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AIM OF THE PRESENT WORK 

  

The universal role of plants in the treatment of disease is exemplified by their applications in all 

the major systems of medicine, irrespective of the underlying philosophical premise. The 

extermination of plant species is progressing at an alarming rate in certain regions, even before 

plants has been botanically recorded or studied, but could not be studied chemically and 

pharmacologically in detail. A complete understanding of medicinal plants involves a number of 

disciplines including pharmaceutical chemistry, botany, organic chemistry, enzymology, 

pharmacology and quality control. The use of modern isolation techniques and biological assays 

procedures means that new plant drugs usually find their way into medicine as purified 

substances rather than in the form of galenical preparation. As a part of research program into the 

exploitation of natural sources for their biological activities, we have investigated two species 

namely, Ranunculus muricatus (Ranunculaceae) and Cassia fistula (Fabaceae). 

  

Plants of the genus Ranunculus are reported to contain secondary metabolites such as flavonoids, 

terpenes, sterols, coumarins, lactones, furans and glycosides. The isolation of two flavones, two 

coumarins and sterols has so far been reported from Ranunculus muricatus. Inspite of the fact 

that the plant has traditionally been used for intermittent fever, gout and asthma, its biological 

potential has never been explored except its antibacterial, cytotoxic and antioxidant activities. 

 

 The various parts of Cassia fistula have been used in a number of ailments by traditional 

healers. It is also reported to contain anthraquinones, flavonoids, tannins, coumarins, terpenes 

and chromones. The plant has been investigated for biological activities such as antimicrobial, 

antiinflamatory, cardioprotective, anticancer, anthelmintic, hepatoprotective activities but it has 

never been evaluated for antileishmanial activity, phytotoxicity, spasmolytic and bronchodilator 

assays and enzyme inhibition assays i.e butyrylcholinesterase, alpha-chymotrypsin, urease, 

lipoxygenase and alpha-glucosidase inhibition assays. 

 

Plant extracts were prepared in different solvents by using different extraction techniques. 

Chromatographic techniques such as thin layer chromatography, open column chromatography 

have been applied for the isolation of compounds from the plant extracts by using different 
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solvent systems. It needs to explore in detail by adopting new assay techniques such as assays for 

different enzyme inhibition and other assays of pharmacological importance. 
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ABSTRACT 

 

In the present research work, seeds, aerial parts and roots of Ranunculus muricatus 

(Ranunculaceae) and leaves, stem bark and root bark of Cassia fistula (Leguiminoseae) have 

been collected, dried and powdered.  

The phytochemical tests for the screening of different classes of secondary metabolite such as 

alkaloids, cardiac glycosides, anthraquinones, tannins, saponins, triterpenoids, flavonoids were 

performed with different parts of both plants. The alkaloids were found to be absent in all parts 

of both the plants, flavonoids, triterpenoids, cardiac glycosides and saponins were detected in all 

parts of both plants. Tannins were observed in all parts of both plants except in the roots of 

Ranunculus muricatus. Anthraquinones (bound) were found in aerial parts, roots and seeds of 

Ranunculus muricatus and leaves of Cassia fistula. Free anthraquinones were only observed in 

seeds of Ranunculus muricatus. 

The plant parts of Ranunculus muricatus and Cassia fistula were extracted with n-hexane, 

dichloromethane and methanol through a successive maceration. The filtrates were concentrated 

under vacuum by using the rotary evaporator. The yield of methanol extract of aerial parts of 

Ranunculus muricatus was significant as compared to other parts of this plant. Whereas the 

methanol extract of leaves, stem bark and root bark of Cassia fistula afforded a good yield 

except dichloromethane extract of stem bark and root bark of this plant. 

 n-Hexane, dichloromethane,  methanol and aqueous-ethanol extracts of different parts of 

Ranunculus muricatus and Cassia fistula were subjected to biological and pharmacological 

activities such as anti bacterial activities, antifungal activities, spasmogenic and bronchodilator 

activities,  phytotoxic and brine shrimp lethality assays, antioxidant assay, enzymes inhibition 

assays that include, α-glucosidase inhibition assay, acetyl cholinesterase inhibition assay, anti-

urease assay, lipoxygenase inhibition assay, butrylcholinesterase inhibition assay and 

chymotrypsin inhibition assay. In antifungal assay, methanol extract of root bark of Cassia 

fistula showed a significant inhibition (90%) against plant pathogenic fungus Fusarium solani 

whereas methanol extract of stem bark of Cassia fistula has shown 65% inhibition against human 

pathogenic fungus Aspergillus flavus and 25% inhibition against Fusarium solani. A significant 

antioxidant activity with a percentage inhibition value of 91.73±0.21 mg/ml and 91.73±0.87 

mg/ml,  measured by DPPH radical scavenging method, was demonstrated by methanol extracts 
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of stem and root bark of Cassia fistula. Methanol extract of leaves of Cassia fistula has shown a 

moderate antioxidant activity with a percentage inhibition value of 62.93±1.43 mg/ml. A 

significant α-Chymotrypsin inhibition activity with a percentage inhibition value of 88.67±1.42 

mg/ml and IC50 value of 44.89±0.73 µg/ml has been shown by dichloromethane extract of the 

stem bark of Cassia fistula. Methanol extract of the root bark of Cassia fistula has shown a 

significant lipoxygenase activity with a percentage inhibition value of 88.47±0.85 mg/ml, 

antiurease activity with a percentage inhibition value of 82.25±1.94 mg/ml and acetyl-

cholinesterase inhibition activity with a percentage inhibition value of 89.86±0.63 mg/ml. 

Dichloromethane and methanol extracts of root bark and methanol extract of stem bark of Cassia 

fistula have shown a significant butyrylcholinesterase inhibition activity with percentage 

inhibition values of 89.52±0.39 mg/ml, 89.06±0.89 mg/ml and 84.79±0.05 mg/ml respectively. 

Dichloromethane extract of the stem bark of Cassia fistula and n- hexane extract of the seeds of 

Ranunculus muricatus have shown a significant α-glucosidase inhibitory activity with a 

percentage inhibition value of 84.79±0.05 mg/ml (IC50 value of 1.66±0.09 µg/ml) and with a 

percentage inhibition value of 98.33±2.98 mg/ml (IC50 value of 4.95±0.02 µg/ml) respectively. 

Dichloromethane extracts of root bark and leaves of Cassia fistula have exhibited a significant α-

glucosidase inhibitory activity with a percentage inhibition value of 96.43±0.07 mg/ml (IC50 

value of 5.71±0.12 µg/ml) and a percentage inhibition value of 78.91±0.47 mg/ml (IC50 value of 

5.59±0.06 µg/ml) respectively.  Dichloromethane extract of roots of Ranunculus muricatus has 

also displayed a significant α-glucosidase inhibitory activity with a percentage inhibition value 

of 78.31±0.19 mg/ml (IC50 value of 5.58±0.12 µg/ml). 

The aqueous ethanol extracts of seeds and roots of Ranunculus muricatus relaxed the 

spontaneous contractions in isolated rabbit jejunum preparations in dose dependant manner at 

0.01-3 mg/ml tissue bath concentrations. However aqueous ethanol extract of seeds of R. 

muricatus relaxed K
+
 (80 mM)–induced contractions in isolated rabbit jejunum preparation and 

also relaxed carbachol (1μM)–induced contraction in isolated rabbit tracheal preparations in dose 

dependant manner (0.1-3 mg/ml). It is to be reported that the observed response is likely to be 

mediated through either anti muscuranic activity or/ and blockade of voltage dependant Ca
+2

 

channels. The aqueous ethanol extract of roots of Ranunculus muricatus have shown a 

significant relaxant effect in isolated rabbit jejunum preparations with an  EC50 value of 0.2075 

mg/ml (95% CI: 0.0478-0.9007).  
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The aqueous ethanol extract of the leaves and root bark of Cassia fistula relaxed the spontaneous 

contractions in isolated rabbit jejunum preparations in dose dependant manner at 0.01-3 mg/ml 

tissue bath concentration.  It is further added that the aqueous ethanol extract of the leaves of C. 

fistula has relaxed K
+ 

(80mM)–induced contractions in isolated rabbit jejunum preparations 

having the EC50 value of 1.123 mg/ml (95% CI: 0.6593-1.912).  

Fractionation of dichloromethane and methanol extracts of the aerial parts of Ranunculus 

muricatus and the dichloromethane extract of leaves of Cassia fistula led to the isolation of ten 

compounds. A combination of column chromatography of dichloromethane extract of the aerial 

parts of Ranunculus muricatus using silica gel and Sephadex LH-20 with appropriate mobile 

phase afforded one irridoid (A), three flavonoids (B-D) and one coumarin (E). The compounds F 

and G have been purified from methanol extract of the aerial parts of Ranunculus muricatus. 

Repeated separation of dichloromethane extract of leaves of Cassia fistula by column 

chromatography on silica gel using different mobile phases led to the purification of three fatty 

acids (H-J).   

The chemical structures of these isolated compounds (A-J) were established with the help of 

spectroscopic techniques such as UV-visible and Infrared spectroscopy, Proton Nuclear 

Magnetic Resonance (
1
H-NMR), 

13
C NMR (BB, DEPT-135, 90), Two Dimensional Correlation 

Techniques (HMBC, HSQC) and Mass Spectrometry. After the interpretation of spectra and 

going through the literature the compounds were identified as ipolamiide (A), 5-hydroxy-3,3',4', 

6,7-pentamethoxyflavone (B), 5,6,7,8,3',4'-hexamethoxyflavone (C), 5,3',4'-trihydroxyflavone-7-

O-β-D-glucopyranoside (D), 7-Hydroxy-6-methoxycoumarin (E), caffeoyl-β-D-glucopyranoside 

(F), 1,3-dihydroxy-2-tetracosanoylamino-4-(E)-nonadecene (G), 10-hydroxydodecyltridec-5 

enoate (H), arachidic acid (I), montanic acid (J).  

Isolated compounds F and G exhibited a significant antioxidant activity with a percent inhibition 

value of 82.67±0.19 and 69.23±0.19 respectively at 0.5 mM. Compounds A, B, C, D, E, H, I and 

J have shown a little DPPH radical inhibition (%) with values 41.15±0.12, 17.24±0.16, 

15.65±0.12, 18.15±0.17, 12.35±0.18, 27.45±0.11, 14.37±0.18, 14.37±0.18 and 24.62±0.17 

respectively at 0.5 mM. Compounds G, C and F have shown a significant alpha glucosidase 

inhibitory activity with a percent inhibition value of 93.55±0.21, 91.82±0.19 and 71.28±0.19 

respectively measured at 0.5 mM. Compound B has shown a moderate alpha glucosidase 

inhibitory activity with a percent inhibition value of 62.35±0.21 at 0.5 mM. Compounds A, D, E, 
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H, I and J have shown a little alpha glucosidase inhibitory activity with a percent inhibition 

values of 18.72±0.18, 43.26±0.17, 31.65±0.15, 36.15±0.13, 12.45±0.17 and 32.64±0.12 

respectively at 0.5 mM. Compounds G and J have shown a moderate inhibition of urease 

enzyme with a percent inhibition values of 65.56±0.24 and 55.47±0.21 at 0.5 mM. Compounds 

A, B, C, D, E, F, H and I have shown a little percent inhibition of urease enzyme with a values 

of 44.92±0.16, 49.65±0.15, 38.76±0.12, 34.97±0.14, 37.61±0.11, 41.78±0.13, 46.92±0.15 and 

45.85±0.18 at 0.5 mM. 

It is worth mentioning here that eight out of ten compounds i.e; A, B, C, D, F, G, I and J are for 

the first time isolated from the families Ranunculaceae and Leguminosae. 
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1 INTRODUCTION 

Plants are used in the treatment of various diseases; different systems of medicine are in 

existence now a day’s e.g. system of western medicine, Unani (Islamic) and Ayurvedic (Hindu) 

systems.  Inspection of plant derived drugs included in western pharmacopoeias shows them to 

be of origin from Greek and Roman eras, different pharmacologically active drugs that includes 

quinine from Cinchona, reserpine from Rauwolfia serpentina, vinblastine and vincristine from 

Catharanthus roseus, taxol from Taxus brevifolia and semisynthetic products such as steroidal 

hormones depends on plant sources for starting material. In 1806, the isolation of first purified 

natural compound, morphine from Papaver somniferum was a great breakthrough in the field of 

medicine (Trease and Evans 2002). 

 In the Holy Quran god has mentioned the importance of plants in different Surahs. Holy Prophet 

(Sallallaho Alaihe Wasillam) has also been using and recommended uses of plants for different 

diseases and as food (Kahrizi et al. 2012).  

Aristotle (384-322 B.C.), attempted to separate superstition from fact in his writings on the 

animal kingdom. Theophrastus (370-287 B.C.) utilized the Aristotles scientific reasoning and 

applied these principles to the plant kingdom. This work served as guides for futures researchers 

who are interested in plant and animal as a source of drugs. In 78 A.D. Dioscorides mentioned 

the medicinal importance of plants in the book Materia medica. Galen (131-200 A.D.) gives the 

method for the formulation of drugs from the plants and animal origin (Tyler et al. 1977). 

Pharmaceutical chemistry has provided a new way of isolation and structure elucidation of 

organic molecules from natural and synthetic sources with the help of different techniques. This 

resulted in the isolation of certain compounds from the plant source by different pharma. Then 

structure elucidation of these purified compounds allowed chemists to suppress or enhance the 

certain characteristics such as solubility and efficiency in the human body to synthesize and semi 

synthesize their analogs to lower the cost of drug production (Newman 2008).   
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1.1: Botanical aspects of Ranunculaceae and Leguminosae families   

More than 250,000 species of herbs, shrubs and trees are included in angiosperms. The phylum is 

divided into two classes’ dicotyledons and monocotyledons. The dicotyledons are herbs, shrubs 

or trees the seeds of which have two cotyledons. The leaves are usually reticulatly veined and the 

typical stem structure is a ring of open vascular bundles. The flowers in monocotyledons are 

usually pentamerous or tetramerous. The flowers may be unisexual but are more usually 

bisexual. The perianth may or may not be differentiated into sepals and petals. The petals may be 

free from one another or fused. Dicotyledons are divided into two groups’ Archichlamdeae and 

Sympetalae. The Archichlamdeae is further divided into 37 orders and about 226 families and 

the Sympetalae into 11 orders and about 63 families. The following orders are included in 

Archichlamdeae; Polygonales, Cactales, Magnoliales, Ranunculales, Piperales Juglandales, 

Malvales, Thymelaeales, Violales, Cucurbitales, Salicales, Fagales, Urticales, Proteales, 

Santalales, , Aristolochiales, Guttiferales, Sarraceniales, Papaverales, Rosales, Geraniales, 

Rutales, Sapindales, Celastrales, Rhamnales, Myrtiflorae and Umbelliflorae. 

The Sympetalae consists of the following orders Oleales, Gentianales, Tubiflorae, Plantaginales, 

Ericales, Primulales, Plumbaginales, Ebenales, Dipsacales and Campanulales. 

The order Ranunculales consists of seven families, the four of medicinal interest includes 

Ranunculaceae, Berberidaceae, Menispermaceae and Nymphaeaceae. The order Rosales 

consists of 19 families and divided into four suborders Hamamelidineae (Hamamelidaceae); 

Saxifragineae (Crassulaceae, Saxifragaceae and pittosporaceae); Rosineae (Rosaceae); 

Legumionosineae (Legumionosae and Krameriaceae). The taxonomic classification of the two 

species under investigation is shown in figure 1.1. 
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Division:                                             Angiospermae 

 

 

 

 

 

 Class:                 Monocotyledoneae                           Dicotyledoneae 

 

 

 

 

 

 

 Sub class:                                    Archichlamdeae                                         Sympetalae 

                                                      (37 orders)                                                 (11 orders) 

 

 

 

 

 

  Order:           Ranunculales (7 families)                    Rosales (19 families) 

         

                                                                                                                  

 

  Family:         Ranunculaceae                                 Leguminoseae (3 subfamilies)              

                          (59 genera)                                                                                                                

 

 

 

                                                                 

                                                   

  

  Sub family:                           Papilionaceae       Caesalpinoideae                     Mimosoideae 

                                                (377 genera)            (133 genera)                           (40 genera) 

 

                                                                                                                                                                                

 

  Genus:              Ranunculus (600 sp)                       Cassia (600 species) 

                                                     

 

 

   

Species:         Ranunculus  muricatus                   Cassia fistula 

 

 

Figure1.1: Taxonomic classification of the species of selected plants in the present study  
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1.1.1: The Family Ranunculaceae 

Family Ranunculaceae consists of 1700 species and 60 genera. The most important and largest 

genera are Ranunculus, Delphinium, Thalictrum, Clematis and Aconitum. In Pakistan there are 

22 genera and 114 species. Plants of this family are annual or perennial herbs, rarely woody 

climbers. Leaves are undivided or more or less deeply lobed, pinnatisect to pinnatipartite, rarely 

pedatisect, and alternate, rarely opposite. Uppermost leaves sometimes united into an involucre 

that closely resembles a calyx. Flowers single or united. Inflorescence is racemose, cymose and 

petals are sometimes provided with spur. Stamens usually numerous and reduced in number to 2, 

in several whorls or rarely in a single whorl. Carpels 1 to numerous arranged spirally on a 

convex receptacle. Fruit a follicle, often dry and 2 to many seeded, with marginal ovules or one 

seeded nutlets with a single basal ovule and very rarely baccate (Riedl and Nasir 1991). 

 

1.1.2: The Genus Ranunculus  

This genus consists of 600 species. In Pakistan genus Ranunculus is represented by 23-25 

species. Plants of genus Ranunculus are annual or perennial with fibrous, partly fibrous and 

fleshy or more or less tuberiform roots. Leaves are basal and cauline, entire in some species, 

more often palmatifid or palmatipartite, lobate or rarely pinnate. Flowers are solitary or have a 

cymose inflorescence. Sepals usually 5 and deciduous after flowering. Petals 5, rarely more or 

less, with sub basal nectar pit often protected by a scale. Stamens numerous, and arranged 

spirally. Carpels are arranged in globose to oblong heads, unilocular with one ovule. Fruitlets are 

nut like, inflated or ± laterally compressed, usually with a distinct, straight or curved style (Riedl 

and Nasir 1988). 

 

1.1.3: Ranunculus muricatus 

A species of buttercup known by the common name spinyfruit buttercup, it is distributed in 

Atlantic and Southern Europe, West and South West Asia, Crimea, Caucasus, Southern Siberia, 

India and Pakistan. It is found in Pakistan as common weed from 500-2000 m height.   The plant 

is a glabrous annual with single stem or several short branched stems near the base. All leaves 

are similar, petioles of lower leaves are upto 15 cm, decreasing in length towards apex, blades 

are round reniform to suborbicular, deeply 3 lobate or ± regularly coarsely crenate, segments or 

lobes crenate, sometimes ± profoundly incised. Peduncles axillary, usually 1-3 cm long. Flowers 

http://en.wikipedia.org/wiki/Genus
http://en.wikipedia.org/wiki/Species
http://en.wikipedia.org/wiki/Ranunculus
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are yellow color 8-12 mm in diameter. Sepals reflexed, ovate, nearly as long as petals or slightly 

shorter. Petals roundish obovate, strongly tapering towards base. Achenes 5-6 mm long, ovate, 

arranged in a large globose head, inserted on a pubescent receptacle, compressed, with a broad 

sulcate border, beak sides spiny, tubercled or nearly smooth, beak broadly triangular, flat, usually 

straight  ( Riedl and Nasir 1988). 

  

 

 

Figure 1.2: Aerial view of the plant Ranunculus muricatus 
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1.1.4: The Family Leguminosae 

The family leguminosae is the second largest family of flowering plants and consists of 600 

genera and about 12000 species. It has more medicinal importance as compared to other families. 

It is further divided into three sub families Caesalpinoideae, Papilionaceae and Mimosoideae 

(Trease and Evans 2002).  

 

1.1.4.1: Sub Family Caesalpinoideae 

This consists of 152 genera and 2800 species, mostly distributed in tropical and sub tropical 

regions. The plants are trees, shrubs, climbers and very rarely herbs. Leaves mostly alternate, 

mostly pinnate or bipinnate, pinnae or leaflets one to many pairs rarely simple or unifoliolate. 

Stipules paired, mostly caducous, stipels may or may not be present. Inflorescence axillary or 

terminal, rarely leaf opposed, raceme or panicle. Flowers zygomorphic, rarely actinomorphic, 

mostly bisexual. Sepals 5 or 4 by the union of 2, free or partly united, imbricate or rarely valvate. 

Petals 5 or fewer, rarely absent, imbricate, adaxial inner most. Stamens 10 or fewer, rarely 

numerous, free to variously connate; extra staminal disc sometimes present. Pistil unicarpellary, 

ovary is unilocular, ovules one to many, style single, undivided. Fruit a legume or indehiscent 

drupaceous and samaroid. Seeds sometimes arillate, rarely with endosperm (Nasir and Ali 1973). 

 

1.1.4.2: The Genus Cassia 

This genus comprises of about 600 species. Plants of this genus are trees, shrubs and herbs. 

Leaves are paripinnate or rarely reduced to phyllode; stipules of various shapes, petiolar glands 

often present. Inflorescence axillary or terminal raceme, terminal panicle or flowers subsolitary 

axillary; bracts and bracteoles variable. Calyx 5, imbricate, tube short. Petals 5, imbricate, 

subequal or lower most larger. Stamens 10, all perfect or subequal or the upper ones smaller or 

imperfect or only 5 stamens; anthers uniform or upper ones smaller, dehiscing by an apical pore 

or short slit. Ovary sessile or stipitate, ovules numerous, style with terminal stigma. Fruit 

variable, terete or compressed, membranous or woody, often 2 valved, sometimes indehiscent, 

rarely winged lengthwise. Seeds mostly compressed, endospermous (Nasir and Ali 1973). 
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1.1.4.3: Cassia fistula  

The plant cassia fistula commonly known as amaltas is widely distributed in Pakistan, Swat and 

Hazara eastwards, ascending to 4000 feet. It is commonly planted in gardens abundantly found in 

deciduous forests throughout the greater part of India, Burma and Ceylon. Cassia fistula plant is 

a tree, up to 20 meter tall. Leaves compound 22.5-40 cm long, with 3-8 pairs of opposite leaflets, 

6-10 (20) cm long, smooth above, hairy below. Bark in young tree is smooth and 

ash coloured, rough and dark brown in old plants. It effects the phytotochemical composition. 

Stipules deltoid, acute, 1-2 mm long, caducous. Rachis 12-25 cm long, terete, glabrous. Flowers 

are arranged in drooping racemes, each raceme c. 10-45 cm long; peduncle 2-10 cm long. 

Pedicel 3.7-5.8 cm long, slender, slightly hairy or quite smooth, bracts 8-10 mm long, ovate, 

acute, hairy. Calyx 5, green, folded backward on the stalk, hairy, ovate, 9 mm long. Petals 5, 

obovate, blunt, distinctly veined. Stamens 10, 3 longest stamens much curled and bear large 

oblong anthers, 4 smaller medium ones are quite straight, 3 remaining stamens are quite short, 

erect and sterile. Ovary slender, thinly appressed hairy, style sturdy, stigma 

punctiform. Pods terete, glabrous, indehiscent, 40-60 cm long, 1.5-2 cm broad, black glossy 

brown, 40-100 seeded (Nasir and Ali 1973).   

 

 

Figure 1.3: Aerial view of the plant Cassia fistula 
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1.2: Traditional uses of Ranunculus muricatus and Cassia fistula 

  Plants selected for the present study have long been used to treat various ailments. The 

details are summarized in table 1.1. 

 

Table 1.1: Traditional uses of Ranunculus muricatus and Cassia fistula 

Plant name Part used Traditional uses Reference  

Ranunculus    

muricatus   
Whole plant 

Intermittent fever, gout, asthma, 

cough  

Kirtikar and Basu 1935, 

Khan et al. 2013  

 

Cassia fistula 

Bark Tanning Ali and Qureshi 1967  

Wood ash Dyeing Ali and Qureshi 1967 

 Pulp of Pods 
Flavor tobacco, constipation, 

colic, chlorosis, urinary disorders  
Ali and Qureshi 1967 

Seeds  

Skin disorders, swollen throat, 

billousness, jaundice, anti-

oxidant, antibacterial, emetic, 

constipation cathartic, laxative, 

carminative, cooling, appetite 

stimulant, antipyretic, jaundice, 

biliousness, skin disease , 

swollen throat, anti-diabetic, 

amoebiasis, purgative, 

hepatoprotective, anti-

inflammatory, antitussive, 

antifungal 

Markouk 2000, Danish 

et al. 2011  

Roots  
Tonic, astringent, febrifuge, 

purgative 

Danish et al. 2012, 

Nadkarni et al. 2009, 

Chopra et al. 2006  

Root bark 

(alcoholic 

extract) 

Backwart fever, chest pain, joint 

pain, migraine dysentery, 

antidiabetic 

Bhalerao and kelkar 

2012  

Root bark    

(aqueous 

Antiinflammatory, cardiac 

disorders biliousness, 
 Erik et al. 2009  
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extract) rheumatism, hemorrhages, 

wounds, ulcers,  boils and skin 

diseases  

Leaves 

Burnt skin, laxative, emollient, 

poultice for chilblains,  insect 

bites, swelling, rheumatism and 

facial paralysis, anti periodic, 

laxative, jaundice, piles, ulcers, 

skin eruptions, ring worms, 

eczema, insect bites, anti-tussive, 

hepatoprotective  

Patil H.M 2012, Patil 

Sunil J. and patil H.M 

2012, Nadkarni 2009, 

Gupta 2010, Kirtikar 

and basu 2006,  Bhakta 

et al. (1998, 1999) 

Stem bark 

Amenorrhoea, chest pain, 

swellings,  tonic, antidysentric, 

skin disorders, leprosy, jaundice, 

syphilis, heart diseases 

Erik et al. 2009 

Fruits 
Cathartic , snake bite , asthma, 

laxative 

Gupta 2010, Kirtikar 

and Basu 2006, 

Agrawal et al. 2012 

Flowers and 

pods 

Purgative, febrifugal, biliousness, 

astringent, antifertility agents, 

diabetes, antipyretic, 

abortifacient, demulcent, anti-

inflammatory, chest complaints, 

throat troubles, liver complaints, 

diseases of eye and gripping  

 

Kirtikar and Basu 2006 
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1.3: Secondary metabolites 

 

Secondary metabolites are organic molecules that are not involved in the normal growth and 

development of an organism. These compounds are diverse group of natural products 

synthesized by plants, fungi, bacteria, algae, and animals. These are classified on the bases of 

their biosynthetic origin e.g. terpenes, phenolic compounds and alkaloids. Secondary metabolites 

are frequently produced at large scale during a transition from active growth to stationary phase 

(Roze et al. 2011). The interrelationships of biosynthetic pathways leading to secondary 

constituents in plants are given in figure 1.4. 

 

1.3.1: Glycosides 

Glycosides are compounds that yield upon hydrolysis, one or more sugars among the product of 

hydrolysis. The most frequently occurring sugar is β-D-glucose and other sugars are found as 

components of glycosides. If the sugar formed is glucose, the substance may be called glucoside; 

however, since other sugars may be developed during the hydrolysis, the term glycoside is 

commonly used. Chemically the glycosides are acetals in which the hydroxyl of the sugar is 

condensed with a hydroxyl of non sugar moiety and the secondary hydroxyl is condensed within 

the sugar molecule itself to form an oxide ring. Most valuable glycosides are from digitalis, 

strophanthus, squill, senna, aloe, rhubarb, cascara sagrada and frangula.  

 

1.3.1.1: Anthraquinone glycosides 

A number of glycosides with aglycones related to anthracene are present in drugs such as 

Cascara sagrada, Frangula, Aloe, Rhubarb, Senna, Chrysarobin an Cochineal. The derivatives of 

anthraquinones present in purgative drugs may be dihydroxy phenols such as chrysophenol, 

trihydroxy phenols such as emodin or tetrahydroxy phenols such as carminic acid. The 

anthraquinone and related glycosides are stimulant cathartics and exert their action by increasing 

the tone of the smooth muscle in the wall of large intestine. 

 

1.3.1.2: Saponin glycosides 

Glycosides which produce a foaming aqueous solution are termed as saponins. They have 

hemolytic properties and a poisonous effect against fishes and shells. Formation of precipitates 

with cholesterol in alcohol is also referred to as characteristics nature of saponins. They have a 
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bitter acrid taste and are irritating to the mucous membrane. The crude drugs which contain 

saponins are used for their detergent properties and some of them which give less irritating 

effects on oral administration are employed as expectorant and antitussive agents. A large 

number of species of saponins are distributed in higher plants, while some marine animals such 

as seaslug and starfish also produce saponins. There are many crude drugs which consist of 

seeds, leaves, stem bark, roots and rhizomes of higher plants containing considerable amount of 

saponins. The saponins are found in the followings plant families; Leguminosae, Rhamnaceae, 

Umbelliferae, caryophyllaceae etc. Glycyrrhiza and sarsaparilla are among the drugs containing 

saponins. 

 

1.3.1.3: Flavonol glycosides  

The flavonol glycosides and their aglycones are generally termed as flavonoids. A large number 

of different flavonoids are known to occur in nature and these yellow pigments are widely 

distributed among the higher plants. Rutin, quercetin and the citrus biflavonoids hesperidin, 

hesperetin, diosmin and naringin are the the best known flavonoids constituents. 

 

1.3.1.4: Cardiac glycosides 

A number of plants scattered throughout the plant kingdom contain C23 or C24 steroidal 

glycosides which exert a slowing and strengthening effect on the failing heart. The 

pharmacological effectiveness of the cardioactive glycosides is dependent on the aglycones and 

sugar moieties. With digitalis purpurea and digitalis lanata the property of high glycoside content 

is hereditary. The proportion of glycosides digitoxin and gitoxin varies in the plants growing in 

different locations. Cardenolides are the more common and are particularly abundant in the 

Apocynaceae and Asclepiadaceae. 
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Primary metabolic                         Primary metabolic                                   Corresponding 

Pathway of                                        products                                          Secondary Metabolites 

Carbon 

 

CO2         CO2 

    

    

    Pentose 

    Pathway 

                                                                                                                     Glycosides 

Sugars                                                                  Carbohydrates                 Gums and Mucilages 

                                                                                                                      Streptomycin 

 

Glycolysis                Erythrose PO4 

                                        

 

Phosphopenol                          Shikimic acid                                                      Phenols 

Pyruvate                                                                                                                Tannins 

                                                           Aromatic                                                   Lignin 

                                                             Amino acids 

 

Pyruvate                                                                              proteins                   Alkaloids 

                                                                  Aliphatic                                           Peptides 

                                                               Amino acids                                        Penicillin 

 

Acety -CoA                            Malonyl-CoA              Fatty acids                  Fats and Waxes 

                                                                                                                         

                                                                                                                         Tetracyclines 

                                                                                                                         Anthraquinones 

Tricarboxylic 

Acid cycle 

                            Isoprene                                                                                Terpenes 

                                    

   CO2                                        Squalene                                                          Steroids 

    

 

Figure 1.4: Interrelationships of biosynthetic pathways leading to secondary constituents in 

plants. 

 

1.3.2: Tannins 

Tannins are amorphous compounds which form colloidal solutions with water, having an acidic 

PH and a sharp puckering taste. They precipitates the solutions of alkaloids and gelatin, with 

ferric salts they form dark blue or greenish black soluble compounds and produce a deep red 

color with potassium ferrocyanide and bases, they can be  precipitated with salts of copper, lead, 
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tin and by strong aqueous potassium dichromate (or 1% chromic acid) solutions. Tannins are 

widely distributed in the plant kingdom; almost every family and species contains tannins. Many 

tannin bearing drugs such as nutgall, krameria, gambir and kino as well as partially purified 

tannins such as tannic acid and their derivatives (acetyltannic acid) are astringents.  

 

1.3.3: Alkaloids 

Alkaloids are basic organic nitrogenous compounds, which contains one or more nitrogen atoms 

in a heterocyclic ring and are physiologically active (morphine, vinblastine). The name proto- 

alkaloids is sometimes applied to compounds which lacks one or more properties of typical 

alkaloids e.g; Ephedrine, colchicine etc. other alkaloids (synthetic compounds) that are closely 

related to natural alkaloids (homatropine) are called pseudo alkaloids. 

 

1.3.4: Lipids  

 Lipids are esters of long chain fatty acids and alcohols and their closely related derivatives. 

They differ to each other in the type of alcohol; in fixed oils and fats glycerol combined to the 

fatty acids. Fats and fixed oils are obtained from plants (olive oil, peanut oil) or animal (lard). 

Their primary function is food storage. The fixed oils and fats are products that have a 

pharmaceutical importance and also equally important as foods. Waxes may also be of plant or 

animal origin. More common fatty acids of plant origin are caproic acid, lauric acid, capric acid, 

palmitic acid, oleic acid etc. 

 

1.3.5: Polysaccharides  

These are the polymers of monosaccharide’s (sugars) attached to one another with glycosidic 

linkages, they are diverse nature of biological macromolecules. The glycosidic linkages can have 

either α or β configuration. The polysaccharides in generic term are called glycans, if only one 

type of monosaccharide unit is present the polysaccharides are called homoglycans (starch and 

cellulose), they are heteroglycans if more than one kind of monosaccharides are present in the 

molecule (gums, tragacanth, pectin, plantago seed). 
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1.3.6: Terpenes 

Terpenoids are of natural origin consists of different isoprene units; hence these compounds are 

also called isoprenoids. This class of compounds is collectively called as terpenes. Monoterpenes 

are comprises of two isoprene units, having the molecular formula C10H16, sesquiterpenes 

consists of three isoprene units C15H24, diterpenes C20H32 consists of four isoprene units, 

triterpenoids C30H48 are consists of six isoprene units. Terpinoids are found abundentaly in 

higher plants e.g. plumbagin from plumbago benesis, artemisinin form a Chinese herb Qing Hao 

(Artemisia annua). 

 

1.3.7: Steroids 

 Steroids are chemical derivatives of cyclopentanoperhydrophenanthrene and can be obtained 

from either human or animal sources. Steroids comprise of class of compounds which are 

abundantly found in nature. They play an important role in development and control of the 

reproductive tract hormones such as estradiol, progesterone, and testosterone in man. They are 

used therapeutically as cardiotonics e.g. digitoxin, Vitamin D precursors such as ergosterol, as 

oral contraceptive (semisynthetic estrogens and progestins), antiinflammatory and anabolic 

agents (corticosteroids & androgens). 
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2 LITRATURE REVIEW 

 

2.1: Previous reports on the phytochemical studies of the genus Ranunculus and Cassia 

fistula 

 

2.1.1: The Genus Ranunculus 

The genus Ranunculus comprises of 600 species only nine has been investigated from the 

phytochemical point of view. These include R. japonicas, R. muricatus, R. sieboldii, R.  

sceleratus, R. laetus, R. lanuginosus R. ternatus, R. chinensis and R. ternate. The genus 

Ranunculus is known to contain various classes of secondary metabolites such as flavonoids, 

sterols, lipids, phenolics, coumarins, terpenes and phenyl propanoids. The compounds so for 

isolated from the genus Ranunculus are given in table 2.1 and the chemical structures of these 

compounds are given in figure 2.1, 2.2 and 2.3  

 

Table 2.1: Phytochemicals reported from various species of the genus Ranunculus  

Class of 

secondary 

metabolites 

Name of constituents 
Name of 

plant 
Part used Reference 

 

 

Flavonoids 

Tricin (1), luteolin (2), 5-

hydroxy-6,7-

dimethoxyflavone (3), 5-

hydroxy-7,8-

dimethoxyflavone (4) 

R. japonicus 
Whole 

plant 
Zheng et al. 2006 

Luteolin, Tricin 7-O-β-D-

glucopyranoside (5) 
R. muricatus 

Whole 

plant 

Wang and Gao 

2009,  Nazir et al. 

2013 

Apigenin 4′-O-α-

rhamnopyranoside (6), 

apigenin 7-O-β-D-

glucopyranosyl-4′-O-α-

rhamnopyranoside (7), tricin 

7-O-β-D-glucopyranoside, 

tricin 

R. sieboldii, 

R.sceleratus 

Whole 

plant 
Li  et al. 2005 

Jacein (8), centaurein (9) R. laetus 
Whole 

plant 
Javid et al. 2009 

Quercetin 3-O-(2-t-p-

coumaroyl)-β-D-

glucopyranosyl-(1-2)-β-D-

glucopyranoside-7-O-β-D-

R. lanuginosus Leaves prieto et al. 2004 
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glucopyranoside 

Sternbin (10) R. ternatus Root Tian et al. 2006 

Ranunchinesin, orisbiusin 

(11) 
R. chinensis 

Aerial 

parts 
Zou et al. 2010 

Terpenes 

3 β-acetoxy-(20S, 22E)-

dammaran-22-en-25-ol, 

ursolic acid (12), oleanolic 

acid (13), betulinic acid (14) 

 

R. ternate 

Whole 

plant 

 

Zhao et al.  2008 

Jacedin-5-O-β-D-glucoside R. laetus 
whole 

plant 
Javid et al. 2009 

Sterols 

 

 

 

Stigmasterol-4-ene-3,6-

dione (15) , stigmasterol 

(16), β-sitosterols (17) 

R. muricatus 
whole 

plant 

wang and Gao 

2009, Nazir et al. 

2013 

Stigmasterol 4, 6, 8 , 22-

tetraen-3-one (18), 

stigmasterol-3-O-β-D-

glucopyranoside (19) 

R. ternatus, 
Whole 

plant 

 

Xiong et al.  2008 

β-sitosterol-3-O-β-D-

glucoside (20) 
R. laetus, 

Whole 

plant 
Javid et al. 2009 

Coumarins 

Scoparone (21), scopoletin 

(22) 
R. japonicas 

Whole 

plant 
Zheng et al. 2006, 

 

Scoparone, Isoscopoletin 

(23) 

 

R. muricatus 

 

Whole 

plant 

Wang and Gao 

2009, Nazir et al. 

2013 

Isoscopoletin 
R. sieboldii, R. 

sceleratus 

Whole 

plant 
Li  et al. 2005 

6,7-dimethoxycoumarin 

(24) 
R. laetus 

Whole 

plant 

Hussain et al. 

2009 

Lactones 

gamma-keto-delta-

valerolactone (25), 

pantolactone (26), 5-

hydroxymethyl-dihydro-

furan-2-one (27) 

R. ternatus 
Whole 

plant 

 

Xiong et al.  2008 

Furans 

Anemonin (28), 

protoanemonin (29) 
R. sceleratus 

Fresh 

leaves 

Misra and Dixit 

1980 

 

 

Anemonin 

 

R.muricatus 
Whole 

plant 

Wang and Gao 

2009,  Nazir et al. 

2013 

R. japonicas 
Whole 

plant 
Zheng et al. 2006 

Glycosides 
Ternatoside A, ternatoside 

B 

R. ternatus 

 
Root 

Tian et al. 2006 
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Miscellaneous 

 

Methylparaben (30) 

 

R. ternatus 

 

 

Root 

 

 

Tian et al. 2006 

 

 

4-hydroxybenzoic acid (31) 

 

 

R. ternatus 

 

Whole 

plant 

 

 

Xiong et al.  2008 

Protocatechuic acid (32) R. japonicas 

Whole 

plant 

 

Zheng et al. 2006 

p-hydroxycinnamic acid 

(33), succinic acid, 

nonanedioic acid  

R. ternatus 

 

 

Xiong et al.  2008 
5-hydroxymethyl 

furaldehyde(34), 4-

hydroxybenzaldehyde (35) 

 

Protocatechuyl aldehyde 

(36) 

R.sceleratus, 

R. sieboldii, R. 

Muricatus 

 

Li  et al. 2005, 

Nazir et al. 2013 

succinic acid mono ethyl 

ester, 3, 4-dihydroxybenzoic 

acid methyl ester (37) 

 

R. ternatus 

 

Xiong et al.  2008 
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Figure 2.1: Chemical structures of flavonoids (1-11) reported from genus Ranunculus 
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Figure 2.2: Chemical structures of terpenoids (12-14) sterols (15-20) coumarins (21-24) reported 

from the genus Ranunculus 
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Figure 2.2: Chemical structures of terpenoids (12-14) sterols (15-20) coumarins (21-24) reported 

from the genus Ranunculus (contd) 
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Figure 2.3: Chemical structures of lactones (25-27), furans (28-29) and miscellaneous     

                    Compounds (30-37) reported from genus Ranunculus (contd)   
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Figure 2.3: Chemical structures of lactones (25-27), furans (28-29) and miscellaneous     

                     Compounds (30-37) reported from genus Ranunculus (Contd)  
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2.1.2: The plant Cassia fistula 

The phytochemical investigations of different parts of Cassia fistula revealed the isolation of 

various classes of secondary metabolites such as anthraquinones, flavonoids, tannins, coumarins, 

terpenes, chromones, steroidal compounds and lipids. The compounds so for reported from the 

specie is summarized in table 2.2 and the chemical structures of these reported compounds are 

given in figures 2.4-2.8.  

 

Table 2.2: Phytochemicals reported from Cassia fistula 

Classe of 

secondary 

metabolites 

Name of constituents Part used Reference 

Anthraquinones 

Fistulic acid (38), rhein (39), 6-

methylrhein (40), 1,3-dihydroxy-2-

methyl-5,6- dimethoxyanthraquinone 

(41) 

Stem bark 
Agnihotri and singh 

2014 

 

Chrysophanol (42) 
Sap wood 

Patil and Despande 

1982 

Chrysophanol, physcion (43) 
Callus 

culture 
Ahuja et al. 1988 

Rhein, chrysophanol , physcion leaves Mahesh et al. 1984 

Chrysophanol, chrysophanein (44) Seeds Kuo et al. 2002 

3-formyl-1-hydroxy-8- methoxy 

anthraquinone (45) 
Pods 

Rani and Kalidhar 

1998 

 

Chrysophanol, emodin (46), physcion, 

citreorosein (47), rhein, rhein methyl 

ester (48) , ziganein (49), 1,4,5 

trihydroxyanthraquinone (50) 

Aerial parts 
 

Lee et al. 2001 

1,8-dihydroxy-6-methoxy-3,7-di- 

methyl  anthraquinone (51) 
Roots Das et al. 1998 

Fistulaquinone 

Fruits, Yang et al. 2014 

Roots 
Yang et al. 2013 

 

1,3,8-trihydroxyanthraquinone (52) leaves Wang et al. 2013 

4-dodecyl-1,3,8-

trihydroxyanthraquinone (53), 

chrysophanol,  physicon 

Root bark Jain et al. 2013 
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3-formyl-1-hydroxy-8-methoxy-

anthraquinone 
Pods 

Rani and Kalidhar 

1998 

 

7-methylphysicon (54) Root Vaishnava  et al. 1993 

Flavonoids 

Naringenin (55), kaempferol 3-

neohesperidoside 
Leaves Wang et al. 2013 

Kaempferol (56), dihydrokaempferol 

(57) 
Sap wood Patil et al.1982 

Rhamnetin 3-O-gentiobioside (58) Roots 

 

Vaishnav and Gupta 

1996 

 

5,7,3',4'-tetrahydroxy-6,8-

dimethoxyflavone-3-O-β-

arabinopyranoside (59),  5,7,4'-

trihydroxy-6,8,3'-trimethoxyflavone-3-

O-α-L-rhamnosyl (1-2)-O-β-D-

glucopyranoside (60) 

Stem bark Gupta et al. 1990 

5,3',4'-tri-hydroxy-6-methoxy flavone-

7-O-α-L-rhamnopyranosyl-(1→2)-O-

β-D-galactopyranoside (61) 

Seeds 

 

Yadava and  Vikash 

2003 

Tannins 

 

 

(-)-epiafzelechin (62), (+)-catechin, 

Proanthocyanidin (63),  + catechin   

Sap wood 

 

Patil et al. 1982 

Patil 1982 

Stem bark 
Agnihotri and singh 

2014 

Terpenes 

Lupeol (64)  

Root bark Jain et al. 2013 

Aerial parts Lee et al. 2001 

3-β-hydroxy-Lup-20(29)en-28-oic acid Root Vaishnav et al. 2006 

3-β-17-norpimar-8(9)-en-15-one Pods Misra et al. 1997 

Sterols 

β-sitosterol ,  β-daucosterol Leaves Wang et al. 2013 

β-sitosterol, β-sitosterol-β-D-glucoside  

(65) 
Root bark Jain et al. 2013 

β-sitosterol, stigmasterol, β-sitosteryl-

3-O-D-glucopyranoside 
Aerial parts Lee et al. 2001 

Coumarins 
Isoscopoletin, scopoletin , esculetin 

(66) 
Aerial parts Lee et al. 2001 
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Chromones 

 

 

 

 

 

 

 

2,5-dimethyl-7-hydroxychromone (67), 

2,5-dimethyl-7-methoxychromone (68) 
Aerial parts 

 

Lee et al. 2001 

7-hydroxy-5-hydroxymethyl-2-(2′-

hydroxypropyl) chromone (69), 7-

hydroxy-2-(2′-hydroxypropyl)-5-

methylchromone (70) 

Seeds 

 

Kuo et al. 2002 

Furans 

[1,2-b] furan, 2,9-dihydroxy-7-

methoxy-4-methylnaphtha[1,2-b] 

furan-3(2H)-one 

Leaves Wang et al. 2013 

5-(2-hydroxyphenoxymethyl)furfural Seeds Kuo et al. 2002 

Miscellaneous 

Benzyl 2-hydroxy-3,6-

dimethoxybenzoate (71) , dibenzyl 

2,2'-dihydroxy-3,6,3'',6''-tetramethoxy-

biphenyl-1,1'-dicarboxylate 

Seeds 

 

 

Sartorelli et al.  2012 

Glyceryl-1-tetracosanoate , moracin J, 

mauritianin  
Leaves Wang et al. 2013 

Hexacosanoyl quinate (72), heptacosyl 

eicosanoate, 1-hexacosanol 
Root bark Jain et al. 2013 

5-nonatetracontanone and 2-

hentriacontanone 
Pods Misra et al. 1996 

Benzyl 2-hydroxy-3,6-

dimethoxybenzoate,  benzyl 2-β-O-D-

glucopyranosyl-3,6-

dimethoxybenzoate (73) 

Seeds Kuo et al. 2002 
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Figure 2.4: Chemical structures of anthraquinones (38-54) reported from Cassia fistula 
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Figure 2.4: Chemical structures of anthraquinones (Contd) 
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Figure 2.4: Chemical structures of anthraquinones (Contd) 
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Figure 2.4: Chemical structures of anthraquinones (38-54) reported from Cassia fistula (contd) 
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Figure 2.5: Chemical structures of flavonoides (55-61) reported from Cassia fistula 
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Figure 2.5: Chemical structures of flavonoides (55-61) reported from Cassia fistula (Contd) 
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Figure 2.5: Chemical structures of flavonoides (55-61) reported from Cassia fistula  
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Figure 2.6: Chemical structures of tannins (62-63) reported from Cassia fistula  
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Figure 2.7:  Chemical structures of sterols (64-65) reported from Cassia fistula 
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Figure 2.8: Chemical structures of coumarin (66) and chromones (67-70) reported from Cassia 

fistula 

 



49 

 

 
 

Figure 2.9: Chemical structures of miscellaneous compounds (71-73) reported from Cassia 

fistula 
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2.2: Previous reports on the biological studies of the genus Ranunculus and    

        Cassia fistula 

 

2.2.1: The genus Ranunculus 

 

2.2.1.1: Antiinflammatory activity 

R. sceleratus is reported to have antiinflammatory activity. 10% aqueous methanol extract was 

prepared by dissolving methanol extract from the aerial parts of Ranunculus sceleratus, it was 

partitioned with in increasing polarity order (n-hexane, chloroform, ethyl acetate, n-butanol). 

Plant extracts were tested in several models of acute inflammation induced by 

tetradecanoylphorbol acetate (TPA), arachidonic acid (AA), and carrageenan, as well as in two 

models of delayed hypersensitivity induced by oxazolone and dinitrofluorobenzene (DNFB). The 

extracts were also assayed in models of eicosanoid and elastase release by intact cells. In vitro 

non polar extracts of this species were able to inhibit eicosanoid production, whereas polar 

extracts enhanced the synthesis of 5(S)-HETE, LTB4 and 12(S)-HHTrE  (Prieto et al. 2003).  

 

2.2.1.2: Antiviral activity 

R. sieboldii and R. sceleratus have potent inhibitory effects on hepatitis B virus and herpes 

simplex virus type-1 (Zhou et al. 2005).  

 

2.2.1.3: Antibacterial activity 

Chemical compounds namely jacein , jacedin-5-O-β-D-glucoside, centaurein, 6,7-

dimethoxycoumarin from R. laetus exhibited antibacterial activity against B. subtilis, E. coli, 

Shigella flexinari, S. aureus, S. typhi and P. aeruginosa, all the four compounds have shown 

significant to moderate antibacterial activity (Hussain et al. 2009).  

Hexane, ethyl acetate, methanol, and aqueous extracts of R. marginatus and R. sprunerianus 

were tested against Streptococcus faecalis, Staphylococcus aureus, S. epidermides, Bacillus 

subtilis, Salmonella typhi, Pseudomonas aeruginosa, E. aerogenes and E. coli. The MICs of all 

extracts of both Ranunculus species were found 128-256 μg/ml (Kaya et al. 2010).  

Tricin 7-O-β-D-glucopyranoside, anemonin, β-sitosterol, isoscopoletin and protocatechuyl 

aldehyde were isolated from the ethyl acetate fraction of the whole plant of Ranunculus 
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muricatus have shown antibacterial activity against Staphylococcus aureus, Micrococcus luteus 

and E.coli, Pseudomonas aeruginosa, Enterobacter cloacae and Klebsiella pneumonia, Tricin 7-

O-β-D-glucopyranoside showed a potent activity against S. aureus with MIC value of 0.156 

mg/ml (Nazir et al. 2013).  

The antibacterial assay of whole plant methanol extract of Ranunculus muricatus was performed 

against Staphylococcus aureus, Bacillus subtilis, Bacillus pumilus, E. coli, S. typhi and 

Pseudomonas aeroginosa. Synergistic antibacterial activity of the extract was tested with respect 

to leaves of Ricinus communis, Nerium oleander, Withania somnifera, whole plant of 

Heliotropiaum curassavicum and fruits of Citrullus colocynthis. Ranunculus muricatus with 

Ricinus communis extracts showed significant antimicrobial activity against B. pumilus and B. 

subtilis (MIC 1μg/ml), however these plants showed poor activity against S. aureus and E. coli. 

On the other hand, R. muricatus with H. curassavicum showed moderate activity against B. 

pumilus and B. subtilis (MIC 1μg/ml) but no activity against E. coli and S. aureus (Rasool et al. 

2014). 

 

2.2.1.4: Antifungal activity 

Methanol and aqueous extracts of R. sceleratus were found active against five strains of 

dermatophytes namely Trichophyton rubrum, T. mentagrophytes, T. tonsuran, Microsporum 

gypseum and M. fulvum. The chloroform extract exhibited the maximum inhibition against T. 

mentagrophytes (23mm), Trichophyton rubrum (22 mm), T. tonsuran (15 mm), Microsporum 

gypseum (18 mm) and M. fulvum (21 mm). The methanol extract produced inhibition zones of 

21, 16, 17, 17 and 10 mm for T. mentagrophytes, Microsporum gypseum, Trichophyton rubrum, 

M. fulvum and T. tonsuran respectively (Sharma et al. 2012).  

 

2.2.1.5: Cytotoxic and phytotoxic activity 

n- Hexane, methanol, ethyl acetate and aqueous extracts of Ranunculus pedatus n-hexane, 

ethanol and aqueous extracts of R. isthmicus and R. constantinapolitanus exhibited cytotoxicity 

to the brine shrimp larvae. Cytotoxicity was evaluated by the brine shrimp lethality bioassay. 

These extracts have shown cytotoxicity with LC50 < 1000 (Erdogan 2012).  

The cytotoxicity of crude extracts of Ranunculus muricatus was tested against shrimp larvae by 

measuring the mortality in chloroform, ethanol and n- hexane at 1000, 100 and 10 mug/ml 
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concentrations. Significant mortality has seen at 1000 mug/ml dose of chloroform, ethanol and n-

hexane extracts. Lemna minor exhibited significant inhibition by chloroform, ethanol and n-

hexane extracts at the 1000 mug/ml dose (Ibrar et al. 2012).  

 

2.2.1.6: Antioxidant activity 

In vitro DPPH radical scavenging activities for Hexane, ethyl acetate, methanol, and aqueous 

fractions of Ranunculus marginatus and R. sprunerianus were performed. Methanol extracts 

showed the highest antioxidant activity (Kaya et al. 2010).  

 

2.2.2: The plant Cassia fistula  

 

2.2.2.1: Antiinflammatory activity 

Antiinflammatory activity of aqueous extract of the stem bark of Cassia fistula was studied in 

sub acute models of inflammation in male albino rats. A significant (P<0.01) antiinflammatory 

effect in both air pouch granuloma and cotton pellet granuloma models has seen. The extract at a 

dose (150 mg/kg body weight) showed a substantial reduction in the biomarker enzymes like 

acid phosphatase, cathepsin-D and alkaline phosphatase in the serum (Rajeswari et al. 2006). 

Aqueous and methanol extracts of the Cassia fistula stem bark showed anti-inflammatory 

activity. Paw oedema was induced by injecting 0.1ml of 1% carrageenan. Aqueous and methanol 

extracts of at the dose level of 500 mg/kg significantly (P < 0.001) reduced the weight of the 

cotton pellet granuloma in rats. The percentage inhibition of aqueous and methanol extracts was 

42.69% and 22.31% (Ilavarasan et al. 2005). 

 

2.2.2.2: Antibacterial activity 

The antibacterial activities of the pet ether, chloroform, ethyl acetate and methanol extracts of the 

leaves of Cassia fistula were tested against Bacillus cereus, Enterobacter faecalis, Salmonella 

paratyphi, Staphylococcus aureus, Escherichia coli, Proteus vulgaris, Klebsiella pneumoniae, 

Pseudomonas aeruginosa and Serratia marcescens. The leaf extracts of Cassia fistula showed 

pronounced antibacterial activity against all the tested microorganisms. Methanol extract 

exhibited significant activity against Bacillus cereus (32 mm/50 μl inhibition zone), 

Enterobacter faecalis (26 mm/50 μl inhibition zone), Staphylococcus aureus (28 mm/50 μl 
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inhibition zone), Proteus vulgaris (24 mm/50 μl inhibition zone), Klebsiella pneumoniae (26 

mm/50 μl inhibition zone), Pseudomonas aeruginosa (24 mm/50 μl inhibition zone) and Serratia 

marcescens (28 mm/50 μl inhibition zone) (Jose and Reddy 2013).                                            

Antibacterial activities of methanol and ethanol extracts of flowers of Cassia fistula were tested 

against Bacillus cereus, Staphylococcus aureus and S. epidermidis, Salmonella typhi, Kelebsiella 

pneumoniae, Escherichia coli, Pseudomonas aeruginosa and Proteus mirabilis. Both extracts in-

hibited the growth of S. aureus, S. epidermidis and B. cereus and E. coli and K. pneumoniae. The 

highest activity (with inhibition zone diameter about 26 mm) was demonstrated in case of 

ethanol extract against E. coli. (Seyyednejad 2014).  

Aqueous and petroleum ether extracts of leaves of Cassia fistula showed good activity against 

staphylococcus aureus with an MIC value 10 mg/ml and 12 mg/ml. Aqueous extract of pod 

showed good to moderate antibacterial activity against Bacillus subtilis and Pseudomonas 

aeruginosa (Mane et al. 2012). 

Acetone extract of  flowers  of Cassia fistula was found effective against S. aureus (24.6 mm) 

followed by P. mirabilis (18.6 mm), Acinetobacter spp. P. aeruginosa (17.6 mm), E. coli (16.6 

mm) and C. albicans (15.3 mm). Ethanol and methanol extracts of flowers of C. fistula showed 

the inhibition zones of 18.3 mm and 20.6 mm against S. aureus. Acetone extract of flowers 

showed strong inhibition against S. aureus (MIC of 6.25 mg/ml) (Rai et al. 2011).  

 

2.2.2.3: Hepatoprotective activity 

n- Heptane extract of leaves of Cassia fistula exhibited pronounced hepatoprotective effect by 

lowering the serum levels of transaminases (SGOT and SGPT), bilirubin and alkaline 

phosphatase (ALP) (Bhakta et al. 1999, 2001). Aqueous extract of stem bark of C. fistula 

exhibited dose dependant reduction in total bilirubin, ALP, SGOT, SGPT, AST, ALT and 

increase in total protein levels (Parthasarathy and Prasanth 2009).  

 It was observed that pretreatment with ethanol leaf extract of C. fistula (500 mg/kg body 

weight/day for 7 days) followed by CCl4 treatment (0.1 ml/100g body weight from day eight till 

day 14) completely reversed the lipid peroxidation, activities of catalase and glutathione 

reductase in the liver tissue. This treatment also reduced the elevated levels of the enzymes in the 

serum. The results were also compared with standard hepatoprotective drug silymarin (Pradeep 
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et al. 2005, 2010). Ethanol extract of leaves of Cassia fistula showed hepatoprotection against 

isoniazid and rifampicine induced hepatitis in rats (Jehangir et al. 2010). 

 

2.2.2.4: Anticancer activity 

Methanol extract of the seed of C. fistula has shown an increase of life span, and a decrease in 

the tumor volume and viable tumor cell count in the Ehrlich ascites carcinoma tumor hosts 

(Gupta et al. 2000).  

Rhein isolated from ethyl acetate fraction of flowers of Cassia fistula exhibited 40.59%, 58.26%, 

65.40%, 77.92% and 80.25% cytotoxity at 200 μg/ml respectively. The IC50 values were 100, 25, 

15 and 12.5 μg/ml (Duraipandiyan et al. 2012). Fistulaquinone A isolated from the fruits of 

Cassia fistula showed potent cytotoxicity against NB4 and PC3 cell with IC50 values of 6.3 and 

5.8 (yang et al. 2014). 

 

2.2.2.5: Antifertility activity 

Orally administered aqueous extract of the seeds of C. fistula to mated female rats from day 1-5 

of pregnancy at the doses of 100 mg and 200 mg/kg body weight results in 57.14% and 71.43% 

prevention of pregnancy. When the extract was administrated conjointly with estradiol valerate, 

it significantly prevented the estrogen induced uterotrophic effect, thus showing an anti-

estrogenic nature of the extract in the presence of a strong estrogen (Yadav and jain 1999).   

 

2.2.2.6: Anthelmintic activity 

Methanol extracts of fruit pulp and seeds of C. fistula were found to be effective against 

Pheretima posthuma. The concentrations of 100 mg/ml of extracts caused more significant 

paralysis as well as death of worms (Irshad et al. 2010).  

 

2.2.2.7: Cardioprotective activity 

Methanol extract of the bark of Cassia fistula exhibited a decrease in the elevated levels of serum 

enzymes, histological disturbances and electrocardiogram changes to normal myocardium 

functioning, which have a cardio protective effect in doxorubicin induced myocardial damage in 

rats (Khatib et al. 2010).  
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2.2.2.8: Antinephrotoxicity activity 

Aqueous ethanol extract of fruits of Cassia fistula prevented nephrotoxicity induced by 

bromobenzene (Kalantari et al. 2011).  

 

2.2.2.9: Antinociceptive activity 

Ethyl acetate extract reduced the number of acetic acid induced abdominal contractions at both 

early and late phases at the dose of 50, 100 and 200 mg/kg of formalin induced paw licking. The 

anti-nociceptive effect of Cassia fistula pods is used in inhibition of pain transmission as well as 

inhibition of peripheral inflammatory mediators (Kalaiyarasia 2014). 

 

2.2.2.10: Enzymatic activity 

Ethyl acetate and methanol extracts of roots of Cassia fistula showed a significant acetyl 

cholinesterase inhibitory activity (Rajasree et al. 2012). Ethyl acetate extract of bark of C. fistula 

has shown significant alpha amylase inhibition (Malpnai and Manjunath 2013). 

 

2.2.2.11: Antifungal activity 

The effects of fruit pulp and seed extracts of Cassia fistula were studied against Candida 

albicans, Candida glabrata and Candida tropicalis   respectively. The anticandidal activity was 

determined by minimum inhibitory concentration (MIC), growth curve studies, cytotoxicity and 

ergosterol estimation assay.  The MICs values of fruit pulp extract against tested organisms 

ranged from 100-150 μg/ml, while that of seed extract ranged from 300 to 350 μg/ml. The MIC 

results showed that the fruit pulp is more active against C. glabrata (100 μg/ml) followed by C. 

albicans (150 μg/ml) and C. tropicalis (250 μg/ml), seed extract showed almost similar effects 

on these organisms (Irshad et al.2011). Benzyl 2-hydroxy-3,6-dimethoxybenzoate and its dimer 

dibenzyl 2, 2'-dihydroxy-3, 6, 3”, 6''-tetramethoxy-biphenyl-1,1'-dicarboxylate isolated from the 

n-hexane fraction of methanol extract of the seeds of Cassia fistula were found to be effective 

against C. cladosporioides and C. sphaerospermum (Sartorelli et al. 2012). Methanol extract of 

leaves of C. fistula was found to be most potent inhibitor of Penicillium marneffei (IC50 0.9 

mg/ml) along with inhibition of conidial germination of M. gypseum (Phongpaichit et al. 2004). 
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2.2.2.12: Antineuropathy activity  

Ethanol (10 %) and aqueous extracts of the dried leaves of Cassia fistula were found to possess 

significant anti-neuropathy activity. The dose varied between 50-200 mg/kg body weight. It is 

useful in amelioration of the mono neuropathy in the human beings (Rehman et al. 2011).  

 

2.2.2.13: Anti tobacco musaic virus activity 

A new chromone, 5-hydroxy-2, 2-dimethyl-7-(2-oxopropyl)-2, 3-dihydrochromen-4-one was 

isolated from the stems and fistula flavonoid A isolated from roots of Cassia fistula exhibited 

potential anti-TMV activity with inhibition rate of 16.8 % and 18.2% respectively ( Xia et al. 

2014 and Zeng et al. 2013) 

 

2.2.2.14: Antioxidant activity 

Methanol extract of the leaves of Cassia fistula showed potent scavenging activity on 1, 1-

diphenyl-2-picrylhydrazyl (DPPH) radical (Jose and Reddy 2013).  Aqueous and methanol 

extracts of the bark of Cassia fistula showed free radical scavenging effect of DPPH and nitric 

acid release of free radicals in a concentration dependant manner up to a concentration of 250 

μg/ml. The DPPH radical inhibition percentage was 50.13, 52.12 and 78.12 respectively. Lipid 

peroxide formation by CCl
4 

was inhibited by the extracts at all tested doses (25-400 μg/ml). The 

IC50 value of aqueous extract in kidney and liver homogenates was 240.12±0.78 μg/ml and 

457.84±3.79 μg/ml. The IC50
 
value of methanol extract in liver and kidney homogenate was 

126.78 ±0.96 μg/ml and 251.55±1.18 μg/ml (Ilavarasan et al. 2005). Methanol extract of seeds of 

Cassia fistula was exhibited antioxidant activity with an IC50 value of 11.07 mg/ml in DPPH 

radical scavenging method (Jothy et al. 2011). Hydroalcoholic seed extract of C. fistula showed 

significant radical scavenging activity (Bhalodia 2011). 
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3  MATERIALS AND METHODS 

 

3.1: Plant material 

The plant material of Ranunculus muricatus was collected from the fresh water of the lower bari 

doab canal flowing in the area of Khanewal in the month of April 2012. The mature leaves, stem 

bark and root bark of Cassia fistula were collected in the month of April (2012) from 

Chichawatni Forest, District Sahiwal and from Bahauddin Zakariya University, Multan. The 

plants parts were shade dried at room temperature and powdered.  

The plants Ranunculus muricatus and Cassia fistula were identified by Prof. Dr. Altaf Ahmad 

Dasti and Dr. Zafarullah Zafar Institute of Pure and Applied Biology Bahauddin Zakariya 

University Multan. The voucher specimen has been deposited in herbarium [R.R. Stewart 271(7), 

R.R. Stewart 375(9)]. 

 

3.2: Solvent and chemical 

Acetic acid 100% (BDH, England) 

Acetic acid glacial (Merck, Germany) 

Acetic anhydride (Fluka, Germany) 

Acetylcholine (Sigma USA) 

Ammonium hydroxide (BDH England) 

Calcium chloride (Merck Germany)  

 Carbachol (Sigma USA)  

Chloroform (Merck, Germany) 

Conc. sulphuric acid (Merck, Germany) 

Dichloromethane (Merck, Germany) 

EDTA (Merck Germany)   

Ethanol (BDH, England) 

Ethyl acetate (BDH, England) 

Glucose (Merck Germany)   

Isopropyl alcohol (Fluka, Germany) 

Magnesium chloride (Merck Germany)   

Magnesium sulphate (Merck Germany)   
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Methanol (path grade, Merck, Germany) 

n- Butanol (SIGMA ALDRICH, Germany) 

n- Hexane (BDH, England) 

Perchloric acid 60% (Merck, Germany) 

 Potassium chloride (Sigma, USA) 

Potassium dihydrogen phosphate (Merck, Germany)   

Sodium bicarbonate (Merck, Germany)   

Sodium chloride (BDH England) 

Sodium dihydrogen phosphate (Merck, Germany)   

Sodium hydroxide (BDH, England)  

Vanillin (Merck, Germany) 

Verapamil chloride (Sigma, USA) 

 

3.3: Preparation of reagents and solutions 

 

3.3.1: Godin reagent  

Solution: A  1% solution of vanillin in ethanol 

Solution: B  3% solution of perchloric acid in distilled water (contain 70% perchloric acid as 

HClO4). Mix two solutions in equal quantity (Godin 1954) 

 

3.3.2: Sulphuric acid reagent 

10% concentrated sulphuric acid in ethanol. 

 

3.3.3: Dragendorff’s reagent (Potassium bismuth iodide solution) 

Suspend 1.7 g of bismuth oxynitrate (bismuth subnitrate basic) and 20 g of (+) tartaric acid in 40 

ml of water. To the suspension add 40 ml of 40% w/v solution of potassium iodide. Stirred for 

one hour and filtered, protect this stock solution from light (B.P 1993). 

 

3.3.4: Mayer’s reagent (Mercuric potassium iodide solution) 

Prepare solution (A) of mercuric chloride by dissolving 1.36 g of mercuric chloride in 60 ml of 

water. Then prepare solution (B) of potassium iodide by dissolving 5 g of potassium iodide in 20 
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ml of water. Then add solution of mercuric chloride into the solution of potassium iodide. Mix 

and make up the volume to 100 ml with distilled water (B.P 1988). 

 

3.3.5: Wagner’s reagent (Iodo potassium iodide solution) 

Dissolve 4 g of potassium iodide in minimum quantity of water (10 ml). Add 2 g of iodine into 

it. Then add distilled water to make up 100 ml (B.P 2012). 

 

3.3.6: Hager’s reagent (1% w/v solution of picric acid) 

Take 100 ml water and add 1g of picric acid and dissolve it carefully. Then dissolve more picric 

acid till saturated solution is achieved and filter (B.P 2012). 

 

3.3.7: Strong ammonia solution (Merck 25%) 

It contains not less than 25% w/w and not more than 30% w/w of ammonia (B.P 2012). 

 

3.3.8: Dilute ammonia solution: (9.5-10.5% w/w) 

Dilute ammonia solution contain 10% w/w of ammonia. It is prepared by diluting strong 

ammonia solution with freshly boiled and cooled purified water (B.P 2012). 

 

3.3.9: Ferric chloride test solution 

Dissolve 9 g of ferric chloride in water to make 100 ml of solution (U.S.P) 

 

3.3.10: Concentrated hydrochloric acid 

It contains not less than 35% w/w and not more than 39% w/w of HCl (B.P 1993) 

 

3.3.11: Dilute hydrochloric acid (9.5-10.5% w/w of HCL) 

It is prepared by mixing 274 gm of hydrochloric acid and 726 gm of purified water (B.P 

1993) 

 

3.3.12: Ethanol 90% (rectified spirit) 

Dilute 934 ml of ethanol 96% to 1000 ml with purified water. (B.P 2012) 
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3.3.13: Chloroform 

Chloroform is trichloromethane to which either 1-2% v/v of ethanol or 50 mg/liter of 

amylene have been added (B.P 2012). 

 

3.3.14: Lead subaceate solution 

Dissolve 40 g of lead (II) acetate in 90 ml of carbon dioxide free water. Adjust the pH to 

7.5 with 10 M sodium hydroxide. Centrifuge and use the clear supernatant solution. It 

contains not less than 16.7% w/w and not more than 17.4% w/w of lead in a form 

corresponding to a formula C8H14O10Pb3. Store it in a well closed container (B.P 2012). 

 

3.3.15: Glacial acetic acid 

It contains not less than 99% and not more than 100.5% w/w of C2H4O2 (B.P 1993). 

 

3.3.16: Concentrated sulphuric acid 

It contains not less than 95% and not more than 100.5% of H2SO4 (B.P 1993). 

 

3.3.17: Dilute sulphuric acid (9.5-10.5% w/w of H2SO4) 

It is prepared by adding 104 g of sulphuric a,cid to 896 g of purified water with constant 

stirring and cooling (B.P 1993). 

 

3.3.18: Gelatin solution: 

1% solution of gelatin containing 10% sodium chloride. 

 

3.3.19: Dilute acetic acid: (6% acetic acid) 

It is prepared by mixing 182 gm of acetic acid (33 percent) with 818 gm of purified water (B.P 

1993). 

 

3.4: Equipments/ instruments/ glasswares 

96-well plate reader Synergy HT, Biotek, USA  

Analytical balance (AX -200, SHIMADZU, Japan) 

Analytical balance (pioneer, PA-214, OHAUS Corp. USA) 
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Atomizer (CAMAG) Switzerland with 100 ml flask SCHOTT Germany 

Conical flasks 50 ml, 100 ml, 250 ml, 500 ml, 1000 ml (SCHOTT, Germany) 

Distillation flask Quickfit Pyrex UK  

EZ-Fit Enzyme Kinetic Software. (Perrella scientific Inc. Amherst USA) 

Fraction collector (spectrum) 

Graduated cylinders 5 ml, 10 ml, 25 ml, 50 ml, 100 ml, 250 ml, 500 ml, 1000 ml Pyrex® IWAKI 

Heat stir Stuart (Biocote) UK 

Heating mental (Electrothermal) UK 

High performance liquid chromatography (Perkin Elmer) 

Magnetic stirrer thermolyne (nuova П) 

Mass spectrometer JEOL JMS-600H 

NMR AVANCE AV-600 CRYO PROBE (Bruker) 

Oven (memmert) 

Pasteur pipettes (150 mm)   (MARIENFELD, Germany) 

Pasteur pipettes (230 mm)   (MARIENFELD, Germany) 

Power Lab Data Acquisition System (AD Instruments, Sydney, Australia) 

Reagent bottles 250 ml, 500 ml (Pyrex) 

Refrigirator (HF-240T) Haier  

Rotavapor R-200 with recirculating chiller B-740 (Buchi, Switzerland) 

Separating funnel (Pyrex® IWAKI) 

Sonicator, digital ultrasonic cleaner (AFD instruments) 

Spotting capillaries 1.1 mm (MARIENFELD, Germany) 

TECHNE sample concentrator biostep GmbH 

Test tubes Pyrex 

TLC silica gel 60 F254 (20×20 cm) (Merck, Germany) 

TLC tank (DESAGAGmbH ) 

Top load balance (ELB- 300, SHIMADZU, Japan) 

UV visioner (CAMAG) Switzerland 

UV/VIS Spectrometer (Lambda 25, Perkin Elmer) 

Volumetric flasks IWAKI 
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3.5: Phytochemical methods 

 

3.5.1: Extraction 

The powdered seed (160 gm) of Ranunculus muricatus were first defatted with n-hexane. The 

defatted material was then subjected to successive maceration using dichloromethane and 

methanol (3×1.0 L), the aerial parts (550 gm) and the root (60 gm) were extracted by using 

dichloromethane and methanol 3 x 2 L and 3 × 0.5 L through successive maceration that is three 

times in each solvent and the filtrates were concentrated under vacuum by using rotary 

evaporator. All the extracts were recovered, dried and weighed.  

Dried powdered leaves, stem bark and root bark of Cassia fistula (500 g) each, were extracted 

successively with dichloromethane (3×3L) and methanol (3×3L) for 24 hours at room 

temperature and filtered. The filtrates (dichloromethane and methanol) were evaporated to 

residue under vacuum using rotary evaporator. The residue of dichloromethane was recovered 

from the evaporating flask and collected in a small jar. Similarly, the methanolic extract of the 

stem and root bark were recovered by dissolving the extract (prepared under vacuum) in distilled 

water and then lyophilizing on a lyophilyzer. The leaf extract was recovered by dissolving into 

methanol by using the sonicator. 

 

 3.5.2: Phytochemical screening 

Chemical screening is carried out for evaluation and identification of chemical constituents 

present in drug samples. These tests are either specific for a single compound or general for a 

specific class of compounds. Color or precipitates may develop. The color should be matched 

with standard specimen, but  in case of precipitation reactions turbidity is only detectable if the 

sample  is compared to the control  containing reagent alone (Brain and Turner 1975). 

 

3.5.2.1:  Detection of cardiac glycosides  

Keller Kiliani test was applied for the identification of cardiac glycosides in the drug sample. 

The outline of the test is given below;  

To a one gram of powdered drug 10 ml of 70% alcohol was added. This mixture was boiled for 2 

min by using water bath and filtered. Double volume of distilled water was added to filtrate then 

strong solution of lead sub-acetate was added to it. To remove chlorophyll and other pigments 
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the solution was filtered. The filtrate was treated with an equal volume of chloroform by shaking 

it vigorously. Chloroform portion was removed and evaporated to dryness. The residue was 

treated with 3 ml of 3.5% ferric chloride in glacial acetic acid and transferred to test tube. To this 

1.5 ml of conc. H2SO4 was added along the wall of test tube which formed the lower layer. 

Cardiac glycosides were confirmed by appearing of pale green color at upper layer (due to 

steroidal nucleus) and brown color at interface (due to deoxy sugar) on standing (Brain and 

Turner 1975). 

 

3.5.2.2: Screening of anthraquinone  

Borntragers test and modified Borntragers test were used for the screening of free and bound 

anthraquinones glycosides. The procedures of these tests are outlined below; 

 

3.5.2.2.1: Borntragers test: Ground drug (0.1 g) was extracted with 10 ml of hot water for 5 

minutes. Aqueous extract was filtered while hot, after cooling it was extracted with 10 ml of 

CCl4. The CCl4 layer was collected, washed with 5 ml of distilled water and shaken with 5 ml of 

dilute ammonia solution. A pink to cherry red color appeared in the ammoniacal layer which 

indicates the presence of free anthraquinones in the sample.  

 

3.5.2.2.2: Modified Borntragers test:  Powdered drug (0.1 g) was extracted with 10 ml of ferric 

chloride solution and 5 ml HCl. It was heated on water bath for 10 minutes the hot solution is 

filtered and cooled; the filtrate was subsequently extracted with 10 ml of CCl4. The CCl4 portion 

was taken off, washed with 5 ml of water and shaken with 5 ml of dilute ammonia solution. A 

more intense pink to cherry red color appears which indicates the presence of bound 

anthraquinones (Brain and Turner 1975). 

 

3.5.2.3: Test for saponin glycosides 

Powdered drug (0.5 g) was added to water in a test tube. Persistent froth will formed on vigorous 

shaking which indicated the presence of saponins (Brain and Turner 1975). 
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3.5.2.4: Test for alkaloids 

Powdered drug (1gm) was boiled with 10 ml of acidified water in a test tube for 1 min and 

cooled. Supernatant liquid was taken off to other test tube. Dragendorff’s reagent (3drops) was 

added to 1ml of filtrate. Precipitates / turbidity appeared that indicated the presence of alkaloids. 

The remaining portion of the filtrate was made alkaline with dilute ammonia solution. This 

solution was transferred to a separating funnel and chloroform (5ml) was added to it, extracted 

by shaking gently. Two layers were observed. The lower chloroform layer was extracted with 10 

ml of CH3COOH. The acidic part was divided into four portions and a few drops of 

Dragendorff’s, Wagner’s, and Mayer’s reagent were added to three portions separately. 

Observation of turbidity or precipitate compared with control confirmed the presence of 

alkaloids (Brain and Turner 1975). 

 

3.5.2.5: Test for tannins  

Aqueous extract (10% w/v) of powdered drug was prepared by boiling it with distilled water for 

about 10-20 minutes. Filtered the same and chemical tests were performed with clear solution as 

under; 

 

3.5.2.5.1: Ferric chloride test  

To a 1-2 ml of ferric chloride solution an equal volume of clear solution of the extract was 

added, a blue black precipitate appeared which indicates the presence of hydrolysable tannin 

whereas brownish green precipitate indicates the presence of condensed tannins.  

 

3.5.2.5.2: Gelatin test  

To a portion of filtrate gelatin solution (1%) containing 10% sodium chloride was added white 

precipitates PPT appeared which indicates the presence of tannins.  

 

3.5.2.5.3: Catechin test  

A match stick was dipped in aqueous plant extract, dried, moistened with concentrated HCl and 

warmed near flame red or pink wood was produced which indicates the presence of catechin 

(Brain and Turner 1975). 
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3.5.2.6: Test for flavonoids 

The tests applied for the detection of flavonoids are given below; 

 

3.5.2.6.1: Ferric chloride test  

Test sample was treated with a few drops of ferric chloride solution appearance of blackish red 

color indicates the presence of flavonoids (Bhandary et al. 2012). 

 

3.5.2.6.2: Alkaline reagent test 

Test solution was treated with NaOH solution; intense yellow color was appeared that becomes 

colorless on addition of few drops of dilute HCl that indicates the presence of flavonoids 

(Bhandary et al. 2012). 

 

3.5.2.6.3: Lead acetate solution test  

To a portion of test solution a few drops of lead acetate (10%) solution were added that results in 

the formation of yellow precipitates indicated the presence of flavonoids in the sample 

(Bhandary et al. 2012). 

 

3.5.2.7: Test for triterpenoids 

Liebermann Burchard test: To a solution of crude extract in chloroform a few drops of acetic 

anhydride were added, boiled, cooled and filtered. Then a few drops of conc. H2SO4 were added 

to the filtrate carefully from the sides of the test tube a brown ring appeared at the junction of 

two layers. Green coloration of the upper layer and the formation of deep red color in the lower 

layer indicated the presence of triterpenoids (Bhandary et al. 2012). 

 

3.5.3: Chromatographic methods 

 

3.5.3.1: Thin layer chromatography 

 

3.5.3.1.1: Requirements 

Organic solvents (n-hexane, chloroform, ethyl acetate, methanol and isopropyl alcohol), test 

samples, distilled water, spotting capillary, precoated TLC plates, TLC tank, oven, UV 

illuminator and locating reagents. 
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3.5.3.1.2: Method  

Methanol extracts (40 mg each) of the plant parts were dissolved in 3.0 ml of methanol and 

similarly 40 mg of dichloromethane extract of the different plant parts were dissolved in 2 ml of 

ethyl acetate. The sample solutions were prepared separately by using vortex mixer (stuart) in a 

glass vial by rotating the vortex mixer at 2500 revolutions per minute. The sonicator was used to 

make the solution more clear. TLC plates (20x20 cm) were marked at 1.5 cm from each side and 

cut into smaller plates (10x10 cm). The start line was marked at one centimeter distance. 5-10 ul 

of the each test sample was applied with the help of capillary tube on the start line. All the 

samples were applied at equal distance on start line of TLC plate; reference standard was also 

applied along with test samples. 20 ml of mobile phase was poured into the TLC tank and 

saturated, the plate was placed in TLC tank and allowed to develop, the plate was taken out from 

the tank when there was one centimeter distance left from the upper edge. The solvent front was 

marked. The plate was dried and examined by using UV illuminator at 254 nm and 366 nm. The 

spots were marked by solid and dotted lines the same plate then sprayed with godin reagent and 

successively with 10% sulphuric acid reagent with the help of spray gun (Schott). Sprayed TLC 

plates were then heated at 115°C in oven (memmert). Different spots were observed for different 

colors after heating for 5 minutes. The spots was marked as  

254nm                                        366nm                                             Godin reagent   ///////// 
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3.5.3.1.3: Solvent System used in Thin Layer Chromatography 

Solvent systems used in thin layer chromatography of dichloromethane and methanol extracts are 

described in tables 3.1 and 3.2. 

 

Table 3.1: Solvent systems used for TLC analysis of dichloromethane extracts. 

                n-Hexane : Ethyl acetate 

49:1 

19:1 

9:1 

17:3 

4:1 

3:1 

1:1 

1:3 

n-Hexane : iso-propyl alcohol 19 : 1 

 

Table 3.2: Solvent systems used for TLC analysis of methanol extracts. 

Chloroform : Methanol : Water 

85 : 15 : 1 

40 : 10 : 1 

35 : 15 : 2 

13 : 7 : 1 

Ethyl acetate : Methanol : Water 

18 : 2 : 1 

17 : 3 : 2 

77 : 13 : 10 
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3.5.3.2: Column chromatography 

 

3.5.3.2.1: Requirements 

Stationary phase [Silica gel 60 (40-63 μm & 63-100 μm), Sephadex LH-20] , columns of 

different dimensions (length, internal diameter) were used for open column chromatography. The 

detail is given in table 3.3; 

Table 3.3: Eluents, stationary phases and column used for fractionation and purification in open 

column chromatography along with the stationary phases  

Name extract/ 

sample 
Eluant St. phase 

Column 

specifications 

Flow 

rate 

RMAPD 
n-hex→ EtOAc→ MeOH→ 

AcOH 

Silica gel 60 

(40-63 μm) 

Fractionated 

by stirring 
- 

RMAPD(AcOH) Methanol  
Sephadex 

LH-20 
29,2 

1 ml/ 

min 

RMAPM EtOAc → MeOH 
Silica gel 60 

(40-63 μm) 
40/38 Cr 60/50 

3 ml/ 

min 

RMAPM-1 C:M:W (80:20:2)→ MeOH 
Silica gel 60 

(40-63 μm) 
19/26 Cr 20/30 

2 ml/ 

min 

RMAPM-1c Methanol  
Sephadex 

LH-20 
29,2 

1 ml/ 

min 

RMAPM-1c3 
C:M:W (80:20:2→ 70:30:4 

→ 65:35:5)→ MeOH 

Silica gel 60 

(40-63 μm) 
14/23 Cr 10/40 

1 ml/ 

min 

CFLD 
n-hex: EtOAc 

(9:1→3:1→7:3) → EtOAc 

Silica gel 60 

(63-200 μm) 
40/38 Cr 60/50 

4 ml/ 

min 

CFLD7 
n-hex: EtOAc (8:2) → 

EtOAc 

Silica gel 60 

(40-63 μm) 
19/26 Cr 20/30 

2 ml/ 

min 

CFLD8 
n-hex: EtOAc (3:1) → 

EtOAc 

Silica gel 60 

(40-63 μm) 
19/26 Cr 20/30 

2 ml/ 

min 

CFLM 
C:M:W (70:30:4→ 65:35:5 

→  60:40:5) → MeOH 

Silica gel 60 

(63-100 μm) 
29/32 

4 ml/ 

min 

CFLM1 
C:M:W (70:30:4→ 65:35:5)  

→MeOH 

Silica gel 60 

(40-63 μm) 
19/26 Cr 20/30 

2 ml/ 

min 

C:M:W (Chloroform:Methanol:Water) 
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3.5.3.2.2: Columns 

 

Q 29/32 TF 2/18 Qickfit Rotaflow (England) 

Q 40/38 CR 60/50 Qickfit Rotaflow (England) 

Q 29/39 CR 40/40 Qickfit Rotaflow (England) 

 Q14/23 CR 10/40 Qickfit Rotaflow (England) 

Q 40/38 CR 60/40 Qickfit Rotaflow (England) 

 

3.5.3.2.3:  Outline of method 

Thoroughly washed, clean and dried glass column was used for the column chromatography. 

Sample to be applied onto the column was dissolved in sufficient quantity of solvent to make a 

clear solution. After loading on silica gel it was thoroughly mixed, dried and made into free 

flowing powder form. Column length was measured. One third of the total length of the column 

tube was filled with selected mobile phase; a thin cotton plug was placed inside the column at the 

bottom of the tube. The slurry was prepared in a ratio of 1:30 (sample: silica gel).  The column 

was packed with slurry using the selected mobile phase, slurry was poured into the column and 

the same was allowed to settle. Wait till the silica gel column settled completely. Before the 

application of sample excess amount of mobile phase present over the level of column was 

drained until shiny surface of silica gel appeared. Sample was applied and mobile phase was 

allowed to flow through column at a predefined flow rate/ min. Fractions of determined volume 

were collected and subjected to analytical TLC. Elution of column was carried out using 

isocratic and stepwise methods. The solvent systems used in column chromatography of MeOH 

extracts are listed in table below: 

 

Elution procedure Solvent systems used for methanol extract Ratio 

 

 

Stepwise elution 

 

 

 

 

Chloroform : Methanol : Water 

 

 

 

80 : 20 : 02 

70 : 30 : 04 

65 : 35: 05 
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3.6: Biological methods        

 

3.6.1: Brine shrimp lethality assay  

 

Materials 

Artemia salina  leach (brine shrimp eggs),  sea salt, small tank with perforated dividing dam and 

cover, lamp to attract shrimps, syringes (5.0 ml, 0.5 ml, 100 µl and 10 µl ), 2 dram vials (9 per 

sample + 1control), magnifying glass, organic solvents (MeOH, DCM, CHCl3, DMSO etc.), 

distilled water, Pasture pipettes, aluminium foil and test samples.  

 

Procedure   

Artificial sea water was made by dissolving by 38 g of sea salt / L and filtered. Sea water was 

placed in a small unequally divided tank and shrimp eggs were added to the larger compartment 

of tank which was darkened by covering it with aluminium foil. The illuminated compartment 

attracts shrimp larvae (nauplii) through perforations in the dam. The shrimps were allowed to 

hatch and mature for 48 hr at a temperature (22-29°C). Vials for testing were prepared for each 

fraction these were tested initially at 1000, 100, and 10 µg/ml, 3 replicates for each concentration 

were prepared making a total of 9 vials, 20 mg of sample was weighed and 2 ml of organic 

solvent (20 mg/2 ml) was added into it, from this solution 500 µl, 50 µl, or 5 µl was transferred 

to vials corresponding to 1000, 100, and 10 µg/ml respectively. Solvent was evaporated under 

nitrogen and then placing under high vacuum for 30 min. After 2 days, 5 ml of sea water and 10 

shrimps were added to each vial with the help of Pasteur pipette (30 shrimps per dilution). The 

vials were maintained under illumination. Then after 24 hr number of surviving shrimps were 

counted and recorded. Data was analyzed to determine LC50 value at 95% confidence interval 

(Meyer et al. 1982). 
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3.6.2: Antibacterial assay 

 

Agar well diffusion method  

Material  

Test organisms (Escherichia coli, Bacillus subtilis, Staphylococus aureus, pseudomonas 

aerginosa, Shigella flexenari, Salmonella typhi), nutrient broth, sterile cork borers, petri dishes, 

pipettes (0.1 ml , 1 ml), organic solvents, incubator, standard antibiotic (Imipenum), test samples  

 

Procedure 

Aliquots (10 ml) of nutrient broth was inoculated with the test organism at 37°C for 24 hours. 0.6 

ml of the broth culture of test organism was added to 60 ml of molten agar which has already 

been cooled to 45°C, it was mixed well and poured into a sterile petri dish (for the 9 cm petri 

dish, 0.2 ml of the culture is added to 20 ml of agar). A duplicate plate of each organism was 

prepared. The agar was allowed to settle and harden, with the help of sterile cork borer required 

numbers of holes were cut ensuring proper distribution of holes (cups) in the periphery and one 

in the center. Agar plugs were removed. Different cork borer were used for different test 

organism. 100 µl of the test sample was dissolved in an appropriate solvent and the same was 

poured into labeled cups. The same concentration of standard drug was used. The plates were left 

at room temperature for 2 hr. to allow diffusion of sample and incubated by keeping face 

upwards at 37°C for 24 hours. The diameter of the zones of inhibition was measured to nearest 

mm (the cup size also being noted) (Leven et al. 1979). 

 

3.6.3: Antifungal assay 

 

Agar tube dilution assay  

Materials 

Test organisms (Trichphyton longifusus, Candida albicans, Aspergillus flavus, Microsporum 

canis, Fusarium solani, Candida glabrata), sabouruad dextrose agar, dimethyl sulfoxide, screw 

test tubes, incubator, micropipettes, magnetic stirrer, autoclave, standard antifungal drugs e.g. 

amphotericin-B, miconazole, test samples                                       
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Procedure 

Stock solution was prepared by dissolving test samples into sterile DMSO. Sabouraud dextrose 

agar was prepared by mixing sabouraud 4% glucose agar and agar agar in distilled water. It was 

stirred with the magnetic stirrer and a known amount was dispensed into screw cap test tubes. 

Test tubes containing media were autoclaved at 121°C for 15 min. Tubes were allowed to cool to 

50°C and the test sample of desired concentration pipetted from the stock solution were added 

into the non solidified sabouraud agar media. Tubes were then allowed to solidify in slanting 

position at room temperature. Each tube was inoculated with 4 mm diameter piece of inoculum 

removed from the seven day old culture of fungi. All culture containing tubes were inoculated at 

optimum temperature of 28-30°C for growth for about 7-10 days. Humidity (40% to 50%) was 

maintained by placing an open pan of water in incubator. Cultures were examined at least twice a 

week during incubation. After incubation for 7-10 days, minimum inhibitory concentration 

(µg/ml) was recorded (Rehman et al. 2001). 

 

3.6.4:  Phytotoxic bioassay  

Materials 

 Lemna minor, E-Medium (about 80 ml per compound), syringes (10 ml, 100 μl, 500 μl, 2 μ1) 

 2 dram vials (40 per compound), large glass container with glass lid to hold vials, growth 

chamber with temperature range of 27°- 29°C and continuous fluorescent and incandescent light, 

test samples  

   

Procedure    

 Inorganic medium was prepared by adding KOH pellets to attain pH 5.5–6.0. Vials for testing; 

10 vials per dose (500, 50, 5 ppm, control) were prepared. Extract (15 mg) was weighed and 

dissolved in 15 ml of solvent. Solutions (1000, 100, and 10 μl) were added to vials for 500, 40 

and 5 ppm, solvent was allowed to evaporate overnight. E-medium (2 ml) and a single plant 

containing a rosette of three fronds were added to each vial.  Vials were placed in a glass dish 

filled up to 2 cm with water; container was sealed with stopcock grease and glass plate. Dish 

with vials was placed into a growth chamber for seven days at 26°C under fluorescent and 

incandescent light. At an interval of day 3 and day 7 numbers of fronds per vial were counted 
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and recorded. Data was analyzed as percent of control with ED50 computer program to determine 

FI50 values at 65% confidence interval (McLaughlin et al. 1991). 

 

E. Medium 

                    Constituent                                                                     mg/L 

KH2PO4  680 

KNO3 1515 

Ca (NO3)2.4 H2O 1180 

MgSO4.7 H2O 492 

H3BO3 2.86 

MnCl2 3.62 

FeCl3.6 H2O 5.40 

ZnSO4.7H2O    0.22 

CuSO4.5H2O  0.08 

Na2MoO4.2H2O  0.12 

EDTA 1 

 

3.6.5:  Leishmanicidal assay  

Test samples were dissolved 1.0 mg in 1 ml of phosphate buffered saline (0.5% DMSO and pH 

at 7.4). In a 96 well microtiter plate, 100 μl of infected macrophage cultures (1.5×106 cells/well) 

were added. 10 μl portions containing various concentrations of the experimental compounds 

were added into this culture. Negative and positive controls were prepared by adding, 10 μl of 

PBS (phosphate buffered saline, pH 7.4 containing 0.5% MeOH/ 0.5% DMSO) and amphotericin 

B, pentamidine to a final concentration of 1.0 mg/ ml respectively. The plates were incubated at 

36–37°C in a humid chamber in the presence of 5% CO2 atleast for 6 days so that control 

organisms multiply for 1.5–3.0 times. After staining with giemsa the culture was examined and 

ED50 of the compounds was calculated (Rehman et al. 2001). 
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3.6.6: Antioxidant assay 

The stable 1,1-diphenyl-2-picrylhydrazyl radical (DPPH) was used for the determination of 

antioxidant activity. Different concentrations of compounds in respective solvents were added at 

an equal volume (10 µL) to 90 µL of 100 µM methanolic DPPH in a total volume of 100 µL in 

96-well plates. The contents were mixed and incubated at 37ºC for 30 minutes. The absorbance 

was measured at 517 nm using microplate reader. Quercetin was used as standard control. The 

experiments were carried out in triplicates. IC50 values were calculated using enzyme kinetic 

software. The decrease in absorbance indicates increased radical scavenging activity which was 

determined by the following formula; 

Inhibition (%) = (absorption of control - absorption of test / absorption of control) × 100 

All the measurements were done in triplicate and statistical analysis was performed by microsoft 

excel 2003. Results are presented as mean ± sem (Koleva et al. 2002). 

 

3.6.7: Acetylcholinesterase assay  

The AChE inhibition activity was performed according to the reported method (Ellman et al. 

1961) with slight modifications. Total volume of the reaction mixture was 100 µL. It contained 

60 µL Na2HPO4 buffer with concentration of 50 mM and pH 7.7. Ten µL test compound (0.5 

mM well
-1

) was added, followed by the addition of 10 µL (0.005 unit well
-1

) enzyme. The 

contents were mixed and pre-read at 405 nm. Then contents were pre-incubated for 10 min at 

37ºC. The reaction was initiated by the addition of 10 µL of 0.5 mM well
-1

 substrate 

(acetylthiocholine chloride), followed by the addition of 10 µL DTNB (0.5 mM well
-1

). After 15 

min of incubation at 37ºC absorbance was measured at 405 nm using 96-well plate reader. All 

experiments were carried out with their respective controls in triplicate. Eserine (0.5 mM well
-1

) 

was used as a positive control. The percent inhibition was calculated by using the of following 

formula; 

Inhibition (%) = (absorption of control - absorption of test / absorption of control) × 100 

 

3.6.8: Butyrylcholinesterase assay 

The BChE inhibition activity was performed according to the reported method (Ellman et al. 

1961) with slight modifications. Total volume of the reaction mixture was 100 µL containing 60 

µL, Na2HPO4 buffer, 50 mM and pH 7.7. Ten µL test compound 0.5 mM well
-1

 was added 
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followed by the addition of 10 µL (0.5 unit well
-1

) BChE (Sigma Inc.). The contents were mixed 

and pre-read at 405 nm and then pre-incubated for 10 min at 37ºC. The reaction was initiated by 

the addition of 10 µL of 0.5 mM well
-1

 substrate (butyrylthiocholine chloride). Followed by the 

addition of 10 µL DTNB, 0.5 mM well
-1

. After 15 min of incubation at 37ºC, 

absorbance was measured at 405 nm using 96-well plate reader. All experiments were carried out 

with their respective controls in triplicate. Eserine (0.5 mM well
-1

) was used as positive control. 

Calculations were carried out as given in 3.6.7. 

 

3.6.9: -Chymotrypsin assay 

 

α- Chymotrypsin inhibition assay was carried out according to the reported method (Cannell et 

al. 1988). A total volume of 100 μL reaction mixture contained 60 μL of 50 mM Tris-HCl buffer 

(pH 7.6), 10 μL of 0.5 mM test compound and 15 μL (0.9 units) of enzyme prepared in the above 

buffer. The contents were mixed, pre-incubated for 15 min at 37
o
C and pre-read at 410 nm. The 

reaction was initiated by the addition of 15 μL of 1.3 mM substrate, N-succinyl phenylalanine-p-

nitroanilide. Absorbance was measured at 410 nm using microplate reader after 30-60 minutes 

when absorbance values of uninhibited enzyme assay reached 0.7-0.9. The positive and negative 

controls were included. All experiments were carried out in triplicate. Calculations were carried 

out as given in previous section. 

 

3.6.10: Lipoxygenase assay  

Lipoxygenase (LOX) activity was assayed according to the reported method (Evans et al. 1987) 

with slight modifications. A total volume of 200 µL lipoxygenase assay mixture contained 150 

µL sodium phosphate buffer (100 mM, pH 8.0), 10 µL test compound and 15 µL purified 

lipoxygenase enzyme (600 units well
-1

). The contents were mixed and pre-read at 234 nm and 

preincubated for 10 min at 25ºC. The reaction was initiated by addition of 25 µL substrate 

solution. The change in absorbance was observed after 6 min at 234 nm using 96-well plate 

reader. All reactions were performed in triplicates. The positive and negative controls were 

included in the assay. Baicalin (0.5 mM well
-1

) was used as a positive control. Calculations were 

carried out as given in previously. 
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3.6.11: Urease assay 

The enzyme assay is the modified form of the commonly known Berthelot assay (Weatherburn 

1967). A total volume of 85 µL assay mixture contained 10 µL of phosphate buffer of pH 7.0 in 

each well in 96-well plate followed by addition of 10 µL sample solution and 25 µL of enzyme 

solution (0.1347 units). Contents were pre-incubated at 37
0
C for 15 minutes. Then 40 µL of urea 

stock solution (20 mM) was added to each well and incubation continued at 37
0
C for further 10 

minutes. After sometime, 115 µL phenol hypochlorite reagent was added to each well (freshly 

prepared by mixing 45 µL phenol reagent with 70 µL alkali reagent). For color development, 

incubation was done at 37
0
C for another 10 minutes and the absorbance was measured at 625 

nm. Calculations were carried as described in previous section. 

 

3.6.12: α-Glucosidase assay 

The α-glucosidase inhibition activity assay was carried out with slight changes as given by 

(Chapdelaine et al. 1978). A 100 µL reaction mixture consist of 10 µL (0.5 mM) test compound, 

70 µL (50 mM) phosphate buffer of 6.8 pH and 10 µL enzyme (0.0234 units, Sigma Inc). These 

contents were pre incubated for 10 min at 37
0
C. The reaction was started by the addition of 

substrate p-nitrophenyl glucopyranoside (Sigma Inc). After 30 min of incubation, the absorbance 

of yellow color produced due to the formation of p-nitrophenol was measured using 96-well 

microplate reader at 400 nm. Acarbose was used as standard control. All experiments were 

performed in triplicates. The percent inhibition was calculated as under; 

Inhibition (%) = (absorption of control - absorption of test / absorption of control) × 100 

IC50 values were calculated by using Enzyme Kinetics Software. All the samples were dissolved 

in methanol, and experiments were performed in triplicate (mean ± SEM, n = 3). 

 

3.6.13: In vitro spasmolytic assay 

The aqueous ethanolic extracts of plants were tested for possible presence of either spasmolytic 

or spasmogenic activity by using isolated rabbit jejunum preparations. Isolated rabbit jejunum 

segments of approximately 2 cm in length were suspended in isolated tissue baths containing 

Tyrode’s solution, at 37
0
C, aerated with carbogen (95 % O2 and 5 % CO2). A preload tension of 

1g was applied and intestinal responses were recorded through an isotonic transducer by a Power 

Lab Data Acquisition System, attached to a computer installed with lab chart software (Version 
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7). The tissues were allowed to equilibrate for at least 30 min prior to the addition of any drug. 

Isolated rabbit jejunum preparations exhibit spontaneous rhythmic contractions and allow testing 

of the antispasmodic (relaxant) effect without application of an agonist (Janbaz et al. 2014). The 

observed response of the test material was quantified by the application of doses in a cumulative 

fashion. The relaxant effects of the tested substances were taken as the percent change in 

spontaneous contractions of the preparation recorded immediately before the addition of the 

substances. The possible mechanisms of the relaxant activity of the plant extracts were 

investigated through the relaxation of the observed sustained spasmodic contractions following 

the exposure to K
+ 

(80 mM) (Farre et al. 1991). 

The plant extract was applied in a cumulative manner to the sustained contractions to achieve 

concentration dependent inhibitory responses (Gilani et al. 2005). The observed relaxant effects 

on K
+ 

(80 mM)-induced contraction was expressed as the percent of the control contractile 

response. 

 

3.6.14: In vitro bronchodilator assay 

Rabbit tracheas were dissected out and kept in a Krebs solution. The tracheas were cleaned 

properly and rings of 2-3 mm width containing 2-3 cartilages were prepared. 

Longitudinal incision was made on the ventral side to smooth muscles. Tracheal preparations 

were mounted in 20 ml organ bath containing Krebs solution having temperature at 37°C and 

aerated with carbogen. A preload tension of one gram was applied and tissue preparations were 

allowed to be equilibrated for one hour prior to the addition of the plant extract. Tissue 

preparations were stabilized by repeated applications of carbachol (1 μM) until constant 

responses were recorded. The carbachol (1 μM) and high K
+ 

(80 mM)-induced sustained 

contractions were subsequently used for testing of different doses of the test material in a 

cumulative manner. The isometric responses were recorded through a Power Lab Data 

Acquisition System attached to a computer with lab chart software (Version 7). Verapamil as 

standard drug with Ca
2+

 channel blocking effect was tested on K
+
(80 mM)- and carbachol-

induced sustained contractions to confirm the possible mechanism of action (Janbaz et al. 2015). 
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3.6.15: Statistical analysis 

In isolated tissue experiments data were expressed as the mean ± SEM and the EC50 values at a 

95% confidence interval (CI) were calculated by using the computer software Graphpad Prism 

Program (version 5.0), San Diego CA, USA. Concentration response curves were analyzed by 

the non linear regression of sigmoid response curve (variable slope). The statistics applied was 

the student’s t- test and p <0.05 was considered as significant. 

 

3.7: Spectroscopic methods 

Ultraviolet (UV) spectras (MeOH, solvents) were recorded on Perkin Elmer Lambda-25 

spectrophotometer. Infrared (IR) spectra were measured on Alpha Bruker Infrared instruments. 

Proton nuclear magnetic resonance (
1
H-NMR) spectra were recorded in CD3OD and CDCl3 

using TMS as internal standard at 300 MHz, 400 MHz, 500 MHz and 600 MHz on Bruker NMR 

spectrometers. The 
13

C-NMR spectra at (75, 100, 125 and 150 MHz) were also recorded using 

same instruments in same solvents as in 
1
H-NMR. The 2D NMR (HMBC, HSQC) spectra were 

recorded in CD3OD, and CDCl3 at 300 MHz, 400 MHz, 500 MHz and 600 MHz on the same 

instruments. 

Low resolution EIMS spectra were recorded on a Finnigan MAT 311 with MassPec data system. 

Peak matching, fields desorption (FD) and field ionization (FI) were performed on the Finnigan 

MAT 312 mass spectrometer. Jeol JMS (HX 110) MS were used for the measurement of HRMS. 
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3.8: Physical and spectroscopic data of isolated compounds A-J 

 

3.8.1: Compound A (Ipolamiide) 

 

Physical Data; 

White amorphous powder 

Yield: 4mg 

M.P:145-146 
o
C 

[α]D
25

: + 45(c = 0.022, MeOH) 

UVλmax; 206 (3.1) nm 

IR (KBr) max cm
-1

:3446, 3050, 1650 and 815 cm
-1

 

1
H-NMR; (600 MHz) 

Proton appeared at δ 5.81(1H, s, H-1), δ 7.44(1H, s, H-3), δ 2.08 (ddd, 1H, 7.2, 9.8, 13.8, H-6a), 

δ 2.26 (1H, ddd, 4.8, 8.2, 13.8, H-6b), δ 1.57 (1H, ddd, 4.8, 7.2, 12.2, H-7a), δ 1.94 (1H, ddd, 

8.2, 9.8, 12.2, H-7b) and δ 2.48 (1H, s, H-9). 

13
C-NMR; (150 MHz) 

Carbon at δ 94.4, δ 152.7, δ 115.4, δ 71.8, δ 39.0, δ 40.5, δ 79.0, δ 61.8, δ 23.4, δ 168.2, δ 51.8, δ 

99.7, δ 74.5, δ 77.6, δ 71.8, δ 78.6 and δ 63.6 all values are with increasing carbon number. 

EI-MS; 

406 (45), 346 (100), 242 (62), 185 (53) m/z with (rel. int.) 

HR-EI-MS; 

406.3817 (calculated for C17H26O11, 406.3821) 
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3.8.2: Compound B (5-Hydroxy-3', 4', 3, 6, 7-pentamethoxyflavone) 

 

 

Physical Data; 

Yellowish crystalline solid 

Yield: 2 mg 

M.P.:145-146 
o
C 

UVλmax; 273 and 343nm 

IR (KBr); 3512, 2934, 1661, 1615, 1576, 1526cm
-1

 

1
H-NMR; (600 MHz) 

Proton resonated at δ 6.46 (1H, singlet, H-8), δ 7.71 (1H, dd, J= 8.4, J= 1.7 Hz, H-6'), δ 7.66 

(1H, doublet, J= 1.7 Hz, H-2'), δ 6.95 (1H, doublet, J= 8.4 Hz, H-5') and δ 12.57 at C-5 

13
C-NMR; (150 MHz) 

Carbon at δ 178.8, δ 158.7, δ 155.8 , δ 151.4 , δ 148.7 , δ 138.7 , δ 132.2 (-6), δ 122.8 (C-1), δ 

122.1 (C-2), δ 111.3 (C-6), δ 110.8 (C-5), δ 152.7 (C-4), δ 152.2 (C-3), δ 106.5 (C-9), δ 90.3 

(C-3), δ 60.7, δ 60.1, δ 56.2, δ 56.0 and δ 55.9 (6, 7, 8, 3, 4- Methoxyl carbon). 

EI-MS; 

388 (100), 196 (76), 373 (69), 165 (56), 345 (23), 69 (47)153 (18) and 85 (14), m/z with (rel. int.) 

HR-EI-MS; 

388.1152 (calculated for C20H20O8, 388.1158). 
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3.8.3: Compound C (5, 6, 7, 8, 3', 4'-Hexamethoxyflavone) 

 

Physical Data; 

Yellowish crystalline solid 

Yield: 3 mg 

M.P.:145-146 
o
C 

UVλmax; 272, 340 nm 

IR (KBr); 3105, 1672, 1621 and 1509 cm
-1

 

1
H-NMR; (600 MHz) 

Proton appeared at δ 6.59 (1 H, singlet, H-3), δ 7.54 (1H, dd, J = 8.4, J= 2.1 Hz, H-6'), δ 7.38 

(1H, doublet, J = 2.1 Hz, H-2'), δ 6.96 (1H, doublet, J = 8.4 Hz, H-5'), δ 3.95, δ 3.93, δ 3.94, δ 

3.93, δ 4.01 and δ 4.08 (18H, singlet, Methoxyl H) 

13
C-NMR; (150 MHz) 

Carbon at δ 178.01(C-4), δ 161.72 (C-2), δ 106.2 (C-3), δ 152.06 (C-5), δ 137.7 (C-6), δ 147.6 

(C-7), δ 123.6 (C-8), δ 114.3 (C-9), δ 149.2 (C-10), δ 123.9 (C-1), δ 111.3 (C-2), δ 148.6(C-3), 

δ 146.2(C-4), δ 106.6 (C-5), δ 119.8 (C-6), δ 55.8, δ 55.9, δ 61.6, δ 61.4, δ 61.8, δ 61.9 (5, 6, 7, 

8, 3, 4- all methoxyl C). 

EI-MS; 

402 (70), 387 (100), 357 (10), 354 (15), 344 (22), 326 (19), 197 (22), 147 (16), 73 (15) m/z with 

(rel. int.). 

HR-EI-MS; 

402.1145 (calculated for C21H22O8, 402.1158) 
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3.8.4: Compound  D  (5, 3', 4'-Trihydroxyflavone-7-O-β-D-glucopyranoside) 

 

 

Physical Data; 

Yellowish gummy solid 

Yield: 3 mg 

M.P.:267-269 
o
C 

[α]D
25

: -64.0
o
 (0.14, MeOH). 

UVλmax; 272 (4.42) and 344 (3.03) nm. 

IR (KBr) ; 3370 and 1660cm
-1

. 

1
H-NMR; (500 MHz) 

Proton appeared at δ 13.61 (1H, b’singlet, 5 – OH), δ 6.82(1H, doublet, J = 1.6 Hz, H-6), δ 

6.97(1H, doublet, J = 1.6 Hz, H-8), δ 7.87(1H, doublet, J = 1.7 Hz, H-2), δ 7.2 (1H, doublet, J = 

8.3 Hz, H-5), δ 7.49 (1H,dd, J = 8.3, 1.7 Hz, H-6), δ 5.7 (1H, doublet, J = 7.5, H-1´´), δ 4.52 

(m, H-4´´), δ 3.84 (m, H-2´´), δ 3.78 (m, H-6´´), δ 3.59 (m, H-3´´) and at δ 3.38 (m, H-5´´). 

13
C-NMR; (125 MHz) 

Carbon at δ 61.7 (C-6″), δ 70.3 (C-4″), δ 73.8 (C-2″), δ 76.8 (C-3″), δ 77.4(C-5″), δ 95.8 (C-8), δ 

100.5(C-6), δ 100.7 (C-1″), δ 103.7 (C-3), δ 106.3 (C-10), δ 113.8 (C-2″), δ 116.5 (C-5′), δ 120.3 

(C-6′), δ 122.6 (C-1′), δ 146.3(C-3′), δ 150.4 (C-4′), δ 158.0 (C-9), δ 161.8 (C-5), δ 163.9 (C-7), 

δ 165.8(C-2) and at δ 183.1 (C-4). 

EI-MS; 

286 (70), 252 (100), 224 (10), 210 (15), 197 (22), 147 (16), 73 (15) m/z with (rel. int.). 

HRFABMS(+ve) [M+H]
+
. m/z: C21H21O11 (calculated  for C21H21O11, 449.1127) 
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3.8.5: Compound E (7-Hydroxy - 6- methoxycoumarin) 

 

 

Physical Data; 

Colourless crystalline solid  

Yield: 5 mg 

M.P.:229-230 
o
C 

UVλmax; 312 (3.77), 243 (3.82), 218 (4.08) nm 

IR (KBr) max cm
-1

:3108, 1713, 1607, 1595, 1525, 1503 

1
H-NMR; (500 MHz) 

Proton appeared at 6.80 (1H, singlet, H-5), δ 6.82(1H, singlet, H-8), δ 7.58 (1H, d, J = 8.5 Hz, H-

4), δ 6.19 (1H, d, J = 8.5 Hz, H-3) and δ 3.88 (3H, s, -OCH3). 

13
C-NMR; (125 MHz) 

Carbon at position δ 160.1 (C-1), δ 150.1 (C-5), δ 144.5 (C-10), δ 141.5 (C-8), δ 137.5 (C-4), δ 

119.1 (C-7), δ 116.1 (C-6), δ 114.0 (C-3) and δ 108.9 (C-9). 

EI-MS; 

192 (100), 177 (83), 164 (54), 149 (68), 135 (38), 121 (45), 95 (64), 69 (73), 57 (88) m/z with 

(rel. int.) 

HR-EI-MS; 

192.0587 (calculated for C10H8O4, 192.0575) 
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3.8.6: Compound F (Caffeoyl-β-D-glucopyranoside) 

 

 

 

Physical Data; 

White crystalline solid 

Yield: 5 mg 

M.P.: 326
o
C 

UVλmax; 206 (3.1) nm 

[α]D
25

: + 45(c = 0.022, MeOH) 

IR (KBr) max cm
-1

:3423, 1663 and 1600-1400 

1
H-NMR; (500 MHz) 

Proton appeared at δ 7.05 (1H, d, J = 2.0 Hz, H-2), δ 6.96 (1H, dd , J = 8.0, 2.0 Hz, H-6),  δ 6.77 

(1H, d, J = 8.0 Hz, H-5), δ 7.64 (1H,d, J = 16 Hz), δ 6.29 (1H,d, J = 16 Hz), δ 5.56 (1H, d, J = 

8.0 Hz, H-1'), δ 3.35-3.46 (1H, m, H-2'), δ 3.35-3.46 (1H, m, H-3'), δ 3.35-3.46 (1H, m, H-4'), δ 

3.35-3.46 (1H, m, H-5'), δ 3.84(1H, dd, J= 12.5, 1.5 Hz, H-6a') (1H, dd, J= 12.0, 5.0 Hz, H-6b'). 

13
C-NMR; (150 MHz) 

Carbon at δ 127.57(C-1), δ 114.33 (C-2), δ 148.4 (C-3), δ 149.94 (C-4), δ 115.22 (C-6), δ 123.26 

(C-7), δ 146.87 C-7 and δ 116.52 (C-8), δ 167.79 (C-9), δ 95.75(C-1ʹ), δ 78.79 (C-2ʹ), δ 77.99 

(C-3ʹ), δ 74.02 (C-4ʹ), δ 71.07(C-5ʹ) and δ 62.31 (C-6ʹ). 

EI-MS; 

342 (76), 180 (100), 164 (13), 148 (37), 165 (26), 104 (18) and77 (47) m/z with (rel. int.) 

HR-EI-MS; 

342.0689 (calculated for C15H18O9, 342.0695) 
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3.8.7: Compound G (1, 3-Dihydroxy-2-tetracosanoylamino-4-(E)-nonadecene) 

 

 
Physical Data; 

Colorless amorphous powder 

Yield: 2.8 mg 

[]D
25

: -19.1 (c 0.021, pyridine) 

IR; 3300 (O-H), 1660 (C=C), 1642 (C=O) cm
-1

by KBr methods  

EI-MS: 

284 (31), 269 (16), 225 (21), 195 (12), 169 (10) m/z with (rel. int.) 

HR-EI-MS; 663.6512 (calculated for C43H85NO3, 663.6529) 

1
H-NMR; (500 MHz) 

Proton resonated at δ 1.28 (brs, singlet), δ 4.17 (dd, J = 3.1, 11.1 Hz, H-1), δ 4.12 (dd, J= 3.1, 

11.1 Hz, H-1), δ 5.25 (H-5) (dt , J = 7, 17 Hz), δ 4.96 (H-4) (dd, J = 7, 17 Hz), δ 0.84 (6H, t, J = 

6.8 Hz, CH3-24, 19), δ 4.26 (m, H-3), δ 3.96 (m, H-2),  δ 7.51 (1H, d, J = 8.7 Hz, NH). 

13
C-NMR; (125 MHz) 

Carbon at δ 165.2 (C-1ʹ), δ 124.4 (C-4) δ 123.9 (C-5) δ 76.2 (C-3), δ 68.3 (C-1), δ 48.6 (C-2) δ 

31.1, all other methylene in the range of δ 29.7-31.4, δ 20.5 (C-19), δ 14.2 (C-24). 
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3.8.8: Compound H (10-hydroxy dodecyltridec-5 enoate) 

 

 

Physical Data; 

Gummy solid 

Yield: 1.28gm 

[]D
25

: + 62.5 (c 0.024, pyridine) 

M.P.; 98-100
o
C 

IR (KBr):max3415, 2935, 2868, 1753, 1622, 1464, 1377, 1247, 1175, 1042, 907 and 720 cm
-1 

EI-MS: 

396 (2.5), 381(23.2), 366 (4.5), 303 (14.2), 288 (5.2), 254 (9.3), 186 (7.0), 168 (68.0), 145 (14.7), 

127 (11.1), 109 (24.5), 81 (13.5), 71(15.6), 57 (20.7), 44 (100) m/z with (rel. int.) 

HR-EI-MS; 

396.3596 (calculated for C25H48O3, 396.3603) 

1
H-NMR; (300MHz) 

Proton resonated at δ 0.83, δ 0.87 (t, 6H, 2-CH3, -13, 12ʹ), δ 1.28 (brs, 22H, 11- CH2), δ 1.98 

(m,12H, 6-CH2 ), δ 2.29 (t, 2H, CH2- H-12), δ 2.78 (t, 2H,H-14), δ 5.33 (m, 1H,- 9), δ 5.09 (m, 

1H,H- 9), δ 4.55 (m, 1H, H-4) and at δ 1.57(S,1H,OH). 

13
C-NMR; (75 MHz) 

Carbon at δ 172.8 (C-1ʹ), δ 125.1 (C-8), δ 124.2 (C-9), δ 73.5 (C-4), δ 61.1 (C-14), δ 30.0 (C-16-

24/4ʹ 12ʹ), δ 26.2- 26.7 (methylene carbon), δ 16.3 (C-25), δ 14.1 (C-1). 
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3.8.9: Compound I (Arachidic acid) 

 

 

Physical Data; 

Amorphous solid 

Yield: 46 mg 

M.P.:76.5-78 °C 

IR (KBr) max cm
-1

:3312, 2724 and 1705 

1
H-NMR; (300MHz) 

Proton appeared at δ 0.84 (3H, triplet, J = 7.2 Hz Me-20), δ 2.32 (2H, triplet, J = 6.8 Hz, H-2), δ 

1.57 (2H, q, -3), δ 1.23-1.31 (56H, br s, H-4, H-19) and at δ 2.02 (2H, triplet, J = 6.9 Hz, H-2). 

13
C-NMR; (100 MHz) 

Carbon at δ 178.8 (C-1), δ 39.7 (C-2), δ 33.3 (C-3), δ 29.6-29.0 (C-4, C-17), δ 26.6 (C-18), δ 

26.3 (C-19) and at δ 14.0 (C-20) 

EI-MS; 

312 (5), 284 (18), 270 (12), 256 (100), 213 (35), 185 (43), 171 (28),157 (24), 143 (19), 129 (60), 

108 (23), 95 (48), 83 (44), 73 (94) m/z with (rel. int.) 

HR-EI-MS; 

312.3904 (calculated for C20H40O2, 312.3913). 
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3.8.10: Compound J (Montanic acid) 

 

 

 

Physical Data; 

Amorphous solid 

Yield: 100 mg 

M.P.:135-136 °C 

IR (KBr) max cm
-1

: 3325, 2780 and 1705
 

1
H-NMR; (400 MHz) 

Proton appeared at δ 2.12 (2H, triplet, J = 7.5 Hz, H-2), δ 1.66 (2H, q, H-3), δ 1.23-1.28 (48H, br 

s, H-4 and 27) and δ 0.84 (3H, triplet, J = 6.4 Hz, Me-28). 

13
C-NMR; (100 MHz) 

Carbon at δ 178.1 (C-1), δ 39.7 (C-2), δ 32.2 (C-3), δ 29.7-29.6 (C-4,C-25), δ 26.4 (C-26), δ 24.8 

(C-27) and δ 16.0 (C-28) 

EI-MS; 

424 (M
+
), 368 (80), 325 (9), 269 (16), 185 (14), 129 (77), 111 (31), 101 (13), 83 (73), 73 (100), 

60 (55) m/z with (rel. int.) 

HR-EI-MS; 

424.4276 (calculated for C28H56O2, 424.4280). 
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4  RESULTS AND DICUSSIONS 
 

4.1: Phytochemical studies of Ranunculus muricatus and Cassia fistula 

 

4.1.1: Extraction 

The plant parts of Ranunculus muricatus and Cassia fistula were extracted by using different 

organic solvents such as n-hexane, dichloromethane and methanol through a successive 

maceration and filtration, the filtrates of the all plant parts were concentrated by using the rotary 

evaporator. The yield of methanol extract (21gm) of aerial parts of Ranunculus muricatus was 

significant as compared to other parts of this plant. Whereas the methanol extracts of root bark, 

stem bark and leaves of Cassia fistula afforded a good yield as compared to dichloromethane 

extract of root bark & stem bark of this plant. Details of results of extraction are shown in tables 

4.1 and 4.2. 

 

Table 4.1: Results of extraction of various parts of Ranunculus muricatus  

Part used 
Dried    plant      

material (g) 
Solvent used Weight of extract (g) 

 

Aerial parts 

 

 

550 

 

Dichloromethane (3×2000 ml) 7.0 

Methanol (3×2000 ml) 21.0 

 

Roots 

 

 

60 

 

Dichloromethane (3×2000 ml) 0.60 

Methanol (3×500 ml) 3.0 

 

Seeds 

 

 

160 

 

n-hexane (3×500ml) 5.0 

Dichloromethane (3×1000ml) 4.0 

Methanol (3×1000ml) 12.8 
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Table 4.2: Results of extraction of various parts of Cassia fistula 

Part used 
Dried plant 

material (g) 
Solvent used Weight of extract (g) 

Leaf 

 

530 

Dichloromethane (3×3000ml) 40.0 

Methanol (3×3000ml) 66.0 

Stem bark 

 

530 

Dichloromethane (3×3000ml) 2.8 

Methanol (3×3000ml) 148.0 

Root bark 

 

530 

Dichloromethane (3×3000ml) 3.0 

Methanol (3×3000ml) 143.0 

 

 

4.1.2: Phytochemical screening for secondary metabolites 

The dried plant parts were grounded into fine powder and weighed. The phytochemical tests for 

different secondary metabolite such as alkaloids, cardiac glycosides, anthraquinones, tannins, 

saponins, triterpenoids, flavonoids were performed as per procedure described in experimental 

part. 

For the screening of alkaloids Dragendorff’s, Hager
,
s, Wagner’s and Mayer’s reagents were 

used. The keller kiliani test was applied for the detection of cardiac glycosides. Borntrager
,
s test 

and modified Borntrager
,
s test were used for the identification of free and bound anthraquinones 

respectively. Froth test was applied for the identification of saponins. For the screening of 

tannins ferric chloride, gelatin and catechin tests were applied. Ferric chloride test, alkaline 

reagent test and lead acetate solution test were applied for the detection of flavonoids.  

Liebermann Burchard test was used for the screening of triterpenoids. The alkaloids were absent 

in all parts of plants, flavonoids, triterpenoids, cardiac glycosides and saponins were present in 

all parts of both plants. Tannins were present in all parts of both plants except the root part of 

Ranunculus muricatus. Anthraquinones (bound) were present in aerial, root and seed of 

Ranunculus muricatus and leaves of Cassia fistula. Free anthraquinones were only present in 

seeds of Ranunculus muricatus. The results of phytochemical screening of the plants are shown 

in the tables 4.3 and 4.4. 
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  Table 4.3: Results of phytochemical screening of various parts of Ranunculus muricatus   
Part 

Used 
Alkaloids Saponins 

Steroids & 

Triterpinoids 
Flavonoids 

Cardiac 

glycosides 

Anthraquinones 

Free       Bound 
Tannins 

Aerial 

parts 
- + + + + - + + 

Root - + + + + - + - 

Seed - + + + + + + + 

+ present - absent 

 

Table 4.4: Results of phytochemical screening of various parts of Cassia fistula 
Part 

used 
Alkaloids Saponins 

Steroids & 

Triterpinoid 
Flavonoids 

Cardiac 

glycosides 

Anthraquinones 

Free       Bound 
Tannins 

 

Leaves 

 

- 

 

+ 

 

++ 

 

++ 

 

+ 

 

- 

 

+ 

 

+ 

Stem 

bark 

 

- 

 

+ 

 

+ 

 

+ 

 

+ 

 

- 

 

- 

 

+ 

Root 

bark 

 

- 

 

+ 

 

+ 

 

+ 

 

+ 

 

- 

 

- 

 

+ 

++ Significantly present  

 

4.2: Isolation of compounds A-J 

Dichloromethane extract (3 gm) of aerial parts of Ranunculus muricatus was fractionated by 

using n-hexane, ethyl acetate, methanol and acetic acid in the increasing order of polarity. The 

thin layer chromatography for all four fractions was performed by using different solvent 

systems i.e; chloroform: methanol: water (80:20:2 and 70:30:4) ethyl acetate: methanol: water 

(98:4:2 and 100:14:7). The acetic acid fraction (0.388 gm) was subjected to fractionation on 

column chromatography by using Sephadex LH-20 as stationary phase and methanol as mobile 

phase. It afforded pure compounds A-E. Isolation scheme of compounds A-E is given in figure 

4.1.  

Methanol extract (10 gm) of aerial parts of Ranunculus muricatus (RMAPM) was fractionated 

on column by using silica gel 60 (40-63 μm) as stationary phase, ethyl acetate and methanol was 

used as mobile phase. Four fractions were obtained (RMAPM1-4). The fraction RMAPM-1(1.093 
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gm) was further separated by column chromatography on silica gel 60 (40-63 μm) and 

chloroform: methanol: water (80:20:2) as mobile phase. Four fractions were obtained (RMAPM-

1a to RMAPM-1d). The fractions RMAPM-1c (40mg) was further fractionated by gel 

chromatography using Sephadex LH-20 as stationary phase and methanol as mobile phase and 

four fractions were obtained. The fraction RMAPM-1c2 was found to be pure compound F 

(5mg). The fraction RMAPM-1c3 (6 mg) was purified by column chromatography on silica gel 

using stepwise elution to afford compound RMAPM-1c3b G 2.8 mg. The isolation scheme of 

compounds F and G is given in figure 4.2.  

Dichloromethane extract (13 gm) of the leaves of Cassia fistula (CFLD) was fractionated on 

column by using silica gel 60 (63-200 μm) as stationary phase, n-hexane and ethyl acetate was 

used as mobile phase. Eight fractions were obtained (CFLD1-8). The fraction CFLD-1 was found 

to be pure compound H (1.28 gm). The fraction CFLD-7 (1.32 gm) was further separated by 

column chromatography on silica gel 60 (40-63 μm) and n-hex: ethyl acetate (8:2) as mobile 

phase. Six fractions were obtained (CFLD7-a to CFLD7-f). The fraction CFLD7-d was obtained 

as pure compound I (0.046 gm). 

 The fraction CFLD-8 (2.36 gm) was further fractionated by column chromatography on silica 

gel 60 (40-63μm) and n-hex: ethyl acetate (3:1) as mobile phase. Six fractions were obtained 

(CFLD8-a to CFLD8-f). The fraction CFLD8-b was obtained as pure compound J (0.100 gm). 

The isolation scheme of compounds is given in figure 4.3. 
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RMAPD (3 gm) 

                                                                           Silica gel 60 (40-63μm) 

                                                                           n- Hex → Ethyl acetate → Methanol→  

                                                                            5% Acetic acid     

                                Fractionated by stirring 

 

 

 

 

 

 
     

      RMAPD-1                              RMAPD-2                                         RMAPD-3                              RMAPD-4 

      1.049gm                                   0.319gm                                           1.024gm                                    0.388gm 

                                                                                                                                         

 

                                                                                                          CC 

                                                                                                          Sephadex LH-20 

                                                                                                          Methanol 

 

 

 

 

 

 

                               
                                 RMAPD-4a                          RMAPD-4b*                             RMAPD-4c                 

                                           50mg                                 4mg                                          117mg                                                            

                                                                                Compound A 

 

 

  

 

 

 

 
 

    

    RMAPD-4d           RMAPD-4e                RMAPD-4f                 RMAPD-4g                   RMAPD-4h 

          2mg*                      3mg*                            3mg*                          5mg*                              6mg 

    

  Compound  B        Compound  C           Compound  D                Compound E 

 

 

 

 

Figure 4.1: Isolation of compounds A-E from the dichloromethane extract of aerial parts of 

Ranunculus muricatus 
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RMAPM (10 gm) 

                                                                            

                                                                           CC 

                                                                           Silica gel 60 (40-63μm) 

                                                                           Ethyl acetate →Methanol 

 

 

 

     RMAPM-1                         RMAPM-2                           RMAPM-3                     RMAPM-4 

      1.0938gm                           0.932gm                                2.028gm                          2.290gm 

                       

               CC 

               Silica gel 60 (40-63μm) 

               C:M:W (80:20:2→methanol) 

 

 

 

 

 

       RMAPM-1a                    RMAPM-1b                       RMAPM-1c                         RMAPM-1d 

         0.578gm                           0.228gm                              0.040gm                               0.241gm 

                                                                                                          

                                                                                                       CC 

                                                                                                       Sephadex LH-20 

                                                                                                       Methanol 

 

 

 

      RMAPM-1c1                                 RMAPM-1c2*                            RMAPM-1c3 

       9.696mg                                          5mg                                                  6mg                                                                   

                                                         Compound F 

                                                            

                                          CC 

                                          Silica gel 60 (40-63μm) 

                                          C:M:W (80:20:2→ 70:30:4→ 

                                                                                65:35:5→ Methanol) 

                                                                             

 

 

                                            

          RMAPM-1c3a                         RMAPM-1c3b*                 RMAPM-1c3c 

            0.04mg                                    2.8mg                                     2.53mg 

                                                       Compound G 

 

Figure 4.2: Isolation of compounds F and G from methanol extract of aerial parts of Ranunculus 

muricatus 
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CFLD (13 gm) 

                                                                                

                                                                               CC 

                                         Silica gel 60 (63-200μm) 

                                                                    n-Hex: EtOAc (9:1→3:1→7:3→ EtOAc) 

                             

 

 

 

 

CFLD1        CFLD2       CFLD3        CFLD4         CFLD5          CFLD6        CFLD7      CFLD8 

1.28gm*       0.85gm       1.03 gm       0.59gm         0.41gm           0.27gm         1.32gm     2.36gm 

Compound H  

                                                                                                                            

                                                                                                                          

 

                                                                              CC 

                                      Silica gel 60 (40-63μm) 

                                                                              n-Hex: EtOAc (8:2→ EtOAc) 

 

 

 

 

 

 

 

CFLD7-a        CFLD7-b        CFLD7-c           CFLD7-d         CFLD7-e       CFLD7-f 

 0.025gm        0.140gm           0.870gm            0.046gm*          0.148gm         0.231gm 

                                                                      Compound I 

                                                                                                                                            

 

                                                                                                                                            

                                                                                                CC  

                                                                                                Silica gel 60 (40-63μm) 

                                                                                                n-Hex: EtOAc (3:1→ EtOAc) 

 

 

 

 

 

CFLD8-a        CFLD8-b         CFLD8-c            CFLD8-d        CFLD8-e       CFLD8-f 

0.040gm         0.100gm*        0.360gm              0.250gm          0.300gm          1.940gm  

                    Compound J 

 

 

Figure 4.3: Isolation of compounds H-J from dichloromethane extract of leaves of Cassia fistula  
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4.3: Structural Elucidation of Isolated Compounds 

 

Compound A 

The compound A was obtained as white amorphous powder from dichloromethane fraction, mp 

180
o
C, The Infrared spectrum exhibited the absorptions bands for 3446, 3050, 1650 and 815 cm

-1
 

and the UV spectrum showed λmax at 206 nm. The molecular formula C17H26O11 was established 

through HR-EI-MS showing molecular ion peak at m/z 406.3817 (calculated for C17H26O11, 

406.3821). In the EI-MS spectrum characteristic fragment ions were observed at m/z 406, 346, 

242 and 184.  

The 
1
H-NMR spectrum showed signal at δ 5.81 (1H, s, H-1), δ 7.44 (1H, s, H-3), δ 2.08 (ddd, 

1H, 7.2, 9.8, 13.8, H-6a), δ 2.26 (1H, ddd, 4.8, 8.2, 13.8, H-6b), δ 1.57 (1H, ddd, 4.8, 7.2, 12.2, 

H-7a), δ 1.94 (1H, ddd, 8.2, 9.8, 12.2, H-7b), and δ 2.48(1H, s, H-9) for a iridoid moiety. Further 

signal at δ 4.58 for anomeric proton, and glucose oxymethine protons multiplets between δ 3.18 - 

3.37 indicating the presence of glucoside moiety.  

The 
13

C-NMR (BB and DEPT) spectrum disclosed the presence of 17 carbon signals, for two 

methyl, three methylene, eight methine and four quaternary carbon atoms. On the basis of above 

mentioned physical and spectral data compound A could be identified as Ipolamiide an iridoid 

glucoside. (Tantisewie and Sticher 1975, Luca 1980, Viccini et al. 2008). 
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Compound B 

Compound B was obtained as yellow crystalline solid. The UV (solvent, MeOH) absorption 

maxima gives peaks at 273 and 343 nm suggested flavonoid skeleton. Its IR spectra showed 

absorption bands at 3512, 2934, 1661, 1615 and 1576 cm
-1

. The EIMS gives M
+
 peak at 388 

confirming molecular formula as C20H20O8, (calculated for C20H20O8, 388.1158). Further the 

retro diels alder fragmentation in the EIMS gives the peak at m/z 196 due the presence of the two 

methoxyls and one hydroxyl group in ring A and two methoxyls in ring B. 

The 
1
H-NMR data (all values in δ) showed the signals of five methoxy groups (downfield 

region) and further four protons in the aromatic region. Out of the four aromatic protons, one 

appeared as a singlet at δ 6.46 (singlet, 1H, H-8), and other three showed the pattern of a 

disubstituted phenyl ring (ABX system) showing signals at δ 7.71 (dd, J= 8.4, J= 1.7 Hz, 1H, H 

-6'), δ 7.66 (d, J= 1.7 Hz,1H, H -2'), δ 6.95 (d, J= 8.4 Hz, 1H, H -5') and δ 12.57 (broad singlet) 

at H -5 because of chelated hydroxyl group confiriming its position at H-5. 

 

The 
13

C-NMR spectrum (BB and DEPT) of compound B gives 20 signals corroborated the 

presence of 5 methyl carbons, 4 methine carbons and 11 quaternary carbons. All values showed 

that the compound is methoxy flavone. All the physical and spectral data was in complete 

agreement to those for 5-hydroxy- 3, 3', 4', 6, 7-pentamethoxyflavone (Herz 1961). 

 

 

O

O
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H3CO
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OH

OCH3

OCH3

B
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Compound C 

Compound C was obtained as yellow crystalline solid. The UV (solvent, MeOH) absorption 

maxima at 272 and 340 nm suggested that compound was a flavonoid. The EIMS gives M
+
 ion 

peak at 402 suggested the molecular formula C21H22O8. The HR-EI-MS gives the M
+
 ion peak at 

m/z 402.1145 corresponding to the molecular formula C21H22O8 (calculated for C21H22O8, 

402.1157). Its IR spectrum showed the absorption bands at 3105, 1672, 1621 and 1509 cm
-1

. 

 

The 
1
H-NMR (all values in ) spectra gives a singlet at 6.59 because of the H-3 position, and 

other three aromatic proton showed the presence of a disubstituted phenyl ring (ABX system) 

showing signals at δ 7.54 (dd, J= 8.4, 2.1 Hz, 1H, H-6'), δ 7.38 (d, J= 2.1 Hz, 1H, H-2') and δ 

6.96 (d, J= 8.4 Hz, 1H, H-5') respectively. In addition to these peaks six signal of singlet were 

observed at δ 3.95, δ 3.93, δ 3.94, δ 3.93, δ 4.01 and δ 4.08 (singlet, -OMe, 18H, -5, 6, 7, 8, 3, 

4). All these proton data suggested that flavonoid molecule containing six methoxyl groups. 

 

The 
13

C-NMR spectrum (BB and DEPT) of compound gives 21 carbon signals corroborated the 

presence of six methyl group, four methane group and eleven quaternary carbons. All carbon 

values are of flavonoid molecules. Further by comparison with the published data compound was 

identified as 5, 6, 7, 8, 3', 4'- hexamethoxyflavone (Uckoo et al. 2015). 
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Compound D 

Compound D was obtained as yellowish gummy solid. Its UV spectrum (solvent, MeOH) with 

λmax 272 and 344 nm suggested it is to be a flavonoid. The EIMS gives M-Glu peak at m/z 286. 

The HR-MS exhibited the M
+ 

ion peak at m/z 448.1132 [M-H]
+
 corresponding to the molecular 

formula C21H20O11 (calculated for C21H20O11, 448.1127). Molecular formula of the compound 

(D) showed twelve degree of unsaturation. Its IR spectra showed the absorption bands due to 

hydroxyl and carbonyl functions at 3370 and 1660 cm
-1

 in the molecule. 

In the 
13

C-NMR BB spectrum 21 carbon signals were appeared and these signals were resolved 

with the help of DEPT experiment, into a methylene carbon, eleven methane carbons and nine 

quaternary carbons. The signals appeared at δ 100.5, δ 77.3, δ 76.8, δ 73.8, δ 71.2 and δ 61.7 

indicated that sugar moiety is present within molecule. The signal at δ 94.9 corresponded to C-8, 

while the signal at δ 103.0 was due to C-3. 

In proton NMR the characteristic anomeric proton signal appeared as a doublet at  5.7 with a 

coupling constant of 7.5 Hz. A broad singlet at δ 13.61 showed the presence of chelated 5-OH. 

The doublets at δ 6.82 (J= 1.6, Hz, 1H, H-6) and δ 6.97(J = 1.6 Hz, 1H, H-8) displaying the meta 

couplings were because of the H-6 and H-8 position. Another meta coupling at δ 7.87 (J = 1.7 

Hz, 1H, H-2) while the doublets at δ 7.2 (J = 8.3 Hz, 1H, H-5) and doublet of doublet at δ 7.49 

(J = 8.3, 1.7 Hz, 1H, H-6) indicated ABX system. The sugar moiety was assigned as glucose by 

comparing its NMR chemical shifts values with the reported data. Further after acid hydrolysis 

of D and followed by comparative thin layer chromatography with standard were also done. 

Comparing the data published in the literature, the compound D was identified as 5, 3', 4'-

Trihydroxyflavone-7-O-β-D-glucopyranoside (Matlawska and Sikorska 2002, Saxena and 

Goutam 2008). 
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Compound E 

Compound E was obtained as colourless crystalline solid. The UV spectra (solvent, MeOH) 

showed an absorption band at λmax 312 and 243 nm. The HR-EI-MS showed the molecular ion 

peak at m/z 192.0587 corresponding to the molecular formula C10H8O4 (calculated for C10H8O4, 

192.0575).The IR spectrum showed the absorption bands at 3108, 1713, 1607, 1525, 1505 and 

815 cm
-1

. These values indicated that compound E is a coumarin. 

 

The carbon-NMR spectrum (BB and DEPT) of compound E gives 10 carbon signals 

corroborated the presence of one methyl carbon, four methine carbon and five quaternary 

carbons. The 
13

C-NMR signals are typical of coumarin skeleton containing one methoxyl moiety.  

 

The 
1
H-NMR gave characteristic peaks in the coumarin moiety. It showed chemical shift value at 

δ 6.80 (1H, singlet, H-5), δ 6.82 (1H, singlet, H-8), δ 7.58 (doublet, 1H, d, H-4) and δ 6.19 

(doublet, J= 8.5 Hz, 1H, H-3), confirmed the presence of coumarin skeleton in the molecule. 

Physical and spectroscopic data corresponded to 7- hydroxy - 6- methoxy coumarin (Lee et al. 

2001, Zheng et al. 2006). 
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Compound F 

The compound F was obtained as white crystalline solid from the methanol soluble fraction, mp 

326
o
C. It gave violet colour with FeCl3 for a phenol. The absorption bands in the UV spectrum 

were observed at 335, 273 and 202 nm while in the IR spectrum showed absorption bands at 

3423, 1663 and 1600-1400 cm
-1

. The low resolution EI mass spectrum showed the molecular ion 

peak at m/z 342 while the HR-EIMS showed the [M]
+
 peak at m/z 342.0689 which deduced the 

molecular formula C15H18O9. 

 

The 
1
H-NMR spectrum showed signal at substituted phenyl ring (ABX system) at δ 7.05 (1H, d, 

J = 2.0 Hz, H-2), δ 6.96 (1H, dd, J = 8.0, 2.0 Hz, H-6) and δ 6.77 (1H, d, J = 8.0 Hz, H-5). The 

signals appeared at δ 7.64 (1H, d, J = 16 Hz) and δ 6.29 (1H, d, J = 16 Hz) were assigned due to 

olefinic protons attached to C-7 and C-8 respectively. The methine protons of glucosidal moiety 

were observed in the range of δ 3.35-3.46 while the anomeric proton resonated as doublet at δ 

5.56 (1H, d, J = 8.0 Hz, H-1ʹ) 

 

The 
13

C NMR (BB and DEPT) spectra showed the 15 carbon signals consisting of one 

methylene, ten methine and four quaternary carbon atoms. The 
13

C-NMR spectrum showed 

characteristic pattern of cinnamoyl moiety while the signals at δ 95.75 and δ 79.2 – 62.3 were of 

glucose moiety. On the basis of spectral data compound F could be identified as caffeoyl- β-D-

glucopyranoside (Zhu et al. 2008). 
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Compound G 

Compound G was obtained as a colorless amorphous solid belongs to ceramide family. Its IR 

spectrum gives absorptions at 3300 cm
-1

 for a hydroxyl moiety, 1642 cm
-1

 for a carbonyl group. 

EIMS gives M
+
 ion peak at m/z 663 (calculated for C43H85NO3, 663.6529) corresponding to the 

molecular formula C43H85NO3.  

The large numbers of methylene groups at δ 1.28 were observed in 
1
H-NMR spectrum. It further 

showed nonequivalent methylene proton (H-1) signals at δ 4.17 (dd, J = 3.1, 11.1 Hz) and δ 4.12 

(dd, J= 3.1, 11.1 Hz), two olefinic proton signals at δ 5.25 (H-5) (dt, J = 7, 17 Hz) and δ 4.96 (H-

4) (dd, J = 7, 17 Hz) and two methine protons at δ 4.26 (m, H-3) and δ 3.96 (m, H-2). The large 

coupling constants (J = 17 Hz) of two methine protons at δ 5.25 and δ 4.96 revealed the (E) 

configuration of the double bond.  

 

The 
13

NMR DEPT spectrum showed five methine carbon groups resonated at δ 124.8, 123.1, 

76.2, 48.6, 31.1, one oxy methylene carbons appeared at δ 68.3 and two methyl carbons appeared 

at δ 20.5 and δ14.2. There connectivities were determined by using 2D NMR techniques 

including HMBC and HMQC. On the basis of reported data compound G could be identified as 

1, 3-Dihydroxy-2-tetracosanoylamino-4-(E)-nonadecene (Park 2004). 
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Compound H 

Compound H obtained as white gummy solid having, M+ 396 (calculated for C25H48O3, 

396.3603), having molecular formula C25H48O3; M.P. 98-100
o
C. Its IR peaks were observed at, 

3415 cm
-1

 (OH), 1753cm
-1 

(ester group), 1622 cm
-1

 (double bond), other bands at 2935, 2868, 

1464, 1377, 1247, 1175 and 720 cm
-1

.  

The carbon-NMR (BB and DEPT) give 25 carbon signals comprising of two methyl group, 

nineteen methylene group, three methine group, and one quaternary carbon atoms. It further 

showed that ester moiety and olefinic moiety are present in compound. Its 
1
H-NMR spectrum 

showed the signal at δ 0.83 and δ 0.87 (t, each 6H) was assignable to the presence of two 

terminal methyl groups. It shows two peaks i.e; olefinic proton at δ 5.33 (1H, m) and δ 5.09 (m, 

1 H). The carbonylic proton was assigned at δ 4.55 (m, 1H), the methylene protons of the ester 

group were assigned at δ 2.78 and δ 2.29. A singlet was observed at δ 1.57 because of hydroxyl 

group.  The methylene protons merged into a single peak at δ 1.28 and suggested it to be a long 

chain unstaturated ester. All the above evidences suggested that the compound contain 

unsaturated aliphatic hydrocarbon having hydroxyl and ester group. 

 Mass spectrum of the compound confirmed the exact position of the ester group, hydroxyl group 

and double bond. It showed M
+
 at m/z 396 abundant fragments at m/z 168, 213 and 109 were 

obtained due to the cleavage of (ester group) and (OH) indicated the position of hydroxyl group 

and ester at C-4 and C-13 respectively. Further fragments were obtained at m/z 381, 254, 186, 

145 and 95 were all agreement with the proposed structure of the compound H Thus the 

compound H was identified as 10-hydroxy dodecyl tridec-5- enoate (Jafri and Mehta 2014). 
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Compound I 

Compound I was obtained as white amorphous solid. The IR spectra give absorption bands at 

3312, 2724 and 1706 cm
-1 

in the molecule. EIMS gives highest mass peaks at m/z 312 and 

fragmentation pattern is characteristic of aliphatic hydrocarbons. The molecular formula was 

deduced from HR-EI-MS which gave molecular ion peak at m/z 312.3904 (calculated for 

C20H40O2, 312.3913). 

 

The 
1
H-NMR (chemical shift in δ) showed signals for terminal methyl at δ 0.84 (t, J= 7.2 Hz, 3H, 

-20) adjacent to the carbonyl group appeared at δ 2.02 (t, J= 6.9 Hz, 2H, -2) because of the 

methylene group. Another methylene proton appeared at δ 1.57 as quintet (H-3). All other 

methylenes proton appeared as broad singlet at δ 1.23-1.31. 

 

The 
13

C-NMR broad band (BB) and (DEPT) disclosed 20 carbon signals corroborating the 

presence of one methyl, eighteen methylene, and one quaternary carbon atoms. All values are of 

typical saturated fatty acids. On the basis of above mentioned evidences and comparison with 

melting point (75.5
0
C), the compound was identified as arachidic acid I (Trease and Evans 

2002). 
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Compound J 

Compound J was isolated as an amorphous solid. EIMS gives M
+
 ion peak at m/z 424 with 

typical saturated hydrocarbons pattern. The molecular formula of the compound was determined 

through HR-EI-MS which gave the M
+
 peak at m/z 424.4276 (calculated for C28H56O2, 

424.4280) and suggested no unsaturation. Its IR spectrum showed the absorption bands at 3325, 

2780 and 1705cm
-1

. Free carboxylic group indicated because of effervescence on treatment with 

sodium bicarbonate solution. The EIMS contained peaks differing from one another by 14 mass 

units characteristic for a hydrocarbon chain.  

The 
1
H-NMR (chemical shifts δ) showed the presence of terminal methyl at δ 0.86 (t, J= 6.4 Hz, 

3H,-28), twenty five methylene protons resonating between δ 1.23-1.28 (50 H), and a triplet at δ 

2.12 (J2,3= 7.5 Hz, 2H, triplet, H-2) due to methylene adjacent to the carboxylic moiety. Two 

proton quintets appeared at δ 1.66 because of H-3. 

 

The BB and DEPT 
13

C-NMR of J disclosed twenty eight peaks corroborating the presence of 

one methyl carbon, twenty six methylene carbon, and one quaternary carbon atoms. The 

carboxylic group gives downfield signal at δ 178.1. All these information’s allowed to assign the 

structure of compound as montanic acid J (khan et al. 2012). 
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Figure 4.4: Structures of isolated compounds A-J from Ranunculus muricatus and Cassia fistula 
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4.4: Biological studies of Ranunculus muricatus and Cassia fistula 

 

Dichloromethane and methanol extracts of the aerial parts of Ranunculus muricatus and the leaf, 

stem bark and root bark extracts of Cassia fistula were subjected to in vitro bioassays such as 

antibacterial assay, antifungal assay, brine shrimp lethality bioassay, phytotoxic bioassay. n- 

Hexane, dichloromethane and methanol extract of seeds, aerial parts and roots of R. muricatus, 

dichloromethane and methanol extract of root bark, stem bark and leaves of C. fistula were tested 

for in vitro inhibition of different enzymes. Aqueous ethanol extracts of seeds, roots of R. 

muricatus and leaves, root bark of C. fistula were tested for in vitro spasmogenic and 

bronchodilator activities. The extracts were abbreviated as RMAPD, RMAPM, CFLD, CFLM, 

CFSBD, CFSBM, CFRBD, CFRBM, RMSN, RMSD, RMSM, RMRD and RMRM.  

 

4.4.1: Antimicrobial activity   

Antibacterial activities of dichloromethane and methanol extracts of aerial parts of R. muricatus 

and leaves, stem and root barks of C. fistula were studied against E. coli, B. subtilis, S. flexinari, 

S. aureus, P. aeruginosa and S. typhi, using agar tube diffusion method, Imipenum was used as 

standard drug. Similarly antifungal activities of the above mentioned extracts were studied 

against T. longifusus, C. albicans, A. flavus, M. canis, F. solani and C. glabrata using agar tube 

dilution protocols. Amphotericin-B and miconazole were applied as standards. The details of 

assay procedures used are discussed in the chapter materials and methods. The results of the 

antibacterial and antifungal activities are shown in tables 4.5, 4.6, 4.7 and 4.8. 

 

Table 4.5: Results of In vitro antibacterial activities of Ranunculus muricatus  

Name of bacteria 
                                Zone of inhibition  

RMAPD RMAPM Imipenum (mm) 

Escherichia coli - - 25 

Bacillus subtilis - - 50 

Shigella flexinari - - 28 

Staphylococcus aureus - - 48 

Pseudomonas aeruginosa - - 23 

Salmonella typhi - - 28 
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Table 4.6: Results of In vitro antifungal activities of Ranunculus muricatus 

Name of 

fungus 

 

Linear Growth (mm) 

 

 

Inhibition% 

 

RMAPD RMAPM Control RMAPD RMAPM 

Standard 

drug 

MIC 

(µg/ml) 

Aspergillus 

flavus 

 

100 

 

100 100 0 0 20.20* 

Candida 

glabrata 

 

100 

 

100 100 0 0 

 

110.8** 

 

Candida 

albicans 

 

100 

 

100 100 0 0 110.8** 

Fusarium 

solani 

 

100 

 

100 100 0 0 
73.25** 

 

Microsporum 

canis 
100 

 

70 

 

100 0 30 98.4** 

*Amphotericin B             **Miconazole 

 

 

Data in table 4.6 shows that methanol extract of aerial parts of R. muricatus has exhibited 

antifungal activity against the fungus Microsporum canis with a percent inhibition value 30%, 

whereas dichloromethane extract of the plant have shown no activity.  

 

Table 4.7: Results of In vitro anti bacterial activities of different extracts of Cassia fistula 

Name of 

Bacteria 

Zone of inhibition 

 

CFLD CFLM CFSBD CFSBM CFRBD CFRBM 
imipenum 

(mm) 

Escherichia 

coli 

- - - - - - 30 

Bacillus 

subtilis 

- - - - - 10 37 

Shigella 

flexenari 
- - - - - - 36 

Staphylococcus 

aureus 
- - - - - - 26 
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Pseudomonas 

aeruginosa 
- - - - - - 32 

Salmonella 

typhi 
- - - - - 10 30 

- No activity 

 

 

Table 4.8: Results of In vitro antifungal activities of different extracts of Cassia fistula 

Name of 

Fungus 

Linear Growth (mm) Inhibition % 

CFSBD CFSBM CFRBM Control CFSBD CFSBM CFRBM 

Standard 

drug 

MIC (μg/ml) 

Aspergillus 

flavus 
100 35 100 100 - 65 - 

 

20.0* 

 

Candida 

albicans 
100 100 100 100 - - - 73.25** 

Candida 

glabrata 
100 100 100 100 - - - 110.8** 

Fusarium 

solani 
100 75 10 100 - 25 90 73.5** 

Microsporum 

canis 
100 100 100 100 - - - 98.4** 

Trichphyton 

longifusus 
100 - - 100 - - - 110.8** 

*Amphotericin B                   **Miconazole 

 

Data in table 4.8 shows that the methanol extract of root bark of C. fistula has exhibited a 

significant antifungal activity against F. solani with a percent inhibition value of 90% whereas 

the methanol extract of stem bark of C. fistula has shown a moderate antifungal activity against 

A.  flavus with a percent inhibition value of 65% and a little antifungal activity against F. solani 

with a percent inhibition value of 25% respectively. 

 

4.4.2: Phytotoxic assay 

In vitro phytotoxic assays of the dichloromethane and methanol extracts of different parts of 

Ranunculus muricatus and Cassia fistula were carried out by using the plant Lemna minor. 

Percentage growth regulation was measured by the standard drug concentration 0.015µg/ml. 

Paraquat was used as standard drug. The details of assay procedures used are discussed in the 

chapter materials and methods. The results are shown in tables 4.9 and 4.10 
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Table 4.9: Results of In vitro phytotoxic bioassay of different extracts of Cassia fistula 

Name of Extract Conc. of extract (µg/ml)   % Growth Regulation 

 

CFLD 

1000 18.7 

100 12.5 

10 6.25 

 

CFLM 

1000 18.7 

100 12.5 

10 6.25 

 

CFSBD 

1000 25.0 

100 18.7 

10 6.25 

 

CFSBM 

1000 25.0 

100 18.7 

10 6.25 

 

CFRBD 

1000 18.7 

100 12.5 

10 6.25 

 

CFRBM 

1000 25.0 

100 12.5 

10 6.25 

Standard Drug: Paraquat                                                                    Std. drug conc. 0.015 (μg/ml)                                                           

 

 

 

 

Table 4.10: Results of In vitro phytotoxic bioassay of Ranunculus muricatus  

Name of Extract  Conc. of extract (µg/ml) % Growth regulation 

RMAPD 

1000 100 

100 55 

10 15 

RMAPM 

1000 100 

100 55 

10 15 

Standard drug: Paraquat                                                                               Std. drug conc. 0.015 (μg/ml) 
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4.4.3: Brine shrimp lethality assay 

Brine shrimp lethality assay of dichloromethane and methanol extracts of aerial parts of R. 

muricatus  leaves, stem bark and root bark of C. fistula was carried out. The LD50 of the sample 

and the standard drug were compared. Three numbers of replicates were used. Each extract was 

tested at 1000, 100 and 10 ppm. The cytotoxicity of crude extracts was tested against shrimp 

larvae at 1000, 100 and 10 µg/ml concentrations. The details of assay procedures used are 

discussed in the chapter materials and methods. Etoposide was used as standard drug. Results are 

shown in tables 4.11 and 4.12. 

 

Table 4.11: Results of brine shrimp lethality bioassay of Ranunculus muricatus  

Name of 

Extract 

Dose 

        (µg/ml) 

No. of 

shrimps 
No of survivors 

LD50 

(µg/ml) 

sample 

LD50 

(µg/ml) 

Std. drug 

RMAPM 

1000 30 14 

857.73 

 

 

7.4625 

 

 

100 30 25 

10 30 29 

RMAPD 

1000 30 24 

45456.4 100 30 28 

10 30 29 

 

 

 

Table 4.12: Results of brine shrimp lethality bioassay of different extracts of Cassia fistula 

 

Name of 

Extract  

Dose (μg/ml) 
No. of 

Shrimps 
No. of survivors 

LD50 

(μg/ml) 

sample 

LD50 

(μg/ml) 

Std. 

Drug 

 

CFLD 

1000 30 19 

No activity 

 

 

 

 

7.4625 

 

 

100 30 20 

10 30 30 

 

CFLM 

1000 30 20 

100 30 26 
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10 30 29  

 

 

 

 

 

 

 

 

 

7.4625 

 

 

CFSBD 

1000 30 28 

100 30 27 

10 30 21 

 

CFSBM 

1000 30 22 

100 30 23 

10 30 28 

 

CFRBD 

1000 30 18 

100 30 23 

10 30 27 

 

CFRBM 

1000 30 21 

100 30 24 

10 30 27 

Standard drug: Etoposide  

 

4.4.4: Antileishmanial activity   

In vitro antileishmanial activity bioassays of the methanol extracts of seed, aerial parts and root 

of Ranunculus muricatus were performed by using the test organism L. major. 96 well serial 

dilution protocols were applied for the assay, the drugs amphotericin-B and pentamidine were 

used as reference standard. The details of assay procedures used are discussed in the chapter 

materials and methods. The results are shown in table 4.13. 

 

Table 4.13: Results of leishmanicidal activities of methanol extracts of different parts of 

Ranunculus muricatus  

 

IC50 (ug/ml) ± S.D 

RMSM RMAPM RMRM Amphotericin B Pentamidine 

>100 >100 >100 0.29 ± 0.05 5.09 ± 0.09 
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4.4.5: Antioxidant activity 

In vitro free radical scavenging activities of the n- hexane, dichloromethane and methanol 

extracts of the different parts of the Ranunculus muricatus and Cassia fistula were performed 

using the standard technique. The inhibition (%) at 0.5 mg/ml was measured and IC50 values of 

the active extracts were calculated, using the quercetin as standard control. The detail of assay 

procedure is discussed in the chapter materials and methods. The results are shown in tables 4.14 

and 4.15.  

 

Table 4.14: Results of DPPH radical scavenging activities of extracts from different parts of R. 

muricatus. 

Sample description Inhibition(%) at 0.5 mg/ml IC50 (µg/ml) 

Dichloromethane extract of seeds 43.47±0.71 - 

Methanol extract of seeds 18.62±0.24 - 

Dichloromethane extract of  roots 26.46±0.23 - 

Methanol extract of roots 44.89±0.45 - 

Quercetin ( standard control)         93.21±0.97 (0.5 mM) 16.96±0.14 (µM) 

 

 

Table 4.15: Results of DPPH radical scavenging activities of extracts from different parts of C. 

fistula 

Sample description Inhibition(%) at 0.5 mg/ml IC50 (µg/ml) 

Dichloromethane extract of  leaves 13.28±1.23 - 

Methanol  extract of  leaves 62.93±1.43 312.54±1.12 

Dichloromethane extract of stem bark 28.35±0.64 - 

Methanol extract of stem bark 91.73±0.21 53.11±0.11 

Dichloromethane extract of root bark 35.59±1.29 - 

Methanol extract of root bark 91.73±0.87 53.51±0.11 

Quercetin ( standard control) 93.21±0.97 (0.5 mM) 16.96±0.14 (µM) 
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Data in table 4.14 exhibits that a  little antioxidant activity have been shown in the  seed and root 

dichloromethane and  methanol  extracts of R. muricatus. On the other hand the  data in table 

4.15 shows that the potent  antioxidant activity as measured by DPPH radical scavenging method 

is demonstrated by methanol extracts of stem bark and root bark of C. fistula. It is well 

documented that the bark extracts contain tannins, flavonoids and other phenolic compounds 

which are exhibiting the antioxidant activity. Some activity is also shown by the methanol 

extract of the leaves. Little activity is shown by dichloromethane extracts. These results show 

that the antioxidant activity is residing in the polar fractions of the plant components.  

 

4.4.6: Acetyl cholinesterase inhibition activities 

In vitro AChE inhibition activities of the dichloromethane and methanol extracts of the leaves, 

stem bark and root bark of the C. fistula were carried out using the standard technique. Eserine 

was used as standard control. The detail of assay procedure is discussed in the chapter materials 

and methods. The results are shown in table 4.16. 

 

Table 4.16: Results of acetylcholinesterase inhibition activities of extracts from different parts of 

C. fistula 

Sample description Inhibition (%) at 0.5 mg/ml (IC50) ug/ml 

Dichloromethane extract of leaves 11.73±0.75 - 

Methanol extract of leaves 42.16±0.85 - 

Dichloromethane extract of stem bark 29.16±0.01 - 

Methanol extract of stem bark 87.48±0.09 71.21±0.11 

Dichloromethane extract of root bark 46.57±0.45 - 

Methanol extract of root bark 89.86±0.63 82.6±0.05 

Eserine (standard control) 82.82±1.09 (0.5 mM) 0.04±0.001 (µM) 

 

 

Data in table 4.16 shows that methanol extract of root bark of C. fistula has shown AChE 

inhibition activity with an inhibition (%) value of 89.86±0.63 at 0.5 mg/ml. Methanol extract of 

stem bark of C. fistula has shown a less inhibition as compared to methanol extract of root bark 

with an inhibition (%) value of 87.48±0.09 at 0.5 mg/ml. The dichloromethane extract of the root 
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bark and the methanol extract of the leaves of C. fistula showed a little acetyl-cholinesterase 

inhibition with a percent inhibition value of 46.57±0.45 at 0.5 mg/ml and 42.16±0.85 at 0.5 

mg/ml respectively.   

 

4.4.7: Butyrylcholinesterase inhibition activities 

In vitro butyrylcholinesterase inhibition activities of the n-hexane, dichloromethane and 

methanol extracts of the different parts of the R. muricatus and C. fistula were performed using 

the standard technique. The percent inhibition at 0.5 mg/ml and IC50 value of the extracts were 

calculated and compared with the eserine used as standard control. The detail of assay procedure 

is discussed in the chapter materials and methods. The results are shown in tables 4.17 and 4.18. 

 

Table 4.17: Results of butyrylcholinesterase inhibition activities of extracts from different parts 

R. muricatus 

Sample description Inhibition (%) at 0.5 mg/ml IC50 (μg/ml) 

n- hexane extract of seeds 85.75±1.89 38.82±0.98 

Dichloromethane  extract of seeds 52.73±1.96 402.42±2.11 

Methanol  extract of seeds 11.18±0.93 - 

Dichloromethane  extract of aerial parts 4.56±0.55 - 

Methanol extract of aerial parts 4.92±0.78 - 

Methanol extract of roots 63.79±1.69 328.31±1.78 

Eserine (standard control) 82.82±1.09 (0.5 mM) 0.85±0.001(µM) 

 

 

 

Table 4.18: Results of butyryl cholinesterase inhibition activities of extracts from different parts 

of C. fistula 

Sample description Inhibition(%) at 0.5 mg/ml IC50 (μg/ml) 

Dichloromethane extract of leaves 75.11±0.65 134.51±0.11 

Methanol extract of leaves 69.82±0.99 211.14±0.04 

Dichloromethane extract of stem bark 79.84±0.98 115.21±0.15 

Methanol extract of stem bark 84.79±0.05 68.92±0.11 
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Dichloromethane extract of root bark 89.52±0.39 55.25±0.07 

Methanol extract of root bark 89.06±0.89 52.31±0.11 

Eserine (standard control) 82.82±1.09 (0.5 mM) 0.85±0.001(µM) 

 

Data in table 4.17 shows that n -hexane seeds extract of the R. muricatus has shown a significant 

BChE inhibition activity with an inhibition (%) value of 85.75±1.89 at 0.5 mg/ml. Methanol 

extract of the roots and dichloromethane extract of the seeds of R. mricatus have shown a 

moderate BChE inhibition activity with inhibition (%) values of 63.79±1.69 at 0.5 mg/ml and 

52.73±1.96 at 0.5 mg/ml respectively. Methanol extract of seeds, dichloromethane extract of 

aerial parts and methanol extract of the aerial parts of the Ranunculus mricatus have shown a 

little inhibition (%) as compared to other parts of the plant. Data in table 4.18 shows that 

dichloromethane and methanol extracts of root bark of C. fistula have shown a significant BChE 

inhibition activity with inhibition (%) values of 89.52±0.39 at 0.5 mg/ml and 89.06±0.89 at 0.5 

mg/ml respectively. Dichloromethane and methanol extracts of stem bark have shown a less 

significant BChE inhibition activity with inhibition (%) values of 84.79±0.05 at 0.5 mg/ml and 

79.84±0.98 at 0.5 mg/ml respectively. Dichloromethane and methanol extracts of leaves of C. 

fistula have shown a moderate BChE inhibition activity with inhibition (%) values of 75.11±0.65 

at 0.5 mg/ml and 69.82±0.99 at 0.5 mg/ml as compared to root and stem parts of the plant. The 

results show that BChE inhibition activity decreases from root to stem and leaves of this plant. 

 

4.4.8: α-Chymotrypsin inhibition activities 

 In vitro α- chymotrypsin inhibition assays of the dichloromethane and methanol extracts of the 

different parts of the R. muricatus and C. fistula were performed as mentioned in materials and 

methods section. The inhibition (%) at 0.5 mg/ml was measured and IC50 value of active extracts 

was calculated, PMSF (Phenyl methyl sulfonyl fluoride) was used as standard control. The 

results are shown in tables 4.19 and 4.20. 
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Table 4.19: Results of α-Chymotrypsin inhibition activities of extracts from different parts of R. 

muricatus 

Sample description Inhibition (%) at 0.5 mg/ml IC50 (µg/ml) 

Dichloromethane  extract of seeds 64.39±1.18 291.17±0.89 

Methanol  extract of seeds 63.63±1.47 325.43±0.87 

Dichloromethane extract of  aerial  parts 54.32±1.61 424.83±0.96 

Methanol  extract of aerial parts 51.95±1.12 485.18±0.78 

Dichloromethane  extract of roots 64.94±1.27 285.73±0.96 

Methanol  extract of roots 27.47±1.11 - 

PMSF ( standard control) 96.71 ± 0.79 (0.5 mM) 48.71 ±0.13(µM) 

 

 

Table 4.20: Results of α-Chymotrypsin inhibition activities of extracts from different parts of C. 

fistula. 

Sample description Inhibition (%) at 0.5 mg/ml IC50 (µg/ml) 

Dichloromethane extract of  leaves 89.73±1.51 97.65±0.85 

Methanol extract of  leaves 44.61±1.14 - 

Dichloromethane extract of  stem bark 88.67±1.42 44.89±0.73 

Dichloromethane extract of root bark 87.42±1.52 127.82±0.84 

PMSF ( standard control) 96.71 ± 0.79(0.5 mM) 48.71 ±0.13(µM) 

 

 

Table 4.19 exhibits α- Chymotrypsin inhibition profile of R. muricatus extracts. The data shows 

that all the extracts of seeds, roots and aerial parts of this plant are moderate inhibitors of this 

enzyme. It is further added that the enzyme inhibition activity is not restricted to polar or 

nonpolar fractions of the extracts but distributed between the both methanol as well as 

dichloromethane extracts. Minimum inhibition profile has been shown by methanol extract of 

roots. 

Data in table 4.20 shows a potent α- Chymotrypsin inhibition by dichloromethane extract of the 

stem bark of C. fistula with a percent inhibition value of 88.67±1.42 at 0.5 mg/ml and IC50 value 

of 44.89±0.73 µg/ml. The second most active extract is dichloromethane extract of leaves of C. 

fistula with a percent inhibition value of 89.73±1.51 at 0.5 mg/ml. Average inhibition profile is 
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shown by dichloromethane extract of root bark of C. fistula. It is obvious from above mentioned 

results that α- Chymotrypsin inhibitory constituents of this plant are present in dichloromethane 

extracts instead of methanol extracts. 

 

4.4.9: Urease inhibition activities 

In vitro urease inhibition assays of the n-hexane, dichloromethane and methanol extracts of the 

different parts of the R. muricatus and C. fistula were performed using standard method. The 

inhibition (%) at 0.5 mg/ml and IC50 value of the extracts were calculated and compared with the 

standard control thiourea. The detail of assay procedure is discussed in the chapter materials and 

methods. The results are shown in tables 4.21 and 4.22. 

 

Table 4.21: Results of antiurease activities of extracts from different parts of R. muricatus 

Sample description Inhibition (%) at 0.5 mg/ml IC50  (µg/ml) 

n- hexane extract of seeds 26.39±1.62 - 

Dichloromethane  extract of seeds 21.53±1.16 - 

Methanol  extract of seeds 27.11±1.21 - 

Methanol  extract  of aerial parts 39.48±1.45 - 

Dichloromethane  extract of  aerial parts 15.94±1.53 - 

Dichloromethane  extract of  roots 39.47±1.47 - 

Methanol  extract of  roots 14.23±1.23 - 

Thiourea ( standard control) 98.45±0.87 (0.5 mM) 21.25±0.15 (µM) 

 

 

Table 4.22: Results of antiurease activities of extracts from different parts of C. fistula 

Sample description Inhibition (%) at 0.5 mg/ml IC50  (µg/ml) 

Dichloromethane extract of  leaves 11.72±1.53 - 

Methanol extract of  leaves 27.35±1.14 - 

Dichloromethane extract of  stem bark 21.93±1.25 - 

Methanol extract of stem bark 72.75±1.84 329.78±1.13 

Dichloromethane extract of  root bark 19.28±1.13 - 

Methanol extract of  root bark 82.25±1.94 191.74±1.15 

Thiourea ( standard control) 98.45±0.87 (0.5 mM) 21.25±0.15 (µM) 
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Data in table 4.21 shows that n- hexane, dichloromethane and methanol extracts of the seeds, 

aerial parts and roots of the R. muricatus have shown a little inhibition (%). Data in table 4.22 

shows that methanol extract of the root bark of C. fistula has shown a significant antiurease 

activity with inhibition (%) value of 82.25±1.94 at 0.5 mg/ml. A moderate antiurease activity has 

been shown by the methanol extract of stem bark with inhibition (%) value of 72.75±1.84 at 0.5 

mg/ml. Dichloromethane extracts have shown a minor percent inhibition of the enzyme. 

 

4.4.10: Lipoxygenase inhibition activities  

In vitro studies of the dichloromethane and methanol extracts from the different parts of R. 

muricatus and C. fistula were performed for the inhibition of lipoxygenase enzyme. Baicalein 

was used as standard control. The detail of assay procedure is discussed in the chapter materials 

and methods. The results are shown in tables 4.23 and 4.24. 

 

Table 4.23: Results of lipoxygenase inhibition activities of extracts from different parts of R. 

muricatus 

Sample description Inhibition (%) at 0.5 mg/ml IC50 (µg/ml) 

Dichloromethane extract of  seeds 24.6±0.63 - 

Methanol extract of  seeds 32.51±0.25 - 

Dichloromethane extract of aerial parts 36.30±0.36 - 

Methanol extract of aerial parts 29.4±0.35 - 

Dichloromethane extract of  roots 12.9±0.19 - 

Methanol extract of  roots 35.4±0.15 - 

Baicalein (standard control) 93.79±1.27 (0.5 mM) 22.41±1.3 (µM) 

 

 

Table 4.24: Results of lipoxygenase inhibition activities of extracts from different parts of C. 

fistula 

Sample description Inhibition (%) at 0.5 mg/ml IC50 (µg/ml) 

Dichloromethane extract of leaves  65.97±0.55 158.61±0.08 

Methanol extract of leaves 63.89±0.02 186.31±0.04 

Dichloromethane extract of stem bark 25.8±0.58 - 

Methanol extract of stem bark 84.74±0.01 62.31±0.12 
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Dichloromethane extract of root bark 15.8±0.42 - 

Methanol extract of  root bark 88.47±0.85 51.21±0.11 

Baicalein (standard control) 93.79±1.27 (0.5 mM) 22.41±1.3 (µM) 

  

 

Data in table 4.23 shows that the methanol as well dichloromethane extracts of the different parts 

of the R. muricatus have shown a little lipoxygenase inhibition. Data in table 4.24 shows that 

methanol extract of the root bark of C. fistula has shown lipoxygenase inhibition activity with an 

inhibition (%) value of 88.47±0.85 at 0.5 mg/ml. Methanol extract of stem bark of C. fistula has 

shown lipoxygenase inhibition activity with an inhibition (%) value of 84.74±0.01 at 0.5 mg/ml 

whereas methanol extract of leaves has shown a moderate inhibition (%) with a value of 

63.89±0.02 at 0.5 mg/ml. The dichloromethane extracts of root bark, stem bark and leaves have 

shown a little inhibition (%) against lipoxygenase enzyme. 

 

4.4.11: α- glucosidase inhibitory activities 

In vitro α-glucosidase inhibition activities of the n-hexane, dichloromethane and methanol 

extracts of the R. muricatus and C. fistula were carried out by applying the standard technique. 

IC50 value (μg/ml) was calculated using the standard method. The detail of assay procedure is 

discussed in the chapter materials and methods. The results are shown in tables 4.25 and 4.26. 

 

Table 4.25: Results of α- glucosidase inhibitory activities of extracts from different parts of R. 

muricatus 

Sample description Inhibition (%) at 0.5 mg/ml 

 

IC50 (μg/ml) 

 

n- hexane extract of seeds 98.33±2.98 4.95±0.02 

Dichloromethane  extract of seeds 92.64±2.95 399.36±1.96 

Methanol  extract of seeds 17.31±0.17 - 

Dichloromethane extract of aerial parts  90.94±2.11 166.78±1.74 

Methanol extract of aerial parts 23.83±0.15 - 

Dichloromethane extract of roots 78.31±0.19 5.58±0.12 
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Methanol extract of roots 5.77±0.12 - 

Acarbose (standard control) 92.23±0.14 (0.5 mM) 38.25±0.12 (µM) 

 

 

Table 4.26: Results of α- glucosidase inhibitory activities of extracts from different parts of C. 

fistula 

Sample description Inhibition (%) at 0.5 mg/ml 

 

IC50 (μg/ml) 

 

Dichloromethane extract of leaves 78.91±0.47 5.59±0.06 

Methanol extract of leaves 34.87±0.16 - 

Dichloromethane extract of stem bark 86.76±0.14 1.66±0.09 

Dichloromethane extract of root bark 96.43±0.07 5.71±0.12 

Acarbose (standard control) 92.23±0.14 (0.5 mM) 38.25±0.12 (µM) 

 

 

Data in table 4.25 shows that the n- hexane extract of the seeds of R. muricatus has shown a 

significant α-glucosidase inhibition with an inhibition (%) of 98.33±2.98 at 0.5 mg/ml and IC50 

value of 4.95±0.02 µg/ml. The dichloromethane extract of the root of the R. muricatus has also 

shown a significant α -glucosidase inhibition with an inhibition (%) of 78.31±0.19 at 0.5 mg/ml 

and IC50 value of 5.58±0.12 µg/ml. 

Data in the table 4.26 shows that the dichloromethane extract of the stem bark of C. fistula has 

shown a significant α-glucosidase inhibitory activity with an inhibition (%) value of 86.76±0.14 

at 0.5 mg/ml and IC50 value of 1.66±0.09 µg/ml. Dichloromethane extracts of leaves and root 

bark of C. fistula have also shown a significant inhibition (%) with a values of 78.91±0.47 at 0.5 

mg/ml, 96.43±0.07 at 0.5 mg/ml and IC50 values of 5.59±0.06 µg/ml and 5.71±0.12 µg/ml 

respectively. This data shows that the dichloromethane extracts have significant α-glucosidase 

inhibitory effects. 
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4.4.12:  In vitro screening of plant extracts on isolated tissue preparation 

 

4.4.12.1: Ranunculus muricatus seed 

The aqueous ethanol extract (30:70) of seeds of Ranunculus muricatus relaxed the spontaneous 

contractions in isolated rabbit jejunum preparations in dose dependant manner at 0.01-3 mg/ml 

tissue bath concentrations. 

It  relaxed K
+
 (80 mM)–induced contractions in isolated rabbit jejunum preparation indicating 

the relaxant affect  likely to be mediated through blockade of voltage dependant Ca
+2

 channels. 

More over it also relaxed carbacchol (1μM)–induced contraction in isolated rabbit tracheal 

preparations in dose dependant manner (0.1-3 mg/ml). The observed response has likely to be 

mediated through either anti muscuranic activity or/ and blockade of voltage dependant Ca
+2

 

channels. 

 

4.4.12.2: Ranunculus muricatus root 

The aqueous ethanol extract (30:70) of whole roots of Ranunculus muricatus relaxed the 

spontaneous contractions in isolated rabbit jejunum preparations in dose dependant manner at 

0.01-3 mg/ml tissue bath concentrations. 

It also relaxed K
+ 

(80 mM)–induced contractions in isolated rabbit jejunum preparations having 

the EC50 value of 0.2075 mg/ml (95% CI: 0.0478-0.9007) indicating that relaxant affect is likely 

to be mediated through blockade of voltage dependant Ca
+2

 channels.  

 

4.4.12.3: Cassia fistula leaf  

The aqueous ethanol extract (30:70) of the leaves of Cassia fistula relaxed the spontaneous 

contractions in isolated rabbit jejunum preparations in dose dependant manner at 0.01-3 mg/ml 

tissue bath concentration. 

It also relaxed K
+ 

(80 mM)–induced contractions in isolated rabbit jejunum preparations having 

the EC50 value of 1.123 mg/ml (95% CI: 0.6593-1.912) indicating that relaxant affect may likely 

to be mediated through blockade of voltage dependant Ca
+2

 channels.  
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4.4.12.4: Cassia fistula root bark  

The aqueous ethanol extract (30:70) of root bark of Cassia fistula suppressed spontaneous 

contractions in isolated rabbit jejunum preparations. It failed to relax K
+
 (80 mM)–induced 

spastic contractions in isolated rabbit jejunum preparations and also failed to relax K
+
 (40 mM)  

–induced contractions in same preparations indicating, that the relaxant affect is not likely to be 

mediated through blockade of voltage dependant Ca
+2

 channels. 
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4.5: Graphical presentation of the results of biological activities of Ranunculus muricatus 

and Cassia fistula. 

The graphical presentation of the results of biological activities of n- hexane, dichloromethane 

and methanol extracts of Ranunculus muricatus and Cassia fistula are shown in figures 4.5- 4.17. 

 
Figure 4.5: DPPH radical scavenging activities of dichloromethane and methanol extracts from 

different parts of Cassia fistula 

 

 

 

 

 
 

Figure 4.6: DPPH radical scavenging activities of n-hexane, dichloromethane and methanol 

extracts from different parts of Ranunculus muricatus   
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Figure 4.7: Chymotrypsin inhibition activities of extracts from different parts of Cassia fistula 

 

 

 

 

 

 

 

 Figure 4.8: Chymotrypsin inhibition activities of extracts from different parts of Ranunculus 

                       muricatus   
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Figure 4.9: Antiurease activities of extracts from different parts of Cassia fistula   

 

 

 

 

 

 

 

  
Figure 4.10: Antiurease activities of extracts from different parts of Ranunculus muricatus   
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Figure 4.11: Lipoxygenase inhibition activities of extracts from different parts of Cassia fistula 

 

 

 

 

 

 

 

 

  
Figure 4.12: Lipoxygenase inhibition activities of extracts from different parts of Ranunculus 

muricatus   
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Figure 4.13: Acetyl cholinesterase inhibition activities of extracts from different parts of Cassia 

fistula 
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Figure 4.14: α- glucosidase inhibitory activities of extracts from different parts of Cassia fistula  

 
 
 

 

 

 

 

 

 

 Figure 4.15: α- glucosidase inhibitory activities of extracts from different parts of  

                       Ranunculus muricatus 
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Figure 4.16: Butyryl cholinesterase inhibition activities of extracts from different parts of Cassia 

fistula 

 

 

 

 

 

 

  
Figure 4.17: Butyryl cholinesterase inhibition activities of extracts from different parts of 

Ranunculus muricatus 
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4.6: Evaluation of biological activities of isolated compounds 

 

4.6.1: DPPH radical scavenging, AChE, BChE, urease and α-glucosidase inhibition 

activities of isolated compounds A-J 

In vitro free radical scavenging, AChE, BChE, urease and α- glucosidase inhibition activities of 

isolated compounds A-J were performed using the standard techniques. The inhibition (%) at 0.5 

mM was measured and IC50 (μM) values were calculated. The details of assay procedures used 

are discussed in the chapter materials and methods. The results are shown in tables 4.27 and 

4.28.  

Table 4.27: Results of DPPH radical scavenging, AChE, BChE inhibition activities of 

compounds A-J 

 

Compound 

DPPH activity 
 

AChE BChE 

Inhibition 

(%) at 0.5 

mM 

IC50 (μM) 

 Inhibition 

(%) at 0.5 

mM 

IC50 (μM) 

Inhibition 

(%) at 0.5 

mM 

IC50 (μM) 

A 41.15±0.12 -  35.42±0.18 _ 31.52±0.16 _ 

B 17.24±0.16 -  49.23±0.12 _ 14.52±0.14 _ 

C 15.65±0.12 -  45.72±0.15 _ 46.63±0.12 _ 

D 18.15±0.17 -  48.92±0.16 _ 49.32±0.18 _ 

E 12.35±0.18 -  47.32±0.12 _ 44.59±0.17 _ 

F 82.67±0.19 93.25±0.12  46.81±0.12 _ 16.81±0.14 _ 

G 69.23±0.19 183.34±0.13  34.25±0.14 _ 21.39±0.11 _ 

H 27.45±0.11 -  44.32±0.11 _ 18.12±0.15 _ 

I 14.37±0.18 -  39.52±0.17 _ 19.12±0.16 _ 

J 24.62±0.17 -  46.23±0.13 _ 26.53±0.18 _ 

Quercetin 

Standard 

control 

 

93.21±0.97 16.96±0.14 

Eserine 

Standard control 
91.27±1.17 0.04±0.0001 82.82±1.09 0.85±0.0001 

 

 

Data in table 4.27 shows that compounds F and G exhibited a significant antioxidant activity as 

measured by DPPH radical scavenging method with a percent inhibition value of 82.67±0.19 and 

69.23±0.19 respectively at 0.5 mM. Compounds A, B, C, D, E, H, I and J have shown a  little 
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DPPH radical inhibition (%) with values of  41.15±0.12, 17.24±0.16, 15.65±0.12, 18.15±0.17, 

12.35±0.18, 27.45±0.11, 14.37±0.18, 14.37±0.18 and 24.62±0.17 respectively at 0.5 mM. 

Quercetin was used as standard control. AChE and BChE inhibitory activities were measured by 

using eserine as standard control. Compounds A-J has shown a little inhibition (%) for both the 

enzymes.  

 

Table 4.28: Results of urease and α- glucosidase inhibition activities of isolated  

                     Compounds A-J 

 

Compound 

Urease inhibition activity 
 α- glucosidase inhibition 

Activity 

Inhibition (%) 

at 0.5 mM 
IC50 (μM) 

 Inhibition (%) 

at 0.5 mM 
IC50 (μM) 

A 44.92±0.16 -  18.72±0.18 - 

B 49.65±0.15 -  62.35±0.21 316.82±0.16 

C 38.76±0.12 -  91.82±0.19 86.45±0.11 

D 34.97±0.14 -  43.26±0.17 - 

E 37.61±0.11 -  31.65±0.15 - 

F 41.78±0.13 -  71.28±0.19 97.24±0.14 

G 65.56±0.24 175.98±0.13  93.55±0.21 92.52±0.12 

H 46.92±0.15 -  36.15±0.13 - 

I 45.85±0.18 -  12.45±0.17 - 

J 55.47±0.21 375.76±0.16  32.64±0.12 - 

Standard control 

Thiourea 
98.45±0.87 21.25±0.15 

Standard control  

Acarbose 
92.23±0.14 38.25±0.12 

 

 

Data in table 4.28 exhibit that compounds G, C and F has shown a significant α- glucosidase 

inhibitory activity with a percent inhibition value of 93.55±0.21, 91.82±0.19 and 71.28±0.19 

respectively measured at 0.5 mM. Compound B has shown a moderate inhibitory activity with a 

percent inhibition value of 62.35±0.21 at 0.5 mM. Compounds A, D, E, H, I and J has shown a 

little α- glucosidase inhibitory activity with a percent inhibition values of 18.72±0.18, 

43.26±0.17, 31.65±0.15, 36.15±0.13, 12.45±0.17 and 32.64±0.12 respectively at 0.5 mM. 

Acarbose was used as standard control. Urease enzyme inhibitory activities of the isolated 

compounds A-J were measured by using thiourea as standard control, percent inhibitions of 
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compounds were measured at 0.5 mM and IC50 (μM) values were calculated. Compounds G and 

J has shown a moderate inhibition of the enzyme with a percent inhibition values of 65.56±0.24 

and 55.47±0.21 at 0.5 mM respectively. Compounds A, B, C, D, E, F, H and I has shown a little 

percent inhibition with a values of 44.92±0.16, 49.65±0.15, 38.76±0.12, 34.97±0.14, 37.61±0.11, 

41.78±0.13, 46.92±0.15 and 45.85±0.18 at 0.5 mM. 
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SUMMARY. This study was carried out to determine the antibacterial and antifungal activity of
dichloromethane and methanol extracts of Ficus carica and Cassia fistula. The dried leaves and stem bark
of F. carica and C. fistula were powdered and extracted by using dichloromethane and methanol. The
standard methods were employed to study different biological activities i.e. antibacterial, antifungal, and
cytotoxic. No antibacterial activity was seen against the specific bacteria by all the extracts. No cytotoxicity
was seen in all the cases. C. fistula leaves and stem bark methanol extract showed significant (p < 0.05) an-
ti-fungal activity against Aspergillus flavus and Fusarium solani. The other extracts showed no antifungal
activity. Phytochemical screening of the extracts resulted in the presence of glycosides and tannins in
methanolic extract of C. fistula. Therefore, the antifungal activity of C. fistula might either be due to glyco-
sides or tannins. The literature indicates that tannins have antifungal activities. Thin layer chromatogra-
phy confirmed the presence of catechin, epiafzelechin and kaempferol in the samples. Therefore, it was
concluded from the present study that the tannins present in the methanolic extract of C. fistula have anti-
fungal activity.

INTRODUCTION
Undoubtedly, the plant kingdom still holds

many species of plants containing substances of
medicinal value which have yet to be discov-
ered: large numbers of plants are constantly be-
ing screened for their possible pharmacological
value particularly for their anti-intlammatory, hy-
potensive, hypoglycaemic, amoebicidal, anti-fer-
tility, cytotoxic, antibiotic and anti-Parkinsonism
properties. The problem of resistance and toler-
ance to the existing drugs has created a de-
creased efficacy of these drugs. This problem
has been tried to be overcome by increasing the
drug delivery to the target site by the use of
polymers 1,2 or through nanotechnology 3,4, syn-
thesis of new antimicrobial drugs, either by the
use of proteomics 5-7, or syntheis of drugs from
lactic acid bacteria 8, or marine microorganisms
9. However, nowadays the trend is being
changed to the use of herbal products or ex-
tracts to control the diseases in human beings 10. 

This study was carried out to determine the
antibacterial and antifungal activity of dichloro-
methane and methanol extracts of Ficus carica
and Cassia fistula.

MATERIALS AND METHODS
The leaves and stem bark of Cassia fistula

and Ficus carica were collected in March from
Naiwala canal rest house, Chicha Watni Forest
District Sahiwal and from Bahauddin Zakariya
University Campus, Multan, Pakistan. The plant
parts were submitted to the herbarium with
voucher number GC-COP-08. Dried powdered
parts of Cassia fistula and Ficus carica were ex-
tracted with dichloromethane and methanol. 

Antibacterial assays
Agar diffusion assay was used to evaluate

anti-bacterial activity using streptomycin as stan-
dard. The bacterial strains used were Es-
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cherichia coli (NCTC 10418), Bacillus subtilis
(NCTC 8236), Staphylococus aureus (NCTC
6571), and Pseudomonas aeruginosa (ATCC
10145).

Antifungal assays
Agar tube dilution assay was used using am-

photericin-B as standard 11. The fungal strains
used were Aspergillus flavus and Fusarium
solani.

Brine-shrimp lethality assay
The larvae of brine shrimp Artemia salina

(Leech) were used as a tool to monitor the cyto-
toxicity of samples under study 12. 

Animal toxicity assay
Four groups of five mice, each were injected

intraperitonially with different dilutions of test
sample (50, 100, 150, 200, and 250 mg dissolved
in saline). The control group of animals was on-
ly administered sterile saline. The animals were
kept under observation for one week and
deaths of animals were recorded. LD50 was cal-
culated by the standard method 12.

Phytochemical screening
Mayer’s test was performed for detection of

alkaloids, Kelier-Kiliani for cardiac glycosides,
Bromine test for anthraquinones, Ferric chloride
test for tannins and catechin test for detection of
catechin 13.

Thin layer chromatography
The chromatographic system was silica gel

as stationary and chloroform:ethyl-acetate:formic

Plant name Part used Antibacterial activity Antifungal activity Cytotoxicity assays

F. carica Leaves negative negative negative
F. carica Stem bark negative negative negative
C. fistula Leaves negative negative negative
C. fistula Stem bark negative negative negative

Table 1. Biological studies of dichloromethane extracts of Ficus carica and Cassia fistula.

Plant name Part used Antibacterial activity Antifungal activity Cytotoxicity assays

F. carica Leaves negative negative negative
F. carica Stem bark negative negative negative
C. fistula Leaves negative positive negative
C. fistula Stem bark negative positive negative

Table 2. Biological studies of methanolic extracts of Ficus carica and Cassia fistula.

acid (5:4:1, v/v/v) as mobile phase. Substances
were identified using UV detection at 254 nm.
For visualization, plates were sprayed with FeCl3
(2% in ethanol) 14.

RESULTS AND DISCUSSION
Results for different biological activities i.e.

antibacterial, antifungal and cytotoxic are given
in Tables 1 and 2. No antibacterial activity was
seen against the specific bacteria by all the ex-
tracts. Brine shrimp (Artemia salina) lethality
bioassay and animal toxicity assay were per-
formed. No cytotoxicity was seen in all the cas-
es. Cassia fistula stem bark methanolic extract
showed significant (p < 0.05) anti-fungal activity
against Aspergillus flavus and Fusarium solani.
Minimal fungicidal concentration (MFC) was >
1,000 µg/mL. The other extracts showed no anti-
fungal activity. 

Phytochemical screening of the extracts re-
sulted in the presence of cardiac glycosides and
tannins in the methanolic extract of Cassia fistula
(Table 3). Therefore, the antifungal activity of
Cassia fistula leaves and stem bark might either
be due to glycosides or tannins. The literature in-
dicates that tannins have antifungal activities 15.
Thin layer chromatography confirmed the pres-
ence of catechin, epiafzelechin and kaempferol
in the samples (Fig. 1). Therefore, it seems that
the antifungal activity of Cassia fistula extracts
may be due to these tannins.

CONCLUSION
It was concluded from the present study that

methanol extract of leaves and stem bark of
Cassia fistula have antifungal activity.
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