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AAnnttiiooxxiiddaanntt FFllaavvoonnooiiddss ffrroomm VVeerrbbaassccuumm ssaallvviiiiffoolliiuumm BBooiissss..
SSuummmmaarryy :: Phenolic natural products such as flavonoids are
known as potential antioxidant compounds. The aim of this
study was the isolation, structure elucidation and determinati-
on of radical scavenging properties of flavonoids which were
guided by DPPH autographic assay from the methanolic ext-
ract of the aerial parts of Verbascum salviifolium. From the tit-
led plant, four flavonoid glucosides, apigenin-7-O-β-glucopy-
ranoside ((11)), luteolin-7-O-β-glucopyranoside ((22)), luteolin-3'-
O-β-glucopyranoside ((33)), and chrysoeriol-7-O-β-glucopyra-
noside ((44)), were isolated. The structures of the compounds we-
re established on the basis of the spectroscopic evidence. Com-
pounds 11--44 demonstrated scavenging properties toward the
1,1-diphenyl-2-picrylhydrazyl (DPPH) radical in TLC autog-
raphic assays
KKeeyywwoorrddss:: Verbascum salviifolium, Scrophulariaceae, Flavo-

noid Glucosides, Apigenin-7-O-β-glucopyranoside,
Luteolin-7-O-β-glucopyranoside, Luteolin-3'-O-β-
glucopyranoside, Chrysoeriol-7-O-β-glucopyrano-
side, Radical Scavenging Activity.

VVeerrbbaassccuumm ssaallvviiiiffoolliiuumm BBooiissss..’iinn AAnnttiiookkssiiddaann FFllaavvoonnooiittlleerrii
ÖÖzzeett:: Flavonoitler gibi fenolik do¤al bilefliklerin potansiyel an-
tioksidan maddeler olduklar›  bilinmektedir.  Bu nedenle Ver-
bascum salviifolium’un toprak üstü k›s›mlar›n›n metanol ekst-
resinde, DPPH ile aktif oldu¤u tespit edilen flavonoitlerin, izo-
lasyonlar›n›n,  yap› tayinlerinin ve serbest radikal süpürücü
özelliklerinin tespit edilmesi amaçlanm›flt›r. Bitkiden dört flavo-
noit glukozidi, apigenin-7-O-β-glukopiranozit ((11)), luteolin-7-
O-β-glukopiranozit ((22)), luteolin-3’-O-β-glukopiranozit ((33)) ve
krizoeriyol-7-O-β-glukopiranozit ((44)) izole edilmifltir. Bileflikle-
rin yap›lar› spektroskopik yöntemlerle tayin edilmifltir. 11--44 no-
lu bilefliklerin radikal süpürücü özellikleri, ‹TK de, 1,1-difenil-
2-pikrilhidrazil (DPPH) radikaline karfl› test edilmifltir.
AAnnaahhttaarr kkeelliimmeelleerr::Verbascum salviifolium, Scrophulariaceae,

Flavonoit Glukozitleri, Apigenin-7-O-β-glu-
kopiranozit, Luteolin-7-O-β- glukopirano-
zit, Luteolin-3’-O-β- glukopiranozit, Krizo-
eriyol-7-O-β-glukopiranozit, Radikal Süpü-
rücü Özellik.

IINNTTRROODDUUCCTTIIOONN

The genus Verbascum, commonly known as "Mulle-
in", is represented by 228 species in the flora of Tur-
key1. Various preparations of some plants of this ge-
nus have been used as expectorant, mucolytic, sudo-
rific, sedative, diuretic and constipate in traditional
Turkish medicine2. Verbascum species are also used
externally for desiccating wounds, anal fistula and
pruritic conditions in urogenital organs3. In previ-
ous studies, flavonoids, phenylethanoids, lignans,
saponins and iridoids have been reported from  the
Verbascum species, as secondary metabolites4.  

Flavonoid glycosides are widely distributed in the
plant kingdom. Phenolic natural products such as
flavonoids are of particular interest because of their
antioxidant activity through scavenging oxygen ra-
dicals. Antioxidants that scavenge free radicals play
an important role in cardiovascular disease, aging,
cancer and inflammatory disorders. Therefore, it is
important to look for effective radical scavengers by
using various screening methods. The model for
scavenging stable 1,1-diphenyl-2-picrylhydrazyl
(DPPH) free radicals has been used to detect the free
radical-scavenging activity in a relatively short time
and is simpler than the other assay models. These
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observations have accelerated the search for potenti-
al antioxidant principles from traditional medicinal
plants5. 

Our previous studies have resulted in the isolation
of iridoid, phenylethanoid and monoterpene glyco-
sides and saponins from V. lasianthum6, V. cilici-
cum7, V. pterocalycinum var. mutense8 and V. salvi-
ifolium9. Further investigation on the aerial parts of
V. salviifolium yielded four flavonoid glucosides,
apigenin-7-O-β-glucopyranoside ((11)), luteolin-7-O-β-
glucopyranoside ((22)), luteolin-3β-O-β-glucopyrano-
side ((33)), and chrysoeriol-7-O-β-glucopyranoside ((44)).
The isolation of flavonoids was guided by using 0.2
% DPPH solution in MeOH as an antioxidant. The
current study also describes the structure elucidati-
on of the isolated flavonoids. 

MMAATTEERRIIAALLSS aanndd MMEETTHHOODDSS

GGeenneerraall EExxppeerriimmeennttaall PPrroocceedduurreess

The UV spectra (λmax) were recorded on a Hitachi
HP 8452 A spectrophotometer. The IR spectra (ϑmax)
were determined on ATI Mattson Genesis Series FT-
IR spectrophotometer. The 1H and 13C NMR spectra
were obtained on Bruker Avance DRX 500 spectro-
meter operating at 500 MHz for 1H NMR and at 125
MHz for 13C NMR spectra. The chemical shift valu-
es are reported as parts per million (ppm) relative to
tetramethylsilane (TMS), and the coupling constants
are in hertz (Hz, in parentheses). For the 13C NMR
spectra, multiplicities were determined by DEPT ex-
periment. LC-ESIMS FT data were obtained using a
Bruker BioApex FT-MS instrument in the ESI mode.
Polyamide (ICN) was used for vacuum liquid chro-
matography (VLC) and open column chromatog-
raphy. Pre-coated silica gel 60 F254 aluminum sheets
(Merck) were used for thin-layer chromatography
(TLC) with developing solvent-system, CHCl3-Me-
OH-H2O (61:32:7). Plates were examined by UV flu-
orescence and sprayed with  Naturstoffe A (Sigma)
and 1% vanillin in concentrated H2SO4, followed by
heating at 105°C for 1-2 mins DPPH (1,1-diphenyl-2-
picrylhydrazyl, Sigma) was used for radical scaven-
ging assay.

PPllaanntt MMaatteerriiaall 

Verbascum salviifolium Boiss. (Scrophulariaceae)
was collected from Burdur, Yesilova, Southwest of
Burdur Lake, 880 m, in June 2002. A voucher speci-
men was deposited in the Herbarium of the Pharma-
cognosy Department, Faculty of Pharmacy, Hacette-
pe University, Ankara, Turkey (HUEF 02003).

EExxttrraaccttiioonn aanndd IIssoollaattiioonn  

The air-dried and powdered aerial parts of Verbas-
cum salviifolium (339.08 g) were extracted twice
with MeOH (2x2000 ml) at 40°C. After evaporation
of the combined extract in vacuo, 40.84 g MeOH ext-
ract was obtained. The crude extract was dissolved
in water and partitioned with CHCl3. The isolation
of compounds was guided on TLC autographic as-
say using 0.2% DPPH solution in MeOH to search
for potential antioxidant molecules. The lyophilized
H2O phase (29.49 g) was fractionated by vacuum-li-
quid chromatography over polyamide column
(VLC, 250 g), eluting with H2O (400 ml) and gradi-
ent MeOH-H2O mixtures (25-100%) to afford six
main fractions (A-F) and pure 22 (59.5 mg)  and  33
(20.4 mg). Fraction F (91.8 mg) was rechromatograp-
hed on a polyamide column eluting with CHCl3-
MeOH-ethylmethylketone-acetone mixture (3:2:0.5 :
0.5 v/v) to afford 44 (5.6 mg) and 11 (4.3 mg). 

RReedduuccttiioonn ooff DDPPPPHH RRaaddiiccaall  

Methanolic solutions (0.1%) of compounds 11--44 were
chromatographed on a Si gel TLC plate using
CHCl3-MeOH-H2O (61:32:7). After drying, TLC pla-
tes were sprayed with a 0.2% DPPH (Sigma) soluti-
on in MeOH. Compounds  showing a yellow-on-
purple spot were regarded as antioxidant10, 11.

RREESSUULLTTSS AANNDD DDIISSCCUUSSSSIIOONN 

Compounds 11--44 were isolated from the methanolic
extract of the aerial parts of V. salviifolium by a
combination of vacuum liquid chromatography
(VLC) and open column chromatographic methods,
with the following results (Fig.1):
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Apigenin-7-O-β-glucopyranoside ((11)) LC-ESIMS
m/z 455 [M+Na]+ (positive mode) and m/z 431 [M-
H]¯ (negative mode) (calc. for  C21H20O10). UV (Me-

OH) λmax 268, 336 nm, IR (KBr) ϑmax 3600 (OH),
1654 (C=C), 1529, 1363 (aromatic ring) cm-1. 1H
NMR (500 MHz, DMSO-d6) and 13C NMR (125
MHz, DMSO-d6) data (see Table 1). 

Luteolin-7-O-β-glucopyranoside ((22)): LC-ESIMS m/z
471 [M+Na]+ (positive mode) and m/z 447 [M-H]¯
(negative mode) (calc. for  C21H20O11). UV (MeOH)
λmax 254, 339 nm, IR (KBr) ϑmax 3600 (OH), 1654
(C=C), 1529, 1363 (aromatic ring) cm-1. 1H NMR (500
MHz, DMSO-d6) and 13C NMR (125 MHz, DMSO-
d6) data (see Table 1). 

Luteolin-3’-O-β-glucopyranoside ((33)): LC-ESIMS
m/z 471 [M+Na]+ (positive mode) and m/z  447
[M-H]¯  (negative mode) (calc. for  C21H20O11). UV
(MeOH) λmax 270, 329 nm, IR (KBr) ϑmax 3600 (OH),
1654 (C=C), 1529, 1363 (aromatic ring) cm-1. 1H
NMR (500 MHz, DMSO-d6) and 13C NMR (125
MHz, DMSO-d6) data (see Table 1). 
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Figure 1. Flavonoids isolated from Verbascum salviifolium.

TTaabbllee 11.. 1H NMR (500 MHz, DMSO-d6) and  13C NMR (125 MHz, DMSO-d6)  data of compounds 11--33.
11 22 33

Position C δC δH J δC δH J δC δH J 
Aglycone
2 C 164.5 - - 164.6 - - 164.4 - -
3 CH 103.3 6.86 s - 103.7 6.70 s - 104.1 6.54 s -
4 C 182.0 - - 181.9 - - 181.8 - -
5 C 161.3 - - 161.0 - - 161.6 - -
6 CH 99.9 6.45 d 1.5 100.0 6.42 br s - 99.3 6.20 br s -
7 C 163.1 - - 163.1 - - 163.6 - -
8 CH 95.3 6.84 br s - 95.3 6.77 br s - 94.7 6.80 br s -
9 C 157.1 - - 157.2 - - 157.5 - -
10 C 105.7 - - 105.8 - - 103.7 - -
1' C 120.9 - - 121.8 - - 122.3 - -
2' CH 128.9 7.95 d 9.0 114.0 7.40 br s - 114.8 7.79 br s -
3' C* 116.5 6.93 d 8.5 146.0 - - 145.9 - -
4' C 162.1 - - 150.1 - - 150.9 - -
5' C 116.5 6.93 d 8.5 116.4 6.87 d 8.5 116.8 6.98 d 7.5
6' CH 128.9 7.95 d 9.0 119.6 7.41 d 9.0 122.1 7.64 d 6.0
β-Glucose
1" CH 100.3 5.07 d 7.0 100.4 5.05 d 7.0 102.3 4.91 brs -
2" CH 73.7 3.18-3.51† - 73.7 3.11-3.46 † - 73.9 3.01-3.87 † -
3" CH 77.0 3.18-3.51 † - 76.9 3.11-3.46 † - 76.5 3.01-3.87 † -
4" CH 70.1 3.20 t 9.0 70.1 3.29 t 9.0 70.6 3.01-3.87 † -
5" CH 77.7 3.00 m - 77.7 3.00 m - 77.9 3.01-3.87 † -
6"a CH 61.2 3.72 d 10.5 61.2 3.72 d 11.0 61.5 3.01-3.87 † -
6"a CH 3.48 † - 3.48 d 12.0 3.01-3.87 † -
† unclear due to overlapping
* CH for 11



Chrysoeriol-7-O-β-glucopyranoside ((44)): LC-ESIMS
m/z  485 [M+Na]+ (positive mode) and m/z 461
[M-H]¯ (negative mode) (calc. for C22H22O11). UV
(MeOH) λmax 273, 345 nm, IR (KBr) ϑmax 3600 (OH),
1654 (C=C), 1529, 1363 (aromatic ring) cm-1. 1H
NMR (500 MHz, DMSO-d6): 6.96 (1H, s, H-3), 6.46
(1H, br s, H-6), 6.87 (1H, br s, H-8), 7.58 (1H, br s, H-
2'), 6.95 (1H, br s, H-5'), 7.60 (1H, br s, H-6'), 5.05 (1H,
d, J = 7.5 Hz, H-1''), 3.00-3.46 (each 1H, overlapped,
H-2''/H-5''), 3.73 (1H, br d, J = 10.5 Hz, H-6'' a), 3.00-
3.46 (1H, overlapped, H-6'' b) and 3.90 (3H, s,
OCH3).  

Compound 11 was obtained as a yellow amorphous
powder. Its molecular formula was determined as
C21H20O10 by LC-ESIMS, 13C NMR and DEPT-135
data. The UV spectrum of 11 showed absorption ma-
xima at 268 and 336 nm suggesting its flavonoid
structure12. 

1H NMR spectrum of 11 showed  two meta-coupled
protons at δH 6.45 (1H, d, J = 1.5 Hz) and 6.84 (1H, br
s), which were assigned to characterize H-6 and H-8
protons, respectively, with a singlet at δH 6.86 for H-
3. In addition, the methine carbon signal at δC 103.37
was attributed to C-3 in the 13C NMR spectrum,  in-
dicating a 5,7 dihydroxy-flavone13, 14. Moreover, the
1H NMR resonances typical for AB system of two
ortho-coupled aromatic protons of ring B were ob-
served at δH 6.93 (1H, d, J = 8.5 Hz, H-3'/5') and 7.95
(1H, d, J = 9.0 Hz, H-2'/6') which  was verified from
the 13C NMR resonances at δC 116.5 (C-3',5') and
128.9 (C-2',6') 14, 15. The anomeric proton appearing
at δH 5.07  (1H, d, J = 7.0 Hz, H-1'', δC 100.3) together
with the signals in the region of δH 3.00-3.72 and δC
61.2-77.7 suggested the presence of one glucopyra-
nosyl moiety. The coupling constant of the anomeric
proton indicated that sugar moiety was connected to
the flavone via an O-linkage. Morever, the chemical
shift value of  H-1'' (δH 5.07) was typical of an attach-
ment at C-7 position14. The downfield shifts of A
ring proton signals (H-6/8, ∆δ+ 0.2 and + 0.3 ppm,
respectively) also supported this assumption, com-
pared with that of apigenin14. The chemical shift va-
lue of H-1" also confirmed that the β-glucose unit
was connected to C-7 through an O-linkage14-16. 

Consequently, compound 11 was determined to be
apigenin-7-O-β-glucopyranoside14-16. 

Compounds 22 and 33 were isolated as yellow amorp-
hous powders. Their UV and IR spectra were cha-
racteristic of a flavone system12. The molecular for-
mula of compounds 22 and 33 were both determined
as C21H20O11 by LC-ESIMS, which exhibited a mole-
cular ion at m/z 471  [M+Na]+ (positive mode) and
m/z 447  [M-H]¯ (negative mode). The 1H and 13C
NMR data and DEPT-135 analysis of compounds 22
and 33 were almost identical with that of 11. However,
the presence of an AMX spin system at δH 6.87 (1H,
d, J = 8.5 Hz, H-5'), 7.40 (1H, br s, H-2') and 7.41 (1H,
d, J =  9.0 Hz, H-6') for 22 and at δH 6.98 (1H, d, J = 7.5
Hz, H-5'), 7.64 (1H, d, J = 6.0 Hz, H-6') and 7.79 (1H,
br s, H-2') for 33, instead of two ortho-coupled doub-
let signals, was indicative of a luteolin moiety as a
basic skeleton14. The resonances of the anomeric
protons observed in the low-field region at δH 5.05
(1H, d, J = 7.0 Hz) in 22 and at δH 4.91 (1H, br s) in 33,
implied that compounds 22 and 33 were both luteolin
glucosides14. The major difference between 22 and 33
was concluded as the attachment site of the glucosyl
unit on the aglycone moiety. The site of glycosylati-
on in 22 was determined to be the C-7 position based
on the chemical shifts of H-6 and H-8 (∆δ+ 0.2 and +
0.3 ppm, respectively) in comparison to that repor-
ted for luteolin14.  When the 1H NMR chemical
shifts of B ring protons of 33 were compared with that
of luteolin14, the H-2' and H-6' signals were seen to
be shifted downfield by 0.4 and 0.2 ppm, respecti-
vely. These assumptions were confirmed by 13C
NMR data (see Table 1). The chemical shift values of
the anomeric protons and carbon atoms for compo-
unds 22 and 33 as well as the C resonances of the
hydroxyl group at indicated that the β-glucose units
were connected at C-7 (for 22) and C-3' (for 33) thro-
ugh an O-linkage. 

Consequently, compounds 22 and 33 were determined
to be luteolin-7-O-β-glucopyranoside14-16 and lute-
olin-3'-O-β-glucopyranoside14-16, respectively.

Inspection of the 1H and 13C NMR data of compo-
und 44 showed signals very similar to those of com-
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pound 22 with additional signals arising from an aro-
matic methoxyl group at δH 3.90. This methoxyl gro-
up was found to be attached to C-3' atom, characte-
ristic of a di-ortho substituted methoxyl group beca-
use  methylation of a B-ring hydroxyl causes a
downfield shift of about 0.15 ppm of the ortho and
para position14.  Comparison of the 1H NMR spect-
roscopic data of 44 [δH 7.58 (1H, br s, H-2') and
7.60 (1H, br s, H-6')] with those of  22 [δH 7.40 (1H,
br, s = 9.0 Hz, H-2') and 7.41 (1H, d, J = 9.0 Hz, H-6')]
indicated that 44 was a 3'-methyleter  derivative of 22,
based on the above knowledge. The full assignment
of the proton signals of the aglycone and sugar mo-
ieties established that compound 44 was chrysoeriol-
7-O-β-glucopyranosidel4. 

CCoonncclluussiioonn

To our knowledge, this study is the first report for
luteolin-3'-O-β-glucopyranoside. (33) from the Ver-
bascum spec.

Compounds 11--44 were found to have significant anti-
oxidant properties, based on the experiments with
1,1-diphenyl-2-picrylhydrazyl (DPPH), which indi-
cated their ability to efficiently scavenge free radi-
cals. Definite structural features are important deter-
minants for radical scavenging activity and/or anti-
oxidant potential of flavonoids17.
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