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Abstract

The phytochemical screening Bfpsacus mitiD. Don andWoodfordia fruticosgL.) Kurz revealed the
presence of bioactive secondary metabolites in bbthe species but their concentrations were fgia
Flavanoids and saponins were found in remarkableuamin both of the samples. The volatile
compounds of both plants were extracted by Simatiaa Steam Distillation and Extraction (SDE)
apparatus and analyzed by Gas Chromatography/MpestrBmetery (GC-MS). Total 53 volatile
compounds were tentatively identified from rootdDgbsacus mitidD. Don and 78 were identified from
flowers of Woodfordia fruticosgL.) Kurz. Alcohols were dominant in both the pgmccounting 45%
and 32% respectively. Numerous bioactive volatdenpounds were detected in both herbs. The effects
of increasing concentrations of the methanolicasts on the amplitude and frequency of spontangousl
contracting uterine tissues were tested. The effeektracts on the smooth muscle strips from tatus
showes the dramatic muscular relaxation on spooteneontractility and was determided most effective
at a concentration 65Q@/ml of methanolic extract dipsacus mitid.
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Introduction

An increasing reliance on the use of medicinal fglémthe industrialized countries has been tracete
extraction and development of several drugs andnotigerapeutics from these plants as well as from
traditionally used rural herbal remedies [1]. Widelecular diversity of plant metabolites throughthe
plant kingdom represents an extremely rich biogee&ources, some of them are synergistic, some
antagonistic, some toxic and some inactive [2]dayothere are at least 120 distinct chemical snbsta
derived from plants that are considered as impbdargs currently in use in one or more countniethe
world. To understand the actual value of plant mie® several phytochemical surveys have beeredarri
out which involved some plant accessions colledtech all parts of the world. The major chemical
substances of interest in these surveys have Iheealktaloids, flavonoids, tannins, unsaturatedotger
triterpenoids, essential oils [3]. The majoritytcdditional medicines used in developing counthiagse

not been evaluated for quality, safety, efficacy same standards as those developed countries.
Nevertheless, there are some remarkable claims rfadtheir effectiveness during the practice of
traditional medicines. Therefore the interest higergin scientifically validating the chemistry pfant
drugs for dissolving the actual value of folklor@medies, their efficacy and safety.

Ethnomedicinal knowledge persists, and is beingsfeared to the next generation in several parts of
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Nepal [4]. Itis estimated that only 12-20% of ghapulation living in around the urban area hagssto
the modern medicine facility and rest has to depamdhe traditional medicine [5]. Crude-drugs are
commonly given in the form of powder, decoctionad anfusions or in ointment forms. The herbal
medicines are applied externally on cuts, woundds,bpimples, ringworms, muscular swelling and
dislocation of bones. The single plant or plantgatch as root, rhizome, stem, leaf, bark, woaoid,g
latex, ash, flower, fruit and seed, or admixturediferent species of plants are recommended for
treatment.

The plants Dipsacus mitisD. Don andWoodfordia fruticosa(L.) Kurz are reported in Nepalese
literatures for their uses typically in pregnan@ages [6]. In recent past, much attention has bai&htp
record folk medicines of various tribal pockets andal populations of Nepal. But the phytochemical
screenings and biological activities of many of stheherbs are quite poorly studied. Hence the
investigation on phytochemical profiles and biotajiactivities of Nepalese medicinal plants is ligeunt
need for the traditional medicinal herbs, therajgeagnefits and their possible toxic effects.

Material and M ethods

Coallection and identification of plant materials

Dried medicinal plants were collected from localrked at Kathmandu, Nepal during 2006. All the plant
samples were identified by the authors. The vouspecimens were also compared with the herbarium
records of Department of Plant Resources, Royaoal Garden, Godawari, Nepal.

Reagents

All the reagents used in the experiments were @seth from Sigma Co. (USA) and Fisher Scientific
(USA). The organic solvents used for the extractiod the chromatography were redistilled usingra wi
spiral packed double distilling apparatus (Normitc@leratebau, Wertheim, Germany) and Milli-Q water
that was generated through a water purificatiotesygMillepore Corporation, Bedford, USA).

Phytochemical screening

The plant samples were grinded in a blender (MRC2§@raun, Spain) and used for the phytochemical
screening test. Chemical testes were carried ouheraqueous and alcoholic extracts using standard
procedures to identify the constituents as desdribditeratures [7-10].

Volatile compounds

Extraction of volatile organic compounds

Fifty grams of sample were homogenized in a blelfsi& 350CA, Braun, Spain) and mixed with 1 L of
distilled water. After adjusting the pH at 6.5 wit8% NaOH, 1uL n-butylbenzene was added as an
internal standard. The resultant slurry was use@xtraction of volatile organic compounds with 200
redistilledn-pentane:diethylether (1:1, v/v). The extractiorvofatile organic compound was carried out
for 2 h, using simultaneous distillation-extracti®DE) apparatus of Nikerson and Likens [11] type a
modified under atmospheric pressure by Scheftal [12]. The solvent, containing compounds extract,
was dehydrated for 12 h using 10 g anhydrousSRgand then concentrated to approximately 1.5 mL
using the vigreux column. This concentrate washimrtoncentrated to 0.5 mL under gentle stream,of N
gas and used for gas chromatography-mass spectyof@€t/MS) analysis.

Chromatographic analysis
Chromatographic analysis was carried out using im&lru GC/MS (QP-5000, Shimadzu Co., Kyoto,
Japan) in El mode. The ionization voltage was 7@ed temperatures of ion source and injector were

230°C and 250C respectively. The capillary column used was a DBXM60 m, x 0.2 mm, i.d., 0.25
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um, film thickness; J&W, USA). The oven temperatpregrammed at 4% (Isothermal for 3 minutes)

was ramped to 18Q at ZC/min and to 228 at £C/min (20 min) followed by 23 at 5C/min.

Helium was used as the carrier gas at a flow rhtieaL/min, with injector volume of L using 1:20
split ratio.

Identification of volatile organic compounds

Qualitative analysis of volatile compounds was iedrrout by identification of compounds from mass
spectra with the aid of mass spectral data booke. §pectrum of each analyzed volatile compound
agreed with that present in the mass spectrunrilmBWILLY 139, NIST 12 and NIST 62. The content
of the volatile flavor compounds was calculatedaodry weight basis by comparing with peak area
percent of the internal standard. The mass speetemracanned was ranged from 41 to ABD

Biological activities

Extraction of herb

Plant extracts were prepared using AcceleratedeBblxtractor (ASE 200). Total 50 g of samples were
weighted and placed in the extraction cells indhen of the instrument. Extraction was carriedaiuthe
temperature of 108C using methanol as extraction solvent. After tijedtion of the solvent into the cell,
a pressurized static extraction phase lasting 5wain carried out. After removal of the extractspfap.

20 mL in each cell), they were filtered through .4%0um filter (Waters Millipore). The filtrate was
evaporated to dryness using Rotavapour Apparatush{B Switzerland). Total 12.5 g and 10.25 g of
MeOH extract obtained form the 50 g Dfpsacus mitisD. Don andWoodfordia fruticosaL.) Kurz
respectively.

Determination of uterine smooth muscle cells cattoam

The PowerLab/4SP electroculograph is a data atigmisand analysis system was used for research.
Uterine smooth muscle tissues were obtained frompregnant rats. The uterus of the rat was disdecte
and cut into 10 mm ring segments and placed imnagian Kreb’s solution. The Kreb’s solution had
been cooled previously at 4°&hd aerated with carbogen (95% oxygen and 5% cadimxide)to
maintain a pH of 7.4. The uterine ring segmentseveeispended in organ bath filled with Kreb’s soluiti
Each ring was suspendedder an initial load of 2.0 g in 100 ml organ lsatontainind<reb's solution,
temperature controlled at 37°C and continuogsigsed with carbogen. The tissues were allowed to
equilibratefor 1 h with Kreb’s solution washing every 10-15n#ifter spontaneous uterine contractile
activity had been accomplished, plant extracts weided cumulatively to the bath. Changes in isdmetr
force were measured continuously with a channelrder (Model 79 F Polygraph; Grass Inst., Quincy,
MA, USA) which was connected with preamplifier (B?%5rass Instr).

Results and Discussion

The phytochemical screening revealed the presehoeedicinally active secondary metabolites in
both of the species but their concentrations wereble (Table 1). Flavanoids and saponins weradou
in remarkable amount in both of the samples. Thesgmce of saponins Dipsacusspecies has been
reported [13-14] which is in agreement with ourufes It should be noted that steroidal saponin
compounds are of importance and interest due toriationship with such compounds as sex-hormones
[15-16]. This could be one of the reason why thevalplants are of vegetable for breast-feeding ereth
to ensure their hormonal balance. Saponin bealemggphave hemolytic and anti-lipiemic activitiesda
capacity to lower serum cholesterol levels can @msicered to be their important characterstics.[17]
Similarly, flavonoid rich species can play the rabepharmacological activities as anti-inflammatory
analgesic, anti-oxidant, antifungal and immunostanu providing a key role of flavonoids to their
biological actions [18]. Beside the flavonids amgb@nins, some other phytochemical groups were also
detected in both of the samples. It is known thatglants which are rich in a wide variety of setay
metabolites belonging to chemical classes suchaasirts, terpenoids, alkaloids, polyphenols are
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generally superior in medicinal activity as wellegibit physiological activity. Most important lzictive
constituents of the plants are alkaloids, tanrflaspnoids and phenolic compounds [19], those waéb

in our samles. Phytochemical screening of samptesved that both of the plants can stand for the
medicinally important constituents. There was diilco-relation between the traditional applicatafn
plants and possession of secondary metaboliteghwdupports the scientific basis for the traditlona
medicinal system. This result may serve for futwmeekers to select a group of plants having similar
chemical constituents to isolate biologically aetprinciple or to prepare remedies for particusec

Table 1. Chemical Constituents of Some Species of Nepalese M edicinal Plants
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The volatile compounds d@ipsacus mitiD. Don andWoodfordia fruticosgL.) Kurz were extracted by
solvent extraction (P:E,1:1) method for 2 h usi@ESapparatus and analyzed by GC-MS. Compound 2-
butenal (8.77%3-terpineol (6.52%), hexanal (6.46%), hexanol (5.59%8-cineole (5.33%), 2-heptanol
(4.90%), linalool (4.44%) were detected as the majonstituents ofDipsacus mitisD. Don while
compounds furfural (11.05%), linalool (8.04%), 3thg butanal (6.76%), heptadecanone (5.408&6),
terpeniol (4.96%), undecanoic acid (3.89%) wereected as the major constituents \&Wfoodfordia
fruticosa (L.) Kurz. Result showed that rhizomes Bipsacus mitisD. Don contained 61.93 mg/kg
volatile compounds and/oodfordia fruticosdL.) Kurz contained 224.98 mg/kg volatile composridry
weight basis). Total 53 volatile compounds weraatvely identified fromDipsacus miti. Don and 78
were identified fromWoodfordia fruticosaAlcohols were dominant in both the plani3ipsacus mitiD.
Don accounting with 45% antfoodfordia fruticosdL.) Kurz accounting with 32%.

Table 2. Relative content of functional groups of volatile or ganic compounds identified in Dipsacus
mitis D.Don

Dipsacus mitis D.Don. Woodfordia fruticosa (L .)

No. Functional group A Kurz
rea Number of Area Number of
(%) compounds (%) compound
1 Acid 6.10 4 17.01 9
2 Alcohol 45.77 21 32.20 24
3 Aldehyde 29.64 14 30.44 15
4 Ester 295 2 2.88 4
5 Furan 256 3 1.48 3
6 Hydrocarbon - - 5.39 9
7 Ketone 8.62 6 9.30 8
8 N-Compound 4.21 3 1.30 6
Total 100 100 100 77
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Figure 1. GC/MStotal ion chromatograms of volatile componentsin Dipsacus mitis D.Don.
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Figure2.GC/M Stotal ion chromatogram of volatile or ganic compounds of Woodfordia fructicosa

(L) Kurz extract.

Numerous bioactive volatile compounds were detedtedhese herbs and their characteristics are
discussed in this paper. The most abundant compfurfidal has a wide variety of uses such as weed
killer, fungicide, affects yeast survival and alifects biochemical enzyme activities [20]. Lindlo®
major compound of this oil, is known for variousapimacological activities as well as it is important
substance used in foodstuffs as a food additivel Tthe compounds linalook-terpineol, geraniol were
major oxygenated monoterpenes while farnegt#Nerolidol were the major oxygenated sesquiterpene
Monoterpenes are generally regarded as safe sabstanTerpineol is probably the most important of
the monocyclic monoterpene alcohol possessing waifiological activities and flavor composition2]2
4-Terpinenol, which occurs in appreciable amoumthis oil, is also reported to show activity agitihe
microorganisms [23]Geraniol, exerts anti-tumor activity against vagaancer cells both in vitro and in
vivo [24]. Consequently monoterpene phenols weesipusly reported to be active against fungi [8[d a
can be used as alternative sprout inhibitors [Phlarmacologically active some compounds related to
hydrocarbon sesquiterpenes such Bscéryophyllene,a-humulene were detected in this study which
have been claimed to contain the antibacterialifiangtal or antioxidant properties [26]. Plant oils
containing monoterpene hydrocarbons inclugihiglyrcene are used as flavoring additives in fooald a
beverages, as fragrances in cosmetics, and asisdenisehold products [27]. Safrole has been aseal
topical antiseptic and it is carcinogenic to theliso it is no longer used as a flavoring agerfbaus.
Farnesol is a precursor of vitamin E and K1, magslaholesterol synthesis is metabolized to stsrioid
retina [28]. The presence of pyrazine compoundsiamy plant species results from Maillardtype non-
enzymetic reactions between reducing sugars amdangno acid or amide. The pyrazine compounds
impart a reportedly nut-like aroma. Compoumdterpineol, linalool, furfural and geraniol werenesmon

in both herbs.
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Table 3. Volatile Organic Compounds of Dipsacus mitis D.Don. and Woodfordia fruticosa (L.) Kurz

Dipsacus mitis Woodfordia fruticosa

No. RI®  Compound Name antent %) Content (%)
1 850  Butanal 1.30 -

2 862  Ethyl acetate 2.48 0.81

3 871  2-Methylbutanal 0.03 2.84

4 878 2-Butanone - 0.70
5 896  3-Methylbutanal 3.14 6.76

6 922 Ethanol 0.98 0.26

7 938  2-Ethylfuran 0.60 0.21

8 967  2,3-Butanedione - 0.64
9 969  2-Pentanone 3.05 -

10 970 Pentanal - 0.53
11 1036 2-Butenal 8.77 0.28
12 1040 2,3-Dihydrofuran 0.89 -

13 1041  4-Heptanone - 1.34
14 1079 Hexanal 6.46 1.73
15 1090 2-Methylpropanol 0.53 0.26
16 1107 3-Pentanol 0.50 -

17 1121  2-Pentanol 2.66 -

18 1124 E]-2-Pentenal 0.50 -

19 1146 Butanol 0.27 0.09
20 1161 B-Myrcene - 0.15
21 1179 2-Heptanone 0.16 0.19
22 1181  Pyridine 1.05 -

23 1193 Heptenal 0.56 0.27
24 1206 1,8-Cineole 5.33 -

25 1207  2-Methylbutanol 1.59 0.33
26 1213  2-Hexenal 2.11 1.10
27 1228  2-Pentylfuran 1.07 0.47
28 1252  Pentanol 1.12 0.33
29 1264  Methylpyrazine - 0.19
30 1279 o-Terpinene - 0.10
31 1285 Octanal 0.41 0.10
IS 1310 Butylbenzene 0.00 -

32 1321  2-Methyltetrahydrofuran - 0.80
33 1322  2-Heptanol 4.90 -

34 1328 2,3-Dimethylpyrazine - 0.12
35 1335 6-Methyl-5-hepten-2-one 0.36 0.19
36 1344  2-Octanol 3.09 -

37 1356 Hexanol 5.92 0.43
38 1382  4-Ethylpyridine 151 -

39 1384  3-Hexenol 1.67 0.53
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40 1390 Nonanal 1.05 0.67
41 1398 Tetradecane - 0.15
42 1403  Trimethylpyrazine - 0.31
43 1405 2-Hexenol 0.39 -

44 1427 5-Methylhexanol - 0.36
45 1446  F]-Linalool oxide 3.33
46 1446  Acetic acid 2.70 -

47 1452  3-Decanone - 0.21
48 1452  1-Octen-3-ol 1.40 -

49 1459  Furfural 1.00 11.05
50 1473 E]-Linalool oxide - 1.02
51 1477  4-Ethyenylpyridine 1.66 -

52 1478 Tetramethylpyrazine - 0.12
53 1491 E,H-2,4-Heptadienal 1.24 -

54 1492  2-Ethylhexanol 1.57 0.90
55 1500 2-Acetylfuran - 0.63
56 1510 Pyrrole - 0.19
57 1518 Benzaldehyde 1.45 -

58 1519 Benzaldehyde - 0.36
59 1535 2-Nonenal - 0.67
60 1535 Octanol 0.54 -

61 1549 Linalool 4.44 8.04
62 1569  5-Methylfurfural - 2.13
63 1569 3,5-Octadien-2-one 0.48 -

64 1580 Linalool acetate 0.47 -

65 1583 E,4-2,6-Nonadienal - 0.22
66 1595 p-Caryophyllene - 0.52
67 1602 4-Terpineol 0.33
68 1625 Butanoic acid - 0.10
69 1636 Benzeneacetaldehyde - 1.73
70 1657  Furfuryl alcohol - 0.73
71 1662  Nonanol 0.77 -

72 1666  3-Methyl butanoic acid - 1.55
73 1689 a-Humulene - 0.48
74 1697 o-Terpineol 6.52 -

75 1698 a-Terpineol - 4.96
76 1720  Junipene - 1.71
77 1725 Caryophyllene - 1.15
78 1736 Pentanoic acid - 0.63
79 1761 F,E-a-Farnesene - 0.28
80 1765 Epoxylinalol - 0.89
81 1773  Methyl salicylate - 0.28
82 1799 Nerol - 0.64
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83 1809 E,E-2,4-Decadienal 1.67 -
84 1844  Hexanoic acid 1.33 2.87
85 1849  E]-Geraniol 1.29 2.33
86 1856 E]-Gerayl acetone 1.99 -
87 1874  Safrole - 1.79
88 1876  Benzyl alcohol 0.36 0.57
89 1912 Benzeneethanol - 0.85
90 1951 Heptanoic acid - 0.80
91 1974  2-Acetylpyrrole - 0.37
92 1995 [J-Nerolidol - 2.23
93 2038 Farnesol - 0.43
94 2055  Octanoic acid 0.54 1.47
95 2111 Heptadecanone - 5.40
96 2130 Nonanoic acid 1.53 3.64
97 2134  Eugenol acetate - 1.06
08 2148 3-Methoxyacetphenon 2.60 .
99 2150 Tetradecanol - 0.56
100 2157 Methyl nonanoate - 0.74
101 2184  Decanoic acid - 2.06
102 2197 Docosane - 0.85
103 2373 Undecanoic acid - 3.89
Total 100 100

We studied the effect of the different plant extsamn the smooth muscle strips from rat uterus. The
effects of increasing concentrations of the extramt the amplitude and frequency of spontaneously
contracting uterine tissues were testBdamatic muscular relaxation on spontaneous cctilittg was
obtained at a concentration of 6506/ml of Dipsacus mitisD. Don slight relaxation on spontaneous
contractility was obtained by methanol extractWiodfordia fruticosgL.) Kurz upto concentration of
200009/ml. Frequency of contraction in both cases waseadsed as dose of drug was increased. The
inhibition of Kreb's solution induced contractioouwd be due to an effect on one of the componeits o
the vessel wall, namely the endothelium, the smoathcle, or the extracellular matrix.
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Fig. 3. Effect of methanol extracts of Dipsacus mitis D. Don and Woodfordia fruticosa (L.) Kurz on
uterine smooth muscle tissues of non-pregnant rat

After loading the tissue, the system was operated3® minutes in Krab's solution to check and
maintain contractibility. Normal Kreb’s solutionuesed a significant contraction that reached a maxim
within few minutes. Kreb’s solution contains numeautrituents such as NaCl, KCI, MgCKH,PQ,,
NaHCG;, CaC} and Glucose. These nutrituents made cell actidecanld be seen on polygraphs. The
observed inhibition of vascular contraction aftddiag MeOH extract was result of an effect of plant
secondary metabolite&ffective weight 6,50Q«q of plant is equivalent to 317 mg of its raw weighd
20,0009 equivalent to 975 mg of its raw weight. This tesppears to justify their traditional uses and
give additional interest that these plants couldubeful for controlling the preterm birth problefor
further confirmation and accurate report, dose ddest steps, in-vivo and in-vitro tests, ion-chdnne
studies and more pre-clinical studies should beedéfe concluded that inhibited spontaneous induced
uterine smooth muscle contraction by MeOH extraddipsacus mitiD. DonandWoodfordia fruticosa
(L.) Kurz justify their traditional use®ipsacus mitiD. Donis possesses the least relaxation effect in rat

uterine smooth muscles.
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