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ABSTRACT

The essential oil of the air dried aerial parts of Carduus pycnocephalus L. F. Asteraceae was prepared by hydro-
digtillation. GC/MS analysis revealed the presence of nineteen components representing 100% of the total oil.
Hexadecanoic acid (39.62%) was the prominent component of the oil. GC/MS analysis of the unsaponifiable matter
of the petroleum ether extract of the aerial parts of the plant revealed the presence of nineteen compounds; sixteen
compounds were identified constituting 72.80% of total unsaponifiable matter. olean-12-en-3-a-ol (20.39%), ursa-
9(11), 12-dien-3-ol (17.74%) and hexadecanoic acid (17.62%) were the major components. GC/MS analysis of fatty
acid methyl ester showed the presence of twenty fatty acids methyl esters (91.38%). The main known components
were 1,2benzendicarboxylic acid dimethylester (31.08), palmitic acid methyl ester (20.08%) and azelaic acid
dimethyl ester (7.60%). The antimicrobial, antispasmodic and anti-inflammatory effects were studied. The volatile
oil and petroleum ether extract showed no antimicrobial activity, while the petroleum ether extract showed
antispasmodic, anti-inflammatory effects. Thisis the first study on chemical composition and biological activities of
the volatile oil and lipid contents of Carduus pycnocephalus L. endemic for Saudi Arabia.

Key words: chemical composition, antimicrobial activity, essal oil, lipid content, carduus pycnocephalus I. ,
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INTRODUCTION

One of the major plants growing in the Mediterranezgion is that of aromatic plants which contassemtial oils.
These plants have the capacity to synthesize aiitdvetatiles that may act as aroma and flavour rmales. These
low molecular weight substances derived from theyfacids, amino acids and carbohydrates poolsstitate a
heterogeneous group of molecules with saturated wshturated straight chain, branched chain andiccyc
structures bearing various functional groups (glephols, aldehydes, ketones, esters and etheds3lsm sulfer and
nitrogen [1]. Many of the essential oils are freafle used in aromatherapy and massage to obtairy rlamical
benefits, traditionally ascribed to their antibaiete antifungal, carminative, anticonvulsant, sida and
antidepressant actions [2]. Gencerduus which belongs to the family Astraceae includesrapimately 100
species worldwide [3] and is widely distributed wmd the Mediterranean is presented in Saudi Araliawo
speciesC. Pycnocephalus andC. Arabicus, they are widely spread in central, eastern amthem regions of Saudi
Arabia [4]. In Chinese folk medicine, the plants ggnusCarduus are used for the treatment of various human
diseases such as cold, stomachache as well asatisomi5]. Genugarduus was found to possess a wide range of
biological activities such as liver tonic, antilarhmatory, antispasmodic, anticancer, antiviral antibacterial [5-
8]. Phytochemical studies on seveCalrduus species were carried out and revealed the presdrsmveral classes
of chemical constituents as lignans [7], polyacatgl [10], flavonoids [6,12-18], Coumarin [6,19]kadoids [7, 20-
21], sterols and triterpenes [18, 22]. The literatsurvey present oB. Pycnocephalus showed that only flavonoids
were reported in the Egyptian plant [11-12, 16],aildition previous investigation of the essentidé of C.
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pycnocephalus plant growing wildly in Iran showed the presencewénty nine components representing 83.4% of
the total oils with hexadecanoic acid (23.3%) asnmeonstituent [5]. To our knowledge no biologioa
phytochemical studies were performed on Saudi pMrith encouraged us to study in the present pdetiled
analysis of its essential oil and lipid contentnadl as the biological activities.

EXPERIMENTAL SECTION

Collection of plant material

The fresh plant was collected from Al-Hada (Saudhl#a) on March, 2008 and was kindly identifiedxy Jakob
Thomas, College of science, KSU. A voucher speci(@@®106) was deposited at the herbarium of depant rof
pharmacognosy, College of Pharmacy, King Saud Usitye

Isolation of essential oil

The air dried aerial parts @. Pycnocephalus (500 g) were subjected to hydro distillation iagg Clevenger — type
apparatus for 4 h to obtain the yellowish oil (@®8/w). The volatile oil was collected and driedeoxanhydrous
sodium sulphate and stored in amber — colouredaidfC until analysis.

Preparation of lipoidal matter:
500 grams of the air dried aerial parts@fpycnocephalus were exhaustively extracted with petroleum etimer i
continuous extraction apparatus, the extract wap@wated under vacuum to yield 8 g of dry extract.

Preparation of unsaponifiable matter [23-24]:

One gm of the residue of petroleum ether fractib@arduus pycnocephalus was saponified by reflux with 100 ml
of alcoholic KOH for 5 hrs. The alcohol was digdl off almost to dryness. The obtained residue smMapended in
100 ml water and extracted with chloroform till colete extraction of unsaponifiable matters. The loiowed
chloroformic extract was washed with distilled wate remove any alkalinity, dried over anhydrousliam
sulphate and evaporated to yield (0.4 g).

Preparation of the fatty acids methyl esters [25]:

The alkaline aqueous layer remained after extractid unsaponifiable matters was acidified with tHlu
hydrochloric acid. The liberated fatty acids wex&&cted with successive portions of ether. Theltioed ethereal
extract was washed with distilled water, dried caehydrous sodium sulphate, evaporated to drymessubjected
to methylation using methanol and dry concentratddhoric acid to yield (0.52 gm).

GC/MS analysis conditions

GC/MS analysis was performed in Kuwait Universifyne analysis of volatile constituents was run oghhi
resolution gas chromatography mass spectrophotoetile focusing sector (GC/MS DFS), on TR-5 (Thog-
capillary column (30m, 0.25 ID, film thickness a6 um), material packing was poly silxane. Heliwas used as
a carrier gas at flow rate 0.8ml/min. Injector temgiure was 308C (split less mode), injection volume was 1pl.
Column Ramp: initial temp - 40 (Hold time 5 milamp 1: 10 /min till 210 (hold time 8min), Ramp1A C till
300 (hold time 15 min), total time was 54 minnster line temperature was 2%0. The mass spectrophotometer
was electron impact mode, electron energy was -€0,land emission current was 1 mA, source temperal 75
°C, filament current: 2.80 A, scan range: 50-9008n range: 1.1, mass analyser was Magneticrsecass
detector was electron multiplier.

Identification of the compounds

Identification of the essential oil components wassed on GC retention indices relative t® -alkanes and
computer matching with Wiley 275 L library as walk by comparison the fragmentation patterns ef timass
spectra with those reported in the literatures42p The relative percentage of the oil constitsemas calculated
from the GC peak areas. Identification of the comgrds of hydrocarbons, sterols and fatty acids phetsters was
carried out by comparing their relative retentiongs and mass spectra with the available referenogounds.
The percentage was based on peak area integratibinternal normalization.

Biological activity

Antimicrobial activity test [28-29]

The antimicrobial activity of the essential oil wasted according to the National committee of iCéihLaboratory
standards (NCCLS) using American Type of Culturdlg@tion (ATCC) against various microorganisms ngme
Escherichia coli (ATCC 25922),Saphylococcus aereus (ATCC 25923) Bacillus subtillus (ATCC 6633),Candida
albicans (ATCC 10231) and Pseudomonus aeruginosa (ATCC 378Fains [28-29]. The positive antimicrobial
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and antifungal activity were established by thespnee of measurable zone of inhibition after 28ihcsibation
period.

Anti-inflammatory activity [30]

In order to evaluate the anti-inflammatory actadii the formaldehyde-induced paw oedema is testethae
Westar rats weighing 180-230 g formaldehyde willibjected in to two groups (two animals each). Grda)
serves as negative control saline, group (b) pairal ether extract group. The extract was suspewitedd.25%
sodium carboxy methyl cellulose and injected absedof 500 mg/kg intra-peritoneal one hour beforenfldehyde
injection. Edema is induced by injecting formaldeééyolution into the rat hind paws.

Statistical analysis

The volume of the rat paws is measured prior fodelayde injection and then two hours afterwards gusin-
Hydro-Plethysmograph. The rats held firmly and gt paw will be immersed into the pool of mercuny to the
tibiotarsic articulation. The pressure increase ttuéhe slight rise in mercury level is transmittedthe pressure
transducer. After amplification the transduced algs increased as a deflection in the pen on HatcThe %
inhibition of edema are expressed as the diffezdretween the final and the initial right hind pasiume (M- V)
two hours after formaldehyde injection in companisdgth the control group

Antispasmodic effect [31-32]

White male New Zealand rabbits (2.5 Kg) were killaad pieces of the jejunum (2.5 cm long) were ad a
suspended in oxygenated Kerb's solution at@3as described by. To test the effect of the difierextract on the
spontaneously contracting jejunum, separate diffevelumes of suspended extract were added indiligto the
tissue and allowed to contact it for 4 minuteseoord any effect. Then the extract was washed mdittle tissue
was allowed rest for 10 min when another dose ested. Each tissue was used to test one extract onl

RESULTS AND DISCUSSION

Hydro distillation of the air dried aerial parts ©f Pycnocephalus afforded nineteen constituents representing 100%
of the oil (Table 1) The main components were hegadoic acid (39.62%), 9,12- linoleic acid (19.46%%p
benzendicarboxylicaciddiisooctylester (7.11%) apthytol isomer (6.31%). The chemical profile of theidied
volatile oil (Table 1) was compared with the preisty reported one (Table 2). Although the main congnt was
similar, the result of GC/MS analysis indicatedtttiee chemical composition of the two volatile aitere differed
guantitatively and qualitatively. The reported sfowed 29 constituents corresponding to 83.4% eftttal
essential oil. While Saudi plant volatile oil comt& 19 components (100 %). The major componentotti bwas
hexadecanoic acid (23.3 % Iran) and (39.62% Saudbid), while compounds such as 9, 12- linoleicd aci
(19.46%), 1,2benzendicarboxylicaciddiisooctyleg®i1%), linolenic acid ethyl ester (4.84%), hes@ahoic acid
ethyl ester (4.81%), Musk xylene (1.31%), 2- peatashone, 6, 10, 14-trimethyl (0.8%) and hexadecaaoid
methyl ester (0.64%), were present in volatile afl Saudi plant only. It is well known that the dwdttion
environments, weather condition, region, harvestisgson and extraction method are from the reabangead to
variation in the fragrance composition of the ptamknd at least the first three reasons are inebimeour case
which led to this variation. GC/MS analysis of tesaponifiable matter, Table 3, of the petroleuheeextract of
the aerial parts of the plant revealed the presaficeineteen compounds; sixteen compounds weretifigeh
constituting 72.80 % of total unsaponifiable mattelean-12-en-3-ol (20.39%), n-hexadecanoic acid62%) and
ursa-9 (11),12-dien-3-ol (17.74%) were the majanponents. By GC/MS analysis of the fatty acid metster,
twenty fatty acids were identified in the extraehich represented about 91.38% of the total fattgd aomposition
(Table 4). The fatty acids were consisted of fivesaturated fatty acids (52.23%) and fifteen saddrdatty acids
(39.13%). 1,2-benzenedicarboxylic acid, dimethyte£31.08%), Palmetic acid (20.08%), 1,2- benzaaedoxylic
acid, diisononyl ester (18.46%) and azelaic aci®(%) were the major components. Owr vitro experiments
revealed that the petroleum ether extract showse dependent antispasmodic effect. At a dose ohifg the
petroleum ether extract induced 30% edema reduafien two hours from formaldehyde injection. Tissential olil
showed antimicrobial effect agair3acillus subtillus, Staphylococcus aereus and Mucobacterium smegmatus with
minimum inhibitory concentrations 1, 5 and 5mg/egpectively at concentration of 5mg/disk .

In conclusion, our study indicates that the vatatil and fatty acid methyl ester constituentsasead fromC.
pycnocephalus contain large amount of different phethalate conmats such as diisobutylphethalate (0.67%),
Dibutylphethalate (1.56%) and 1,2-benzendicarbaxgtid diisooctylester (7.11%) from volatile oil asll as 1,2-
benzenedicarboxylic acid, dimethyl ester (31.08%2-benzenedicarboxylic acid, 1-ethyl 2-methyl £$6283%)
and 1,2- benzenedicarboxylic acid diisononyl e€t8r46%) from fatty acid methyl ester.
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Table 1: Chemical composition of essential oil d€arduus pycnocephalus L. growing in Saudi Arabia

No. Name of compound RI Percentage
1 | Tetradecanoic acid 104p 2.74
2 Musk xylene 1043 131
3 6,10,14 trimethyl -2-pentadecanone 1044 0.8
4 | diisobutylphethalate 1044 0.67
5 1-Hexadecanol 1044 0.62
6 Hexadecanoic acid methyl ester 1048 0.64
7 Dibutylphethalate 1049 1.56
8 | Hexadecanoic acid ethyl ester 1051 4.81
9 | Hexadecanoic acid 105p 39.62
10 | 2-9-Octadecanoic acid 1058 2.02
11 | Methyl linolenate 1058 1.2
12 | Phytol isomer 106(Q 6.31
13 | Ethyllinolate 1064 1.47
14 | Linolenic acid ethyl ester 1065 4.84
15 | 9,12-linoleic acid 1069 19.46
16 | Pentacosane 109p 0.62
17 | 1,2benzendicarboxylic aciddiisooctylester 1096 7.11
18 | Heptacosane 1100 2.34
19 | Nonacosane 1104 1.86

Total 100

Table 2: Chemical composition of essential oil &arduus pycnocephalusL. Growing in Iran [5]

RI = retention index

No. Compound RI Percentage
1 (E)-B-lonone 1485 1.0
2 | 3-cadenen 1524 0.4
3 1-butyl hexylbenzene 1538 0.7
4 | 1-propyl heptyl benzene 1542 0.5
5 Elemol 1549 2.1
6 | 1-ethyl octylbenzene 1560 0.4
7 | Dodecanoic acid 157 3.0
8 | Caryophyllene oxide 1581 1.6
9 Hexadecane 1600 0.9
10 | 1-pentyl hexyl benzene 1629 1.1
11 | 1-butyl hexylbenzene 1630 2.6
12 | 1-propyl octylbenzene 1640 21
13 | B-eudesmol 1649 2.7
14 | a- cardinal 1653 1.7
15 | Heptadecane 1700 0.6
16 | 1-methyl decylbenzene 1704 1.9
17 | 1-pentyl heptylbenzene 1730 3.2
18 | 1-butyl octylbenzene 1736 2.9
19 | 1-propyl nonyl benzene 174y 21
20 | Tetradecanoic acid 177D 4.3
21 | Octadecane 180 0.5
22 | 1-pentyl octylbenzene 183D 3.7
23 | 1-butyl nonylbenzene 1835 2.3
24 | 6,10,14 trimethyl -2-pentadecanone 1846 7.4
25 | 1-propyl decylbenzene 1849 15
26 | Nonadecane 1900 0.4
27 | Dibutyl,1,2-benzene dicarboxylate 1967 8.2
28 | Hexadecanoic acid 1978 23.3
29 | Eicosane 200d 0.3
Total 83.4

RI = retention index
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Since plants have a rich source of these bioactregnicals, they can be an alternative source diraloagents for
mosquito larvae. Recently, plants belonging to faraily Asteraceae have been reported as potentiaices for
mosquito control [33-34]. Also these compounds peaviously been isolated from marine brown alg&e38], as
well as from plant&uphorbia pulcherrima [37] andPterocarpus angolensis [38] and it has been reported to exhibit
antibacterial activity [36].

Table 3: Chemical composition of unsaponifiable maérs of Carduus pycnocephalus L. growing in Saudi Arabia

No. Name of compound R; Relative R % B.P| M
1 1-hexadecene 17.79 0.15 0.22 55 224
2 1- Octadecene 20.0B8 0.1 0.48 87 252
3 | 2-pentadecanone, 6, 10, 14-rimethyl  20)57 0.13 11738 | 268
4 | 2-nonadecanone 21.26 0.13 0.8 71 282
5 n-Hexadecanoic acid 22.26 0.74 17.62 3 256
6 1-octadecene 23.16 0.1 0.27 57 252
7 Phytol isomer 23.46 0.15 0.9 71 296
8 | Octadec-9-enoic acid 24.1 0.3 1.08 55 282
9 | Octadecanoic acid 24.501 0.23 1097 § 284
10 | Unknown 25.13 0.26 0.47 - -
11 | Tricosane 26.68 0.17 0.34 5y 324
12 | Pentacosane 31.78 0.28 1.49 %57 352
13 | Unknown 32.67 0.69 25.98 - -
14 | Heptacosane 34.98 0.41 4.58 57 380
15 | Octacosane 36 0.28 0.56 57 3p4
16 | Nonacosane 37.18 0.36 3.9 57 408
17 | Unknown 38.12 0.2 0.74] - -
18 | Ursa-9(11), 12-dien-g-ol 40.27 2.38 17.74 424 424
19 | Olean-12-en-3rol 42.25 8 20.39] 218 426
Rt = retention time B.P = base peak M* = molecular ion peak

Table 4: Chemical composition of fatty acids methygsters ofCarduus pycnocephalusL. growing in Saudi Arabia

Peak No. Name of compounds R % B.P | M*
1 Butanedioic acid, dimethyl ester 8.11 1.39 119 146
2 Benzoic acid methyl ester 9.36 042 186 136
3 Pentanedioic, dimethyl ester 1051 0.25 100 160
4 Adipic acid dimethyl ester 13.01 1.58 5 174
5 Pimelic acid dimethyl ester 1526 0.38 55 188
6 1,2-benzenedicarboxylic acid, dimethyl ester 17.81.08| 163| 194
7 1,2-benzenedicarboxylic acid, 1-ethyl 2-methyl egtel8.97 | 0.83 | 163 20§
8 Azelaic acid dimethyl ester 19.64 7.6 55 2016
9 Decanedioic acid, dimethyl ester 21.47 0.95 b5 P30
10 Tetradecanoic acid methyl ester 22|19 1.09 74 p42
11 Undecanedioc acid dimethyl ester 233 0.1 74 pad
12 Tetradecanoic acid, 12 methyl- methyl ester 24.17.111 74 | 256
13 Pentadecanoic acid methyl ester 24|68 042 74 |256
14 Dodecanedioic acid dimethyl ester 25.p09 0.p1 08 P58
15 Palmitic acid methyl ester 26.52 20.08 74 270
16 9-octadecenoic acid methyl ester 2915 144 55 [296
17 Isostearic acid methyl ester 29.61 2.63 r4 298
18 Arachidic acid methyl ester 3251 049 4 3p6
19 Adipic acid di(2-ethylhexyl)ester 33.3p 021 129 03F
20 1,2- benzenedicarboxylic acid diisononyl ester 89.018.46| 149| 418

Rt= retention time

B.P = base peak

M" = molecular ion peak

Table 5: anti-inflammatory effect of petroleum ethe extract of C.pycnocephalus

Extract mg/kg* Paw volume ml | Edema reduction %
2hrs After 2 hrs
control R
Pet.ether 500mg/kg 0.78 30

*rats number n=3
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Table 6: antispasmodic effect of pet.ether extraaif C.pycnocephalus

Dose mg/ml of tissue bath fluid (Tyroid's solutioh
Pet.ether extract 10 15
%inhibition of spontaneously contraction rabbit jejunum 11.9 23.8

Table 7: antimicrobial activity of the essential diof C.pycnocephalus

Micro-organisms MIC gn\]/gllﬁqt:;e oil
Bacillus subtillus 1
Staphylococcus aereus 5
Escherichia coli na
Pseudomonus aeruginosa| na
Mucobacterium smegmatus 5
Candida albicans na

n.a. =no activity

Acknowledgments
We are gratefully thank Dr Adnan Al-Reheely forml&ollection, and grateful thank to research eemrKuwait
University for carrying out the GC/MS analysis.

REFERENCES

[1] CN Hassiotis;Bichemical systematic and ecology, 38,201Q 493-501.

[2] E Barocelli,; F calcina; M Chiavarini; M Impiccia®; R Bruni,; A Bianchi; V Ballabeni,ife sciences, 76,
2004 213-223.

[3] S A Chaudhary, National Agriculture and Water Resde&enter, Riyadh, KSA, vdIl, part 3, p. 1172000
[4] J P Mandaville, , published by Kegan Paul Inteoral Limited, London, p. 284,99Q

[5] F Esmaeili; A Rustaiyan; M Nadimi, Essent. Oil Res., 17,2005 539-541.

[6] E.F Jordon-Thaden; S M Loudipochemical Systematic and Ecology, 31,2003 1353 -1396.

[7] B Frydman; V DeulofeuTetrahedron, 18,1962 1063-1072.

[8] | Orhan; D Orhan; B Ozc¢elilsood Chemistry, 115,2009 701-705.

[9]1 Fernandez; B Garcia; J R Pedro; A Vardagtochemistry, 30,1991 1030-1032.

[10] JB Harborne, Chemicals from Plants, PerspectivePlamt Secondary Products, Imperial College Press,
London, p. 11999

[11] A M EL-Lakany; M S Abdel-Kader; HM Hammoda; NM Gaz¥F MahmoudPharmazie, 52,1997, 78-79.
[12] M M A Amer; O M Salama; A A Omaritoterapia, 56 (1),1985 61.

[13] Kaloshina, A V MazulinKhimiya Prirodnykh Soedinenii, 3, 1988 453-455.

[14] M Abdallah; M A Ramadan; M A El-Shanawany, Bitharm Sci, Assiut Univ., 18,1989 69-76 .

[15] J F Bain; A M Desrocher&iochemical Systematics and Ecology, 16,1988 265-268

[16] M El-Lakany; M S Abdel-Kader; H M Hammoda; NM GlyazZz F Mahmoud Journal of Pharmaceutical
Sciences, 9,1995 41-43.

[17] F G Ulubelen; S OksuzJpurnal of Natural Products (Lloydia), 45,1982, 373.

[18] N A Abdel-Salam; Z F Mahmond; R Abdel-Hamid; S Mafagy,J. Pharm. &ci., 23, 1982 199-202.

[19] L Cardona; B Garcia; J R Pedro; J Préd®tochemistry, 31,1992 3989- 3991.

[20] T Boidadzhiev, Nauchni Trudove Na Visshiia Medigdininstitut, Sofiia, 1964 4337-4344.

[21] M M O Cabral; A Kelecom; E S Garcigitoterapia, 70,1999 561-567.

[22] N A Abdel-Salam; | Morelli; S Catalantnternational Journal of Crude Drug Research, 21, 1983 79-80.
[23] M E EI-Said; M M Amer, Anglo-Egyptian Bookshop, i@a 1965

[24] British Pharmacopoeia, HMSO, London, U2Q00.

[25] A | Vogel, “Practical Organic Chemistry”™ed. Longmans Private LTD, Calcuta, Bombay, Madtas1
[26] R P Adams, Allured Publishing Company, lllinois, AlIS.995

[27] F W Mclafferty; D B Staffer, The Eiley NBS Registry of Mass Spectral Data”, vb{7. Wiley Int. Public,
1989

[28] National committee for clinical laboratory standapkrformance standard for antimicrobial susceliibi
testing13' informational supplement M100S12. NCCL5, Wayne, R¥SA. 2002

[29] L A Mitscher; R P Leu; M S Bathla; W N Wu; J le8l,Lloydia, 35,1972 157-166.

[30] H M Al-Youssef; W HassanBioscinces, Biotechnology Research Asia, 7,201Q 635-646.

[31] D M Bakheet; K E H El-Tahir; K E H Al-Sayed; M U®beid; H. A Al-RashoodPharmacological Res, 39,
1999 463-479.

1286



Latifa A. Al-Shammatri et al J. Chem. Pharm. Res,, 2012, 4(2):1281-1287

[32] K. E H El-Tahir; A M Ageel; A G Mekkauri; A K BashiJ S Mossa; S A Khaledit. J. Crude Drug Res, 25,
1987 57-68.

[33] J. T. Arnason, B.J.R. Philogene, P. Morand, "insilgs of plant origin" ACS Symp. Ser. 387, America
Chemical Society, Washington, DC989

[34] K. Sukumar, M.J.Perich, L.R. Boobadr,Am. Mosg. Control Assoc. 7,199, 210.

[35] S.Wahidulla, L. De Souz&ot. Mar. 38,1995 333.

[36] V. M. V. S. Sastry, G. R. K. Rad, Appl. Phycol. 7,1995,185.

[37] K. Linyi, M. Zhida, Zhongcaoyao 27,1996 453.

[38] C.B. B. Barend, E. V. Brandi, G. R. David, H. V.. Retrus,J. Chem. Soc., Perkin Trans. I, 198Q 2179.

1287



