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SUMMARY 

Anti-diabetic activity of the selected plants of family Asteraceae (Blumea lacera, 

Bidens tripartitus, Achillea millefolium and Laggera aurita) and family Acanthaceae 

(Ruellia tuberosa and Adhatoda vasica) was evaluated using alloxan-induced diabetic 

rabbits (Oryctolagus cuniculus) and Swiss albino rats. Bioassay-guided fractionation of 

active fractions of selected plants yielded hesperetin-7-rutinoside (1) from B. lacera; 4-

allyl-2-methoxyphenol (2), 4-hydroxy-3-methoxy cinnamic acid (3) and 3,4-dihydroxy 

cinnamic acid (4) from Bidens tripartitus; 6,10,14-trimethyl-2-pentadecanone (5) and 4-

hydroxy-3-methoxy benzoic acid (6) from R. tuberosa; 1,2,3,9-tetrahydropyrollo[2,1-

b]quinazoline-3-ol (7) from A. vasica; 5-(1,2-dihydroxyethyl)-3,4-dihydroxyfuran-2(5H)-

one (8) from A. millefolium; Stigmasta-6,22-diene-3-ol (9) and 2-(3,4-dihydroxyphnyl)-

3,5,7-trihydroxy-4H-chromen-4-one (10) from L. aurita. The structures of purified 

compounds were elucidated by spectroscopic techniques. Among the purified 

compounds, nine compounds significantly reduced blood glucose level at different doses. 

Anti-diabetic activity of bioactive compounds was in the order; 2-(3,4-dihydroxyphnyl)-

3,5,7-trihydroxy-4H-chromen-4-one (10) > hesperetin-7-rutinoside (1) > 3,4-dihydroxy 

cinnamic acid (4) > 5-(1,2-dihydroxyethyl)-3,4-dihydroxyfuran-2(5H)-one (8) > 

stigmasta-6,22-diene-3-ol (9) > 1,2,3,9-tetrahydropyrollo[2,1-b]quinazoline-3-ol (7) > 4-

hydroxy-3-methoxy benzoic acid (6) > 4-hydroxy-3-methoxy cinnamic acid (3) > 4-allyl-

2-methoxyphenol (2). The results were compared with the standard drug tolbutamide 

(100 mg/kg). The present results show validity of the use of the selected plants and 

suggested that purified compounds in part are responsible for the anti-diabetic activity in 

the extracts of plants. 
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Introduction 
 

Diabetes mellitus; a metabolic disease is an endocrine disorder. This disease is 

prevalent all over the world and is increasing rapidly in all parts of the world. This 

tremendous increase is a dangerous threat to the mankind health. People suffering from 

diabetes generally have the high content of glucose in their body and insulin is not 

properly produced or used in their body. The basic reason of diabetes is still mystery, 

most probable environmental and genetic factors e. g. lack of exercise and obesity play a 

vital role [1].  Plants are the vital source of variety of compounds responsible for the 

treatment of number of diseases including diabetes mellitus. Many plants provide the 

potential resource for the development of new anti-diabetic drugs with less of minimum 

side effects. There are almost 700 plants which are used for the treatment for diabetes all 

over the world and most of them have not been studied for the anti-diabetic 

activity/active principle [2].  These are the traditional plant treatments which would be 

the most likely and effective source of new anti-diabetic agents. [3].  

 Various pharmacological and chemical researches have revealed that the natural 

products including flavonoids, alkaloids, sterols, terpenoids polysaccharides and some 

others have been used for treatment of diabetes. Some of these natural products have 

been developed for new anti-diabetic drugs [4, 5]. 

 

1.1. Asteraceae 

 Family Asteraceae is one of the largest plant family comprising 13,000 species 

and 900 genera. Aromatic short lived and annual shrubs and herbs are the representative 

plants of the family Asteraceae. Trees are rarely found in this family [6]. Most of the 

members of Asteraceae are cultivated for their prominent and attractive flowers. A large 

number of the composites are in use as phytomedicines. In some species of Asteraceae, 

sesquiterpene lactones and α-methylene-γ- lactone ring have been isolated and found to 

have cytotoxic, mutagenic and anti-tumor properties [7]. 
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1.1.1. Blumea lacera 

 B. lacera an annual plant is widely distributed in Asia has strong odour of 

turpentine and is used as febrifuge, anthelmintic, antipyretic and diuretic in folk 

medicines. It is also used to cure bronchitis, blood diseases, fever and to aleviate burning 

sensations [8]. 5-hydroxyl-3,6,7,3′,4′-pentamethoxyflavone and 5,3′,4′-trihydroxy-3,6,7-

trimethoxyflavone were isolated from B. lacera by Bheemasankara et al [9]. 

Triterpenoid glycoside and phenol glycoside have been reported from whole plant 

of B. lacera. α-pinene-7β-O-β-D-2,6-diacetylglucopyranoside has been isolated from B. 

lacera [10]. Polyacetylene, a mono thiophene and coniferyl alcohol derivative were 

reported by Bohlmann and Zedro in 1969 [11]. Campesterol was isolated from B. lacera 

by chromatography with light petroleum ether and CHCl3 [12]. 

 

 

OH3CO

H3CO

OH O

OCH3

OCH3

OCH3  

OH3CO

H3CO

OH O

OCH3

OH

OH

 

O

CH3

H

H
OH

OH

OH

RO
COOMe

COOMe

OH

R =

(5-hydroxy-3,6,7,4'-pentamethoxyflavone) (5,3,'4-trihydroxy-3,6,7-trimethoxyflavone)

(Triterpenoid glycoside)

 

O

CH3

H

H
OH

OH

OH
Me

Me

OR

OHMe

Me
R =

(Phenol glycoside)

 

S
CH2

CH3

(Mono thiophene)

 

O

O

O

O

CH3

CH3

OCH3

CH3

CH3

(Coniferyl alcohol derivative)
 

Figure 1.1 Phytochemicals of Blumea lacera 
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1.1.2. Laggera aurita 

 In genus Laggera, there are nearly 20 members, which are found in the tropical 

regions of Asia and Africa [13]. In Pakistan, only two species are found. L. aurita is 

abundantly found in Punjab and Sindh whereas, L. alata is found only in Hazara region 

[14]. Laggera is used as herbal drug for the treatment of inflammation, leukaemia, 

removing phlegm, bronchitis and bacterial diseases [15, 16]. A number of 

phytochemicals have been reported from genus Laggera including flavonoids, terpenoids 

and cyclitols as shown in Table 1 [17]. 

 

Table 1.1 Different natural products of Laggera 

Species  Phytochemicals 

L. alata 

L. decurrens 

L. crispate 

L. tomentosa 

L. pterodonta 

Eremophilanes, eudesmane sesquiterpenoids and cyclitols 

Monoterpenes 

Eudesmane sesquiterpenoids 

Monoterpenes 

Flavonoids and eudesmane sesquiterpenoids 
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1.1.3. Bidens tripartitus  

 Bidens is a common genus in Taiwan which produce barbed fruits and the plants 

of this genus are frequently used for medicinal purposes [18]. Three polyacetylenes, 

linoleic acid, eugenol, ocimene, two thiophene derivatives and 2′-hydroxy-4, 4′-

dimethoxychalcone have been isolated from B. tripartitus [19].  
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Figure 1.2 Phytochemicals of Bidens tripartitus 

 

1.1.4. Achillea millefolium 

 A. millefolium is a member of family Asteraceae. It is used for different metabolic 

disorders by local herbalists but no systematic research work was found on this plant 

which make intended to screen this plant for anti-diabetic activity and further isolation 

and purification to know the active principle (s).  
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1.2. Acanthaceae 

 Acanthaceae is a large family of nearly 250 genera and 25,000 species, distributed 

mainly in the tropics and extending to Mediterranean, Australia and South America. In 

Pakistan it is represented by 18 genera [20].  

 

1.2.1. Adhatoda vasica  

 A. vasica (widely distributed in the tropical and sub-tropical regions of Asia) is 

used for the treatment of various diseases in Pakistan, Sri Lanka and India. It is very 

effective as bronchodilator, anti-asthmatic, against dermatitis and anti-allergic [21]. A. 

vasica is used in the treatment of skin disorder [22]. Leaves and roots of the plant are rich 

with quinazoline alkaloids [23]. The plant was selected for the screening of anti-diabetic 

activity because of a variety of pharmacological activities including hepatoprotective, 

anti-ulcer, anti-inflammatory, bronchodilator, anti-tussive, radio-protective and anti-

tubercular activities [24]. 
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Figure 1.3 Different quinazoline alkaloids of Adhatoda vasica 
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1.2.2. Ruellia tuberosa 

 R. tuberosa is a perennial plant found in tropical regions. It is abundantly 

found in Thailand and Laos (South East Asia). In folkloric phytomedicines, R. tuberosa is 

frequently used as analgesic, antipyretic, diuretic, antihypertensive, anti-diabetic, 

antidotal agent and thirst quenching. In the recent years, R. tuberosa has been introduced 

as herbal drink component in Taiwan. Different phytochemicals of R. tuberosa are shown 

in the figure 1.4 [24 and 25]. 
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Figure1.4 Different phytochemicals of Ruellia tuberosa 
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Some more phytocmicals (Flavonoids and flavonoids glucosides) isolated from R. 

tuberose are shown below [25]. 
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Figure 1.5 Different phytocmicals (Flavonoids and flavonoids glucosides) of Ruellia tuberosa 



Chapter 1: Introduction                                                                                                  

                                                                                                                                                  

                                                                         

 9 

1.3 Flavonoids 

 Some flavonoids have been isolated from medicinal plants as anti-diabetic agents. 

Many of the flavonoids act as anti-diabetic agents by stimulating the β-cells to release 

insulin and thus lowering down the blood glucose concentration. Examples included 7-(6-

O-malonyl-D-glucopyranosyloxy)-3-(4-hydroxyphenyl)-4H-1-benzopyran isolated from 

Pueraria lobata, kakonein from Pueraria lobata, flavone C-glucoside from Pinellia 

ternate, lactiflorin from Paenia lactiflora, magneferin from Anemarrhena asphodeloides, 

protosappanin A from Caesalpinia sappan, caesalpin from Caesalpinia sappan, sappan 

chalcone and epicatechin from Pterocarpus marsupium [26-31].  
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Figure 1.6 Different flavonoids used as anti-diabetic agents 
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 1.3.1. Biosynthesis of flavonoids 

 Chalcone synthase; the key enzyme for biosynthesis of flavone catalyze the 

chalcone formation. ‘Hydroxy cinnammic acid CoA ester’ and ‘molonyl CoA’ are the 

precursors of formation of chalcone. The both precursors of flavonoids are generally 

obtained from carbohydrates. Due to Carbon dioxide and acetyl-CoA the molonyl CoA is 

synthesized and in the reaction acetyl-CoA acts as a catalyst. In higher plants, aromatic 

amino acids, tyrosine and phenylalanine are produced by the rout of shikimate pathway 

[32]. 
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Figure1.7 Biosynthesis of flavonoids 
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1.4. Quinazoline alkaloids 

 The main structural element of the class of quinazoline alkaloids is the 

heterocyclic skeleton of quinazoline. The quinazoline alkaloids form a small group of 

secondary natural compounds. At the present time, more than 140 substances of this type 

are known. The chemistry of the quinazoline alkaloids had its origin in 1888, with the 

discovery of the first natural representative of them – (+) – paganine. In parallel with 

work on the isolation of this group from various natural sources and the determination of 

their structures, investigations on their synthesis and the determination of their biological 

activities were intensively developed, and today the number of synthetic quinazoline 

derivatives many times exceeds the number of natural quinazoline bases [33]. 
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Figure1.8 Different alkaloids used as anti-diabetic agents 
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1.4.1. Biosynthesis of quinazoline alkaloid 

 Anthranilic acid or some equivalent are considered as important building block in 

the quinazoline biosynthesis. Robinson postulated that phenyl acetic acid or formic acid 

and anthranilic acid from phenylalanine units, are considered as the starting material of 

substituted quinazoline alkaloids [34]. In the biosynthesis of quinazoline alkaloids, γ-

amino-α-hydroxy butyraldehyde and O-amino benzaldehyde are the probable precursors. 

The condensation of γ-amino-α-hydroxy butyraldehyde can lead to pseudo base and 

quaternary base. Conversion of quaternary base requires the transfer the two H-atoms 

from N1–C2 to N3–C4 in the presence of suitable catalyst i. e. enzyme [35, 36 and 37]. 
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Figure 1.9 Biosynthesis of quinazoline alkaloid 
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Figure 1.10 Biosynthesis of quinazoline alkaloids in Adhatoda vasica 
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1.5. Sterols 

 Anti-diabetic effect of sterol is similar to that of sulfonylurea- like medicines. 

Examples are charantin from Momordica charntia [1], β-sitosterol from Coffea Arabica 

[38], β-Sitosterol-3-β-D-Glucoside from Ficus religiosa [39].  
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Figure 1.11 Different sterols used as anti-diabetic agents 
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1.5.1. Biosynthesis of sterol 

 Mavalonic acid is the precursor of sterol. As a result of various steps involving 

the action of different enzymes, mavalonic acid is converted to dimethylallyl 

pyrophosphate. Fernesyl pyrophosphate is synthesized by the action of fernesyl 

pyrophosphate and dimethylallyl diphasphate isomerase and successively squalene is 

formed by squalene synthase followed by the epoxide formation. Precursor of 

phytosterol; cycloartenol is transformed from 2,3-epoxy squalene. Action of cycloartenol 

and sterol methyl transferase results in the formation of methylene cycloarterol. 

Cycloeucalenol is biosynthesized by the action of sterone reductase and 4-methyl oxidase 

which ultimately results in the sterol or different phytosterols [40].  

 The schematic diagram for the biosynthesis is shown as follow. 
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Figure 1.12 Biosynthesis of sitosterol 
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Aim of the study 

 Although chemical and biochemical anti-diabetic agents are the mainstay of 

treatment of diabetes and are effective in controlling hyperglycemia, they have prominent 

side-effects and fail to significantly alter the course of diabetic complications. Medicinal 

plants provide a vast resource of compounds with potential for the development of new 

anti-diabetic drugs. The present study was designed to investigate some plants of 

Asteraceae and Acanthaceae for anti-diabetic activity, isolation of anti-diabetic agents 

from bioactive extracts, in vivo anti-diabetic activity of the active principle and the 

structure elucidation of bioactive compounds. 
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Literature Review
A number of plants are known to possess the anti-diabetic effects. These plants

include Trigonella foenum graecum L, Opuntia streptacantha Lem, Momordica

charantia L, Polygala senega L, Ficus bengalensis L, Gymnema sylvestre R., Citrullus

colocynthis, myrrh, Allium sativum, black seeds, aloe, Artemisia helteet and fenugreek

[41-44].

2.1. Asteraceae
Stem and leaflets of Artemisia herba-alba aqueous extract showed significant

anti-diabetic effects in 15 patients. Furthermore, no side effects were observed due to the

aqueous extract of Artemisia herb-alba [45]. Leaves and flowers of Centaurea

corcubionensis Lainz showed anti-diabetic activity in normoglycemic and glucose

induced hyper-glycemic rats. The hypoglycemic effects were not observed in the alloxan-

induced diabetic animals. This decrease in glucose concentration in the blood was

attributed to the release of insulin by pancreas after the experiments on insulin release.

The increase in insulin level was observed [46]. Methanol extract (500 mg/kg) of leaves

of Neurolaena lobata possessed the potent anti-diabetic activity in normal as well as

alloxan-induced diabetic mice [47]. Atractans A- C isolated from the rhizomes of

Atractyloids japonica koidz decrease the blood glucose level in normal mice. On

administration of Atractan A, B and C intraperitonially to the alloxan-induced diabetic

animals also reduced the blood glucose level to a significant extent [48]. Two

polyacetylenic glucosides were isolated from Bidens pilosa. The experiments were

performed on alloxan-induced diabetic mice. A mixture of two polyacetylenic glucosides

exhibited the strong anti-diabetic effects [49].

Intraperitonial administration of n-hexane extract (300 mg/kg) of Brickellia

veronicaefolia reduced the blood glucose level in blood by 74 % in alloxan-induced

diabetic mice. This reduction was observed upto 40 % in alloxan-induced diabetic mice

[50]. Bioassay guided isolation of B. beronicaefolia yielded a flavone. This flavone on

administration to normal and diabetic mice exhibited a strong hypoglycemic activity. The
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blood glucose concentrations were measured at 1.5, 3.0, 4.5 and 24 h after the drug

administration. The concentration of the isolated compound used was 10, 20 and 50

mg/kg [51]. Healthy rabbits were fed with water, decoction of test plant and tolbutamide

at time 0 h. 50 % dextrose was introduced in the body subcutaneously. Tolbutamide

group animals exhibited very effective results [52]. Single dose of Gynura procumbens

alcoholic extract reduced the blood level in streptozotocin diabetic rats. There was shown

no response in normoglycemic rats [53]. Psacalium peltantum and P. decompositum

significantly decreased the blood glucose in diabetic animals. Furthermore active

principle was also isolated from P. peltantum [52, 54].

A number of phytochemicals have been isolated from B. lacera. 5-hydroxyl-

3,6,7,3′,4′-pentamethoxyflavone and 5,3′,4′-trihydroxy-3,6,7-trimethoxyflavone were

isolated from B. lacera by Ch. Bheemasankara Rao et al [9]. Triterpenoid glycoside and

phenol glycoside have been reported from whole plant of B. lacera. Α-pinene-7β-O-β-D-

2,6-diacetylglucopyranoside has been isolated from B. lacera [10]. A polyacetylene, a

mono thiophene and coniferyl alcohol derivative were reported by Bohlmann and Zedro

in 1969 [11]. Campesterol were isolated from B. lacera by chromatography with light

petroleum ether and CHCl3 [12]. Antibacterial and antioxidant activities of B. lacera have

been performed by our research group [8].

In genus Laggera, there are nearly 20 members which are found in the tropical

regions of Asia and Africa [55]. In Pakistan, only two species are found. L. aurita is

abundantly found in Punjab and Sindh whereas, L. alata is found only in Hazara region

[56].
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Bidens is a common genus in Taiwan which produce barbed fruits. Plant has great

medicinal importance due to its phytochemical composition. It is used frequently for

medicinal purposes. Very less literature was found on B. tripartitus.

Achillea millefolium (Asteraceae) is a member of family Asteraceae. It is used for

different metabolic disorders by local herbalists. The volatile constituents of A.

millefolium ssp. elbursensis were isolated by different methods of distillation

(hydrodistillation and steam distillation) and analyzed by GC and GC/MS. The major

constituents of A. millefolium ssp. elbursensis oil by hydrodistillation from the flower

were chamazulene, camphor and isoborneol, while the leaf oil contained chamazulene,

isoborneol and p-cymene. The major oil constituents from the flower (by steam

distillation) were chamazulene and longifolene, while the major constituents of the leaf

oil were chamazulene and germacrene B [57].

2.2. Acanthaceae
Asteracantha longifolia showed significant blood glucose lowering activity. The

extract of A. longifolia can improve glucose tolerance in diabetic patients and healthy

human cases [58].

Adhatoda vasica is very effective in bronchodilator, anti-asthmatic against

dermatitis and anti-allergic [21]. A. vasica is used in the treatment of skin disorder [22].

Leaves and roots of the plant are rich with quinazoline alkaloids [23]. The plant was

selected for anti-diabetic activity because of a variety of pharmacological activities

including hepatoprotective, anti-ulcer, anti-inflammatory, bronchodilator, anti-tussive,

radio-protective and anti-tubercular activities [24].

A. vasica is rich in phytochemicals like vasicine, vasicinol vasicinol,

adhavasicinone, vasicinolone, adhavasine, 6-hydroxy peganine, vasicole, vasicolinone,

anisotine, vasicoline and adhatodine [59 and 60].
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Ruellia tuberosa is a perennial plant found in tropical regions. It is abundantly

found in Thailand and Laos (South East Asia). In folkloric phytomedicines, R. tuberosa is

frequently used as analgesic, antipyretic, diuretic, antihypertensive, anti-diabetic,

antidotal agent and thirst quenching. In the recent years, R. tuberosa has been introduced

as herbal drink component in Taiwan [24 and 25]. R. tuberosa has no of phytochemicals

which have been isolated like apigenin-7-β-D-glucuronide, stigmasterol, β-sitosterol,

campesterol, cholesterol and a series of amino acids; leucine, tyrosine, valine and glycine

(61-63]. Flavonoids namely; cirsimaritin, cirsiliol 4-glucoside, cirsimarin, sorbifolin and

pedalitin have been isolated from R. tuberosa. Betulin, indole-3-carboxaldehyde and

vanillic acid have also been reported from R. tuberosa [25].
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General experimental conditions
Ultraviolet (UV) spectra of the test samples were recorded on UV-1700

PHARMSPEC SHIMADZU. Electron impact mass spectrometry (EIMS) was performed

on Finnigan MAT 312 acquired on MASSPEC system. High resolution and fast atomic

bombardment mass spectra were recorded on Jeol JMS HX 110 MS using cesium iodide

(CsI) as standard and thioglycerol as matrix for accurate and precise measurements. 1H

and 13C NMR spectra were recorded on the same instrument using 400 and 100 MHz

frequency respectively. Infrared (IR) spectra of the compound were recorded on Fourier

Transform JASCC A-302 IR spectrophotometer. Column chromatography (CC) was

carried out using silica gel (type 60, 70-230 mesh size; Merck, Germany). Preparative

thin layer chromatography plates (GF-254, 20 × 20 cm, 0.75 mm thickness Merck,

Germany) were used for the isolation of compounds. The chemicals and solvents were

purchased from Merck, Sigma Aldrich, BDH laboratory (England), Panarech (Spain) and

Fluka. Alloxan monohydrate was purchased from Aplicam (Spain). Healthy adult (Male

and Female) Swiss albino mice weighing 30–35 g, Swiss albino rats weighing 180 ± 20 g

and Oryctolagus cuniculus (male) rabbits weighing 1.5–2.0 kg were used in the

experiments. SPSS software (version 13) was used to analyze the data by one way

ANOVA followed by the post hoc test.
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3.1. Blumea lacera
3.1.1. Collection and identification

The arial parts of Blumea lacera (Asteraceae) were collected form Lahore region

and identified at the Department of Botany, GC University Lahore where a voucher

specimen (GC. Herb. Bot. 124) was deposited.

3.1.2. Extraction and bioassay-guided fractionation

The arial parts of the plant (10 kg) were dried, ground and soaked in methanol for

one week then filtered and concentrated by using rotary evaporator to get the crude

extract (500 g). The extract was dissolved in water and partitioned successively with n-

hexane (HxFr), chloroform (CfFr) and ethyl acetate (EaFr). All the fractions were

evaluated for anti-diabetic activity using in vivo model of alloxan-induced diabetic

rabbits. EaFr was found to be the most bioactive fraction and further preceded for the

isolation of active principle(s).

3.1.3. Isolation of hesperetin-7-rutinoside (1)

The ethyl acetate fraction (EaFr) of B. lacera which showed significant anti-

diabetic activity (Table 4.7) was subjected to silica gel column chromatography using

gradient mixtures of n-hexane, chloroform and ethyl acetate, resulting in six fractions

Fr.BL-1, Fr.BL-2, Fr.BL-3, Fr.BL-4, Fr.BL-5 and Fr.BL-6. Fr.BL-5, on further

purification by preparative thin layer chromatography (TLC) in the system of CHCl3–

MeOH (8:2), furnished hesperetin-7-rutinoside; 1 (20 mg, 2 × 10−4 % yield). The

extraction of B. lacera is shown in Scheme 3.1.

Spectral data

UV (MeOH) λ max: 285 nm

IR (KBr) νmax: 3267-3427, 1645 cm-1

HREIMS m/z: 610.5674 (calculated for C28H34O15, 610.5689)

FABMS m/z (relative intensity %): 611.03 (13), 465 (5), 303 (27), 185 (100)
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Table 3.1 1H – 13C NMR (DMSO), chemical shift multiplication and one-band 1H – 13C NMR
connectivities (HMQC) of hesperetin-7-rutinoside (1)

C-No Multiplicity (DEPT) 13C-NMR (δ) 1H-NMR (δ) JHH (Hz)

2 CH 78.12 5.53 m

3 CH2 42.02
2.49 (a)
3.25 (b)

dd, 12.9, 3.3 Hz

4 C 196.7 - -
5 C 163.3 - -
6 CH 96.62 6.10 d, J = 2.8
7 C 165.2 - -
8 CH 95.79 6.12 d, J = 2.8
9 C 162.8 - -
10 C 103.6 - -
1′ C 131.4 - -
2′ CH 114.5 6.93 m
3′ C 146.7 - -
4′ C 148.2 - -
5′ CH 103.6 6.99 m
6′ CH 118.2 6.88 dd, J = 8.4, 1.8

4′-OMe CH3 56.0 3.81 s
1′′ CH 99.65 5.23 d, J = 8.0
2′′ CH 72.79 3.35 m
3′′ CH 75.74 3.15 m
4′′ CH 70.25 3.41 m
5′′ CH 68.11 3.62 m
6′′ CH2 69.69 3.55 m
1′′′ CH 101.0 4.51 d, J = 8.0
2′′′ CH 69.95 3.40 m
3′′′ CH 69.32 3.40 m
4′′′ CH 71.83 3.23 m
5′′′ CH 75.30 3.40 m
6′′′ CH3 18.0 1.00 m
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B. lacera arial parts, (10 Kg)

Dried, ground and extracted with MeOH

Crude methanolic extract (500 g)

(i)  Dissolved in water
(ii) extracted with n-hexane

n-hexane fraction (HxFr)Aqueous layer

+ CHCl3

Aqueous layer CHCl3 fraction (CfFr)

+ EtOAC

Aqueous layer EtOAc fraction (EaFr)

Column chromatography

Fraction-A Fr.BL-5, CHCl3-EtOAc
(8: 2)

Final purification by CHCl3-MeOH
(8: 2) furnished compound 1

*

*

*

*

Fr.BL-1, n-hex-CHCl3
(100:0)

Fr.BL-2, n-hex-CHCl3
(80:20)

Fr.BL-3, n-hex-CHCl3
(1:1)

Fr.BL-4, CHCl3-EtOAc
(100:0)

Fr.BL-6, CHCl3-EtOAc
(70:30)

*

Key: HxFr: n-hexane fraction, CfFr: CHCl3 fraction, EaFr: EtOAc fraction, *Bioactive fraction/compound(s)

Scheme 3.1 Extraction Scheme of Blumea lacera
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3.2. Bidens tripartitus
3.2.1. Collection and identification

The arial parts of B. tripartitus were collected from Islamabad and identified at

the Department of Botany GC University Lahore, (GC.Herb.Bot.850)

3.2.2. Extraction and bioassay-guided fractionation

The plant material (8 kg) was dried, powdered and extracted with EtOH thrice

(10 L × 3). The combined EtOH extracts were concentrated to get the crude extract (480

g) which was further dissolved in water and partitioned successively with n-hexane, ethyl

acetate and n-butanol. All the extracts were evaluated for anti-diabetic activity using in

vivo model of alloxan-induced diabetic rabbits. The n-hexane and EtOAc extracts were

found to be the bioactive extracts and further subjected to chromatographic techniques for

the isolation of active principle(s).

3.2.3. Isolation of 4-allyl-2-methoxyphenol (2)

Column chromatography of the n-hexane extract of B. tripartitus was carried out

using gradient mixture of n-hexane and CHCl3 (Scheme 3.2). Final purification of the

fraction obtained in 20 % n-hexane–CHCl3 using preparative TLC in the system of n-

hexane–CHCl3 (9:1) afforded 4-allyl-2-methoxyphenol; 2 (12 mg, 1.5 × 10−4 % yield).

Spectral data

UV (MeOH) λ max: 280 nm

IR (KBr) νmax: 3669, 2962, 1639, 1514, 1462, 1206 cm-1

HREIMS m/z 164.2054: (calculated for C10H12O2, 164.2048)

EIMS m/z (relative intensity %): 164 (100), 149 (32), 137 (18), 131 (28), 121 (16), 115

(4), 103 (33), 94 (7), 91 (26), 77 (30), 65 (10), 5 (20), 51 (12), 39 (9)
1H-NMR (CDCl3, 400 MHz): δ 3.30 (2H, d, J = 6.6 Hz, H-7), 3.85 (3H, s, C-2, OMe),

5.01 (1H, d, J = 11.2 Hz, H-9b), 5.04 (1H, d, J = 11.2 Hz, H-9a), 5.93 (1H, dd, J = 6.6,

11.2 Hz, H-8), 6.6 (1H, s, H- 3), 6.82 (1H, d, J = 8.3 Hz, H- 5),7.23 (1H, d, J = 8.3 Hz,

H-6)
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13C-NMR (CDCl3, 100 MHz): δ 39.88 (C-7), 55.83 (OCH3), 111.03 (C-3), 114.19 (C-9),

115.52 (C-6) 121.14 (C-5), 131.90 (C-4), 137.80 (C-8), 143.85 (C-1), 146.38 (C-2)

3.2.4. Isolation of 4-hydroxy-3-methoxy cinnamic acid (3)

Column chromatography of the EtOAc extract of B. tripartitus in the gradient

mixtures of n-hexane – CHCl3 resulted in a fraction (n-hexane – CHCl3, 2:8) which on

preparative TLC in solvent system; n-hexane – CHCl3 (3:7) yielded 4-hydroxy-3-

methoxy cinnamic acid; 3 (23 mg, 2.9 × 10−4 % yield). The extraction procedure is shown

in Scheme 3.2.

Spectral data

IR (KBr) νmax: 3410, 2902, 1629, 1512, 1464, 1265 cm-1

HREIMS m/z: 194.1887 (calculated for C10H10O4, 194.1873)

EIMS m/z (relative intensity %): 194 (100), 179 (17), 145 (4), 133 (14), 117 (4), 105 (5),

95 (3), 89 (4), 77 (71), 63 (3), 51 (5)
1H-NMR (CDCl3, 400 MHz): δ 3.87 (3H, s, C-3. OMe), 6.40 (1H, d, J = 14.4 Hz, H-8),

6.87 (1H, d, J = 8.3 Hz, H-5), 7.15 (1H, d, J = 8.3 Hz, H-6), 7.32 (1H, s, H-2), 7.60 (1H,

d, J = 14.4 Hz, H-7), 12.1 (1H, s, Carboxylic-OH)
13C-NMR (CDCl3, 100 MHz): δ 55.97 (OMe), 109.44 (C-8), 114.23 (C-7), 115.783 (C-

2), 119.72 (C-5), 123.58 (C-6), 130.31 (C-1), 147.08 (C-3), 148.77 (C-4), 168.24 (C-9)

3.2.5. Isolation of 3,4-dihydroxy cinnamic acid (4)

Column chromatography of EtOAc extract of B. tripartitus was carried out using

gradient mixtures of n-hexane – CHCl3 (Scheme 3.2). Final purification of the fraction

obtained in n-hexane–CHCl3 (2:8) by preparative TLC in the system of n-hexane – CHCl3

(1:9) afforded 3,4-dihydroxy cinnamic acid; 4 (18 mg, 2.3 × 10−4 % yield).

Spectral data

UV (MeOH) λmax: 334, 224 nm

IR (KBr) νmax: 3438, 3237, 1648, 1621, 1138 cm-1

HREIMS m/z: 180.1599 (calculated for C9H8O4, 180.1590)
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EIMS m/z (rel. intensity %): 180.07 (M+, 100), 134.0 (55.65), 117.1 (13.80), 89.0

(36.01), 63.0 (14.71)
1H-NMR (CDCl3, 400 MHz): δ 6.2 (1H, d, J=14.5 Hz, H-8), δ 6.8 (1H, d, J=8.3 Hz, H-

5), δ 6.9 (1H, dd, J=2.0, 8.3 Hz, H-6), δ 7.0 (1H, d, J=2.0 Hz, H-2), δ 7.5 (1H, d, J=14.5

Hz, H-7)
13C-NMR (CDCl3, 100 MHz): δ 115.1 (C-7), 115.5 (C-8), 116.5 (C-6), 122.8 (C-2),

127.8 (C-5), 146.8 (C-1), 147.0 (C-3), 149.5 (C-4), 171.0 (C-9)
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Bidens tripartitus
whole plant (8 Kg)

Dried, ground and extracted with EtOH

EtOH extract (480 g)

(i) Dissolved in water
(ii) n-hexane

n-hexane
Fraction

CC and Preparative TLC,
system n-hexane-CHCl3

(9:1) furnished 2

*

*

*

*

EtOAc

CC in n-hexane:CHCl3 (2:8)
system, and Preparative TLC,

afforded 3 and 4

EtOAc Fraction

Aqueous layer n-butanol Fraction

n-butanol

Aqueous layer

Aqueous layer

*

Key: Fr: fraction, *Bioactive fraction/ compound(s)

Scheme 3.2 Extraction Scheme of Bidens tripartitus
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3.3. Ruellia tuberosa
3.3.1. Collection and identification

Whole plant of R. tuberosa was collected from Sargodha and identified at the

Department of Botany GC University Lahore, (GC.Herb.Bot.987)

3.3.2. Extraction and bioassay-guided fractionation

Dried whole plant of R. tuberosa (10 kg) was extracted with MeOH in soxhlet

apparatus for 48 h to get crude MeOH extract (650 g). The MeOH extract was evaporated

and dissolved in water. Aqueous layer was partitioned with n-hexane (198 g), CHCl3

(33.4 g) and EtOAc (110.4 g). Remnant fraction and aqueous layer were concentrated at

reduced pressure.

3.3.3. Isolation of 6,10,14-trimethyl-2-pentadecanone (5)

Fr.RT-4 which was obtained in n-hexane – CHCl3 (2:8) on final purification

through preparative TLC with n-hexane – EtOAc (1:1), afforded 6,10,14-trimethyl-2-

pentadecanone; 5 (5 mg, 5 × 10−5 % yield).

Spectral data

HREIMS m/z: 268.4857 (calculated for C18H36O, 268.4832)

EIMS m/z (relative intensity %): 268 (4), 250 (1), 210 (8), 179 (5), 165 (8), 140 (3), 124

(15), 109 (22), 85 (25), 71 (48), 58 (90), 43 (100), 41 (38)

3.3.4. Isolation of 4-hydroxy-3-methoxy benzoic acid (6)

The EtOAc fraction of R. tuberosa exhibited statistically significant anti-diabetic

activity was further subjected to silica gel column chromatography. The column was

eluted successively with gradient mixture of n-hexane and EtOAc and yielded four

fractions (Fr.RT-6, Fr.RT-7, Fr.RT-8 and Fr.RT-9). Fr.RT-8 obtained in n-hexane–

EtOAc (7:3) on final purification with n-hexane: EtOAc (1:1) on preparative TLC

afforded 4-hydroxy-3-methoxy benzoic acid; 6 (12 mg; 1.2 × 10−4 % yield). The

extraction procedure is shown in Scheme 3.3.
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Spectral data

UV (MeOH) λmax: 291, 257, 217, 208 nm

IR (KBr) νmax: 3478, 3200-2500, 1675, 1469, 1234 cm-1

HREIMS m/z: 168.1498 (calculated for C8H8O4, 168.1491)

EIMS m/z (relative intensity %): 168 (100), 153 (60), 125 (25), 108 (10), 97 (30), 79

(14), 69 (8), 63 (12)
1H-NMR (CD3COCD3, 400 MHz): δ 3.89 (3H, s, OMe), 6.9 (1H, d, J = 8.4 Hz, H-5),

7.56 (1H, d, J = 2.2 Hz, H-2), 7.58 (1H, dd, J = 8.4, 2.2 Hz, H-6)
13C-NMR (CD3COCD3, 75 MHz): δ 56.6 (OCH3), 113.8 (C-2), 115.4 (C-5), 123.8 (C-
6), 128.7 (C-1), 147.9 (C-3), 152.4 (C-4), 167.6 (C-7)
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Extracted with MeOH

MeOH extract (650 g)
evaporated to dryness

i) dissolved in water
ii) extracted with n-hexane

Aqueous layer n-hexane fraction
*

*

Fr.RT-1
(n-hexane) Fr.RT-2,

n-hexane-CHCl3
(8:2)

Fr.RT-4,
n-hexane-CHCl3(2:8)

Fr.RT-5,
CHCl3

Final purification with
n-hex-EtOAc (1:1) on

TLC afforded 5

Preparative TLC
system, n-hex-EtOAc

(1 : 1) furnishd 6

CHCl3 fraction

+ CHCl3

Aqueous layer

EtOAc extract
*

*

Ruellia tuberosa;
whole plant (10 Kg)

CC with mixture of n-hexane and CHCl3

+ EtOAc

CC with mixture of n-hexane and EtOAc

Fr.RT-6
n-hex-EtOAc (9:1)

Fr.RT-7
n-hex-EtOAc (8:2)

Fr.RT-8
n-hex-EtOAc (7:3)

Fr.RT-9
n-hex-EtOAc (6:4)

Fr.RT-3, n-hexane:
CHCl3 (1:1)

Key: n-hex: n-hexane, Fr: fraction, *Bioactive fraction/ compound(s)

Scheme 3.3 Extraction Scheme of Ruellia tuberosa



Chapter 3: Experimental

34

3.4. Adhatoda vasica
3.4.1. Collection and identification

The arial parts of A. vasica were collected from Azad Kashmir and identified at

the Department of Botany GC University Lahore, (GC.Herb.Bot.857).

3.4.2. Extraction and bioassay-guided fractionation

Arial parts of A. vasica were dried, ground and soaked in EtOH for 7 days. The

extract was filtered and dried to gummy residue which was acidified with 5% acetic acid

and extracted with n-hexane. The acidic aqueous layer was basified with 20 % NH3 and

extracted with CHCl3 then neutralized with acetic acid and extracted with n-butanol. All

the extracts (n-hexane, chloroform and n-butanol extracts) were evaporated to dryness.

The non-alkaloidal and alkaloidal fractions were used in subsequent experiments.

3.4.3. Isolation of 1,2,3,9-tetrahydropyrollo[2,1-b]quinazoline-3-ol (7)

The alkaloidal fraction obtained at pH 9 was preceded to the column

chromatography over silica gel eluting with the solvents of gradient mixtures of CHCl3

and MeOH (Scheme 3.4). The fraction obtained in 9:1 ratio, on evaporation yielded

1,2,3,9-tetrahydropyrollo[2,1-b]quinazoline-3-ol; 7 as white needle like crystals (16 mg;

1.6 × 10−4 % yield).

Spectral data

UV (MeOH) λmax: 290 nm

IR (KBr) νmax: 3389 (OH), 1725 (C=O), 1472 (C=C), 1071 (C-O) cm-1

HREIMS m/z: 188.2298 (calculated for C11H12N2O, 188.2282)

EIMS m/z (relative intensity %): 188.0 (M+, 100), 176.0 (19.7), 148.0 (78.5), 104.1 (7.9),

76.1 (9.7), 65.0 (4.7)
1H-NMR (CDCl3, 400 MHz): δ 2.25 (2H, m, H-2), δ 3.69 (2H, m, H-1), δ 4.63 (2H, m,

H-9), δ 4.90 (1H, d, J = 7.0 Hz, H-3), δ 6.85 (4H, m, H-5, H-6, H-7, H-8)
13C-NMR (CD3Cl3, 75 MHz): δ 28.8 (C-2), δ 45.6 (C-1), δ 50.7 (C-9), δ 69.6 (C-3), δ

118.0 (C-7), δ 126.1 (C-5), δ 126.8 (C-8), δ 129.3 (C-6), δ 129.9 (C-13), δ 152.1 (C-12),

δ 167.2 (C-11).
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Soaked in EtOH

EtOH extract

dissolved in water

Soluble Insoluble

*

Aqueous layer

I. Acidified with 5 % acetic acid

II. Extracted with n-hexane

n-hexane extract

I. 20 % ammonia solution,
II. Extracted with CHCl3

Aqueous layerCHCl3 Extract on final
purification furnished 7

*

Arial parts of A. vasica (10 kg)

Column chromatography
(100: 0) -- (0: 100)

Fraction obtained in
CHCl3-MeOH (9: 1) On evaporation,

yielded 7

Key: *Bioactive fraction/ compound(s)

Scheme 3.4 Extraction Scheme of Adhatoda vasica
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3.5. Achillea millefolium
3.5.1. Collection and identification

The plant A. millefolium was collected from Islamabad and identified at the

Department of Botany GC University Lahore, (GC. Herb. Bot. 847).

3.5.2. Extraction and bioassay-guided fractionation

The plant material of A. millefolium (10 kg) was extracted using soxhlet apparatus

successively with n-hexane, CHCl3, EtOAc and methanol.

3.5.3. Isolation of 5-(1,2-dihydroxyethyl)-3,4-dihydroxyfuran-2(5H)-one (8)

Preliminary screening of the extracts in the in vivo models of diabetic rabbits

indicated significant results in the MeOH extract (Table 4.11) which was further

subjected to column chromatography using silica gel (Scheme 3.5). The column on

elution with gradient mixture of n-hexane, chloroform, ethyl acetate and MeOH, yielded

10 fractions (Fr.AM-1, Fr.AM-2, Fr.AM-3, Fr.AM-4, Fr.AM-5, Fr.AM-6, Fr.AM-7,

Fr.AM-8, Fr.AM-9 and Fr.AM-10). The fraction obtained in CHCl3 – MeOH (7:3) was

further subjected to column chromatography. Final purification of Fr.AM-9 in the system

of CHCl3–MeOH (0.5: 9.5) furnished 5-(1,2-dihydroxyethyl)-3,4-dihydroxyfuran-2(5H)-

one; 8 (23 mg; 2.3 × 10−4 % yield).

Spectral data

UV (H2O) λ max: 263 nm

IR (KBr) νmax: 3510, 3405, 1755, 1025 cm-1

HREIMS m/z:176.1290 (calculated for C6H8O6, 176.1259)

EIMS m/z (relative intensity %): 176 (14), 145 (4), 116 (100), 101 (16), 85 (22), 70 (16),

61 (24), 43 (31)
1H-NMR (D2O, 400 MHz): δ 4.2 (2H, d, J = 7.1 Hz, H-2), 4.5 (1H, d of t, J = 2.2, 7.1

Hz, H-1), 5.4 (1H, d, J = 2.2 Hz, H-5)
13C-NMR (D2O, 75 MHz): δ 61.90 (C-2), 68.16 (C-1), 74.43 (C- 5), 117.98 (C-4),

152.53 (C-3), 170.41 (C-2)
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Achillea millefolium (10 kg)

n-hexane extract CHCl3 extract EtOAc extract MeOH extract

Column chromatography

Fr.AM-9 obtianed in
CHCl3-MeOH (70: 30)

Fr.AM-1 Fr.AM-2 Fr.AM-3 Fr.AM-4 FrAM-5 Fr.AM-6 Fr.AM-7 Fr.AM-10Fr.AM-8

*

*

*

Sohxlet extraction

Preparative TLC with CHCl3-MeOH
(0.5: 9.5) furnished 8

Key: Fr: fraction, *Bioactive fraction/ compound(s)

Scheme 3.5 Extraction Scheme of Achillea millefolium
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3.6. Laggera aurita
3.6.1. Collection and identification

The plant L. aurita was collected from Lahore region and identified at the

Department of Botany GC University Lahore, (GC. Herb. Bot. 240).

3.6.2. Extraction and bioassay-guided fractionation

The arial parts of L. aurita were extracted with the solvents of increasing

polarities starting from petroleum ether (PE), CHCl3, EtOAc and MeOH. These extracts

were evaluated for the anti-diabetic activity using alloxan-induced diabetic rabbits. Two

extracts i.e. PE and MeOH extracts were found to be bioactive which were further

preceded for isolation and purification of active principle (s).

3.6.3. Isolation of stigmasta-6,22-diene-3-ol (9)

The PE extract showed significant blood glucose lowering effect. In column

chromatography with gradient mixture of PE: CHCl3 (100: 0) to PE: CHCl3 (80: 20)

resulted in 20 fractions. On the basis of similar TLC pattern, these 20 fractions were

merged into 5 fractions (Fr.LA-1, Fr.LA-2, Fr.LA-3, Fr.LA-4 and Fr.LA-5). Final

purification of Fr.LA-5 with PE: CHCl3 (6:4) on preparative TLC furnished Stigmasta-6,

22-diene-3-ol 9 (26 mg; 2.6 × 10−4 % yield).

Spectral data

UV (CHCl3) λmax: 270, 280 nm

IR (KBr) νmax: 3450, 3052, 1650, 814 cm-1

HREIMS m/z: 412.6935 (calculated for C29H48O, 412.6908)

EIMS m/z (relative intensity %): 412 (70), 394 (20), 379 (14), 369 (10), 351 (24), 327

(5), 314 (11), 300 (33), 285 (10), 271 (43), 255 (54), 241(9), 229 (12), 213 (26)
1H-NMR (CDCl3, 400 MHz): δ 0.76 (3H, d, J = 6.3 Hz, H-26), 0.77 (3H, s, H-19), 0.80

(3H, t, H-29), 0.81 (3H, s, H-18), 0.87 (3H, d, J = 6.3 Hz, H-27), 1.00 (3H, d, J = 5.9 Hz,

H-21), 1.15 (2H, t, H-12), 1.23 (2H, m, H-28), 1.26 (2H, m, H-15), 1.27 (2H, t, H-16),

1.30 (1H, m, H-17), 1.31 (1H, m, H-24), 1.35 (2H, t, H-1), 1.44 (2H, m, H-2), 1.46 (2H,
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m, H-11), 1.50 (2H, t, H-4), 1.57 (1H, m, H-14), 1.58 (1H, m, H-25), 1.80 (1H, m, H-9),

1.95 (1H, m, H-5), 2.03 (1H, m, H-20), 2.67 (1H, m, H-8), 3.28 (1H, m, H-3), 5.03 (1H, t,

H-22), 5.11 (1H, t, H-23), 5.35 (1H, t, H-7), 5.57 (1H, t, H-6)
13C-NMR (CDCl3, 75 MHz): δ 11.40 (C-19), 11.64 (C-18), 12.06 (C-29), 18.88 (C-26),

20.88 (C-27), 21.15 (C-21), 21.20 (C-11), 23.63 (C-15), 24.54 (C-28), 29.21 (C-16),

31.50 (C-2), 31.84 (C-25), 34.30 (C-10), 34.70 (C-1), 36.30 (C-4), 38.20 (C-8), 39.40 (C-

12), 42.70 (C-20), 45.10 (C-5), 45.40 (C-13), 49.95 (C-24), 52.70 (C-9), 53.66 (C-14),

57.07 (C-17), 71.50 (C-3), 129.30 (C-6), 130.60 (C-7), 131.49 (C-23),134.98 (C-22)
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3.6.4. Isolation of 2-(3,4-dihydroxyphnyl)-3,5,7-trihydroxy-4H-chromen-4-one (10)

The MeOH extract of L. aurita showed significant anti-diabetic activity; was

further subjected to silica gel column chromatography. The column was eluted with

gradient mixture of petroleum ether and CHCl3 (PE–CHCl3, 0:10 to CHCl3–MeOH, 9:1)

yielded four fractions (Fr.LA-6, Fr.LA-7, Fr.LA-8 and Fr.LA-9). These four fractions

were screened for anti-diabetic activity among which Fr.LA-8 showed significant results.

Fr.LA-6, Fr.LA-7 and Fr.LA-9 showed no anti-diabetic activity. Fr.LA-8 (CHCl3–MeOH

6:4) on final purification with EtOAc–MeOH (7:3) afforded compound 10 (35 mg; 3.5 ×

10−4 % yield).

Spectral data

Table 3.2 1H – 13C NMR (CD3OD), chemical shift multiplication and one-band 1H – 13C NMR connectivities
(HMQC) of 2-(3,4-dihydroxyphnyl)-3,5,7-trihydroxy-4H-chromen-4-one (10)

C-No Multiplicity (DEPT) 13C-NMR (δ) 1H-NMR (δ) JHH (Hz)

2 C 147.9 - -
3 C 136.8 - -
4 C 177.0 - -
5 C 158.3 - -
6 CH 99.1 6.12 d, J = 2.0
7 C 164.8 - -
8 CH 93.9 6.43 d, J = 2.0
9 C 162.0 - -

10 C 104.0 - -
1′ C 124.5 - -
2′ CH 116.0 7.70 d, J = 1.8
3′ C 146.5 - -
4′ C 149.8 - -
5′ CH 116.4 6.92 d, J = 7.8
6′ CH 121.0 7.64 dd, J = 7.8, 1.8
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MeOH extract
Petroleum ether

(PE) extract

Preparative TLC; system; PE:
CHCl3 (6: 4) furnished 9

* *

Final purification by EtOAc :
MeOH (7: 3) furnished 10

Fr.LA-5, CC with silica gel
(PE: CHCl3: 8: 2)

Fr.LA-8; system; CHCl3:
MeOH (6: 4)

CHCl3 extract EtOAc extract

Fr.LA-1 Fr.LA-2 Fr.LA-3 FrLA-4
CC with PE: CHCl3 (0: 100 %)
to CHCl3 : MeOH (90: 10)

Fr.LA-6 Fr.LA-7 Fr.LA-9

*

*

*

*

Laggera aurita (10 kg)

Key: Fr: fraction, *Bioactive fraction/ compound(s)

Scheme 3.6 Extraction Scheme of Laggera aurita
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3.7. Anti-diabetic study
3.7.1. Animal used

Healthy adult (Male/Female) Swiss albino mice weighing 30–35 g, Swiss albino

rats weighing 180 ± 20 g and Oryctolagus cuniculus (male) rabbits weighing 1.5– 2.0 kg

were used in the experiments. All the animals were kept in animal house at the

Department of Zoology, GC University and University College of Pharmacy, University

of the Punjab Lahore. The animal house meets the International standards: temperature

(28 ± 2 ˚C), humidity (50 ± 5 %) with 12 h light/dark cycle. All the experiments related

with the animals were performed by following the International Ethical Guideline for the

laboratory animals. The animals were given the standard feed. They were allowed the

open access to water all the time throughout the experiments.

3.7.2. Acute toxicity

For the assessment of toxic effects of the extracts/fractions tested, separate

experiments were performed. The healthy animals were divided into treated and control

groups (5 animals for each group). Different concentrations (125 to 5000 mg/kg which

was far greater concentrations as compared with the effective dose of the plant

extracts/fractions were administered orally to the animals of treated groups while the

animals of control groups administered orally only vehicle (0.5 % CMC). The animals

were allowed a free access to water and feed throughout the experiments. The animals

were observed as a whole for gross behavioral, autonomic, neurological and any toxic

effects for 24 h [64].

3.7.3 Determination of blood glucose concentration

Blood samples were collected at 0 h and 4 h. Blood glucose concentration (mg/dl)

were estimated by using standard kit (Randox Laboratories, United Kingdom) based on

glucose oxidase method. The principle lies behind the glucose oxidase method is that the

hydrogen peroxide formed reacts, under catalysis of peroxidase, with phenol and 4-

aminophenazone to from a red – violet quinoneimine dye as indicator.
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Glucose + O2 + H2O                                              gluconic acid + H2O2

2H2O2 + 4-aminophenazone + phenol                                          quinoneimine + H2O

The percentage variation of glycemia for each group was calculated with respect to initial

(0 h) level according to following formula:

%  v a r ia t io n  o f  g ly c e m ia    =
G i

G i - -  G t
X 1 0 0

where Gi is the initial glycemia values and Gt is the glycemia value after drug

administration [65].

3.7.4. Induction of diabetes

The animals were induced diabetes by intraperitonial injection of alloxan

monohydrate (150 mg/kg) daily. After seven days of the daily single injection of the

alloxan monohydrate; the animals having blood glucose level 250 mg/dl and above were

considered as diabetic and used in the study. Those animals having blood glucose < 250

mg/dl were not selected for the experiments. Before performing the experiments, all the

groups of animals were fasted for a night but free access to water [66].

3.8. Determination of effective dose
For the determination of effective dose of the MeOH/EtOH extracts/fractions of

the plants, diabetic animals were divided into different groups (6 animals for each group).

Prior to the experiments, all the animals were kept in fasting state and allowed free access

to water. Different doses (125, 250, 500, 750, 1000 and 2000 mg/kg) of MeOH/EtOH

extracts were administered to the animals of test groups. While normal and diabetic

control groups (I and II respectively) received vehicle (0.5 % CMC) only. The blood

glucose concentration was measured at 0 h and after the 4 h of drug administration.

Tolbutamide was administered to positive control group animals at a dose of 100 mg/kg

[67].
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3.9. Anti-diabetic effects of extracts/fractions of selected plants on blood
glucose level

Anti-diabetic effects of the extracts/fractions were studied in vivo using animal

models. Treated groups of animals received the extracts/fractions. The test samples were

suspended in 0.5 % CMC and administered via oral rout. The animal house where the

animals were kept for the anti-diabetic study was in just accordance with the international

standards for the care of laboratory animals. The doses calculated for various fractions

were based upon the amounts present in the effective dose (of MeOH/EtOH extracts).

Blood samples were collected from control and treated group animals at 0 h and 4 h for

the measurement of blood glucose concentration. Six animals were used for each group

throughout the experiment except in case of determination of toxicity of the MeOH/EtOH

extracts where five animals were used.

Blumea lacera
To study the anti-diabetic effects of B. lacera extracts/fractions, the rabbits were

divided into seven groups. Grouping of the animals were as follow:

Group I.BL Normal control; received only 0.5 % CMC.

Group II.BL Diabetic control; received only 0.5 % CMC

Group III.BL Diabetic; MeOH extract (1000 mg/kg)

Group IV.BL Diabetic; n-hexane fraction (275 mg/kg)

Group V.BL Diabetic; chloroform fraction (30 mg/kg)

Group VI.BL Diabetic; EtOAC fraction (75 mg/kg)

Group VII.BL Diabetic positive control; tolbutamide (100 mg/kg)
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Bidens tripartitus
To study the anti-diabetic effects of B. tripartitus extracts/fractions, the rabbits

were divided into eight groups. Grouping of the animals were as follow:

Group I.BT Normal control; received only 0.5 % CMC.

Group II.BT Diabetic control; received only 0.5 % CMC

Group III.BT Diabetic; EtOH extract (750 mg/kg)

Group IV.BT Diabetic; n-hexane fraction (250 mg/kg)

Group V.BT Diabetic; n-hexane: chloroform (combined) fraction (25 mg/kg)

Group VI.BT Diabetic; CHCl3: EtOAC (combined) fraction (100 mg/kg)

Group VII.BT Diabetic; CHCl3: MeOH (combined) fraction (275 mg/kg)

Group VIII.BT Diabetic positive control; tolbutamide (100 mg/kg)

Ruellia tuberosa
To study the anti-diabetic effects of R. tuberosa extracts/fractions, the rabbits

were divided into seven groups. Grouping of the animals were as follow:

Group I.RT Normal control; received only 0.5 % CMC.

Group II.RT Diabetic control; received only 0.5 % CMC

Group III.RT Diabetic; MeOH extract (500 mg/kg)

Group IV.RT Diabetic; n-hexane fraction (150 mg/kg)

Group V.RT Diabetic; chloroform fraction (30 mg/kg)

Group VI.RT Diabetic; EtOAc fraction (100 mg/kg)

Group VII.RT Diabetic positive control; tolbutamide (100 mg/kg)
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Adhatoda vasica
To study the anti-diabetic effects of A. vasica extracts/fractions, the rabbits were

divided into seven groups. Grouping of the animals were as follow:

Group I.AV Normal control; received only 0.5 % CMC.

Group II.AV Diabetic control; received only 0.5 % CMC

Group III.AV Diabetic; EtOH extract (750 mg/kg)

Group IV.AV Diabetic; n-hexane fraction (100 mg/kg)

Group V.AV Diabetic; chloroform fraction (50 mg/kg)

Group VI.AV Diabetic; n-butanol fraction (50 mg/kg)

Group VII.AV Diabetic positive control; tolbutamide (100 mg/kg)

Achillea millefolium
To study the anti-diabetic effects of A. millefolium extracts/fractions, the rabbits

were divided into seven groups. Grouping of the animals were as follow:

Group I.AM Normal control; received only 0.5 % CMC.

Group II.AM Diabetic control; received only 0.5 % CMC

Group III.AM Diabetic; n-hexane extract (150 mg/kg)

Group IV.AM Diabetic; chloroform extract (40 mg/kg)

Group V.AM Diabetic; EtOAC extract (50 mg/kg)

Group VI.AM Diabetic; MeOH extract (750 mg/kg)

Group VII.AM Diabetic positive control; tolbutamide (100 mg/kg)
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Laggera aurita
To study the anti-diabetic effects of L. aurita extracts/fractions, the rabbits were

divided into seven groups. Grouping of the animals were as follow:

Group I.LA Normal control; received only 0.5 % CMC.

Group II.LA Diabetic control; received only 0.5 % CMC

Group III.LA Diabetic; petroleum ether (PE) extract (320 mg/kg)

Group IV.LA Diabetic; chloroform extract (70 mg/kg)

Group V.LA Diabetic; EtOAC extract (120 mg/kg)

Group VI.LA Diabetic; MeOH extract (750 mg/kg)

Group VII.LA Diabetic positive control; tolbutamide (100 mg/kg)

3.10. Anti-diabetic effects of the purified compounds
Mice were divided into 12 groups (X, XI, XII, XIII, XIV, XV, XVI, XVII, XVIII,

XIX, XX and XXI) comprising six animals in each group. Normal and diabetic control

groups (X & XI) received 0.5 % CMC. Animals of group XXI, which served as diabetic

positive control received tolbutamide (standard drug) at the dose of 100 mg/kg. The mice

of groups XII, XIII, XIV, XV, XVI, XVII, XVIII, XIX and XX were treated with the

compounds 1, 2, 3, 4, 6, 7, 8, 9 and 10 at the concentration of 20, 20, 35, 30, 10, 20, 20,

40 and 20 mg/kg respectively.  The blood glucose concentrations in the groups of animals

were monitored at 0 and 4 h after the drug administration. The doses selected for these

compounds isolated from six members of Asteraceae and Acanthaceae were based upon

the relative amounts present in effective dose of MeOH/EtOH.

3.11. Statistical analysis
All the values were expressed as Mean ± S.E.M. for six animals in each group. Data were

analyzed by one way ANOVA followed by the post hoc Tukey’s test using SPSS

software (Version: 13). P < 0.05 was considered as statistically significant.
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Results and discussion 
 

4.1. Acute toxicity 

Administration of very high doses to the normal animals showed no toxicity as a 

whole. There was observed no death even at the doses ten times greater than the effective 

doses of the methanol/ethanol extracts. There was no gross behavioral change until the 

end of the experiments. 

 

4.2. Determination of effective dose of the selected plants 

 

Blumea lacera 

 The effects of ME extract of B. lacera on alloxan-induced diabetic rats is shown 

in Table 4.1. Administration of the ME extracts of B. lacera with different doses 

significantly reduced the hyperglycemia in alloxan-induced diabetic rats. The ME extract 

of B. lacera produced a dose-dependent hypoglycemia in alloxan-induced diabetic rats. It 

produced statistically significant reduction in blood glucose of 8.33 % (P < 0.05), 10.62 

% (P < 0.05), 12.25 % (P < 0.01) and 15.47 % at 4
th

 h with doses of 250, 500, 750 and 

1000 mg/kg respectively (Table 4.1). Similarly, the blood glucose lowering activity of 

ME extracts at 6
th

 h were 7.70 % (P < 0.05), 9.90 % (P < 0.05), 10.17 % (P < 0.05) and 

12.34 % (P < 0.05) at the doses of 250, 500, 750 and 1000 mg/kg. Tolbutamide (100 

mg/kg) produced a significant 34.93 % (P < 0.01) and 32.60 % reduction in blood 

glucose at 4
th

 and 6
th

 h compared to control animals. Normal and diabetic control groups 

did not show any hypoglycemia in animals. ME extract at the dose of 125 mg/kg did not 

show any anti-diabetic effect; 3.06, 3.89 and 2.74 % (P = 0.99, 0.78 and 0.97 respectively 

when compared with normal controls) at 2, 4 and 6 h respectively. Tolbutamide (100 

mg/kg) showed statistically significant anti-diabetic effects and the glucose level comes 

at 237.0 ± 0.90, 183.9 ± 2.35 and 190.5 ± 1.84 mg/dl (at 2, 4 and 6 h respectively) from 

the initial value of 282.8 ± 2.85 mg/dl at 0 h [64].  
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Table 4.1 Anti-diabetic effects of different doses of ME extract of Blumea lacera on blood 

glucose level in alloxan-induced diabetic rats 

  Groups 
Mean blood glucose concentration (mg/dl) ± S.E.M 

0 h 2 h 4 h 6 h 

 

IA. Normal control (0.5 % CMC) 

 

IIA. Diabetic control (0.5 % CMC) 

 

IIIA. Diabetic + ME extract (125 mg/kg) 

 

IVA. Diabetic + ME extract (250 mg/kg) 

 

VA. Diabetic + ME extract (500 mg/kg) 

 

VIA. Diabetic + ME extract (750 mg/kg) 

 

VIIA. Diabetic + ME extract (1000 mg/kg) 

 

VIIIA. Diabetic + tolbutamide (100 mg/kg) 

 

84.0 ± 2.42 

 

264.5 ± 2.60 

 

267.0 ± 1.68 

 

290.8 ± 2.40 

 

257.6 ± 1.92 

 

286.7 ± 2.80 

 

256.0 ± 2.94 

 

282.8 ± 2.85 

 

82.5 ± 2.30 

(1.74 %) 

262.0 ± 3.33 

(0.97 %) 

258.7 ± 0.84 

(3.06 %) 

284.1 ± 1.84* 

(2.27 %) 

246.1 ± 3.09* 

(4.46 %) 

271.6 ± 3.44* 

(5.28 %) 

242.9 ± 2.64* 

(5.08 %) 

237.0 ± 0.90* 

(16.15 %) 

 

83.1 ± 2.13 

(0.98 %) 

262.6 ± 2.91 

(0.72 %) 

256. 5 ± 1.22 

(3.89 %) 

266.5 ± 1.63* 

(8.33 %) 

230.2 ± 1.77* 

(10.62 %) 

251.5 ± 5.64* 

(12.25 %) 

216.4 ± 3.17* 

(15.47 %) 

183.9 ± 2.35* 

(34.93 %) 

 

82.9 ± 2.23 

(1.19 %) 

263.6 ± 2.58 

(0.33 %) 

259.6 ± 1.35 

(2.74 %) 

268.4 ± 2.81* 

(7.70 %) 

232.0 ± 2.12* 

(9.90 %) 

257.6 ± 2.86* 

(10.17 %) 

224.4 ± 3.31* 

(12.34 %) 

190.5 ± 1.84* 

(32.60 %) 

n = 6; Values are mean ± S.E.M; ME: methanolic extract; CMC: carboxymethyl cellulose; 

In parenthesis, mean % reduction in blood glucose is shown. 

* P < 0.05; the mean difference is significant from normal and diabetic control at the 0.05 level. 
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Bidens tripartitus 

Table 4.2 shows the determination of effective dose of B. tripartitus. It is evident 

from Table 4.2 that dose dependent effect was produced by the EtOH extract of B. 

tripartitus. Maximum reduction in blood glucose level was observed at 750 mg/kg 

(effective dose). Blood glucose level reached to 230.5 ± 1.42 mg/dl from the initial value 

of 275.5 ± 5.04 mg/dl (16.81 % reduction, P < 0.05) at the effective dose of ME extract 

of the plant. Further increase in concentration of extract did not cause a significantly 

reduced blood glucose level in alloxan-induced diabetic animals. Tolbutamide exhibited 

the statistically significant activity at a concentration of 100 mg/kg reduced the glucose 

level to 197.7 ± 4.45 mg/dl from the initial level of 274.5 ± 4.30 mg/dl (27.97 ± 1.45 % 

reduction). 

 

 

Table 4.2 Anti-diabetic effects of different doses of EtOH extract of Bidens tripartitus on blood 

glucose level in alloxan-induced diabetic rabbits  

Groups 

Mean blood glucose 

concentration (mg/dl) ± S.E.M 
% Reduction in 

blood glucose 

level 0 h 4 h 

I.B Normal control (0.5 % CMC) 

II.B Diabetic control (0.5 % CMC) 

III.B Diabetic + EtOH ext. (125 mg/kg) 

IV.B Diabetic + EtOH ext. (250 mg/kg) 

V.B Diabetic + EtOH ext. (500 mg/kg) 

VI.B Diabetic + EtOH ext. (750 mg/kg) 

VII.B Diabetic + EtOH ext. (1000 mg/kg) 

VIII.B Diabetic + EtOH ext. (2000 mg/kg) 

IX.B Diabetic + tolbutamide (100 mg/kg) 

87.2 ± 2.72 

278.2 ± 3.59 

281.7 ± 6.50 

281.9 ± 4.46 

272.9 ± 5.83 

275.5 ± 5.04 

283.7 ± 5.60 

277.9 ± 5.67 

274.5 ± 4.30 

85.7 ± 2.44 

268.6 ± 5.84 

274.9 ± 6.01 

268.7 ± 7.64 

230.6 ± 7.31* 

230.5 ± 1.42* 

241.7 ± 10.11* 

237.3 ± 5.28* 

197.7 ± 4.45* 

1.35 ± 3.78 

3.46 ± 1.70 

2.28 ± 2.36 

4.77 ± 1.42 

15.21 ± 3.70 

16.18 ± 1.81 

14.93 ± 2.42 

14.41 ± 2.71 

27.97 ± 1.45 

n = 6; Values are mean ± S.E.M; EtOH ext.: ethanol extract; CMC: carboxymethyl cellulose; 

* P < 0.05; the mean difference is significant from normal and diabetic control at the 0.05 level. 
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Ruellia tuberosa 

The effects of ME extract R. tuberosa on blood glucose level of fasting alloxan-

induced diabetic rabbits is shown in Table 4.3. Optimum activity was observed at 500 

mg/kg level in alloxan-induced animals. Minimum dose (125 mg/kg) did not show any 

blood glucose lowering activity. Fasting blood glucose level (FBGL) decreased to 226.0 ± 

1.36 mg/dl (P < 0.05) after 4 h of the drug (500 mg/kg) administration from an initial 

value of 279.0 ± 1.56 mg/dl. A dose-dependent effect was observed on FBG upto a dose of 

500 mg/kg. Tolbutamide (100 mg/kg) caused a marked decrease in FBG (glucose 

concentration from 270.0 ± 0.81 to 214.5 ± 1.52 mg/dl; 20.57 ± 0.56 % decrease) in the 

diabetic animals [65]. 

  

 

Table 4.3 Anti-diabetic effects of different doses of ME extract of Ruellia tuberosa on blood 

glucose level in alloxan-induced diabetic rabbits 

Groups 

Mean blood glucose 

concentration (mg/dl) ± S.E.M 
% Reduction in 

blood glucose 

level 
0 h 4 h 

I.C Normal control (0.5 % CMC) 

II.C Diabetic control (0.5 % CMC) 

III.C Diabetic + ME ext. (125 mg/kg) 

IV.C Diabetic + ME ext. (250 mg/kg) 

V.C Diabetic + ME ext. (500 mg/kg) 

VI.C Diabetic + ME ext. (750 mg/kg) 

VII.C Diabetic + ME ext. (1000 mg/kg) 

VIII.C Diabetic + ME ext. (2000 mg/kg) 

IX.C Diabetic + tolbutamide (100 mg/kg) 

84.9 ± 1.55 

275.3 ± 1.96 

269.4 ± 1.95 

268.0 ± 2.33 

279.1 ± 1.56 

272.9 ± 2.27 

276.7 ±2.15 

273.2 ± 1.32 

270.0 ± 0.81 

81.6 ± 2.75 

270.4 ± 7.08 

262.5 ± 3.32 

258.5 ± 3.28* 

226.0 ± 1.36* 

226.6 ± 0.94* 

229.0 ± 1.24* 

230.6 ± 1.09* 

214.5 ± 1.52* 

3.85 ± 2.95 

1.76 ± 2.50 

2.54 ± 1.24 

2.56 ± 0.60 

19.03 ± 0.68 

16.96 ± 0.52 

17.21 ± 0.80 

15.59 ± 0.29 

20.57 ± 0.56 

n = 6; Values are mean ± S.E.M; ME ext.: methanolic extract; CMC: carboxymethyl cellulose; 

* P < 0.05; the mean difference is significant from normal and diabetic control at the 0.05 level. 
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Adhatoda vasica 

Table 4.4 shows determination of effective dose of A. vasica. It is evident from 

Table 4.4 that dose dependent effect was produced by the EtOH extract of A. vasica. 

Maximum reduction in blood glucose level was observed at 750 mg/kg (effective dose). 

Blood glucose level reached to 219.4 ± 1.42 mg/dl from the initial value of 273.4 ± 5.04 

mg/dl (19.60 ± 1.77 % reduction, P < 0.05) at the effective dose of EtOH extract. Further 

increase in concentration of extract did not cause any significant blood glucose lowering 

in the alloxan-induced diabetic animals. Tolbutamide exhibited the statistically 

significant activity at a concentration of 100 mg/kg reduced the glucose level to 204.4 ± 

4.45 mg/dl from the initial level of 278.9 ± 4.30 mg/dl, 26.70 ± 1.43 % reductions.  

 

Table 4.4 Anti-diabetic effects of different doses of EtOH extract of A. vasica on blood glucose 

level in alloxan-induced diabetic rabbits  

Groups 

Mean blood glucose 

concentration (mg/dl) ± S.E.M 
% Reduction in 

blood glucose 

level 0 h 4 h 

I.D Normal control (0.5 % CMC) 

II.D Diabetic control (0.5 % CMC) 

III.D Diabetic + EtOH ext. (125 mg/kg) 

IV.D Diabetic + EtOH ext. (250 mg/kg) 

V.D Diabetic + EtOH ext. (500 mg/kg) 

VI.D Diabetic + EtOH ext. (750 mg/kg) 

VII.D Diabetic + EtOH ext. (1000 mg/kg) 

VIII.D Diabetic + EtOH ext. (2000 mg/kg) 

IX.D Diabetic + tolbutamide (100 mg/kg) 

90.80 ± 2.27 

260.5 ± 3.59 

276.2 ± 6.50 

285.2 ± 4.46 

266.8 ± 5.83 

273.4 ± 5.04 

295.4 ± 1.92 

275.3 ± 5.67 

278.9 ± 4.30 

90.5 ± 2.44 

252.1 ± 5.84 

267.2 ± 6.01 

271.8 ± 2.50 

221.3 ± 7.31 

219.4 ± 1.42 

248.5 ± 10.11 

233.5 ± 5.28 

204.4 ± 4.45 

2.16 ± 3.53 

3.23 ± 1.81 

3.15 ± 2.40 

4.62 ± 1.37 

16.76 ± 3.76 

19.60 ± 1.77 

15.90 ± 3.26 

14.98 ± 2.72 

26.70 ± 1.43 

n = 6; Values are mean ± S.E.M; EtOH ext.: ethanol extract; CMC: carboxymethyl cellulose; 

* P < 0.05; the mean difference is significant from normal and diabetic control at the 0.05 level. 
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Achillea millefolium 

Dose dependent effect was observed on hyperglycemia up to the dose of 750 

mg/kg (Table 4.5). Higher doses of 1000 and 2000 mg/kg of the ME extract of A. 

millefolium did not show any further decrease in blood glucose concentration. Maximum 

anti-diabetic effect exhibited by ME extract at the concentration of 750 mg/kg (17.18 ± 

0.62 % reduction) was comparable with the positive control tolbutamide (23.09 ± 2.27 % 

reduction). Normal and diabetic control group animals showed no anti-diabetic response. 

 

Table 4.5 Anti-diabetic effects of different doses of ME extract of Achillea millefolium on blood 

glucose level in alloxan-induced diabetic rabbits 

Groups 

Mean blood glucose 

concentration (mg/dl) ± S.E.M 
% Reduction in 

blood glucose 

level 0 h 4 h 

I.E Normal control (0.5 % CMC) 

II.E Diabetic control (0.5 % CMC) 

III.E Diabetic + ME ext. (125 mg/kg) 

IV.E Diabetic + ME ext. (250 mg/kg) 

V.E Diabetic + ME ext. (500 mg/kg) 

VI.E Diabetic + ME ext. (750 mg/kg) 

VII.E Diabetic + ME ext. (1000 mg/kg) 

VIII.E Diabetic + ME ext. (2000 mg/kg) 

IX.E Diabetic + tolbutamide (100 mg/kg) 

107.6 ± 3.20 

281.8 ± 6.81 

279.0 ± 5.01 

276.6 ± 6.99 

279.2 ± 5.99 

272.5 ± 2.56 

273.8 ± 3.31 

286.3 ± 6.87 

275.6 ± 8.72 

104.7 ± 4.71 

275.5 ± 6.16 

265.4 ± 7.03 

264.6 ± 9.64 

233.2 ± 6.43* 

225.7 ± 2.68* 

229.4 ± 10.61* 

240.2 ± 4.53* 

211.2 ± 4.81* 

2.51 ± 4.61 

2.06 ± 2.34 

4.84 ± 2.18 

4.46 ± 1.71 

16.15 ± 3.68 

17.18 ± 0.62 

16.27 ± 3.44 

15.81 ± 2.95 

23.09 ± 2.27 

n = 6; Values are mean ± S.E.M; ME ext.: methanolic extract; CMC: carboxymethyl cellulose; 

* P < 0.05; the mean difference is significant from normal and diabetic control at the 0.05 level. 
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Laggera aurita 

 Table 4.6 shows the blood glucose lowering activity of ME extract of L. aurita. 

750 mg/kg ME extract was found to be the effective dose for in vivo study on animal 

model. Blood glucose level decreased to 237.0 ± 2.29 mg/kg from the initial level of 

304.2 ± 8.06 mg/kg (21.88 ± 1.87 %, P < 0.05) by ME extract at the concentration of 750 

mg/kg which is comparable with that of tolbutamide (27.42 ± 3.11 %, P < 0.05). 

 

 

Table 4.6 Anti-diabetic effects of different doses of ME extract of Laggera aurita on blood 

glucose level in alloxan-induced diabetic rabbits 

Groups 

Mean blood glucose 

concentration (mg/dl) ± S.E.M 
% Reduction in 

blood glucose 

level 0 h 4 h 

I.F Normal control (0.5 % CMC) 

II.F Diabetic control (0.5 % CMC) 

III.F Diabetic + ME ext. (125 mg/kg) 

IV.F Diabetic + ME ext. (250 mg/kg) 

V.F Diabetic + ME ext. (500 mg/kg) 

VI.F Diabetic + ME ext. (750 mg/kg) 

VII.F Diabetic + ME ext. (1000 mg/kg) 

VIII.F Diabetic + ME ext. (2000 mg/kg) 

IX.F Diabetic + tolbutamide (100 mg/kg) 

103.9 ± 5.21 

298.1 ± 4.42 

312.5 ± 11.41 

260.6 ± 3.97 

293.6 ± 7.67 

304.2 ± 8.06 

276.8 ± 6.66 

313.0 ± 6.33 

253.3 ± 2.48 

99.2 ± 6.33 

295.2 ± 5.68 

294.8 ± 10.27 

250.3 ± 8.34 

260.7 ± 11.26* 

237.0 ± 2.29* 

227.3 ± 14.40* 

255.9 ± 11.90* 

183.8 ± 7.78* 

4.19 ± 4.94 

0.83 ± 2.76 

5.53 ± 2.00 

4.05 ± 1.98 

10.98 ± 4.18 

21.88 ± 1.87 

18.07 ± 4.01 

18.38 ± 2.77 

27.42 ± 3.11 

n = 6; Values are mean ± S.E.M; ME ext.: methanolic extract; CMC: carboxymethyl cellulose; 

* P < 0.05; the mean difference is significant from normal and diabetic control at the 0.05 level. 
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4.3. Anti-diabetic effects of extracts/fractions of the selected plants on 

blood glucose level 

 

Blumea lacera 

 Effects of B. lacera extract/fractions on blood glucose in alloxan-induced diabetic 

rabbits are shown in Table 4.7. Fasting blood glucose was significantly decreased in 

III.BL group animals (18.73 ± 4.13 % reduction, P < 0.05) which were treated with ME 

extract at the dose of 1000 mg/kg. In III.BL blood glucose level was significantly 

decreased to 236.9 ± 11.66 mg/dl from the initial level of 291.8 ± 5.13 mg/dl. Border line 

activity was observed in HxFr (275 mg/kg) treated (IV.BL group) animals with % 

reduction of 5.81 ± 2.03 %; anyhow this activity by Hx fraction was statistically 

significant. EaFr (75 mg/kg) showed very strong anti-diabetic effects in VI.BL group 

animals decreasing the blood glucose level to 202.1 ± 8.02 mg/dl from the initial level of 

260.1 ± 6.46 mg/dl (21.89 ± 4.29 %, P < 0.05). Normal and diabetic control group 

animals which were fed only with vehicle 0.05 % CMC, did not show any activity. 

Tolbutamide (100 mg/kg) exhibited significant blood glucose lowering effect dropping 

the glycemia level to 186.7 ± 4.82 mg/dl from the initial level of 258.7 ± 2.01 mg/dl (P < 

0.05, 27.80 ± 1.88 % reduction). 
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Table 4.7 Anti-diabetic effects of the extract/fractions of Blumea lacera on blood glucose level in 

alloxan-induced diabetic rabbits 

Groups 

Mean blood glucose 

concentration (mg/dl) ± S.E.M 
% Reduction in 

blood glucose 

level 0 h 4 h 

I.BL Normal control (0.5 % CMC) 

II.BL Diabetic control (0.5 % CMC) 

III.BL Diabetic + Me ext. (1000 mg/kg) 

IV.BL Diabetic + Hx Fr (275 mg/kg) 

V.BL Diabetic + Cf Fr (30 mg/kg) 

VI.BL Diabetic + Ea Fr (75 mg/kg) 

VII.BL Diabetic + tolbutamide (100 mg/kg) 

89.6 ± 4.69 

284.8 ± 8.21 

291.8 ± 5.13 

279.4 ± 6.71 

288.4 ± 15.68 

260.1 ± 6.46 

258.7 ± 2.01 

83.9 ± 4.19 

281.6 ± 8.25 

236.9 ± 11.66* 

262.8 ± 5.96* 

274.2 ± 8.87 

202.1 ± 8.02* 

186.7 ± 4.82 

6.01 ± 3.55 

0.99 ± 2.53 

18.73 ± 4.13 

5.81 ± 2.03 

4.86 ± 2.80 

21.89 ± 4.29 

27.80 ± 1.88 

n = 6; Values are mean ± S.E.M; Me ext.: methanolic extract; Hx: n-hexane; Cf: chloroform; Ea: ethyl 

acetate; CMC: carboxymethyl cellulose; 

* P < 0.05; the mean difference is significant from normal and diabetic control at the 0.05 level. 

The doses selected for the various fractions of Blumea lacera based on its relative amount present in 1000 

mg of Me extract (1000 mg/kg of Me extract was the effective dose of Blumea lacera). 
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Bidens tripartitus  

 Table 4.8 shows the anti-diabetic effect caused by B. tripartitus extract/fraction 

on blood glucose level in alloxan-induced diabetic animals. The results demonstrated that 

the administration of EtOH extract of B. tripartitus significantly decreased the glycemia 

to the level of 226.3 ± 11.10 mg/dl from the initial level of 282.3 ± 6.65 mg/dl with % 

reduction of 19.52 ± 4.58 % (P < 0.05). Among the fractions obtained from the  crude 

ethanolic  extract, Cf: Me fraction exhibited the maximum anti-diabetic activity (13.62 ± 

3.34 %) at the dose of 275 mg/kg followed by Cf: Ea fraction (10.37 ± 2.53 %) and Hx 

fraction (6.31 ± 1.61 %) when compared with the normal control (105.6 ± 4.48 mg/dl at 0 

h to 107.2 ± 3.27 mg/dl at 4 h) and diabetic control (253.2 ± 2.71 mg/dl at 0 h to 248.7 ± 

4.90 mg/dl at 4 h interval). Tolbutamide (100 mg/dl) exhibited pronounced blood glucose 

lowering activity with 28.42 ± 1.95 % reduction in blood glucose concentration of 

diabetic animals. 

 

Table 4.8 Anti-diabetic effects of the ethanol extract/fractions of Bidens tripartitus on blood 

glucose level in alloxan-induced diabetic rabbits 

Groups 

Mean blood glucose 

concentration (mg/dl) ± S.E.M 
% Reduction in 

blood glucose 

level 0 h 4 h 

I.BT Normal control (0.5 % CMC) 

II.BT Diabetic control (0.5 % CMC) 

III.BT Diabetic + Et ext. (750 mg/kg) 

IV.BT Diabetic + Hx Fr (250 mg/kg) 

V.BT Diabetic + Hx:Cf
a
 (25 mg/kg) 

VI.BT Diabetic + Cf: Ea Fr
b
 (100 mg/kg) 

VII.BT Diabetic + Cf: Me Fr
c
 (275 mg/kg) 

VIII.BT Diabetic + tolbutamide (100 mg/kg) 

105.6 ± 4.48 

253.2 ± 2.71 

282.3 ± 6.65 

262.0 ± 6.39 

288.0 ± 6.43 

282.5 ± 8.52 

256.9 ± 4.33 

258.6 ± 2.61 

107.2 ± 3.27 

248.7 ± 4.90 

226.3 ± 11.10* 

245.2 ± 4.91* 

272.0 ± 8.74 

252.9 ± 8.83* 

222.5 ± 11.86* 

185.0 ± 4.76 

1.96 ± 3.14 

1.70 ± 2.36 

19.52 ± 4.58 

6.31 ± 1.61 

5.54 ± 2.39 

10.37 ± 2.53 

13.62 ± 3.34 

28.42 ± 1.95 

n = 6; Values are mean ± S.E.M; Et ext.: ethanol extract; CMC: carboxymethyl cellulose; 

a (1: 9); b (2: 8); c (8: 2) 
* P < 0.05; the mean difference is significant from normal and diabetic control at the 0.05 level. 

The doses selected for the various fractions of Bidens tripartitus based on its relative amount present in 750 

mg of EtOH extract (750 mg/kg of EtOH extract was the effective dose of Bidens tripartitus). 
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Ruellia tuberosa 

 Oral administration of Me extract and its two fraction viz Hx and Ea fractions 

showed significant results (Table 4.9). Group III.RT animals treated with Me extract (500 

mg/kg) decreased blood glucose level from the level of 279.1 ± 1.56 mg/dl to 226.0 ± 

1.36 mg/dl with % reduction 19.03 ± 0.68 %. Hx and Ea fractions of Me extract of R. 

tuberosa decreased the hyperglycemia from 274.3 ± 1.71 mg/dl to 232.4 ± 2.08 mg/dl 

and 289.8 ± 2.20 mg/dl to 190.4 ± 1.60 mg/dl respectively. Furthermore, reduction in 

blood glucose level caused by Ea fraction was comparable with that of standard drug 

tolbutamide (100 mg/kg). Normal and diabetic control groups did not show statistically 

significant results.  

 

Table 4.9 Anti-diabetic Effects of the extract/fractions of Ruellia tuberosa on blood glucose level 

in alloxan-induced diabetic rabbits 

Groups 

Mean blood glucose 

concentration (mg/dl) ± S.E.M 
% Reduction in 

blood glucose 

level 0 h 4 h 

I.RT Normal control (0.5 % CMC) 

II.RT Diabetic control (0.5 % CMC) 

III.RT Diabetic + Me ext. (500 mg/kg) 

IV.RT Diabetic + Hx Fr (150 mg/kg) 

V.RT Diabetic + Cf Fr (30 mg/kg) 

VI.RT Diabetic + Ea Fr (100 mg/kg) 

VII.RT Diabetic + tolbutamide (100 mg/kg) 

94.3 ± 0.60 

277.3 ± 1.38 

279.1 ± 1.56 

274.0 ± 1.71 

281.3 ± 6.66 

289.8 ± 2.20 

258.7 ± 2.01 

93.8 ± 0.49 

273.8 ± 1.58 

226.0 ± 1.36* 

232.4 ± 2.08* 

271.9 ± 8.01 

190.4 ± 1.60* 

166.7 ± 11.87 

0.57 ± 0.53 

1.23 ± 0.90 

19.03 ± 0.68 

15.17 ± 0.58 

3.08 ± 3.64 

34.31 ± 0.43 

35.52 ± 4.61 

n = 6; Values are mean ± S.E.M; Me ext.: methanolic extract; Hx: n-hexane; Cf: chloroform; Ea: ethyl 

acetate; Fr: fractions; CMC: carboxymethyl cellulose; 

* P < 0.05; the mean difference is significant from normal and diabetic control at the 0.05 level. 

The doses selected for the various fractions of Ruellia tuberosa based on its relative amount present in 500 

mg of Me extract (500 mg/kg of Me extract was the effective dose of Ruellia tuberosa). 
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Adhatoda vasica 

 Fasting blood glucose level was measured at 0 h and 4 h interval after the oral 

administration of extract/fractions of A. vasica in alloxan-induced diabetic rabbits (Table 

4.10). A significant hypoglycemia was observed in group III.AV (257.9 ± 2.00 mg/dl to 

180.2 ± 3.27 mg/dl, P < 0.05) and V.AV (273.5 ± 1.73 to 182.7 ± 1.73 mg/dl, P < 0.05) 

animals after 4 h of drug administration (EtOH and Cf Fr) vs normal (98.9 ± 2.13 mg/dl to 

97.9 ± 2.00 mg/dl) and diabetic (264.4 ± 2.51 mg/dl to 262.6 ± 2.98 mg/dl) control groups. 

Standard drug tolbutamide (glycemia level from 280.7 ± 1.25 to 177.6 ± 7.77 mg/dl, P < 

0.05, % reduction = 36.73 ± 2.79 %) showed strong anti-diabetic activity. 

   

 

Table 4.10 Anti-diabetic effects of the extract/fractions of Adhatoda vasica on blood glucose 

level in alloxan-induced diabetic rabbits 

Groups 

Mean blood glucose 

concentration (mg/dl) ± S.E.M 
% Reduction in 

blood glucose 

level 
0 h 4 h 

I.AV Normal control (0.5 % CMC) 

II.AV Diabetic control (0.5 % CMC) 

III.AV Diabetic + Et ext. (750 mg/kg) 

IV.AV Diabetic + Hx Fr (100 mg/kg) 

V.AV Diabetic + Cf Fr (50 mg/kg) 

VI.AV Diabetic + Bu Fr (50 mg/kg) 

VII.AV Diabetic + tolbutamide (100 mg/kg) 

98.9 ± 2.13 

264.4 ± 2.51 

257.9 ± 2.00 

261.1 ± 1.29 

273.5 ± 1.73 

256.5 ± 2.87 

280.7 ± 1.25 

97.9 ± 2.00 

262.6 ± 2.98 

180.2 ± 3.27* 

258.0 ± 1.43 

182.7 ± 1.73* 

249.6 ± 2.79 

177.6 ± 7.77* 

4.03 ± 0.31 

0.71 ± 0.26 

30.09 ± 1.54 

1.19 ± 0.07 

33.19 ± 0.49 

2.64 ± 1.61 

36.73 ± 2.79 

n = 6; Values are mean ± S.E.M; Et ext.: ethanol extract; Hx: n-hexane; Cf: chloroform; Bu: n-butanol; Fr: 

fractions; CMC: carboxymethyl cellulose; 

* P < 0.05; the mean difference is significant from normal and diabetic control at the 0.05 level. 

The doses selected for the various fractions of A.  vasica based on its relative amount present in 750 mg of 

EtOH extract (750 mg/kg of EtOH extract was the effective dose of A.  vasica). 
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 Achillea millefolium 

 Anti-diabetic effect of Me extract and fractions of A. millefolium are shown in 

Table 4.11. A significant hypoglycemia occurred by the administration of Me extract in 

group VI.AM animals with initial level of 271.3 ± 2.00 mg/dl to 206.6 ± 3.27 mg/dl with 

23.82 ± 1.49 % reduction of blood glucose level, while in normal and diabetic controls no 

anti-diabetic effect was observed. Tolbutamide exhibited significant (33.75 ± 2.68 % 

reduction) blood glucose lowering effects in positive control group animals. 

 

 

Table 4.11 Anti-diabetic effects of the extract/fractions of Achillea millefolium on blood glucose 

level in alloxan-induced diabetic rabbits 

Groups 

Mean blood glucose 

concentration (mg/dl) ± S.E.M 
% Reduction in 

blood glucose 

level 0 h 4 h 

I.AM Normal control (0.5 % CMC) 

II.AM Diabetic control (0.5 % CMC) 

III.AM Diabetic + Hx ext. (150 mg/kg) 

IV.AM Diabetic + Cf ext. (40 mg/kg) 

V.AM Diabetic + Ea ext. (50 mg/kg) 

VI.AM Diabetic + Me ext. (750 mg/kg) 

VII.AM Diabetic + tolbutamide (100 mg/kg) 

99.8 ± 4.17 

270.1 ± 2.51 

256.3 ± 1.29 

277.2 ± 1.73 

255.5 ± 1.73 

271.3 ± 2.00 

291.3 ± 1.25 

96.3 ± 7.71 

267.3 ± 2.98 

253.7 ± 1.43 

273.4 ± 4.55 

252.7 ± 1.73 

206.6 ± 3.27* 

193.0 ± 7.77* 

3.69 ± 5.97 

1.06 ± 0.26 

1.02 ± 0.07 

1.40 ± 1.43 

1.07 ± 0.58 

23.82 ± 1.49 

33.75 ± 2.68 

n = 6; Values are mean ± S.E.M; Hx: n-hexane; Cf: chloroform; Ea: ethyl acetate; Me: methanol; Wa: 

water; ext. extract; CMC: carboxymethyl cellulose; 

* P < 0.05; the mean difference is significant from normal and diabetic control at the 0.05 level. 

The doses selected for the various fractions of Achillea millefolium based on its relative amount present in 

750 mg of Me extract (750 mg/kg of Me extract was the effective dose of Achillea millefolium). 
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Laggera aurita 

 Anti-diabetic effects produced by the oral administration of Me extracts/fractions 

of L. aurita are shown in Table 4.12. PE and Me extracts significantly reduced the 

hyperglycemia in alloxan-induced diabetic rabbits. Blood glucose level reduced to  234.8 

± 4.91 mg/dl from the initial level of 291.3 ± 6.39 mg/dl (P < 0.05, 19.34 ± 1.32 % 

reduction) by the oral administration of PE extract (at the concentration of 320 mg/kg) in 

alloxan-induced diabetic rabbits. Me extract (750 mg/kg) also reduced the glucose level 

from 293.7 ± 6.65 mg/dl to the level of 233.2 ± 11.10 mg/dl (P < 0.05, 20.31 ± 4.39 % 

reduction). Normal and diabetic control did not show any anti-diabetic effects. 

Tolbutamide (100 mg/kg) significantly reduced  blood glucose level (24.32 ± 1.99 % 

reduction) in diabetic animals after  4 h of oral administration. 

 

 

Table 4.12 Anti-diabetic effects of the extract/fractions of Laggera aurita on blood glucose level 

in alloxan-induced diabetic rabbits 

Groups 

Mean blood glucose 

concentration (mg/dl) ± S.E.M 
% Reduction in 

blood glucose 

level 0 h 4 h 

I.LA Normal control (0.5 % CMC) 

II.LA Diabetic control (0.5 % CMC) 

III.LA Diabetic + PE ext. (320 mg/kg) 

IV.LA Diabetic + Cf ext. (70 mg/kg) 

V.LA Diabetic + Ea ext. (120 mg/kg) 

VI.LA Diabetic + Me ext. (750 mg/kg) 

VII.LA Diabetic + tolbutamide (100 mg/kg) 

97.9 ± 4.48 

265.9 ± 2.71 

291.3 ± 6.39 

267.8 ± 6.43 

286.0 ± 8.52 

293.7 ± 6.65 

256.1 ± 2.61 

94.2 ± 3.27 

259.2 ± 4.90 

234.8 ± 4.91* 

249.7 ± 8.74 

274.0 ± 9.68 

233.2 ± 11.10* 

193.7 ± 4.76* 

3.32 ± 3.24 

2.45 ± 2.25 

19.34 ± 1.32 

6.74 ± 2.56 

4.25 ± 1.50 

20.31 ± 4.39 

24.32  ± 1.99 

n = 6; Values are mean ± S.E.M; PE: petroleum ether; Cf: chloroform; Ea: ethyl acetate; Me: methanol; ext. 

extract; CMC: carboxymethyl cellulose; 

* P < 0.05; the mean difference is significant from normal and diabetic control at the 0.05 level. 

The doses selected for the various fractions of Laggera aurita based on its relative amount present in 750 

mg of Me extract (750 mg/kg of Me extract was the effective dose of Laggera aurita). 
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4.4. Structure elucidation and anti-diabetic activity of pure compounds 

 Anti-diabetic activity of the purified compounds was performed on alloxan-

induced diabetic mice. The dose selected for anti-diabetic activity was calculated on the 

basis of their relative amounts present in the effective doses of their extracts Normal and 

diabetic control groups (blood glucose level of 84.8 ± 4.69 mg/dl to 80.0 ± 4.19 mg/dl 

and 295.1 ± 8.27 mg/dl to 285.7 ± 8.25 mg/dl at 0 h and 4 h respectively) did not show 

any anti-diabetic effect during the experiments. Tolbutamide was used as standard drug 

(positive control) which exhibited significant anti-diabetic effect on alloxan-induced 

diabetic mice. Blood glucose level reduced to 213.4 ± 4.82 mg/dl at 4 h from the initial 

level of 296.6 ± 2.01 mg/dl at 0 h with % reduction in glycemia of 28.03 ± 1.65 %. All 

the purified compounds exhibited significant anti-diabetic activity as compared to normal 

and diabetic control groups of the animals.  
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4.4.1. Hesperetin-7-rutinoside (1) 

 Compound 1 was isolated from EtOAc fraction of B. lacera (Scheme 3.1) as 

white powder through column chromatography on elution with CHCl3−MeOH (8: 2). The 

molecular formula of 1 was established by HREIMS which showed molecular ion peak at 

m/z: 610.5674 (calculated for C28H34O15, 610.5689). FAB positive MS of 1 exhibited 

molecular ion peaks [M
+
+H]

 +
 at m/z 611.03 and fragment ions at 465, 303 showing the 

successive lose of two glucose moiety from the molecule. UV spectrum of 1 showed a 

broad absorption band at 285 nm which is characteristic of the flavanone skeleton [66]. 

IR spectrum exhibited a prominent broad band at 3267-3427 cm
-1

, indicative of the 

presence of OH group. The peak at 1645 cm
-1

 indicated the presence of a carbonyl group 

in the molecule. 
1
H-NMR (DMSO, 400 MHz) spectrum of 1 disclosed a singlet at δ 3.81 

which was assigned to the hydrogens of methoxy group at C-4′. Two doublets at δ 6.10 (J 

= 2.8 Hz) and 6.12 (J = 2.8 Hz) were indicative of the protons of aromatic rings at position 

C-6 and C-8 of the molecule. And two characteristic signals at δ 6.93 and 6.99 were 

assigned as the protons of aromatic ring at C-2′ and C-5′. A double doublet at δ 6.88 (J = 

8.4, 1.8 Hz) was correlated with the C-6′ (δ 118.2). The positions of these aromatic protons 

were confirmed by HMQC spectrum. A characteristic double doublet at δ 2.49 (J = 12.9, 

3.3 Hz) and a multiplet at δ 3.25 were due to Ha and Hb protons respectively of carbon at 

C-3 (δ 42.02). The COSY spectrum exhibited strong interactions of these protons with 

the proton at δ 5.53 (C-2, δ 78.12), which was in turn coupled with the C-1′
 (
δ 131.4) in 

the HMBC spectrum. In addition, a doublet at δ 5.23 (J = 8.0 Hz) was assigned to H-1′′ 

due to its 
2
JCH interaction with C-7 at δ 165.2 in the HMBC spectrum.  A number of 

multiplet signals appeared in proton NMR at δ 1.0-5.2 due to protons of glucose units. 

All the spectral values of compound 1 were compared with the reported literature [66-

68], and the compound was identified as hesperetin-7-rutinoside (1).  
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Anti-diabetic activity 

 Anti-diabetic effect of hesperetin-7-rutinoside (1) was determined at a dose of 20 

mg/kg comparing the reduction of FBGL with tolbutamide (100 mg/kg). The effects of 1 

and tolbutamide on FBGL of alloxan-induced diabetic mice are shown in Table 4.12. The 

results showed statistically significant anti-diabetic activity of 1 with % reduction in 

glycemia 22.91 ± 4.28 % at 4 h after the drug administration. Blood glucose level 

reduced to 210.8 ± 11.66 mg/dl at 4 h from the initial level of 273.8 ± 5.13 mg/dl at 0 h. 

A literature search showed significant activity in the compounds with flavanoid skeleton 

such as 7-(6-O-malonyl-D-glucopyranosyloxy)-3-(4-hydroxyphenyl)-4H-1-benzopyran-

4-one isolated from Pueraria lobata, kakonein from Pueraria lobata, flavone C-

glucoside from Pinellia ternate, lactiflorin from Peania lactiflora, magneferin from 

Anemarrhena asphodeloides, protosappanin A, caesalpin P and sappanchalcone from 

Caesalpinia sappan [26-30]. Our results were consistent with the reported literature. This 

is the first report of anti-diabetic activity of 1 in alloxan-induced diabetic mice. 

 

 Table 4.13 Anti-diabetic effects of 1 isolated from Blumea lacera on blood glucose level in 

alloxan-induced diabetic mice 

Groups 

Mean blood glucose 

concentration (mg/dl) ± S.E.M 
% Reduction in 

blood glucose 

level 0 h 4 h 

X.       Normal control (0.5 % CMC) 

XI.     Diabetic control (0.5 % CMC) 

XII.    Diabetic + 1 (20 mg/kg) 

XXI.  Diabetic + tolbutamide (100 mg/kg) 

84.8 ± 4.69 

295.1 ± 8.27 

273.8 ± 5.13 

296.6 ± 2.01 

80.0 ± 4.19 

285.7 ± 8.25 

210.8 ± 11.66* 

213.4 ± 4.82* 

5.25 ± 3.76 

3.06 ± 2.29 

22.91 ± 4.28 

28.03 ± 1.65 

n = 6; Values are mean ± S.E.M; 1: Hesperetin-7-rutinoside; CMC: carboxymethyl cellulose; 

* P < 0.05; the mean difference is significant from normal and diabetic control at the 0.05 level 

The dose of the isolated compound 1 was based on its relative amounts present in 1000 mg of methanol 

(ME) extract, (1000 mg/kg of ME extract of Blumea lacera was the effective dose). 
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4.4.2. 4-Allyl-2-methoxyphenol (2) 

 Compound 2 was purified from n-hexane extract of B. tripartitus (Scheme 3.2) 

through column chromatography followed by preparative TLC   with n-hexane: CHCl3 

(9: 1). HREIMS of compound 2 indicated the molecular formula C10H12O2 m/z: 164.2054 

(calculated for C10H12O2, 164.2048). UV (MeOH) spectrum exhibited maximum 

absorption at 280 nm while IR spectrum disclosed absorption bands at 3669 (O—H), 

2962 (CH), 1639 (C—O) and 1514 (C═C) cm
-1

. EIMS spectrum of compound 2 showed 

prominent fragment peaks at m/z 164, 149, 137, 131, 121 and 115 which are 

characteristic for 4-allyl-2-methoxyphenol [19]. 
1
H-NMR (CDCl3, 400 MHz) spectrum 

disclosed three aromatic protons at δ 7.23 (1H, d, J = 8.3 Hz, H-6), 6.82 (1H, d, J = 8.3 

Hz, H-5) and 6.66 (1H, s, H-3). The signal at δ 3.85 (3H, s) was assigned to methoxy 

protons at C-2. An upfield double doublet at δ 5.93 was assigned to H-8. The methylene 

protons of H-9 were appeared at δ 5.01 (d, J = 11.2 Hz, H-9b) and δ 5.04 (d, J = 11.2 Hz, 

H-9a). 
13

C-NMR spectrum (Broad Band) revealed the presence of 10 carbons of which 

three quaternary carbons were appeared at δ 146.38 (C-2), 143.85 (C-1) and 131.90 (C-

4). The signals at δ 115.52, 121.14 and 111.03 were assigned to methine carbons of C-6, 

C-5 and C-3 respectively. The DEPT spectrum indicated the OMe carbon at δ 55.83. 

Besides, one methyl and two methylene carbons were indicative of compound 2. All the 

data was in accordance with the literature [19] and compound was identified as 4-allyl-2-

methoxyphenol (2).   
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Anti-diabetic activity 

 Anti-diabetic effect of 4-allyl-2-methoxyphenol (2) was evaluated at a dose of 20 

mg/kg. The effect of 2 and tolbutamide on blood glucose levels of alloxan-induced 

diabetic mice are shown in Table 4.14. The group of animals treated with compound 2 

showed statistically significant anti-diabetic activity with % reduction in blood glucose 

5.75 ± 1.91 % (P < 0.05). Since this reduction in blood glucose concentration is not very 

potent but anyhow, statistically significant. Blood glucose level reduced to 258.3 ± 5.36 

mg/dl at 4 h from the initial level of 274.4 ± 6.71 mg/dl at 0 h. Compound 2 was isolated 

from B. tripartitus which showed the significant blood glucose lowering activity. The 

results of anti-diabetic activity of compound 2, isolated from B. tripartitus were 

consistent with some previous investigations on the genera Bidens. Ubillas et al [49] 

found that in vivo bioassay guided fractionation of the aqueous alcoholic extract of the 

aerial parts of Bidens pilosa exhibited a significant decrease in blood glucose level. Our 

results demonstrated that B. tripartitus possess anti-diabetic effects, and can be 

effectively used in traditional folk medicine. Anti-diabetic activity of B. tripartitus can be 

partly attributed to the presence of 2 in the plant.  

 

Table 4.14 Anti-diabetic effects of 2 isolated from Bidens tripartitus on blood glucose level 

in alloxan-induced diabetic mice 

Groups 

Mean blood glucose 

concentration (mg/dl) ± S.E.M 
% Reduction in 

blood glucose 

level 0 h 4 h 

X.        Normal control (0.5 % CMC) 

XI.       Diabetic control (0.5 % CMC) 

XIII.    Diabetic + 2 (20 mg/kg) 

XXI.    Diabetic + tolbutamide (100 mg/kg) 

84.8 ± 4.69 

295.1 ± 8.27 

274.4 ± 6.71 

296.6 ± 2.01 

80.0 ± 4.19 

285.7 ± 8.25 

258.3 ± 5.36* 

213.4 ± 4.82* 

5.25 ± 3.76 

3.06 ± 2.29 

5.75 ± 1.91 

28 03 ± 1.65 

n = 6; Values are mean ± S.E.M; 2: 4-allyl-2-methoxyphenol; CMC: carboxymethyl cellulose; 

* P < 0.05; the mean difference is significant from normal and diabetic control at the 0.05 level 

The dose of the isolated compound 2 was based on its relative amounts present in 750 mg of ethanol 

(EtOH) extract (750 mg/kg of EtOH extract of Bidens tripartitus was the effective dose). 
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4.4.3. 4-hydroxy-3-methoxy cinnamic acid (3) 

 Compound 3 was isolated from EtOAc extract of B. tripartitus (Scheme 3.2) by 

column chromatography in the gradient mixtures of CHCl3–n-hexane (8:2) and 

preparative TLC in the system of CHCl3–n-hexane (7:3). IR spectrum of 3 displayed the 

absorption bands at 3410 (O—H), 2902 (C—H), 1629 (C═O) 1512 (C═C) cm
-1

.
 
The 

molecular formula C10H10O4 was deduced on the basis of HREIMS: m/z: 194.1887 

(calculated for C10H10O4, 194.1873). EIMS of compound 3 showed characteristic mass 

fragmentation pattern at m/z 194, 179, 145, 133, 117, 105, 95, 89, 77, 63, 51. 
1
H-NMR 

(CDCl3, 400 MHz) spectrum of 3 showed downfield signals at δ 7.60 (1H, d, J = 14.4 

Hz) and 6.40 (1H, J = 14.4 Hz) which were assigned to the olefinic protons H-7 and H-8. 

The coupling constants of the protons showed trans orientation. The signals appeared at 

6.87 (1H, d, J = 8.3 Hz, H-5), 7.15 (1H, d, J = 8.3 Hz, H-6), 7.32 (1H, s, H-2) were 

characteristics peaks of aromatic protons. The only methoxy proton appeared at 3.87 (3H, 

s, OMe) was assigned to C3-OMe. 
13

C-NMR (Broad Band and DEPT) experiments 

revealed the presence of one methyl, five methylene and four quaternary carbon atoms. 

Above data was in accordance with that of reported by Brandao et al [69] and the 

compound 3 was identified as 4-hydroxy-3-methoxy cinnamic acid.  
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Anti-diabetic activity 

 The anti-diabetic effects produced by the administration of 3 are shown in Table 

4.15. Compound 3 was administered at the dose of 35 mg/kg to the animals of group 

XIV. The administration of compound 3 improved the acute blood glucose levels in the 

mice. There was a significant difference in fasting blood glucose level (FBGL) of the 

treated group and normal and diabetic control group animals. Anti-diabetic effect of 3 

was quite significant after 4h of drug administration with % decrease in glycemia of 8.35 

± 2.77 %. The blood glucose level in the treated group reduced to the level of 247.6 ± 

6.37 mg/dl from the initial value of 270.7 ± 6.71 mg/dl. Compound 3 was isolated from 

B. tripartitus which showed significant blood glucose lowering activity. The anti-diabetic 

activity of 3 has been investigated for the first time in B. tripartitus. The results obtained 

demonstrated that compound 3 isolated from B. tripartitus produced anti-diabetic effects, 

which play very important role in traditional local medicine. 

 

Table 4.15 Anti-diabetic effects of 3 isolated from Bidens tripartitus on blood glucose level in 

alloxan-induced diabetic mice 

Groups 

Mean blood glucose 

concentration (mg/dl) ± S.E.M 
% Reduction in 

blood glucose 

level 0 h 4 h 

X.        Normal control (0.5 % CMC) 

XI.       Diabetic control (0.5 % CMC) 

XIV.    Diabetic + 3 (35 mg/kg) 

XXI.    Diabetic + tolbutamide (100 mg/kg) 

84.8 ± 4.69 

295.1 ± 8.27 

270.7 ± 6.71 

296.6 ± 2.01 

80.0 ± 4.19 

285.7 ± 8.25 

247.6 ± 6.37* 

213.4 ± 4.82* 

5.25 ± 3.76 

3.06 ± 2.29 

8.35 ± 2.77 

28 03 ± 1.65 

n = 6; Values are mean ± S.E.M; 3: 4-allyl-2-methoxyphenol; CMC: carboxymethyl cellulose; 

* P < 0.05; the mean difference is significant from normal and diabetic control at the 0.05 level 

The dose of the isolated compound 3 was based on its relative amounts present in 750 mg of ethanol 

(EtOH) extract (750 mg/kg of EtOH extract of Bidens tripartitus was the effective dose). 
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4.4.4. 3,4-dihydroxy cinnamic acid (4) 

 Compound 4 was isolated from EtOAc extract of B. tripartitus (Scheme 2.2) 

through column chromatography followed by preparative TLC in the system of CHCl3–n-

hexane (9:1). HREIMS spectrum of 4 exhibited molecular ion peak at m/z 180.1599 

corresponded to the molecular formula C9H8O4. Two prominent bands at 334 and 224 nm 

in the UV spectrum were obtained [70]. IR spectrum showed an absorption band at 3342-

3438 cm
-1

 which indicated the presence of OH group in the molecule. The peaks at 3237, 

1648 and 1621 cm
−1

 were indicative of C—H, C═O and C═C respectively. 
1
H NMR 

(CDCl3, 400 MHz) disclosed doublets at δ 6.8 and 7.0 due to H-5 and H-2 respectively. A 

double doublet at δ 6.9 (2H, dd, J = 2.0, 1.98 Hz) was assigned to H-6. HMQC spectrum 

showed that these protons (H-5, H-2 and H-6) are correlated with the carbons of the 

molecule at δ 115.5, 115.1 and 116.5 respectively. The doublets at δ 6.2 and δ 7.5 with J 

value 14.5 Hz showed trans vicinal coupling of the protons at H-8 and H-7 respectively. 

These assignments were made using COSY interactions and long range JCH interactions 

in the HMBC spectrum. All the spectral values of compound 4 were compared with the 

reported literature [70] and the compound was identified as 3,4-dihydroxy cinnamic acid. 
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Anti-diabetic activity 

 Anti-diabetic effect of 3,4-dihydroxy cinnamic acid (4) was evaluated at the dose 

of 30 mg/kg. The effect of 4 and tolbutamide on blood glucose level of alloxan-induced 

diabetic mice are shown in Table 4.16. The group of animals treated with compound 4 

showed statistically significant anti-diabetic activity with % reduction in blood glucose; 

22.25 ± 3.53 % (P < 0.05). Compound 4 was isolated from B. tripartitus which showed 

significant blood glucose lowering activity. A dose-dependent decrease of plasma 

glucose was observed during investigation of anti-hyperglycemic effect of 4 contained in 

the fruit of Xanthium strumarium [70]. Our investigation of the anti-diabetic activity of 4, 

demonstrated almost the same results.  

 

 

Table 4.16 Anti-diabetic effects of 4 isolated from Bidens tripartitus on blood glucose level 

in alloxan-induced diabetic mice 

Groups 

Mean blood glucose 

concentration (mg/dl) ± S.E.M 
% Reduction in 

blood glucose 

level 0 h 4 h 

X.        Normal control (0.5 % CMC) 

XI.       Diabetic control (0.5 % CMC) 

XV.     Diabetic + 4 (30 mg/kg) 

XXI.   Diabetic + tolbutamide (100 mg/kg) 

84.8 ± 4.69 

295.1 ± 8.27 

272.5 ± 6.46 

296.6 ± 2.01 

80.0 ± 4.19 

285.7 ± 8.25 

211.0 ± 6.88* 

213.4 ± 4.82* 

5.25 ± 3.76 

3.06 ± 2.29 

22.25 ± 3.53 

28.03 ± 1.65 

n = 6; Values are mean ± S.E.M; 4: 3,4-dihydroxy cinnamic acid; CMC: carboxymethyl cellulose; 

* P < 0.05; the mean difference is significant from normal and diabetic control at the 0.05 level 

The dose of the isolated compound 4 was based on its relative amounts present in 750 mg of EtOH 

extract (750 mg/kg of EtOH extract of Bidens tripartitus was the effective dose). 
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4.4.5. 6, 10, 14- trimethyl-2-pentadecanone (5) 
 6, 10, 14- trimethyl-2-pentadecanone 5 was isolated from n-hexane extract of R. 

tuberosa (Scheme 2) by column chromatography followed by preparative TLC with n-

hexane- EtOAc (8: 2). The molecular formula (C18H36O) was established by HREIMS: 

m/z: 268.48570 (calculated for C18H36O, 268.48324). EIMS spectrum of compound 5 

disclosed the fragment peaks at m/z 268, 250, 210, 179, 165, 140, 124, 109, 85, 71, 58, 43 

and 41 [71]. Anti-diabetic activity of compound 5 could not be determined because of 

insufficient amount. 
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4.4.6. 4-Hydroxy-3-methoxy benzoic acid (6)  

Compound 6 was isolated from ethyl acetate extract of R. tuberosa (Scheme 3.3) 

as colorless needle like crystals. UV (MeOH) showed the λ max at 291 and absorption 

bands at 257, 217, and 208. IR spectrum displayed the absorption bands at 3478 

(carboxyl O—H), 3200–2500 (C—H), 1675 (C═O), 1469 (C═C), 1234 (C—O) cm
-1

. 

HREIMS deduced the molecular ion peak at m/z: 168.1498 which corresponded to the 

molecular formula C8H8O4 (calculated for C8H8O4, 168.1491). EIMS showed the mass 

fragments at m/z 168, 153, 125, 108, 97, 79, 69 and 63 which showed the typical pattern 

to 4-Hydroxy-3-methoxy benzoic acid [25]. 
1
H-NMR (CD3COCD3, 400 MHz) of 

compound 6  disclosed two doublets at δ 7.56 (1H, d, J = 2.2 Hz, H-2), 6.9 (1H, d, J = 8.4 

Hz, H-5) and a double doublet at δ 7.58 (1H, dd, J = 8.4, 2.2 Hz, H-6) in the aromatic 

region. The coupling constants of H-5 and H-6 confirmed their adjacent position on 

benzene ring. The signal for OMe protons was appeared at δ 3.89. 
13

C-NMR (Broad Band 

and DEPT) displayed one methyl carbon at δ 56.6, three methines at δ 113.8, 115.4 and 

123.8 and four quaternary carbon atoms at 128.7, 147.9, 152.4 and 167.6. The spectral 

data of 6 was in accordance with the reported values and assigned as 4-Hydroxy-3-

methoxy benzoic acid [25 and 71].  
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Anti-diabetic activity 

Anti-diabetic effect of 4-Hydroxy-3-methoxy benzoic acid (6) was determined at 

a dose of 10 mg/kg. The results were compared with tolbutamide (Table 4.17). With the 

compound 6 statistically significant anti-diabetic activity with % reduction in glycemia 

13.80 ± 2.87 % was observed at 4 h after the drug administration. Blood glucose level 

reduced to 261.9 ± 9.72 mg/dl at 4 h from the initial level of 303.9 ± 6.43 mg/dl at 0 h (% 

reduction 13.80 ± 2.87 %). Compound 6 was isolated from n-hexane extract of R. 

tuberosa which showed significant blood glucose lowering activity. The anti-diabetic 

activity of 6 can be attributed to the presence of phenolic skeleton. Anti-diabetic activity 

in the other phenolic acids have been studied by Feng et al, therefore, our results are in 

agreement with the literature [70]. The results obtained demonstrated that R. tuberosa 

produced anti-diabetic effects, which play a vital role in traditional local folk medicine.  

 
Table 4.17 Anti-diabetic effects of 6 isolated from Ruellia tuberosa on blood glucose level in 

alloxan-induced diabetic mice 

Groups 

Mean blood glucose 

concentration (mg/dl) ± S.E.M 
% Reduction in 

blood glucose 

level 0 h 4 h 

X.          Normal control (0.5 % CMC) 

XI.        Diabetic control (0.5 % CMC) 

XVI.    Diabetic + 6 (10 mg/kg) 

XXI.    Diabetic + tolbutamide (100 mg/kg) 

84.8 ± 4.69 

295.1 ± 8.27 

303.9 ± 6.43 

296.6 ± 2.01 

80.0 ± 4.19 

285.7 ± 8.25 

261.9 ± 9.72* 

213.4 ± 4.82* 

5.25 ± 3.76 

3.06 ± 2.29 

13.80 ± 2.87 

28 03 ± 1.65 

n = 6; Values are mean ± S.E.M; 6: 4-Hydroxy-3-methoxy benzoic acid; CMC: carboxymethyl cellulose; 

* P < 0.05; the mean difference is significant from normal and diabetic control at the 0.05 level 

The dose of the isolated compound 6 was based on its relative amounts present in 500 mg of methanol 

(Me) extract (500 mg/kg of Me extract of Ruellia tuberosa was the effective dose). 
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4.4.7. 1,2,3,9-Tetrahydropyrollo[2,1-b]quinazoline-3-ol (7) 

 Compound 7 was obtained from CHCl3 extract of A. vasica (Scheme 3.4). The 

molecular formula of compound 7; C11H12N2O was established from HREIMS showing 

[M+ H
+
] peak at m/z 188.2298 (calculated for C11H12N2O, 188.2282). IR specrum 

showed the absorption bands at 3389 (OH), 1725 (C=O), 1472 (C=C), 1071 (C-O) cm
-1

. 

Compound 7 showed a strong absorption band at 290 nm. EIMS of 7 showed mass 

fragmentation pattern at m/z 176.0, 148.0, 104.1, 76.1, 65.0 

 The 
1
H-NMR (CDCl3, 400 MHz) spectrum of 7 displayed five signals. Two 

multiplets at  δ 2.25 and δ 3.69 were assigned to H-2 and H-1 while a multiplet at δ 4.63 

was ascribed to H-9. A doublet at δ 4.90 (J = 7.0 Hz) was attributed to H-3. A multiplet at 

δ 6.85 was due to the presence of aromatic protons at H-5, H-6, H-7 and H-8. 

 
13

C-NMR (CDCl3, 75 MHz; BB and DEPT) spectrum of 7 disclosed the presence 

of eleven carbon signals for three methylene, five methine and three quaternary carbon 

atoms. On the basis of above spectral data as well as by comparison from the literature 

[73,74] it was deduced that the compound 7 was 1,2,3,9-Tetrahydropyrollo[2,1-b] 

quinazoline-3-ol.  
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Anti-diabetic activity 

 The anti-diabetic effects produced by the administration of 7 are shown in the 

Table 4.18. Compound 7 was administered at the dose of 20 mg/kg to the animals of 

group XVIII. There was a significant difference in the treated group and normal and 

diabetic control animals. Anti-diabetic effects of 7 were quite significant at 4 h after 

administration with % decrease in glycemia of 15.54 ± 3.34 %. The blood glucose level 

in the treated group reached at the level of 239.5 ± 7.60 mg/dl from the initial value of 

284.3 ± 6.789 mg/dl.  Compound 7 was isolated from A. vasica which showed the 

significant blood glucose lowering activity. Several biological activities such as 

anticonvulsant, anti-bacterial, anti-diabetic, and anticancer are reported in quinazoline 

alkaloids [75]. Our results demonstrated anti-diabetic potential of 7 and suggested that 

the anti-diabetic activity of A. vasica is partly due to the presence of compound 7.  

 

 

Table 4.18 Anti-diabetic effects of 7 isolated from Adhatoda vasica on blood glucose level in 

alloxan-induced diabetic mice 

Groups 

Mean blood glucose 

concentration (mg/dl) ± S.E.M 
% Reduction in 

blood glucose 

level 0 h 4 h 

X.         Normal control (0.5 % CMC) 

XI.        Diabetic control (0.5 % CMC) 

XVII.    Diabetic + 7 (20 mg/kg) 

XXI.     Diabetic + tolbutamide (100 mg/kg) 

84.8 ± 4.69 

295.1 ± 8.27 

284.3 ± 6.78 

296.6 ± 2.01 

80.0 ± 4.19 

285.7 ± 8.25 

239.5 ± 7.60* 

213.4 ± 4.82* 

5.25 ± 3.76 

3.06 ± 2.29 

15.54 ± 3.34 

28 03 ± 1.65 

n = 6; Values are mean ± S.E.M; 7: 1,2,3,9-Tetrahydropyrollo[2,1-b]quinazoline-3-ol; CMC: 

carboxymethyl cellulose; 

* P < 0.05; the mean difference is significant from normal and diabetic control at the 0.05 level 

The dose of the isolated compound 7 was based on its relative amounts present in 750 mg of ethanol 

(EtOH) extract (750 mg/kg of EtOH extract of Adhatoda vasica was the effective dose). 
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 4.4.8. 5-(1,2-Dihydroxyethyl)-3,4-dihydroxyfuran-2(5H)-one (8)  

Compound 8 obtained from MeOH extract of A. millefolium (Scheme 3.5). UV spectrum 

showed  λ max at 263 nm. IR (KBr) spectrum was charecterized by the presence of strong 

absorption bands at 3510, 3405, (O—H), 1755 (C ═ O), 1025, (C — O — C) cm
−1

. 

HREIMS confirmed the molecular formula C6H8O6
 
and exhibited the m/z 176.1348 

(calculated for C6H8O6, 176.1259). EIMS showed m/z at 176, 145, 116, 101, 85, 70, 61, 

and 43. 
1
H-NMR (D2O, 400 MHz) displayed a doublet at δ 5.4 with J = 2.2 Hz was 

assigned to H-5, a doublet at δ 4.20 (J = 7.1 Hz) was assigned to H-2 and a doublet of 

triplet at δ 4.52 (with J values 2.2 and 7.1 Hz) was assigned to H-1. One bond CH 

connectivities were determined through HMQC spectrum.
 13

C-NMR (Broad Band and 

DEPT) experiments displayed one methylene, two methine and three quaternary carbon 

atoms. All the data was correlated with that of reported in the literature [76]. Therefore, 

the compound 8 was identified as 5-(1,2-Dihydroxyethyl)-3,4-dihydroxyfuran-2(5H)-one.  
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Anti-diabetic activity 

 The anti-diabetic effects produced by the administration of 8 are shown in Table 

4.19. Compound 8 was administered at the dose of 20 mg/kg to the animals of group 

XIX. Anti-diabetic effects of compound 8 were significant at 4 h after administration 

with % decrease in glycemia of 18.70 ± 2.21 %. The blood glucose level in the treated 

group reached at the level of 227.0 ± 9.67 mg/dl from the initial value of 278.9 ± 6.42 

mg/dl. The compound 8 was isolated from MeOH extract of A. millefolium which showed 

significant blood glucose lowering activity. The results obtained demonstrated that A. 

millefolium produced anti-diabetic effects. 

 
Table 4.19 Anti-diabetic effects of 8 isolated from Achillea millefolium on blood glucose level 

in alloxan-induced diabetic mice 

Groups 

Mean blood glucose 

concentration (mg/dl) ± S.E.M 
% Reduction in 

blood glucose 

level 0 h 4 h 

X.        Normal control (0.5 % CMC) 

XI.       Diabetic control (0.5 % CMC) 

XVIII.  Diabetic + 8 (20 mg/kg) 

XXI.     Diabetic + tolbutamide (100 mg/kg) 

84.8 ± 4.69 

295.1 ± 8.27 

278.9 ± 6.42 

296.6 ± 2.01 

80.0 ± 4.19 

285.7 ± 8.25 

227.0 ± 9.67* 

213.4 ± 4.82* 

5.25 ± 3.76 

3.06 ± 2.29 

18.70 ± 2.21 

28 03 ± 1.65 

n = 6; Values are mean ± S.E.M; 8: 5-(1,2-Dihydroxyethyl)-3,4-dihydroxyfuran-2(5H)-one; CMC: 

carboxymethyl cellulose; 

* P < 0.05; the mean difference is significant from normal and diabetic control at the 0.05 level 

The dose of the isolated compound 8 was based on its relative amounts present in 750 mg of methanol 

(Me) extract (750 mg/kg of Me extract of Achillea millefolium was the effective dose). 
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4.4.9. Stigmasta-6,22-diene-3-ol (9) 

Compound 9 was obtained as white powder form petroleum ether extract of L. 

aurita (Scheme 3.6). UV (CHCl3) showed the λmax at 270 and 280 nm. IR spectrum 

showed the absorptions for hydroxyl group (3450 cm
−1

) and double bonds (3052, 1650, 

814 cm
−1

). HREIMS deduced the molecular formula C29H48O and showed m/z at 

412.6935 (calculated for C29H48O, 412.6908). EIMS displayed fragment ions at m/z 412, 

394, 379, 369, 351, 327, 314, 300, 285, 271, 255, 241, 229 and 213. 
1
H-NMR (CDCl3, 

400 MHz) and 
13

C NMR spectra indicated steroidal skeleton in the compound, The 

higher-field signals in the 
1
H NMR (δ < 1) spectrum were assigned to H-26 (δ 0.76, 3H, 

d, J = 6.3 Hz), H-19 (δ 0.77, 3H, s), H-29 (δ 0.80, 3H, t), H-18 (δ 0.81, 3H, s), H-27 

(0.87, 3H, d, J = 6.3 Hz). The broad triplets for vinylic protons signal appeared downfield 

in the range of 5.35 (3H, t, H-7) and 5.57 (1H, t, H-6). 
13

C-NMR (BB and DEPT) 

experiments displayed six methyl, eight methylene, thirteen methine and two quaternary 

carbon atoms. The assignment of these signals was in agreement with the literature [77]. 

The compound 9 was identified as Stigmasta-6,22-diene-3-ol. 
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Anti-diabetic activity 

 The anti-diabetic effects produced by 9 are shown in Table 4.20. The compound 9 

was administered at the dose of 40 mg/kg to the animals of group XX. The administration 

of 9 reduced the blood glucose level in the alloxan-induced diabetic mice. There was a 

statistically significant difference in the treated group and normal and diabetic control 

animals. Anti-diabetic effect of 9 was significant at 4 h after administration with % 

decrease in glycemia of 17.46 ± 3.24 %. The blood glucose level in the treated group 

reached the level of 217.1 ± 6.66 mg/dl from the initial value of 263.5 ± 6.48 mg/dl. 

Compound 9 was isolated from petroleum ether extract of L. aurita which showed 

significant blood glucose lowering activity. The results obtained demonstrated that L. 

aurita produced anti-diabetic effects. The  occurrence  of  stigmasta-6,22-diene-3-ol  is 

reported for  the  first  time  in   L. aurita  and   identified as another anti-diabetic  agent.  

There has been no report  on  other  biological  activities  of   compound 9, except  that  

the    stigmasta-6,22-diene-3-ol  may  be a necessary  intermediate  in  the metabolism of 

β-sitosterol. Phytosterols have been reported to have hypo-cholesterolaemic effects, 

cardio-tonic activity, growth promoting and sexual reproduction inducing activity in 

animals and humans. Charantin or foetidin (1: 1 β-sitosterol-β-D-glucoside: Δ
5.25

-

stigmastadiene-3β-o1) from Momordica charantia L and M. foetida, are more potent anti-

diabetic agents than tolbutamide and also have slight antispasmodic and anti-cholinergic 

effects [77]. The anti-diabetic activity of L. aurita may be considered partly due to the 

presence of 9 .This is the first report of the anti-diabetic activity of 9. 
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Table 4.20 Anti-diabetic effects of 9 isolated from Laggera aurita on blood glucose level in 

alloxan-induced diabetic mice 

Groups 

Mean blood glucose 

concentration (mg/dl) ± S.E.M 
% Reduction in 

blood glucose 

level 0 h 4 h 

X.        Normal control (0.5 % CMC) 

XI.       Diabetic control (0.5 % CMC) 

XIX.    Diabetic + 9 (40 mg/kg) 

XXII.   Diabetic + tolbutamide (100 mg/kg) 

84.8 ± 4.69 

295.1 ± 8.27 

263.5 ± 6.48 

296.6 ± 2.01 

80.0 ± 4.19 

285.7 ± 8.25 

217.1 ± 6.66* 

213.4 ± 4.82* 

5.25 ± 3.76 

3.06 ± 2.29 

17.46 ± 3.24 

28 03 ± 1.65 

n = 6; Values are mean ± S.E.M; 9: stigmasta-6,22-diene-3-ol; CMC: carboxymethyl cellulose; 

* P < 0.05; the mean difference is significant from normal and diabetic control at the 0.05 level 

The dose of the isolated compound 9 was based on its relative amounts present in 750 mg of methanol 

(Me) extract (750 mg/kg of Me extract of Laggera aurita was the effective dose). 
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4.4.10. 2-(3,4-Dihydroxyphenyl)-3,5,7-trihydroxy-4H-chromen-4-one 

(10) 

 Compound 10 was purified from MeOH extract of L. aurita (Scheme 3.6) by 

column chromatography followed by preparative TLC in the system of EtOAc: MeOH 

(70: 30). HREIMS of compound 10 confirmed the molecular formula C15H10O7 and 

showed m/z at 302.03 (calculated for C15H10O7, 302.88). EIMS disclosed characteristic 

fragment ions at m/z 152, 136 due to the loss of C8H8O3 and C8H8O2 [78]. Two 

characteristic absorption bands in the UV spectrum of 10 were observed at 255 and 369 

nm. A broad band at 3405 cm
-1

 was due to OH and a strong peak at 1611 cm
-1

 was 

attributed to the presence of C=O in the IR spectrum of 10. 
1
H-NMR (CD3OD, 400 MHz) 

spectrum of 10 diclosed four doublets and one downfield doublet with δ values; 6.12 (J = 

2.0 Hz), 6.43 (J = 2.0 Hz), 7.70 (J = 1.8 Hz), 6.92 (J = 7.8 Hz) and 7.64 (dd, J = 7.8, 1.8 

Hz) respectively which are asigned to the protons at carbon no. 6, 8, 2′, 5′ and 6′ 

respectively. 
13

C-NMR (CD3OD 400 MHz, Broad Band and DEPT) spectrum of the 

molecule disclosed fifteen carbon signals. Five methine carbons were at δ 99.1, 93.9, 

116.0, 116.4 and 121.0. Ten signals were due to quaternary carbon in the range of δ 93.9 

to 177.0. The spectroscopic data of compound 10 agrees with those reported in the 

literature [78] and given the name 2-(3,4-Dihydroxyphenyl)-3,5,7-trihydroxy-4H-

chromen-4-one.  
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Anti-diabetic activity 

 Anti-diabetic effect of 10 was evaluated at a dose of 20 mg/kg comparing with 

anti-diabetic effects produced by tolbutamide (100 mg/kg). The effect of 10 and 

tolbutamide on blood glucose levels of alloxan-induced diabetic mice are shown in Table 

4.21. The group of animals treated with 10 showed statistically significant anti-diabetic 

activity with % reduction in blood glucose 25.96 ± 4.14 % (P < 0.05). Blood glucose 

level reduced to 196.4 ± 8.02 mg/dl at 4 h from the initial level of 266.7 ± 6.40 mg/dl at 0 

h. Compound 10 was isolated from L. aurita which showed significant blood glucose 

lowering activity. These results are in good agreement with the previous results [79] in 

which the anti-hyperglycemic effect of 10 was studied. The results demonstrated that L. 

aurita produced anti-diabetic effects, which play very important role in traditional folk 

medicine. 
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Table 4.21 Anti-diabetic effects of 10 isolated from Laggera aurita on blood glucose level in 

alloxan-induced diabetic mice 

Groups 

Mean blood glucose 

concentration (mg/dl) ± S.E.M 
% Reduction in 

blood glucose 

level 0 h 4 h 

X.        Normal control (0.5 % CMC) 

XI.       Diabetic control (0.5 % CMC) 

XX.      Diabetic + 10 (20 mg/kg) 

XXI.    Diabetic + tolbutamide (100 mg/kg) 

84.8 ± 4.69 

295.1 ± 8.27 

266.7 ± 6.40 

296.6 ± 2.01 

80.0 ± 4.19 

285.7 ± 8.25 

196.4 ± 8.02* 

213.4 ± 4.82* 

5.25 ± 3.76 

3.06 ± 2.29 

25.96 ± 4.14 

28 03 ± 1.65 

n = 6; Values are mean ± S.E.M; 10: 2-(3,4-Dihydroxyphenyl)-3,5,7-trihydroxy-4H-chromen-4-one; 

CMC: carboxymethyl cellulose; 

* P < 0.05; the mean difference is significant from normal and diabetic control at the 0.05 level 

The dose of the isolated compound 10 was based on its relative amounts present in 750 mg of 

methanol (Me) extract (750 mg/kg of Me extract of Laggera aurita was the effective dose). 
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Conclusion: 

 

In conclusion, the present study demonstrated that B. lacera, B. tripartitus, A. 

millefolium and L. aurita of family Asteraceae and R. tuberosa and A. vasica of family 

Acanthaceae possess significant anti-diabetic activity. This is the first report of the anti-

diabetic potential of 1, 2, 3, 6, 7, 8 and 9 in alloxan-induced diabetic mice. Our results 

suggested the validity of the use of these plant species in the control of diabetes mellitus. 

Anti-diabetic activity of the selected plants can partly be attributed to the presence of 

active principles. 
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