
About ten species of genus Lindelofia (Boraginaceae) are
found in Central and West Asia and in Himalayan regions of
Pakistan. Lindelofia stylosa (KAR. & KIR.) is a perennial herb
reported to contain pyrrolizidine alkaloids.1—8) In continua-
tion of our studies on the biologically active phytochemicals,
we investigated the whole herb of L. stylosa of Pakistani ori-
gin. The present work resulted in the isolation of compounds
1—7. The structures of the isolated compounds were eluci-
dated mainly with the help of NMR spectroscopic tech-
niques.

Three members of the phenyl propanoid class (compounds
1—3) were isolated from the EtOAc fraction of the plant
which were identified to be the derivatives of lithospermic
acid.

New compound 1 was isolated as a brown yellow gum.
The compound showed an M� at m/z 579.1493 in HR-FAB-
MS (-ve), in agreement with the formula C30H28O12 (Calcd
579.1502). Its IR spectrum showed the presence of an a ,b-
unsaturated carbonyl system at 1722 cm�1. The overall spec-
tral data of compound 1 closely resembled the known com-
pound dimethyl lithospermate (2),9) the only difference be-
tween the two compounds being the appearance of signals
for O–CH2CH3 moiety in the NMR spectra of 1. The
O–CH2CH3 protons appeared as an AB quartet at d 4.14
(J�14.2 Hz, J�7.0 Hz), and a triplet at d 1.19 (J�7.0 Hz),
which corresponded to the carbons resonated at d 62.4 and
14.3, respectively. This indicated that compound 1 is an ethyl
ester of lithospermic acid.

Compound 2 exhibited an M� at m/z 565.1343 in the 
HR-FAB-MS (-ve), which corresponded to the formula
C29H26O12 (Calcd 565.1346). The spectral data of compound
2 was found to be identical with the reported dimethyl lithos-
permate, which was first isolated from Salvia mitiorrhiza.9)

Compound 3 showed an M� at m/z 745.1766 in the HR-
FAB-MS (-ve), suggestive of the formula C38H34O16 (Calcd
745.1768). The overall spectral data of compound 3 was
identified as a known methyl ester derivative of lithospermic
acid B, which was isolated from Salvia przewalskii.10)

The comparison of 1H- and 13C-NMR data and physical
data with those reported in the literature, indicated com-
pounds 4—7 were esters of rosmarinic acid (4),11,12) O-
methyl rosmarinate (5),13) ethyl rosmarinate (6)14) and butyl
derivative (7).15) Their isolation from L. stylosa is reported
here for the first time.

The isolated compounds 1—7 were found to possess radi-
cal scavenging properties in DPPH radical assay, among
which, compounds 3 and 4 have exhibited the strongest ac-
tivities. The rosmarinic acid (4) was found to be as active as
the standard (3-t-butyl-4-hydroxyanisole).

Compound 4 has been reported in previous studies to be
potent antioxidant.16,17) It increases the prostaglandin E2 pro-
duction and reduces the production of leukotriene B4 in
human polymorphonuclear leukocytes.18) It is also an in-
hibitor of complement C3-convertase19,20) as well as an in-
hibitor of lipid peroxidation.21)

Our results have indicated that the derivatives of lithosper-
mic acid, possessing a C-19 lactate moiety, are more active
than those without such substituents, such as compounds 1
and 2. The study of antioxidant potentials of compounds 1—
7 was carried out by using Fe2�-chelating and superoxide
scavenging assays. The results demonstrated the selectivity
of compounds 3—5 in these two assays, while the others
were inactive. Interestingly, compound 3 has shown activity
which is comparable to the standard propyl gallate used in
the two assays. Our results demonstrated that the rosmarinate
ester derivatives 4—5 and compound 3 possess significant
antioxidant activities in various assays (see Table 1).

Experimental
General Experimental Procedures Melting points were determined on

a Yanaco apparatus. UV spectra were measured on a Shimadzu UV240 ma-
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Fig. 1. Structures of Compounds 1—7



chine in MeOH solutions. IR spectra were recorded as KBr discs on a
JASCO A-302 spectrometer. 1H- (500 MHz) and 13C-NMR (125 MHz) spec-
tra were recorded in CD3OD solutions on a Bruker AV-500 machine with
tetramethylsilane (TMS) as an internal standard and the data is given in d
(ppm). 2D NMR spectra were taken on a Bruker AMX 500 NMR spectrom-
eter. Electron impact mass spectra (EI-MS) were taken at 70 eV on a Finni-
gan MAT-112 or MAT-312 instrument and major ions are presented as m/z
(%). Fast bombardment (FAB)-MS were measured as glycerol matrix on a
JEOL HX110 Mass spectrometer. TLC purification was carried out on pre-
coated silica gel cards (E. Merck) and the spots were observed first under
UV (254 nm) and then sprayed with cerium(IV)sulfate reagent and heated
until coloration developed. Recycling preparative HPLC (RPHPLC) was
used for final purification (JAI LC-908W, Japan Analytical Industry Co.
Ltd.) with a column YMC ODS H-80 or L-80 (YMC, Japan).

Plant Material Whole plants of Lindelofia stylosa (KAR. & KIR.) were
collected from Britswarr Gali, Leepa Valley, Azad Kashmir, Pakistan, in
September—October 2002 by Prof. Shafiq-ur-Rehman, Department of
Botany, University of Azad Jammu & Kashmir (voucher specimen No
AJKUH-786165).

Extraction and Isolation Air-dried and powdered Lindelofia stylosa
(3 kg) was extracted thrice (each for one week) with MeOH (6 l) at room
temperature. The resulting MeOH extract (ca. 150 g) was partitioned be-
tween hexane, EtOAc, n-butanol and water to obtain 15, 24, 50 and 40 g of
extracts, respectively. The EtOAc fraction was chromatographed on a silica
gel column and eluted with hexane, hexane–EtOAc (1 : 1, 2�500 ml),
EtOAc (100%, 2�750 ml), EtOAc–MeOH (2 : 1, 2�500 ml) and
EtOAc–MeOH (1 : 1, 2�750 ml). Fraction eluted at EtOAc–MeOH (2 : 1,
3.5 g) was again chromatographed on a silica gel column with
acetone–CHCl3 (20 to 80%, 2�300 ml) to obtain seven fractions, among
which fractions 3 and 4 (350 mg) were combined and subjected to purifica-
tion on a recycling preparative HPLC (RPHPLC) to obtain compound 3
(40 mg, 1.33�10�3%, tR 52 min), using H2O–MeOH (1 : 1); H-80 column
with flow rate of 4 ml/min. The fraction eluted at MeOH–EtOAc; 1 : 1 (5.0 g)
from silica gel column chromatography was passed through a polyamide
column and eluted with CHCl3 with increasing proportions of methanol.

Among these, two fractions, 7—12 and 16—20, obtained by solvent gra-
dient of 10—25% MeOH–CHCl3 were combined and subjected to RPHPLC
purification. The use of ODS chromatography (L-80 column) on HPLC of fr.
7—12 (310 mg) using H2O–MeOH (1 : 1) as a mobile phase at a flow rate of
4 ml resulted into two unresolved fractions A and B. These fractions were
subjected again to RPHPLC with modified separation conditions using a H-
80 column, H2O–MeOH (1 : 2) and flow rate of 3 ml per min, for isolation of
compound 5 tR time 30 min (120 mg, 4.0�10�3%). Compounds 6 (110 mg,
3.66�10�3%) and 7 (20 mg, 6.66�10�4%) were isolated under the similar
RPHPLC conditions as those of compound 5 with retention time of 38 and
56 min. respectively. Both of these compounds were obtained from fraction
B. Fractions 16—20 from polyamide column (162 mg) when subjected to
RPHPLC with H2O–MeOH (1 : 2) as a mobile phase, H-80 column and a
flow rate of 3 ml per min, resulted in the isolation of compounds 2 (15 mg,
5.0�10�4) and 1 (20 mg, 6.66�10�4).

A part of the n-butanolic fraction (15 g) on treatment with HP-20 resin
followed by polyamide column chromatography on 15—25% MeOH–CHCl3

afforded a fraction (3 g) which was treated with Sephadex LH-20 and finally
with RPHPLC on an L-80 column using H2O–MeOH (1 : 1) as a mobile

phase to yield rosmarinic acid (4) (180 mg, 6.0�10�3) and some unidenti-
fied compounds.

Ethyl Lithospermate (1): C30H28O12: Brown yellow gum, [a]D
23 �65.6°

(c�0.25, MeOH); UV (MeOH) lmax (log e 309 (3.46), 290 (3.46), 254
(3.46), 224 (3.56), 197 (3.84), 194 (5.04) nm; IR (KBr) nmax 3300, 2933,
1722, 1608, 1517, 1444, 1265, 1166 cm�1; HR FAB-MS (-ve) m/z 579.1493
(M�-1); EI-MS m/z 321 (6.7%), 280 (27.6%), 123 (100%), 77 (34.7%); 1H-
NMR d (CD3OD, 500 MHz): d 7.71 (d, J�15.9 Hz, H-7), 7.19 (d, J�8.4 Hz,
H-6), 6.82 (d, J�8.4 Hz, H-5), 6.5—7.0 (overlap., H-27), 6.5—7.0 (overlap.,
H-23), 6.5—7.0 (overlap., H-17), 6.5—7.0 (overlap., H-26), 6.5—7.0 (over-
lap., H-16), 6.5—6.9 (overlap., H-13), 6.28 (d, J�15.9 Hz, H-8), 5.16 (m, H-
10), 5.88 (d, J�4.8 Hz, H-21), 4.41 (d, J�4.8 Hz, H-20), 4.14 (q, J�14.2,
7.0 Hz, OCH2), 3.68 (s, OMe), 3.02 (m, H-11), 1.19 (t, J�7.0 Hz,
OCH2CH3). 

13C-NMR: d (CD3OD, 125 MHz): d 173.6 (C-19), 171.6 (C-18),
168.0 (C-9), 148.8 (C-3), 146.8 (C-14), 146.6 (C-24), 146.2 (C-4), 145.4 (C-
25), 145.4 (C-15), 144.1 (C-7), 133.3 (C-22), 128.7 (C-12), 127.0 (C-2),
124.4 (C-1), 121.9 (C-17), 121.8 (C-6), 118.4 (C-27), 118.3 (C-5), 117.5 (C-
13), 116.4 (C-8), 116.4 (C-26), 116.3 (C-16), 113.4 (C-23), 88.5 (C-21),
74.8 (C-10), 62.4 (OCH2), 57.3 (C-20), 53.2 (OMe), 37.8 (C-11), 14.3
(OCH2CH3).

DPPH Radical Scavenging Assay The assay was performed according
to the method developed by Lee et al.22) Five microliters of each sample was
dissolved in DMSO and mixed with 95 m l of DPPH in ethanol. The concen-
tration of DPPH was maintained at 300 mM with variable concentrations of
sample. The mixture was dispersed in a 96-well plate and incubated at 37 °C
for 30 min. The absorbance at 515 nm was measured by microtitre plate
reader (Spectramax plus 384 Molecular Device, U.S.A.), and percent radical
scavenging activity was determined in comparison with the DMSO-treated
control (3-t-butyl-4-hydroxyanisole).

Superoxide Anion Scavenging Assay The reaction mixture was pre-
pared by mixing 280 mM b-nicotinamide adenine dinucleotide reduced form
(NADH), 80 mM nitroble tetrazolium (NBT), 8 mM phenazine methosulphate
(PMS) and various concentrations of test samples in 200 m l of 0.1 M phos-
phate buffer (pH 7.5). The NBT, NADH and PMS solutions were prepared in
the same buffer. Test samples were dissolved in DMSO. The reaction was
performed in 96-well microtitre plates at room temperature and absorbance
was measured at 560 nm.23)

Measurement of Fe2� Chelating Ability The Fe2� chelating ability
was determined according to the modified method of Decker and Welch.24)

The concentrations of Fe2� ion were measured from the formation of ferrous
ion-ferrozine complex. The pure compounds (31.25 to 1 mM) were mixed
with 0.4 mM FeCl2 and 1 mM ferrozine (ratio 10 : 1 : 2). The mixture was
shaken and left at room temperature for 10 mins. The absorbance of the re-
sulting mixtures were measured at 562 nm by microtitre plate reader. A
lower absorbance of the reaction mixture indicated a higher Fe2�-chelating
ability.
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