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Abstract

Silypbum marianum(milk thistle) seeds and other parts of this medicinal plant haveussehtraditionally for centuries in
the treatment of liver and several other diseases. Purified extractsfroadthe fruits of Silybummarianum(SM) chiefly
contains silymarin and are available commercially. Silymarin is usedl@saay supplement and is one of the widely used
alternative medicines. The present study was conducted to investigate i antioxidant potential 0BM seed extracts
by DPPH method and to isolate the phytoconstituents present in e¢tgteaextract. Phytochemical investigation of the
seeds of SM vyielded eight aliphatic carbonyl hydrocarbons. Teenichl structure of all the phytoconstituents were
elucidated on the basis of spectral data analysis. Antioxidant activitetbanolic seed extract was found to be better than
the ethyl acetate as well as standard ascorbic acid which could be ltigé ftavonoid content. Thus result of this study
support use of silymarin as a dietary natural antioxidant supplementgraddufood industry to prevent free radical related
diseases.
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Introduction

Silybummarianum(L) Gaertn. Syn Carduusarianus(L) is commonly known as milk thistle or holy thistlét is an erect,
stout, annual herbaceous plant that belongs to family Asteracea®¢Sitae). Milk thistle grows in paddocks along road
sides, wastes grounds and is distributed from sea to the sub mountairs téhibt00 m of attitudé. Seeds of Silybum
marianum are useful in controlling haemorrhage and also usedefaretitment of jaundice and calculi of liver and gall-
bladder® Silypbummarianum(SM) has been studied extensively and reported to have multipatelogical actions such
as anti-inflammatory, antibacterial, hepatoprotectant, anticancer, idativetc 4°

SM fruits are rich in phenolic compounds such as flavonoid complgxaiin. Silymarin consists of a large number of
flavolignans including silybin (or silybinin), isosilybin, silydianin and silychridtiand is the major constituent of
standardized extract. Seeds also contain taxifolin, quercetin, bet#nesilybonol proteins, fixed oil and free fatty acids,
which may contribute to the health giving effects of milk thistle séed

The aim of the present study was to isolate and characterize the stoi¢cheg@hytoconstituents present in the ethyl acetate

extract ofSM seeds and to study the free radical scavenging activity by DPPH method

Materialsand Method

General: The melting points were recorded using a Perfit melting point apisaaad are uncorrected. IR spectra were
recorded in KBr pellet on Win IR FTS 135 instrumettl NMR spectra were recorded in CR®h Bruker DRX 300 NMR
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spectrophotometer using TMS as an internal referefiibemical shift values are expressed as & ppm. FAB mass spectra
were scanned at 70eV on a Jeol D-300 instrument. Column atography for isolation of chemical constituents was
performed on silica gel (60-120 mesh, Merck). Purity of the isoledethounds was checked by thin layer chromatography
on pre- coated silica gel G plates using iodine vapors as a locatiegteag

Plant material

Silypbum marianum(L) Geartn. seeds were purchased from local market of Delhi aiherdicated by the taxonomist,
Faculty of Science, Jamia Hamdard, New Delhi. A voucher specim@ndeposited in the herbarium of Faculty of
Pharmacy, Jamia Hamdard, New Delhi for future reference.

Preparation of extract:

The dried powdered seedsKty) were extracted with ethanol by cold percolation for two weeks. [Bo@alic extract was
dried under reduced pressure to obtain a dark brown viscous bidksgn{, % yield; 11% it was fractionated into ethyl
acetate §0 gms) and methanol (30 gm) soluble portions

I solation of phytoconstituents:

The viscous mass of ethyl acetate extract was adsorbed on sil{6®-d&l0 mesh) to prepare the slurry. It was dried in air,
loaded on to the silica gel column prepared in petroleum ethehandhe column eluted successively in order of increasing
polarity with petroleum ether, petroleum etichloroform (9:1, 8:2, 1:1 v/v), chloroform and chloroform-methg89:1

v/v ). The fractions collected were subjected to TLC and fractionsidnaame Rvalues were combined together. The
isolated compounds were re-crystallized in suitable organic solvents to thigtanre compounds.

18- hydroxyl 6-oxo icosanoic acid (1)

Elution of column with petroleum ether-chloroform (9:1) gave colodegstals of 1 which was recrystallized from hexane-
benzene (1:1), 450 mgy;R.35 (petroleum ether: chloroform, 1:1), m.p.ﬁBo-C; IR (KBr): 3649, 2360, 1780, 1540, 1025,
751 cm; 'H NMR (CDC): & 0.98 (3H, t, CHy), 1.26 (16H, brs, 8XCH), 1.41 (4H, m, 2XCH), 1.56 (6H, m, 3XCH), 2.0
(1H, s, OH), 2.31 (2H, t, CJ€OO0H), 2.50 (4H, t, CHCO-CH,), 3.55 (1H, m, CH), 10.8 (1H, s, COOH), FABMS m/z (rel.
int); 342 (M] CooHag04 (21.5%), 314 (13.5%), 228 (14%), 129 (58%), 59 (100%).

I cosanoic acid pentyl ester (2)

Elution of column with petroleum ether-chloroform (9:1) affordeslorless needle like crystals of 2 which was
recrystallized from benzene. 680 mg; R.61 (benzene: ethyl acetate, 1:1), m.p385C; IR (KBr): 2918, 850, 1738,
1508, 1086, 746 cm*; *H NMR (CDCl): 5 0.89 (6H, t,2xCHa), 1.25 B2H, brs,16XCH,), 1.40 (4H, m, 2XCHCH3), 1.59
(2H, m, CHCH,0OCO), 165 (2H, m COCH,CHj,), 226 (2H, t, CHCO), 4. 09 (2H, t, CHOCO), FABMS m/z (rel. int);
382 (M'] CugHsdO, (6.5%), B2 (30%), 338 (42.2%), 310 (26%), 295 (6%), 267 (11.2%), 158(%h), 142 (11.3%), 87
(100%), 54 (30%).

n-Heptadecanoic acid(3)

Elution of column with petroleum ether-chloroform (8:2) furnishealartess crystalline compound 3, recrystallized from
benzene, 350 mg,R0.29 (chloroform: ethyl acetate, 1:1), m.p. %2 spectra was comparable with an authentic sample;
272 (M*] C17H3,0,.

25-0x0 nonacosanoic acid (4)

Elution of column with petroleum ether-chloroform (8:2) producelbrtess crystalline flakes of 4, recrystallized from
acetone. 475 mg,{R0.73 (chloroform: ethyl acetate, 1:1), m.p. 48%€9 IR (KBr): 2918, 2850, 1701, 1652, 1559, 1508
1066, 782 cif; 'H NMR (CDCk): 5 0.91 (3H, t, CH), 1.28(38H, brs, 19XCH), 132 (2H, m, CHCH,), 165 (6H, m,
3XCH,CH,CO), 234 (2H, t, CHCOOH), 2. 39 (4H, t, CH-CO), FABMS m/z (rel. int)452 (M'] CogHsOs (6.2%), 367
(8.4%), 31 (19%), 284 R1.2%),256(19.7%), 85 (10%), 56{%).
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Pentanoic acid hetpadecyl ester (5):

Elution of column with petroleum ether-chloroform (1:1) affordedbdess crystals of 5 which was recrystallized from
chloroform. 550 mg, R0.37 (benzene: ethyl acetate, 6:4), m.p. 4P@8IR (KBr): 2919, 2851, 2360, 1712, 1468, 1168,
1038 723 cnit; *H NMR (CDCl): § 0.90 (6H, t, 2xCHy), 1.26 (26H, brs, 13XC), 1.60 (4H, m, 2XCHCHj), 1.62 (2H, m,
CH,CH,OCO), 1.65 (2H, m, COCH,CH,), 231 (2H, t, CHCOO), 414 (2H, t, COO-CH), FABMS m/z (rel. int); 30
(M*] CaHa,0, (4.8%), A2 (7.2%), 284 37.8%), 256 [5%), 213 (10.5%), 157(6.0%), 143 (3.3%),57 (76.%).

Tricosan 5-one (6)

A yellow crystalline compound 6 was isolated by elution of columith petroleum ether-chloroform (1:1) that was
recrystallized in chloroform. 450mg,;R0.37 (benzene: ethyl acetate, 6:4), m.p. 54G5IR (KBr): 2918, 2850, 2340,
1703, 1463, 1038, 789, 668 ¢rtH NMR (CDCh): & 0.88 (6H, t, 2xCHj), 1.25 (28H, brs, 14XC}), 1.36 (4H, m, 2XCH-
CHj), 1.63 (4H, m, CHCH,CO), 2.71 (4H, t, CKCO), FABMS m/z (rel. int); 38 (M™] Cy3HaeO (13.6%), 310 (Z.0%), 2
(29.9%), 254 (11.8%),84(9.6%), 128 (43.3%),73 (100%), 43 (78 %).

5-hydroxy pentanoic acid henicosylester (7)

Elution of column with 100% chloroform furnished white amorphpowder of 7 that was recrystallized from ethylacetate.
375 mg, R 0.47 (benzene: ethyl acetate, 1:1), m.p. 58591R (KBr): 3384, 2916, 2850, 2361, 1730, 1469, 1100, 1045
785 cm’; *H NMR (CDCk): 5 0.88 (3H, t, CHy), 1.25 (34H, brs, 17XC}), 1.49 (2H, m, CHCH,OH 1.60 (2H, m, Ch-
CHy), 1.62 (2H, m, CHCH,COO), 1.64 (2H, m, COOCHCH,), 2.03 (1H, s, OH), 2.35 (2H, t,_ GEOO), 3.53 (2H, m,
CH,OH), 4.22 (2H, t, COO-C}), FABMS m/z (rel. int); 412 (M C,eHs,05 (4.0%), 384 (7.2%),3 (17.2%), 31115.8%),
265 (43%), 133 (13.5%),73(9.0%), 55 67.%).

Nonadecanoic acid butyl ester (8)

Elution of column with chloroform-methanol (99:1) furnished colorlesstats of 8 which was recrystallized from
ethylacetate. 400 mg,F0.52 (ethylacetate: chloroform, 1:1), m.p. 32%83IR (KBr): 2919, 2851, 2360, 1712, 1468, 1168,
1038 723 cnt; *H NMR (CDCL): & 0.88 (6H, t, 2xCHa), 1.25 (28H, brs, 14XC), 1.30 (4H, m, 2XCHCH;), 1.57 (2H, m,
CH,CH,0OCO), 1.62 (2H, m, OCOC)EH,), 2.21 (2H, t, OCOCH), 4.19 (2H, t, CHOCO), FABMS m/z (rel. int); 354 (K}
CoaHas02 (3.7%), 261 (9.2%),27 (10.8%), B4 (11.3%), 73 (81%), 55 (45%).

Deter mination of antioxidant activity by DPPH- scavenging assay
The free radical scavenging activity of the ethyl acetate extract (EAdE)reethanolic extract (ME) d8M seeds and of
standard solution (ascorbic acid) were investigated using 1,1-diphgngtythydrazyl (DPPH) radical scavenging method
as per reported meth8dlhe assay mixture contained 2 mL of 1.0 mM DPPH radical solptiepared in methanol and 1
mL of standard or extract solution of different concentratiat®100 pg/mL). The solution was rapidly mixed and
incubated in dark at 3%C for 20 min. The decrease in absorbance of each solutismeasured at 517 nm using UV/Vis
spectrophotomer. Ascorbic acid, a well known antioxidant wad aseositive control while DPPH radical solution with 1
mL methanol was taken as blank. The percent (%) radical scavengiraplealated by the following formula:
% free radical scavenging activity= [AAJ] x 100

R
Where A= Absorbance of control at 517 nm and

A= Absorbance of sample
Results and Discussion
Phytochemical investigation of the ethyl acetate extract yielded eight aliphatic cahyaingtarbons. All
isolated compounds showed characteristic IR absorption band at 170%k#ti?80due to the presence of

carbonyl group (C=0) in their structure. Compounahd7 displayed additional absorbance bands in IR
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spectrum at 3649 and 3384 ¢mespectively, indicating them to be alcohol. On the basis of FAB mass and
"MNMR spectra, molecular peak of the compounds was determined and mofecualae were obtained.
Identity of compounds was further established by mass fragmentatitamns which showed cluster of peaks
and the corresponding peaks of each cluster were 14 (@&ks units apart confirming saturated hydrocarbon
nature of the phytoconstituents. Compoundrand8 gave distinct fragments at 87 (100%) and 73 (81%) that
are accounted for pentyl and butyl alcohol fragments obtained fiencléavage of ester linkage. Similarly
fragmentation pattern of compoubdand? also indicated them to be esters in which the alcohol portion is the
predominant portion of the molecufid NMR spectral data further confirmed the presence of long chain of
hydrocarbon along with one or more carbonyl groups. A thre®ns triplet around0.9 in all*H NMR spectra

is ascribed to methyl protons that indicates free terminal primary meibwyp gn all compounds. Compound
number2, 6 and9 gave peak for six protons and was due to presence of two termimakrypmethyl groups.
Signal of methylene protons adjacent to carbonyl group appearedielovas a triplet. The other methylene
protons appeared between & 1.25- 4.22. On the basis of these spectral studies isolated compounds were
characterized and are presented in figure 1.

DPPH free radical scavenging activity is an easy and widely used mfthdestingin- vitro antioxidant
activity of natural compounds or a plant extract$ie scavenging effect of different concentration of EAE and
ME of SM seeds on the DPPH free radical was compared with standardidamipyAscorbic acid. The results
are expressed as % inhibition and are shown in TaliMElshowed a dose dependent scavenging activity, and
was found to be better than the EAE as well as ascorbic acid. The anti@dtaity of EAE was found to be
comparable with ascorbic acid. It was not surprising that ME shovwggaihscavenging activity at all tested
concentrations than the standard ascorbic acid that is due to the preseryreasifrsénd other flavonoids in the
plant material. The free radical scavenging propertyMf iS therefore, one of the mechanisms by which this
plant is effective as a traditional medicine against variety of diseases.

Conclusion

Our results demonstrated that SM seeds have powerful antioxidantyaatidittherefore it can be concluded
that regular consumption of the seeds of SM can be beneficial in prevéegntadical related diseases. We
also isolated and characterized few long chain hydrocarbon and theatidesvor the first time from the ethyl
acetate fraction of SM seeds.
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Figure 1: Chemical structure of isolated compounds (1-8) from the seeds of Silybum marianum
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Table 1: Percentage inhibition of DPPH freeradical by EAE and ME of Silybum marianum/ Ascorbic acid at 517nm

Concentration % inhibition of DPPH
(pg/mL) EAE ME Ascorbic acid
10 13.5+1.23 33.1+1.47 21.58+0.12
20 76.34+2.2 95.34+3.25 89.68+0.35
50 85.54+2.9 99.1+1.6 90.71+1.23
100 91.23+3.1 99.7+.1.3 92.32+2.05

Values are mean + SD, n=3



