Don ) Hara growing around the courtyard ofLepcha house 
at Gangtok . 



Fig 27 . Medicineman "s shop with different ethnomedicines at the market in Sikkim 



Fig 28-31 Baidic books written by Newar Baids in relation to tlie utilization of 
plants.Published witli tlie pennission of Aslia Archives ,Katlmiandu . 



Fig 32. Baidic book written by Newar Baid in relation to the utilization of plants.Published 
with the pennission of Asha Archives .Katliinandu . 



Fig 33. A group representing tlie medicinemen of Sikkim and Daijeeling Himalyas with 
yellow and white dress. 



called as Bijooas. Whatsoever, the priest doctors used the medicines usually 

of both plant and animal origin with decoction, detoxification and partial 

purification methods. 

Table 27: Medicinemen of the: different ethic groups of Sikkim and 

Daijeeling Himalayas. 

SI no. 

1 

2 
-1 

4 

5 

6 

7 

8 

9 

Castes 

Gurung 

Lepcha 

Newar 

Brahmin/ Chhetri 

Subba /Limbu 

Sherpa 

Tamang 

Rai 

Bhutia 

Priest doctors / medicinemen 

Lama / Gyabring 

Bongthing / Nun 

Dha vaju/ Gu vaju/ lama 

Purayat/ .Ihakri 

Phadangba 

Pompa 

Bomba / Tigalama (Head priest) 

Bijooa 

Lama /Amchies 

148 



Table 28; Ethnobotanical uses of Fagopyrum dibolrys (D.Don) Hara reported 

by Lepcha and Bhutia of Sikkim and Darjeeling Himalayas. 

SL 
No 

si 

2 

3 

4 

5 

6 

7 

Preparation of medicine for single 
dosage 

Fresh rhizomes {250gm) 
Of Fcigopynim illhoirys boiled in water 
for 0.5 hour and kepi for overnight. 
E.xtracted was filtrated. Filtration was 
done in soft cloth. 

Fresh leaves (20gm -30 gm) of 
Fagopynim dihoirys cooked like curry 
for 20 minuies. 

Crushed the fresh leaves of Fagopyrum 
clibotry.s (100 gm in the motar pestle & 
the juices extracted was filtrated. 
Filtration was done in soft cloth. 

Crushed the fresh leaves of Fagopyrum 
dihoirys in the motar pestle & the 
juices extracted was filtrated 
.Filtration was done in soft cloth. 

Crushed the fresh leaves of Fagopyrum 
dibolrys in the motar pestle & the 
juices extracted was filtrated. 
Filtration was done in soft cloth. 

20-25 gm fresh leaves of Fagopyrum 
dibolrys was extracted with water and 
filtration was done in soft cloth. 

Fresh Rhizome (500 gm ) of 
Fagopyrum dibolrys boiled for 0.5 hour 
in 100ml water. Concentrated the 
volume into 30 ml and filtration was 
done in soft cloth. 

Medicine 
men 

Ainchies ' 
Dha- vaju 

Bongthing 
/ 
Padongba 

Bongthing 
/ Bomba 

Lama 
Bijooa 

Bongthing 

Gyabring/ 
Purayat 

Bongthing 
/Purayat/ 
Jhakri 

Lama/Po-
mpa 

Dosage 

30 ml of extract twice 
in a day for three 
month. 

Twice a day for one 
month. 

Orally 6 spoons twice 
in a day . for 7 days 

10 ml extract .'twice a 
day to rinse the eye 
.externally 

10 ml extract ' 
dosage twice a day 
until the tumour 
subside itself 

10 ml twice a day 
extract for 2-3 days 

10 ml of rhizome 
extract applied 
externally after every 
three days, upto five 
times. 

Treatment for the 
disease or 
improper body 
physiology. 

Rheumatism 

High blood 
pressure 

j 

Urine blockage 

Against the 
hemorrhage of 
eyes 

To remove the 
wan growth from 
the body. 

Headache 

To heal the deeply 
cut wound by 
applying the 
extract into it. 
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8 

9 

10 

1 1 

12 

13 

The tender fresh leaves (250gm) of 
Fagopyriim dihotiy.s extracted for 0.5 
hr in water and filtration was done in 
soft cloth. 

Fresh rhizome (250gm) of Fagopyriim 
dihotrys boiled in 300 ml of water for 
0.5hr and filtration was done in soft 
cloth. 

5.8 gm of dried leaves of Fagopyriim 
dihoiry.s extracted in 100 ml of water 
and evaporated till it converted into 10 
ml. Filtration was done in soft cloth. 

Fresh rhizome (250gm) of Fagopyriim 

diboirys boiled 

in 50 mi of water for 0.5hr . Filtration 

was done in soft cloth. 

Boiled young fresh shoot 
(lOOgm)tip of Fagopyriim diboirys in 
150 ml of water 
for 0.5hr. Filtration was done in soft 

cloth and made approximately 100ml in 
their mug. 

Cooked Eqiiisiiium (root) 
Halarrhixa antidysenirica 
(Bark) Rhododendron arboreiim (bark) 
with rhizome of F diboirys (D.Don) 
Hara. in all equal amounts in the 
container of iron. Until the extract 
turned into curdy solution The latter 
solidify into tablet of approximately 
100 mg. 

Bongthing 

Bongthing 
/Nun 

Bongthing 

Lama 

Lama 

Bongthing 
/ Nun "/ 
Purayat 

25 ml of extract of 
leaves should be 
taken orally, twice a 
day for three days 

25ml of extract of 
leaves should be 
taken orally, twice 
day for 3 days 

10-ml twice/day 
should be taken 
orally for thirteen 
day. 

30nil of extract 

should be taken 

orally, twice .'day for 

13 days 

100 ml twice should 
be taken orally in a 
day for five days 

3 tablets thrice a day 
for fifteen days 
should be taken 
orally. 

Stomach pain 

Stomach pain 

Jaundice 

Malarial fever 

Dysentery 
Gastric 

Urine problem 
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Fagopyrum dibolrys (D. Don) Hara has been using by the hills people 

since long time ago which could be supported with .1. D Hooker statement 

about the Lepcha food, prepared by Lepcha tribe mentioning that '' our 

halting places M>ere on flats close to the river, covered with large trees and 

carpeted with a most luxuriant herbage, amongst which a wild buckwheat 

(Polygonum) M'as abundant, which formed an excellent spinach, it is called 

Pullop-bi ". 

Similarly , in the other literature discussed about the young twigs of 

Fagopyrum dibotrys (D.Don) Hara that was eaten up as the curry ( Tanaka 

1976 . Sastri .1956 . Manandhar 1997 ;Arora .1997 ) . These seems that the 

plant was utilised by the tribal and other people for the vegetable from the 

many years .It was also well established through the survey that Fagopyrum 

dibotrys (D.Don) Hara was using by the tribes of Sikkim and Darjeeling hills. 

However, ethnomedicinal practitioners than to the common people, only 

know the proper use of it. The ethnomedicinal practitioners never disclosed 

the secrets of usefulness to the common people for the maintance of source of 

income and hide well as any valuable pearls. They named this plant with Ban 

phapher or Ban Vharey in Nepali and Khurupi by Lepcha. However, the 

vernacular name cited in the Flora of Bhutan. Volume I. Part I page 171 by A 

.1. C Grierson and D .G. Long in 1983 as Titi Phapar to Fagopyrum dibotrys 

(D Don) Hara was found to be wrong. 

The development of ethnobotany in the hills of the Eastern Himalayas of 

Darjeeling and Sikkim though was found to be mixed cultural infleunce of 

baid, lamas, amchies. and original bongthing as well as Nun etc. But the hill 

people of the Sikkim (Before 1975) were to be demarked separately due to 

the political senereo. In one of the instance of the agreement it had been 

written in these manner by the king of Sikkim that " _ /. the Sikkim 

puttee Rajah, out of friendship for the said Governor General, hereby present 

Darjeeling to the East India Company, that is. all the lands south of the great 
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Rangeet river, east of Balasum . kahail and little Rangeet river and west of 

Riingoo and Mahanadi rivers. ''\ Vide . seal of the Rajah . dated the 9'̂  

Mangh . sambat .1891 .(AD 1835) . As a result modern allopathic medical 

treatment got the entry to Darjeeling under East India Company though the 

treatment with the herbal medicine was in practice and still persists even upto 

date. Taking consideration of these facts, some of the information's gathered 

from the local people and the tribals (Nepali. Sherpa. Lepcha and Bhutia) of 

both Sikkim and Darjeeling hills has been represented in Table 28. 
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Summary. 

Ethnobotanical survey has been made in Darjeeling and Sikkim Himalayas 

on Fagopyrum dibotrys (D.Dt)n) Hara with special emphasis on 

etlinomedicinal practices available in the region. Nine different types of 

medicinemen such as Lama, Bongthing, Purayal, Phadangba. Pompa, Bomba, 

Bijooa and Amchies have been observed to represent the caste of Gurung, 

Lepcha, Newar, Brahmin, Subba, Sherpa, Tamang, Rai and Bhutia, 

respectively. 

It is expected that bald of Nepal has entered in Sikkim through RJienock and 

spreaded the knowledge of the baid practice .The medicinemen of Darjeeling 

and Sikkim has been observed to remain engaged with old practices of 

treatment upto date. 

The library of Asha Archives of Trust, Kathmandu and baid families was 

also consulted to understand the origin and development of baid practices in 

Sikkim. Influence of other medicinemen and the development of new 

etlinomedicinal practices have been tried to trace from the literature survey . 

Ethnobotanical uses of Fagopyrum dibotrys (D.Don) Hara by the Lepchas 

and Bhutias in the Sikkim and Darjeeling Himalayas have been worked out 

during survey in the region. 
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CHAPTER Vni: BIOLOGICAL ACTIVITY OF LEAF EXTRACT OF 

FAGOPYRUMDIBOTRYS (D DON) KARA. 

Introduction. 

The realization of the existence of active principles in plants as decided by 

the mankind was a great step towards understanding the existence of 

phytomedicine .The method of isolation of secondary products presumed the 

different shape in the greater stride taken in the development of herbals and 

opened a new vista of phytotherapy, hi many parts of India, the plants are 

used by traditional medical practitioners for the treatment of various diseases 

(Singh et al . 1984 Asolkar et al 1992 :Pradhan and Basu .1998 ) . Though 

medicinal use of Fagopyrum dibotrys (D.Don) Hara was reported earlier in 

the literatures by Kiritkar and Basu (1983); Chopra et al, (1956); Rastogi and 

Malhotra. (1995) but during survey in Darjeeling and Sikkim hills many 

unknown ethnobotanical information's have been collected as represented in 

Chapter Vll. Recently interest in "folk " or traditional medicine has been 

revived all over the world, since future trend is more towards utilisation of 

herbal medicine instead of allopathic medicine because of the fact that certain 

diseases are not cured by allopathic medicine! Besides, they have side effect 

as compared to herbal medicine. Uptodate. large number of natural products 

have been isolated and characterised but the knowledge in connection with 

understanding of bioactivity of natural products is meager. 

Here in this part of work an attempt has been made to explore the bioactivity 

of plant extract so that the knowledge gained out of it will be of much help in 

connection with scientific evaluation oi Fagopyrum dibotrys (D Don) Hara. 
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Section A: Immunological observation in albino rat subjected to water 

extract of leaf of Fagopyrum diboti-ys (D.Don) Hara 

Material: 

Leaf of Fagopyrum diboliys (D. Don) Hara of both Darjeeling and Gangtok 

varieties and male rats of twelve weeks of age. 

Methods 

i) Preparation for intravenous injection to albino rat. 

The leaves of Fagopyrum dihoirys (D.Don) Hara were extracted with 

methanol, which later made soluble into water. This water-soluble fraction 

was made in the different concentrations. The different concentrations of 

water soluble part of methanol extract of Fagopyrum dibotrys (D.Don) Hara 

leaves were used for the immunological study on the albino rats. It was 

extracted in sterilized distilled water and was passed through millipore 

membrane filter with 0.45 m porosity before intravenous injection. 

ii) Preparation of blood sample for lymphocytes count 

Peripheral blood was collected in 3.13% sodium citrate solution from each of 

the experimented trials. . Erythrocytes in peripheral blood were lysed by 

exposure to tris- buffer 0.83% ammonium chloride solution pH7.2 for 10 

minutes and finally washed thoroughly with phosphate buffer saline pH 7.0-

7.2. and spun down at 3000 rpm for 15 minutes for separation of lymphocytes 

from R.B.C s . debris etc .and measurement of the blastogenic transformation 

of lymphocytes as percentage of blast cells was calculated after counting the 

viable medium plus large lymphocytes out of every 100 of total viable 

lymphocytes on haemocytometer in presence of trypan blue. Cells with 

diameters greater than approximately 7 um were scored as medium sized and 
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cell with diameter greater than lO-.l 1 um were scored as large (Chakravarty 

and Clark, 1977). Normal blast cells were 3 to 6 %. 

Section B : Bilirubin content in the blood samples of tribal people 

taking water decoction of leaf of Fagopyrum dibotiys ( D.Don 

) Hara 

Material 

Leaves oi Fagopyrum dibotrys ( D.Don) Hara 

Methods: 

a) Blood sample collection : 

The blood was collected from the jaundice patient at different interval of 

treatments upto 13 days along with the treatment of tribal medicine by the 

application of leaf extract Q{ Fagopyrum dibotiys (D.Don ) Hara 

b) Estimation of bilirubin. 

Estimation was made following Malloy and Evelyn method (1937). 

c) Detection of bilirubin in urine samples collected from tribal people, 

i) Urine samples collection. 

The urine samples were collected from the hyperbilirubinemia patient. 

ii) Categorization of hyperbilirubinemia. 

For the detection of bilirubin and to categorize the type of 

hyperbilirubinemia the methodology of Malloy and Evelyn method (1937) 

was used. 
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Section C: Antifungal activity of the rhizome extract of Fagopyrum 

dibotiys (D Don) Hara. 

Material. 

Rliizomes of Fagopyrum dibotrys (D.Don) Hara. 

Methods. 

a) Plating of the soil collected from the rhozophere of Fagopyrum 

dibotrys (D Don) Hara. 

The soil washing was performed using perspex boxes fitted with 3 stainless 

sieves of graded size .A soil sample was serially washed unde^ aseptic 

conditions by passage of sterile compressed air through the boxes. The 

resulting agitation gradually broke up aggregates and released spores held by 

them. On completion of washing, discrete soil particles were distributed on 

the sieves according to their plated, to flourish the fungal hyphae in potato 

dextrose agar. 

b) Effect of the rhizome water extract on the growth of Aspergillus 

Using 24 hours old cultured slants of the mould ( Aspergillus niger ) as 

indicator organisms isolated from soil. The small circular cavities were 

prepared with the help of borer the size of which were 3mm in diameter. The 

small cavities were filled with the rhizome water extract. The rhizome water 

extract was prepared by boiling Igm of rhizome in 150 ml volume of water 

till the volume reached upto 100 ml .The slants were kept for the observation 

upto 2-5 days after incubating at 30 "C. 
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Results and Discussion. 

Immunostimulation constitutes an attractive alternative to 

conventional chemotherapy and prophylaxis when the hosts defence 

mechanisms have to be activated under conditions of impaired immune 

responsiveness. (Drews. 1980; Wagner. 1982). Taking consideration of these 

view, the injection of water extracts of Fagopyrum dihotrys (D. Don) Hara 

leaves of the Darjeeling and Gangtok varieties were performed separately and 

show similar immunological activity as represented in the Graph 10. hijection 

was made on the albino rats at different concentrations of water extract as 50 

Hg. 100 ng, 200 îg. 500 \.v% and 1000 îg. 

The increase of blast cells was measured from the second day of injection to 

fourth day. After the twenty four hour of study 50 ).ig. 100 \xg 200 |.Lg and 500 

(.ig of water extracts had 17%, 20% 5% and 40% increase of the blast cells, 

respectively whereas the 1000 (.ig had 10% of the increase in blasts cells. 

After the ibrly eight hours of the observation the treatment of 50 |.ig, 100 |.ig 

200 |.ig. 500 ng and 1000 ^g had 28%, 22 %. 26%, 63% and 82 % of increase 

in blast cells, respectively. On the third day. the same order of the 

concentrations i.e 50 |.ig. 100|-ig. 200(.ig. 500).ig and 1000 (.ig .The increase in 

percentage of blasts cells were 31%, 28%. 50%. 50%and 92%respectively 

and in the fourth day. it were 39%, 30%. 58%. 40% and 80%. respectively 

(Fig 10) .In application of 50(J.g of Con A to the animal could initially boost 

the level of blastogenesis (Waterfield et al. 1975 and Waterfield 

andWaterfield. 1976) but these cells became physiologically exhausted and 

died (Choudhuri and Chakravarty. 1981).Similarly . it was found that the 

water soluble part of methanol extract of 1000 f.ig induced the percentage 

of blasts cells after second day of treatment but 200 & 500 \xg of water 

soluble part of methanol extract had maximum 63 % and 59% increase in 

the blasts cells percentage which would reach after second day and fourth 

day . respectively .Water extract of 200 \.\.g therefore be considered as 
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optimum to show maximum activation of lymphocyte to blast cells and 

which could be suitable for the immunological development . 

Methanol extract of leaf of Fagopyrum dibotrys (D Don) Hara was 

worked out earlier to contain and found to contain rutin (Imai and Furuya, 

1951). quercitin (Yamato and Koyama, 1962). cyanidin 3 glucoside (Basu 

and Pradhan, 2000) cyanidin 3, 5 diglucoside (Basu. 1997) and (3 sitosterol 

(Basu. 1997). The bioactivities of these isolated natural products have been 

worked out after isolating the same products from other plants. Their reported 

bioactivities from other plants are anti -cancer (Yun Peng et al.. 1989). anti 

mutagenic (Dauer et al.. 1998. Lee et al 1998.) immunomodulating activity 

(Beuth et al., 1995). aldose reductase (Underbill. 1957). to reduce the 

haemorhages in the eye. reducing the risk of stroke (Griffith. 1955). to reduce 

the anaemia and leucocytes (Rokers and Marti (1951) and inhibitory role of 

leukaemic H L 60 cell growth (Hirano et al. 1995). The phenolic acids such 

as 2.3 dihydroxybenzoic acid was observed to stimulate the phagocytotic 

activity of polymorphonuclear granucytes .The peptide bound water soluble 

heteroglycans possessed the anti-tumour activity .activation of polyclonal B. 

lymphocytes and enhancement of antibody .(Kumazawa. 1982).Quercitin 

inhibits the D.N.A synthesis of human leucomia cells.(Uddin and 

Choudhury.1995). Similarly . many workers viz. Fuhrman (1955). Crimson 

(1948),Fukuda (1932) Sokoray and Czimmer (1938), Armentuno,(1936) 

Sood et al (1982). Benko (1970)Jakahasi (1998) Bland (1984) .Wagenbreth 

.et al (1996) , Meyer . et al.. (1998a ) studied the bioactivities of the 

phenolic compounds. 

However, the result of T lymphocyte activation by water extract of the 

plants led to consider Fagopyrum dibotrys (D.Don) Hara as the 

immunostimulatory drugs. Whistler et al., (1976) and Haba et al.. (1976) had 

reported that the anti-tumor activity performed by the activation of the T-

lymphocyte .On the contrary, it rnight be suggested that the activation of T 
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lymphocytes considered had some role on the anti-tumour as found by Yoa et 

al (1989) who isolated epicatechin 3 gailoyl - (-) epicatechin. procyanidin 

and 3. 3' digalloyl procyanidin as antitumour constituents of Fagopynim 

dibotrys (D Don) Hara. It was similarly reported by Yung-Peng et al (1989) 

from this plant, hnmune response to malignant tumour has been the subject 

of study of immunologists. which received its major impetus from 1960s. 

Non-specific approaches were directed mostly towards stimulating the 

reticulo-endothelial system of hosts with the help of agents of plant origin 

(Fletcher et al 1980). The function of graft rejection, including tumour grafts 

has been ascribed to the T lymphocytes (Daynes et al. 1979; Herberman et al 

1980: Keder and Weiss. 1981: Prowse et al. 1983). As the stimulation of 

these cells promises more of a specific approach, the activation of 

lymphocytes in the blood caused by plant product is considered to be related 

to a site to antitumour activities. 

No immunological work utilising Fagopynim dibotrys (D.Don) Hara has 

been done earlier except Liu et al (1981) who. reported the increase of 

phagocytic activity in mice and rats by 5. 7.3\ 4" tetrahydroflavan 3-ol 

dipolymer. 

On the survey in the different interior hills of Sikkim and Darjeeling 

Himalayas, it was found that various plants had been using against different 

diseases, the information of which, was unknown to the world. Moreover, the 

concept of Lepcha (Medicinemen) treatments never been considered as 

scientific approach but according to some authors the Lepcha are known with 

the use of medicinal herbs (Hooker. 1856. Biswas. 1956. Foning. 1987). 

During survey, there was some contact with Lepcha medicineman and it was 

observed that they used the plant for the treatment of jaundice, hi order to 

verify the role of the plant on jaundice, the bilirubin content was estimated 

following Malloy and Evelyn (1937) method. The normal bilirubin content 

in the human being is establish to become 0.3- 1.0 mg/dL. Acrossing this 

range of bilirubin content in the blood would be resulted with the jaundice 
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disease (Kalpan and Isselbacher, 1998). The information on the bilurubin in 

the blood plasma through the estimation seems that the plant has potentiality 

to cure the jaundice as shown in the Graph 11 .The blood samples were 

collected from ten patients who used to take 10 ml extract prepared from 

dried leaf (5.8 gm) of Fagopynim dibotrys (D Don) Hara twice a day after 

their meals and was also collected; the blood from the normal healthy without 

jaundice person, hiitially upto 5 days . no mark change in bilirubin content 

was observed as compared to control but it came near to the normal after 

the seventh days of treatment with bilurubin 1.3 mg/dL . On the ninth 

day. the content of bilirubin was very much lowered to 0.75 mg/dL within the 

normal range .The tribal medicineman generally continued their treatment for 

13 days .On the 13''̂  day the patient was observed to contain the bilirubin 

content only 0.45 mg/ dL which y/as well within the normal range. Similar 

observation was noted after the results gathered from the treatment of 

Gangtok variety. This seem that all the bioactive products of both Darjeeling 

and Gangtok varieties may be acting on the enzymatic system or any other 

physiological system of the body in the similar manner. Upto date no 

information in connection with the cure of jaundice by the utilization of the 

extract of leaf of Fagopynim dibotrys (D.Don) Hara is available. Thus this 

may be treated as a new report on the remedial activity of the plant .In fact . 

the accumulation of bilurubin in the bloodstream causes the symptom of the 

jaundice but understanding the nature of jaundice is a problem. Following 

the simple method of chemical determination of bilurubin . by which 

jaundice can be identified noting either presence or absence of bilirv;bin in 

urine of the collected sample ( Kaplan and Isselbacher. 1998 ).No bilirubin 

was detected from the urine sample confirmed that the jaundice is of 

unconjugated hyperbilubinemia . 

It is well established that the circulating bilurubin approximately 80 %is 

derived from red blood cells and approximately 15 to 20 percent of 

circulating bilurubin is derived from other sources, including (1) ineffective 

erythropoiesis resulting from destruction of maturing erythroid cells in the 
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bone marrow; and (2) the metabolism of other heme-conlaining proteins, 

most notably hepatic cytochromes, muscle myoglobin, and widely distributed 

heme-containg enzymes. A number of works on the bilurubin metabolism has 

been found with the information about the central role of liver in the 

metabolism of the bile pigments (Choudhury et al. 1993: Depagter et al. 

1976; LaMont and Isselbacher, 1992) .The role has generally been divided 

into three distinct phases: (1) hepatic iiptake (2) Conjugation and (3) 

excretion into bile. The uptake and subsequent hepatocyte storage of 

bilurubin involve binding of bilurubin to cytoplasmic anion -binding proteins 

. especially ligandin ( glutathione -S -transferases), that prevents efflux of 

bilurubin back into the plasma . The presence of glucuronosyl transferase in 

the hepa:tocyte for the metabolic process of bilurubin has vital role in within 

the endoplasmic reticulum. (Choudury. 1995: Kaplan and Isselbacher. 1998) 

.The impaired of these enzyme could led unconjugated bilurubinemia but not 

conjugated bilurubinemia (Kaplan and Isselbacher. 1998; Isselbacher. 1998; 

Managhang et al. 1996) on the otherhand interference with the biliary 

excretion of conjugated bilurubin by hepatocytes leads result only conjugated 

bilurubinemia (Kaplan and Isselbacher. 1998).. 

While in the experimental study of Kiyasheva (1974) with daily oral 

administration of rutin (100 & 200 mg /kg) and quercetin (100 -200 mg/kg) 

for the 30 days found the increase of the biliary secretion, excretion of bile 

acids and cholesterol in bile, hi other experiment. Siess et al. (1988) found 

that flavone increased the liver weight with hepatic cytochrome P450 in rats 

following a 14 day treatment with 0.25 % flavone in feed and also reported 

the flavone activity which also increased the hepatic monoxygenase activities 

and UDP glucuronyltransferase activity, by both quercetin and flavone .It 

seemed that the Rutin, quercetin and flavone play some roles in the bile 

metabolism. 
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GRAPH 10 : ACTIVATION PERCENTAGE OF LYMPHOCYTES BY WATER SOLUBLE EXTRACT 
OF FAGOPYRUM DIBOTRYS (D.DON) HARA [ SERIES 1 -50 ug ;SERIES 2 100 ug ; SERIES 3 

200ug ; SERIES 4 500 Ug and series 5 1000 ug ]. 
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GARPH 11 : ESTIMATION OF THE BLOOD BILIRUBIN CONTENTS IN JAUNDICE PATIENTS (SERIES 1) 
AFTER TREATMENT OF TRIBAL MEDINE PREPARED BY WATER DECOCTION OF FAGOPYRUM DIBOTRYS ( 
D.DON) HARA LEAVES.TAKING STANDRADS OF BOTH NORMAL (SERIES 3) AND UNTREATED JAUNDICE 

PATIENT 
(SERIES 2). 



Fig 34 .Showing the mat of Aspergillus niger with black spot after application of 
Fagopynim dihotrys ( D.Don ) Hara rhizome water extract. 



The leaves of Fagupyrum diholrys (D Don) Hara leaves have been reported 

to contain rutin (Furuya. 1954; Basu. 1997). cyanidin 3 glycoside, cyanidin 3. 

5 diglucoside (Basu. 1997), (3 sitosterol (Basu. 1997) and quercetin (Yamato 

and Koyama, 1962) ll is expected that the flavonoid present in the plant may 

have certain role to decrease the bilurubin content of the blood plasma by 

acting on the enzymes glucunosyl transferase. 

An antifungal activity was also seen after the application of water extract of 

rhizome of Fagopyriim dibotrys (D Don ) Hara rhizome on the culture of 

Aspergillus Niger . Aspergillus niger was separated from the soil of plant 

habitats and grown in the potato dextrose agar medium. The bed of 

Aspergillus niger was turned into black after 24 hours when the rhizome 

water extract was applied into the small cavity (3mm) of culture tubes 

(Fig34). However, the potentiality of antimicrobial activities was found to be 

decreased with the dilution of the extract. It is supported by the works of 

Heimann et al, (1953) and Swain' (1977) who found antifungal activities of 

procyanidin. The presence of procyanidin was reported by Liang and Xiao. 

1990 in the rhizome that might be a reason for such activity. 

The tribal claim of ethnomedicine to Fagopyrum dibotrys (D. Don) Hara of 

both Darjeeling and Gangtok varieties were tested and found related with the 

number of biactivities such as, immunological, pharmacognological and 

antimicrobial. Though .it has been known that is a variation in chemical 

composition between the Darjeeling and Gangtok varieties of Fagopyrum 

dibotrys ( D. Don ) Hara but no difference was found as for their results 

obtained from bioactivities tests .These is an attempt to establish whether the 

plant has got any medicinal values or not and to find out the real importance 

in terms of commercial point of view . 
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Summary 

The biological activity of water soluble part of leaf of Fagopynim dibotrys 

(D.Don) Hara was studied to understand its efficacy from immunological 

point of view, which acceralate the.activation of lymphocytes to blast cells. 

The Lepcha medicinemen were also consulted and found that the dried leaf 

of Fagopyrum dibotrys (D .Don): Hara were being used by them for the 

treatment of jaundice. The experiment was caiTied with the help of 

medicinemen and the blood samples were collected from the jaundice patient 

treated or untreated with the leaf e>itract .The result after the determination of 

the bilirubin content in the blood confirmed that the jaundice could be cured 

with leaf of Fagopyrum dibotrys (D .Don) Hara and it was effective against 

unconjugated hyperbilirubemia. 

Antifungal activity of rhizome extract was also observed. 
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CHAPTER IX: APPLICATION OF TISSUE CULTURE IN 

FAGOPYRUM DIBOTRYS (D.DON) HARA FOR ITS 

UTILIZATION IN PHARMACEUTICAL INDUSTRY. 

Introduction. 

The plants are the source of the natural products. Many plants over four-

fifths of about 30000 known natural products are of plant origin (Bhalsing 

and Meheswari 1997), but their uses made a threat for the mankind. This 

biotechnological method has been a considerable interest in investigating the 

great potential of plant, as an alternative to tradition agriculture for the 

industrial production of the secondary metabolites which are 

biosynthetically derived from primary metabolites, usually being restricted 

to a particular taxonomic group. 

The selection of medium for tissue culture is an important problem. 

Manipulation of environment and media during plant cell culture can affect 

the rates of both cell growth and accumulation of secondary metabolites .The 

totipotency of cells in vitro provides the possibility of obtaining all the 

secondary products that the plant accumulate in vivo .The accumulation of 

secondary metabolites is believed to be more when the cells in culture are 

growing slowly at the stationary phase. Because of these fact the liquid 

culture stem explant of Fagopynim dihotrys (D.Don) Hara has been taken 

into consideration. 

Here an attempt has been made to establish a suitable medium liquid culture 

of stem explants of Fagopynim dibotrys (D.Don) Hara so that the 

technology could be utilised for production of pharmaceutically important 

natural products. 
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Section A: Material 

Stem of Fagopynim dihoirys (D. Don) Hara 

Methods 

a) Sterilization of explants. 

The stem of Fagopynim dihotrys (D Don) Hara were washed cut into pieces 

and a piece of stem was served as an explant. This was washed under running 

tap water and cleaned again with distilled water three times and kept in 

absolute ethanol for 1 minutes. Immediately washed with double distilled 

water for five times the explants were kept in for 10 minutes in 0.5 % HgCl j-

Subsequently it was washed six times with double distilled water. 

b) Preparation of medium and inoculation 

All the chemicals enlisted below were weighted and the stock solutions 

were prepared following Murashige and Skoog chemical composition 

alongwith some modifications in ;the micronutrients composition and was 

also prepared the hormones combined culture medium with the addition of 

BAP and NAA combination to the medium in 1 ml. 2ml, and 3 ml per litre 

each, separately. The non- hormonal and hormone combined culture flasks, 

each containing 100ml culture medium were autoclaved. The media were 

kept away from contamination .The stem explants was inoculated into the 

culture medium aseptically under the light 2000 lux . temperature 18+_ 2 

and humidity 70 % . 

Chemicals used for the preparation of Murashige and Skoog medium . 
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Table 29: Composition of mo^dified medium in the laboratory with 

comparing the values of Murashige and Skoog(1962) . 

Chemicals 

( Macronutrients) 

AmmoniLim nitrate 

Potassium nitrate 

Calcium chloride 

Magnesium sulphate 

Potassium Hydrogen 

Phosphate 

Micronutrients 

FeSoj .7H2O 

Na: EDTA 

MnS04 4 H.O 

Zn S Oj 7 HO 

Cu S04 5 H.O 

AlCI , 

Kl 

H;, B 0 . 

Na. Mo O4 

CoCl: 6 H: 0 

Organic Nutrients 

Nicotinic acid 

Pyridoxine HCl 

Thiamine H CI 

Glycine 

Myo- inositol 

Sucrose 

M . 

MS medium 

0.5 

0.5 

0.1 

2 

100 

30.000 

Murashige 

Medium mg 

; 1650 

1900 

440 

370 

170 

S Medium 

27.85 

37 .3 / 

22.3 

8,6 

0.025 

-

0.75 

6.2 

0.25 

0.025 

(mg /1) 

and 

l\ 

Skoog Murashige and Skoog 

Modified medium 

(mg/1) 

1650 

1900 

440 

370 

170 

Modified MS 

Modified MS 

0.5 

0.5 

0.1 

2 

-

Medium 

49.2 

1 1.12 

22.3 

8.6 

0.025 

0.025 

0.83 

6.2 

0.025 

1.25 

medium 

40 .000 
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c) Preparation of liquid suspension culture medium. 

The laboratory modified M.S medium was used without the agar addition. 

The media were autoclaved and cooled for the reinstating the sterilized 

explants into the medium at the temperature 1 8+_ 2 . 2000 lux light and 

humidity 70 %. 

Results. 

Isolation, characterizations and identification of the secondary 

metabolites from 60 days stem explants of Fagopyrum dibotiys (D. Don) 

Hara cultured liquid medium 

The liquid suspension culture mediums of Fagopyrum dibotrys (D.Don) 

Hara stem explants was taken in a separating funnel and was treated with 

petroleum ether .Two distinct layers were formed. Upper layer was petroleum 

ether Fraction A and lower layer was aqueous liquid medium. Shaking with 

excessive amount of petroleum ether to the liquid medium resulted red solid 

mass to accumulate and which was separated after filtration. This solid mass 

was labeled as fraction B . The aqueous part left was evaporated . The solid 

mass was treated with acetone and separated out acetone soluble part 

,fraction C . Remaining solid part; was treated with the methanol to have 

the methanol soluble part as fraction D and insoluble methanol part Fraction 

E • i 

i) Fraction A 

The petroleum ether part was coricentrated to small volume and methanol 

was added . It was kept in the refrigerator 4-5 days crystals appeared. It was 

recrystallised .The paper chromatography was done with the chemical and 

run in the solvents which had similarity with authentic (3 sitosterol showing 

Rf 0.46 and 0.59 in benzene: chloroform (40:60v/v) and benzene: ethyl 

acetate (90:10 v/v) respectively. 
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ii) Fraction B 

These isolated secondary metabolite was studied with the paper 

chromatography in the solvents butanol: acetic acid :water (4:1:5 v/v/v ) as 

well as 1% HCl and noted their relative flows 38 and 07 . respectively 

(Table 30 ) . On the Infra- red study, it was found that the spectral peaks 

were superimposed with the cyanidin 3 glucoside. 

iii) Fraction C 

It was acetone soluble fraction, which give long fine needles shaped crystals 

after the addition of acetone: water in the ratio of 4:1. hifra red study was 

made on the sample and it defined its nature with the leucoanthocyanin, as 

isolated in vivo from the leaf, stem aild rhizome parts of the plant (Fig 12). 

iv) Fraction D 

It was methanol soluble part of cultured liquid medium . To this fraction 

water was added in such a proportion so that the ratio of methanol and 

water becomes 6:1 . The crystals started to appear from the seven day after 

being kept in cold .The paper chromatography using Whatman Paper No 1 

was performed with the solvents 4:1:5 ( butanol acetic acid :water v/v/v) 

and isopropanol: ammonia :water (10:1:1 ) which showed Rfs 0.45 and 

0.21. respectively . 1 R spectrum of the isolated chemicals showed similar 

peaks as those of the authentic rutin (Fig 9). 

v) Fraction E 

This water-soluble fraction was isolated from the insoluble methanol part, 

which after the addition of acetone in the ratio 1:1 gave the crystals. On 

purification of the crystals, infrared study was made and had similarity with 

the saponin isolated from the leaf, stem and rhizome of the plant (Fig 13). 
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Table 30 Yield of isolated chemicals at different pH of the suspension culture 

of stem explants of Fagopynim dibolrys (D.Don) Hara 

Chemical 

isolated 

p- sitosterol 

Rutin 

Anthocyanin 

( Cyanidin 3 

glucoside 

Leucoanthoc 

yanin 

Saponin 

Yield after 60 days ( mg / 100 mg on fresh weight basis ) 

0.9 

1 

5 

8 

2 

0.8 

2 

16 

2 

0.9 

1 

10.5 

2 

1 

1 

10 

2 

Discussion 

The tissue culture of Fagopyrum dibolrys (D.Don) Hara was done with the 

stem explants in the laboratory utilising modified Murashige and Skoog 

Medium .The modification of the medium was necessary because there was 

no single paper where the Murashige and Skoog medium has been used for 

shoot or leaf developments. The stem explants were kept on the modified 

Murashige and Skoog medium as prepared in the laboratory resulted in an 

outstanding response. After the attempt of several trials the modification of 

Murashige and Skoog medium was achieved and which have been 

represented in the Table no 29. They were FeSoa 7 H2 0 49.2 mg/ 1. A1C13 

0.025 mg/1. Na EDTA 11.12 mg/I. K I 0.83 mg/1 with addition of CoCb 6 H2 

0 1.25 mg/1, 40,000 mg/1 sucrose and without myo-inositol. Thereafter had all 

the composition, which had been in use by Murashige and Skoog (1962). 

This modification was done after getting knowledge of the presence of KCl 

in Fagopyrum cynwsum. which was reported by Yamato and Koyama (1962). 
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Growth percentages of explants were noted which were instated in the 

modified culture medium flasks. They were started to response the culture 

explants from 12th day of culture, which could be seen through the eye 

observation, and their percentages were noted through the weight taken from 

the explant. The growth percentage was calculated after every four days . 

The growth resumed after twelve, sixteen and twenty days of culture were 20 

%. 41% and 62 % respectively. These results were taken ibr the culture 

supplied with 1 mg/ BAP /I and 1 mg NAA /I (Fig 35). in the different 

hormonal concentrations, the stem explants were cultured and responsed 

differently in the sense of differentiation. As 3mg BAP /I and 3mg NAA / 

litre gave good response with the leaves differentiation. The lamina of 

Fagopynim dihotrys (D.Don) Hara of the Darjeeling and Gangtok varieties 

were found with red colour in the leaf lamina at the cultured flasks (Fig 35 

and 36). It was extracted and got no/different with cyanidin 3 glucoside. This 

seems that the gene related to the formation of anthocyanin may be triggered 

due to nutritional stress condition to the Gangtok variety of Fagopynim 

diholrys (D.Don) Hara .As in the Gangtok variety, this anthocyanin is not 

present in normal condition. 

Tokahata (1988) used the perennial buckwheat during its culture on B5 

medium supplemented with NAA. 2.4 D and BA at various concentrations. 

The direct shoot production was induced from the medium containing 

l.Omg/lNAA and 1.0 mg/1 IBA In the presence of more than 1.0 mg/1 2.4D 

or more than 2.0mg/l NAA , only the callus was formed . However, the 

shoot and root system were obtained after developing the callus in B5 

medium and Murashige and Skoog medium containing l.Omg/1 IBA. Here. 

MS medium had been used in the root development only but not for the shoot 

development. Besides these no works have been performed on Fagopyrum 

dibotrys (D. Don) Hara in relation to proper medium selection .In this 

attempt, the modified MS medium was used for the shoot differentiation 

rather than root development only which has a positive avenue. However, the 

application of tissue cultures on Fasopyrum esciilenliim Moench and 



Fig 35, Showing tlie leaves differentiation from tJie callus obtained after stem explant 
culture of Fagopyrum dibotrvs ( D.Don ) Hara of the Darjeeling and Gangtok varieties 
inoculated in tlie modified Murashige and Skoog medium witli 3 ml NAA and 3 ml BAP . 



Fig 3 6.Showing the callus obtained after Fagopyrum dibotrys ( D.Don ) Hara stem explant 
culture of the Gangtok variety in tlie modified Murasliige and Skoog medium . 



Fig 37. Suspension culture flasks of Fagopyrum dibotrys ( D.Don ) Hara stem explants of tlie 
Gangtok variety at tlie different pH. 
Fig 38 .Comparision of suspension culture flasks of Fagopymm dibotrys (D.Don) Hara 
stem explant of the Gangtok variety at pH 8.2 and 3.7. 



Fagopynim lalariciim Geartn. were worked out by Ramyantseva et al .. 

(1989) ; Neskovic et al .,(1988); Lozovaya et al.,(1996) ;. Srejovic and 

Neskovic (1985); (Neskovic et al.,( 1985) etc . 

Plant tissue culture is the potential source for studying the biosynthesis of 

secondary metabolites as it provides an efficient means of producing 

commercially important plant products. There are some report of the 

isolation of the free cinnamic acids, caffeic acid, ferulic acids and flavonoids 

such as apigenin. luteoin. quercitin. cyanidin3 glycoside and cyanidin 3 

rutinoside and flavonols have been isolated from the liquid suspension-

culture from other plant species (Stickland and Sunderland. 1972a; 

Hahlbrock and Wellmann, 1970; Kreuzaler and Hahlbrock. 1973). The cell 

suspension culture involving arithocyanin synthesis, growth and nutrient 

uptake were also studied in the other plants species (Zhang et al, 1998; Basu 

and Chand, 1996; Cormier et al, ^997; Hagendoorn et al, 1997). These made 

clear that the suspension culture . had been using from the past days for 

the secondary metabolite isolation . While working oh liquid culture of the 

stem explants of Fagopynim dihotrys (D.Don) Hara a number of the 

secondary metabolites have been isolated from the liquid medium .The 

secondary products which were diffused into the liquid medium during its 

biosynthetic pathway isolated are identified as p-sitosterol, rutin, 

leucoanthocyanin. cyanidin 3 glucoside and saponin. However, the 

percentage occurrence of the secondary metabolites wei"e observed to be 

variable (Table 30). The culture flasks were kept in the light intensity 2000 

lux, humidity 70%, and temperature 18 +_ 2 (Fig 37 & 38) .The importance 

of low intensity of light is for the production flavonoids in large amount. 

In respect of this work, it is . therefore.neither dark nor the light in the liquid 

cultures . so it would not be wrong to say as the intermediate condition for 

the culture medium . These might be reason that there were flavonoids and 

steroid productions in the culture medium, which was similar as reported by 

Sutter et al (1972). Forrest (1969) and Constabe! (1965). The secondary 

metabolite productions were differed greatly in amount in the different pH 
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values containing culture flasks as; represented in the Table 30. These values 

of their productions were not shown for both Darjeeling and Gangtok 

varieties produced the secondary metabolites in the same amount. The 

(3 sitosterol was produced maximurii of 1 mg/100 mg after 60 days of culture. 

The leucoanthocyanin was increased in relation to the amount produced in 

the intact plant which was three tiines more i.e 16% but the amount of the 

rutin production was sharply decreased into Img/ lOOmg dry weight . The 

production of the rutin was very low as compared to the intact plant 

composition. In the intact plant tissue, the rutin content was found 4- 8.5% 

(Imai and Furuya. 1951), however, the laboratory estimation of rutin was 

observed upto 5.2%) in the young leaf of Darjeeling variety and 7.0%) in the 

young leaves of Gangtok variety (Table 14). Saponin was also isolated and its 

percentage occurrence was found to be the s.ame in all cultured media having 

different pH. The anthocyanin i.e cyanidin 3 -glucoside maximum (5mg/ 100 

mg) at pH 3.7 whereas the production was stopped at all the pH 5.7. and 8.2. 

Similar experiments were performed in the other plant (Sutter et al 1972; 

Hahlbrock et al 1971 Gregor and Reinert 1972; Brunetand Ibrahim 1973; 

Constabel 1965: Forrest 1969; Basu and Chand. 1996 and Cormier et al. 

1997; Basu and Chand. 1996; Bocchi et al. 1996; Tsuchiya 1998; Tiker et al. 

1998)). It is, therefore, thought that the liquid culture could be very useful for 

the synthesis of secondary metabolites within the prevail conditions in the 

modified M.S medium. 

There could not make out any difference during the differentiation process in 

between Darjeeling and Gangtok varieties at the tissues culture studies, which 

needed further investigation. In this case an attempt has been made for the 

identification as well as isolation and identification of the secondary products 

from the liquid culture of the stem explants o^ Fagopynim diholrys (D Don) 

Hara in the laboratory modified medium of Murashige and Skoog medium. 



Summary 

The tissue culture of the stem explant oi' Fagopynim dibolrys (D .Don) Hara 

was performed on the modified Murashige and Skoog Medium which was 

prepared in the laboratory. During the tissue culture of stem explant cyanidin 

3 glucoside was isolated from the suspension culture of stem o{ Fagopynim 

dibotrys (D .Don) Hara at the cultured flask of pH 3.7 only. 

The liquid suspension culture utilizing the explant of Fagopynim dibolrys (D 

.Don) Hara was established .The secondary metabolites such as p sitosteroL 

rutin, leucoanthocyanin. cyanidin 3 glucoside and saponin have been isolated 

and identified from suspension culture medium. These secondary metabolites 

were identified by TLC . PC and IR studies .Their production was observed 

to vary in a culture medium having_different pH. 
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ABSTRACT 

I'auopvriim diboln s (D. Don) Hara is a common plant of I he Darjeeling and Sikkim Himalayas. Plants collected from 
Darjeeltng are different from that of Gangtok in some morphological, anatomical and chemical characters. Two 
varieties viz. l-'aRopyruin dibotrys (D.Don) Hara var. diboUss and I'atiopyiui'n dibotrys (D.Don) Ilara var. alba are 
no-n- being proposed. 

INTRODUCTION 

Fa^^iupynim dihoirys (D.Don) Hara is a wildly 
growing plant in both the hills of Darjeeling and 
Sikkim. It is known for its medicinal potential. The 
plants collected from the two regions studied 
following the different disciplines of the botany. 
This work is an attempt for the establishment of two 
varieties of Fagopyrum dibotrys (D.Don) Hara in 
the Darjeeling and Sikkim Himalayas. 

MATERIALS AND METHODS 

Herbarium sheets oi Fagopyrum dibotrys (D.Don) 
Hara prepared by different taxonomists were studied 
at Central National Herbarium Botanical Survey of 
India Calcutta. 

The flowers of Fagopyrum dibotrys 
(D.Don) Hara were collected from both Darjeeling 

* Corre.sijoiidini; Aiillior 

and Gangtok for the morphojogical studies. For 
anatomical study of the petiole of Foi^oiiyrum 
dibotrys (D.Don) Hara, the method of Metcalfe and 
Chalk (1972a) was followed. The methods of 
Harborne (1973) was followed for the isolation. 
characterization and identification of aiithocyanin 
from the lamina, petiole and stem of plants. 

RESULTS AND DISCUSSION 

The plant collected from the sunny places of 
Darjeeling and Gangtok were observed to differ in 
the colour of the leaves. The former had pinkish 
green abaxial leaf surface while the latter had light 
green abaxial leaf surface. Morphologically, they 
varied in the floral arrangement as Darjeeling type 
bore eight stamens and Gangtok plant bore live 
stamens with three staminodes. Their other 
characters were same in both cases. These might be 
recorded for the first time front these areas. However, 
Fago/jyrum dihoirys (D.Don) Hara containing five 



stamens was reported from Mairang to Kyasi of 
Assam (Pannigrahi, unpublished report). 

The anatomical character of the petiole may 
be treated as important taxonomic characters 
(Metchafe and Chalk, 1972a). During investigation 
of the Darjeeling and Gangtok plant, it was found 
that the ventral central strand of the Darjeeling plant 
was dumb bell shaped (Fig 1) while the rounded 
shaped ventral central strand was found in the 
Gangtok plant (Fig 2). The collateral strands were 
mostly J 1 in number in both the cases at the maturity 
though its number was observed to vary from 9-11 
according to the size of the leaves with respect to 
environmental condition. All the characters of the 
petiole as already discussed by Metchalfe and Chalk 
(1972b) were similar with the Gangtok plant. 
Superficially, the presence of the trichomes in the 
surface of a petiole was observed to differ in both 
types. In the case of the Darjeeling plant overall 
surface of petiole bears trichomes but in case of the 
Gangtok plant, the trichomes were present only at 
the apical portion of the petiole. Presence of the 
trichomes in the leaves and the petiole may be 
considered as the diagnostic character of the two 
varieties of Fagopyrum dibotrys (D.Don) Hara. 

Chemical investigation was also performed 
in both the Darjeeling and Gangtok plants, 
respectively. Two fractions of extracts were isolated 
from the lamina of the Darjeeling type and the 
Gangtok type. The paper chromatography of the 
extiact performed in the solvents such Butanohacetic 
acid;water (4:1:5), Butanol:2M HCl (1:1 top layer), 
cone HCIiwater (3:97) and Rfs were measured as 
0.38, 0.29 and 0.07, respectively. The anthocyanin 
on the chromatographed paper was eluted with 
methanol and kept at room temperature for the 
crystallization. The infra red spectra noted and V 
max were 3300,2900,1640,1235,1060,970 and 815 
cm', respectively. This seems that the isolated 
secondary product was cyaniding 3 glucoside as 
new report from the plant. Similarly, the other fraction 
of anthocyanin was paper chromatographed in the 
solvent Butanol: acetic acid : water (4:1:5) and 1% 
HCl and measured the relative flosys at 0.22 and 
0.07, respectively. The strip of the paper containing 

the anthocyanin cut into pieces and eluted with the 
methanol and kept in cold for obtaining crystals 
which had similar behaviour in co-chromatography 
with the authentic samples of 3.5 diglucoside. 
Moreover, the presence of cyaniding 3,5 diglucoside 
was also observed to be presence of cyaniding 3, 5 
diglucoside was also observed to be present in plant 
parts such as petiole and stem of Fagopyrum 
dibotrys (D. Don) Hara. However, the presence of 
cyaniding 3, 5 diglucoside was reported earlier by 
Basu (1997) in the leaves of Fagopyrum dibotrys 
(D. Don) Hara. Nevertheless, in this part of work the 
extractions of the stem and \iiiif of Fagopyrum 
dibotrys (D. Don) Hara were considered and found 
the presence of cyaniding 3 glucosi^le and cyaniding 
3, 5 diglucoside in them. These afithocyanins were 
present in the Darjeeling plant but absent in the 
Gangtok plant. The significance of this study 
remains because it is a medicinal herb (Chopra ei 
al., 1956;Thanaka 1976; Asolkar e/a/., 1992) and 
used for anti-tumor activity (Yao et ul., 1989) as well 
as for anti-bacterial activity (Liu et al., 1981). This 
attempt of plant identification would pave the way 
for the correct use of the plant to the concerned 
disease of the mankind with taking into 
consideration of their chemical constituents. While 
in the literature survey, there was not mentioned 
about the varieties (Hooker, 1886; Hara, 1968; 
Grierson and Long, 1983), To confirm the presence 
of two varieties of Fagopyrum dibotrys (D. Don) 
Hara in the Eastern Himalayan belt of the Darjeeling 
hills and Sikkim, there are four characteristics 
features: (1) distribution patterns of trichome on the 
petiole. (2) variation in the number of stamens, (3) 
different in the ventral central strand shape and (4) 
quantitative variation in the cyaniding 3 glucoside 
and cyaniding 3, 5 diglucoside. So, the names may 
be proposed for the two varieties of Fagopyrum 
dibotrys (D. Don) Hara Fagopyrum dibotrys (D. 
Don) Hara var dibotrys for the Darjeeling type and 
Fagopyrum dibotrys (D. Don) Hara var alba Basu 
and Pradhan for the Gangtok type. The herbarium 
sheets as well as anatomical slides of these two 
varieties were proposed and deposited in the Centre 
for Life Science, North Bengal University, Raja 
Rammohunpur, West Bengal. The herbarium sheet 
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Fig 1. Anatomical section of the Petiole of Darjeeling Plants, p-phloem and x-xylem 

Fig 2. Anatomical section of the Petiole of Cangtok Plants, p-phloem and x-xylcm 
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oi'Fagopynim dibotrys (D. Don) Hara var dibolrys 
bears field number 401, place of collection as 
cho)vrasta - Darjeeling, date of collection as 
8.10.1998 whereas Fagopyrum dibotrys (D.Don) 
Hara var alba Basu and Pradhan bears field number 
402, place of collection as Tashiding, Gangtok and 
date of collection as 12.11.1998. 
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ABSTRACT 
Sikkim. located in the Eastern Himalaya, is one of the smallest states in India. Due to its wide variations ofphysioyraphy. 
climate, soils, social and cultural aspects, the distribution and growth of population in different districts are not 
uniform in different decades. During the last few decades, the growth ofpopulation in the slate was higher than national 
average and as a result, the pressure ofpopulation on limited existing resources has been increased enornioit.dy. So, 
to check the growth ofpopulation, various family planning programmes were introduced in different plan periods in 
the past but the achievements were insignificant. Recently, the achievement is somewhat satisfactory due to awareness 
about family planning and health care. The paper is dealt with fertility, mortality and different aspects related to 
acceptors of family planning progran.mes in the State. It has been observed that number of acceptors in family 
planning is higher among higher castes. Due to recent improvement in health care facility and introduction of family 
planning, birth and death rates in the ttate have declined considerably during the last few decades. 

INTRODUCTION 
The distribution ofpopulation ard its growth in a 
decade are rarely unifonn in a regi< n due to physical, 
social and economical factors. The population 
change in a region is a fui ction of three 
components, namely, fertility, mort. lity and migration 
(Bhende and Kanitkar, 1989 . The study of 
population is concerned with its size or number, 
structure, characteristics, distribi don and changes 
taken place in it over a period o ' time (Chandna, 
1989). The objective of the paper are to analyse the 
fertility, mortality and different family planning 
programmes aimed to contro. the growth of 
population in the State of Sik.;im. Population 
planning and policy 'measures E id programmes' 
are designed to contribute to tht achievement of 
economic, social, demographic and other goals 

(Garnier, 1966). Sikkim, one of the smallest States of 
Indian Union with an area of 7,096 km- is located in 
the Eastern Himalaya. Its total population in 1991 
was 4,06,457 (Census of India, 1991). The Slate is 
divided into four districts and each district is again 
divided into subdivision and revenue blocks. 
According to 1991 Census, 90,9% of its total 
population are living in rural areas and only 9. % of 
its total population are living in 8 urban centers. It is 
totally mountainous and the average heigiit \aries 
from 3000 m to 9000 m. About one-third of it; area 
are covered with forest and snow bound and about 
80 percent of its total area are uninhabitable The 
State forms the catchment area of Tisia river which 
plays an important role in life and livelihood pattern 
of the people (Jana, 1989). Besides, t̂ iere are a large 
number of small and short streams, rivers and jhoras 
or chus in the State. People are generally liviiig in 
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