Screening for Free Radical Scavenging and Cell Aggregation Inhibitory
Activities by Secondary Metabolites from Turkish Verbascum species

I. Irem Tatli®*, Satoshi TakamatsuP®, Ikhlas A. Khan®, and Zeliha S. Akdemir®

a Department of Pharmaceutical Botany, Faculty of Pharmacy, Hacettepe University, Sihhiye,
06100, Ankara, Turkey. Fax: +90-312-3114777. E-mail: itatli@hacettepe.edu.tr

b National Center for Natural Products Research, Research Institute of Pharmaceutical
Sciences, School of Pharmacy, The University of Mississippi, University, 38677, MS, USA

¢ Department of Pharmacognosy, Faculty of Pharmacy, Hacettepe University, Sihhiye,
06100, Ankara, Turkey

* Author for correspondence and reprint requests
Z. Naturforsch. 62¢, 673-678 (2007); received March 16/April 27, 2007

Free radical scavenging and cell aggregation inhibitory activities of 36 secondary metabo-
lites isolated from the methanolic extracts of Verbascum cilicicum Boiss., V. lasianthum Boiss.
ex Bentham, V. pterocalycinum var. mutense Hub.-Mor., and V. salviifolium Boiss. (Scrophula-
riaceae) were investigated. The isolated compounds, 6-O-vaniloyl ajugol (1), ilwensisaponin
A (2), ilwensisaponin C (3), verbascoside (4), f-hydroxyacteoside (5), martynoside (6), poli-
umoside (7), forsythoside B (8), angoroside A (9), dehydrodiconiferyl alcohol-9-O-f3-p-gluco-
pyranoside (10), dehydrodiconiferyl alcohol-9'-O-3-p-glucopyranoside (11), apigenin 7-O-f-
glucopyranoside (12), luteolin 7-O-f-glucopyranoside (13), luteolin 3’-O-f-glucopyranoside
(14) and chrysoeriol 7-O-f-glucopyranoside (15), exhibited a dose-dependent inhibition of
bioautographic and spectrophotometric DPPH activities. Verbascoside (4) was the most ac-
tive (ICsy 4.0 ug/ml) comparing it to vitamin C (ICs, 4.4 ug/ml) to inhibit phorbol 12-myris-
tate 13-acetate (PMA)-induced peroxide-catalyzed oxidation of 2',7’-dichlorofluorescein
(DCFH) by reactive oxygen species (ROS) within human promyelocytic HL-60 cells. Ilwensi-
saponin A (2) (MIC 6.9 ug/ml) showed moderate in vitro activity on lymphocyte-associated
antigen-1 (LFA-1)/intercellular adhesion molecule-1 (ICAM-1)-mediated aggregation using
the HL-60 cell line [positive control was cytochalasin B (MIC 2.3 ug/ml)]. None of the other
compounds showed free radical scavenging and cell aggregation inhibitory activities.
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Introduction

Verbascum species (Scrophulariaceae), com-
monly known as “mullein”, are reported to have
expectorant, mucolytic and demulcent properties
and are used to treat respiratory problems such as
bronchitis, dry coughs, tuberculosis and asthma in
traditional Turkish medicine. The species are also
used to treat haemorrhoids, rheumatic pain, super-
ficial fungal infections, wounds and diarrhoea, and
have inhibitory activities against the murine lym-
phocytic leukaemia and influenza viruses A2 and
B (Baytop, 1999; Turker and Camper, 2002).

Our previous studies have resulted in the isola-
tion of 1 monoterpene and 21 iridoid glycosides, 2
oleanane-type triterpenoid saponins, 6 phenyleth-
anoid, 2 neolignan and 4 flavonoid glycosides from
V. cilicicum Boiss. (Tatli et al., 2003), V. lasianthum
Boiss. ex Bentham (Akdemir et al., 2004a, b), V.
pterocalycinum var. mutense Hub.-Mor. (Tatli et al.,

2004), and V. salviifolium Boiss. (Akdemir et al.,
2003, 2004c, 2005).

Reactive oxygen species (ROS) have been im-
plicated in lipid peroxidation, inflammation, heart
diseases, atherosclerosis, cataract, cognitive dys-
function, AIDS, cancer and aging. This has been of
world-wide interest in endogenous and exogenous
antioxidants. Plants have proven to be rich sources
of radical scavengers. Therefore, it is important to
look for effective radical scavengers by using vari-
ous screening methods (Takamatsu et al., 2003a,
b). Cell adhesion process also plays roles in patho-
logical conditions such as chronic inflammation
and cancer metastasis. Cell adhesion molecules
(CAMs) are important in the regulation of the im-
mune response and inflammation (Takamatsu
et al., 2004).

In these contexts, natural compounds are receiv-
ing increasing attention. As a part of our ongoing
research on Verbascum species growing in Turkey,
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we here report the possible biological activities of
secondary metabolites from four Turkish Verbas-
cum species.

Material and Methods
Plant material

Verbascum cilicicum Boiss. (Scrophulariaceae)
was collected from Adana, between Pozanti and
Ulukisla, Alihoca village, in July 2000. V. lasian-
thum Boiss. ex Bentham was collected in Urla, in
August 1999. V. pterocalycinum var. mutense Hub.-
Mor. was collected from Icel, between Mut and
Karaman, 930-1100 m, in July 2000. V. salviifo-
lium Boiss. was collected from Burdur, Yesilova,
Southwest of Burdur Lake, 880 m, in June 2002
(Huber-Morath, 1978). Voucher specimens were
deposited in the Herbarium of the Pharmacognosy
Department, Faculty of Pharmacy, Hacettepe Uni-
versity, Ankara, Turkey (H. Duman and L. I. Tatli
HUEF 00183, Z. S. Akdemir HUEF 99130, H. Du-
man and I. I. Tatli HUEF 00184, 1. I. Tatli HUEF
02003, respectively).

Extraction and isolation

The extraction procedures of V. cilicicum, V. la-
sianthum, V. pterocalycinum var. mutense and V.
salviifolium, the isolation and the structure eluci-
dation of active compounds were given in detail in
our previous papers (Akdemir et al., 2003, 2004a,
b, c; Tatli et al., 2004).

Pharmacological studies

Reduction of DPPH radical by bioautographic
assay

Methanolic solutions (0.1%) of compounds 1-
36 were chromatographed on a silica gel TLC
plate using CHCl3/CH;OH/H,O (61:32:7). After
drying, TLC plates were sprayed with a 0.2%
DPPH (1,1-diphenyl-2-picrylhydrazyl, Sigma) so-
lution in CH30H. Compounds 1-15, showing a
yellow-on-purple spot, were regarded as antioxi-
dants (Takao ef al., 1994).

Reduction of DPPH radical by spectrophotomet-
ric assay

The radical scavenging activity of the potent iso-
lated compounds 1-15 was examined with the
DPPH radical by a spectrophotometric method.
(%)-a-Tocopherol (vitamin E, Sigma), ascorbic
acid (vitamin C, Sigma) and 3-z-butyl-4-hydroxy-
anisole (3-BHA, Sigma) were used as control.
CH;O0H solutions of compounds 1-15 at various
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concentrations (10, 25, 50, 100, 200 um) were
added to 1.5x 1073 m DPPH in CH;OH. The ab-
sorbance of the remaining DPPH was measured in
1-cm cuvettes with a Shimadzu UV-160A spectro-
photometer at 520 nm, after 30 min incubation at
room temperature. Decreasing of the DPPH solu-
tion absorbance indicated an increase of the
DPPH radical scavenging activity. This activity is
given as % DPPH radical scavenging that is calcu-
lated using the equation: [(control absorbance -
sample absorbance)/control absorbance] x 100. A
DPPH solution without sample solution was used
as control (Hatano et al., 1989).

Microplate assay for the detection of oxidative
products with DCFH-DA

This method is based on a fluorimetric assay de-
scribed by Rosenkranz et al. (1992). Myelomono-
cyctic HL-60 cells (1 x 10° cells/ml, ATCC) were
suspended in RPMI 1640 medium with 10% FBS
and antibiotics at 37 °C in 5% CO,/95% air. 125 ul
of the cell suspension were added to a well of a
96-well plate. After treatment with a different con-
centration of the test materials for 30 min, cells
were stimulated with 100 ng/ml phorbol 12-myris-
tate 13-acetate (PMA, Sigma) for 30 min. Further-
more, cells were incubated for 15 min after the
addition of 5 ug/ml 2’ ,7'-dichlorofluorescein diace-
tate (DCFH-DA, Molecular Probes). DCFH-DA
is a non-fluorescent probe that diffuses into cells.
Cytoplasmic esterases hydrolyze DCFH-DA to
DCFH. Reactive oxygen species generated within
HL-60 cells oxidize DCFH to the fluorescent dye
2',7'-dichlorofluorescein (DCF). The ability of the
test materials to inhibit exogenous cytoplasmic
ROS-catalyzed oxidation of DCFH in HL-60 cells
was measured by PMA-treated control incuba-
tions with and without the test materials. Levels
of DCF were measured using a CytoFluor 2350
fluorescense measurement system (Millipore) with
excitation at 485 nm (bandwidth 20 nm) and emis-
sion at 530 nm (bandwidth 25 nm) (Rosenkranz et
al., 1992).

Cell aggregation assay

HL-60 cells were suspended at a density of
1 x 10° cells/ml. 150 ul of the cell suspension were
added to a well of a 96-well plate. After incubation
with sample for 10 min, PMA (10 ng/ml, final con-
centration) was added. The mixture was placed in
a CO, incubator and aggregation of the cells was
observed 16 h after the PMA addition. The cell
aggregation inhibitor cytochalasin B, which is an
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exoenzyme from Clostridium botulinum, anti-
LFA-1 (lymphocyte-associated antigen-1), and
anti-ICAM-1 (intercellular adhesion molecule-1)
monoclonal antibodies (Santa Cruz Biotech, Inc.,
Santa Cruz, CA) were used as positive controls
(Katagiri et al., 1999).

XTT assay for cytotoxicity

After sample exposure on cells for 18 h, XTT
assay was performed using the methods described
by Scudiero et al. (1988). Briefly, 25 ul of XTT-
PMS solution (1 mg/ml XTT solution supplement
by 25um of PMS) were added to HL-60 cells
(2x10* cells in 225 4l medium) in each well on
the microplates. After incubating for 4 h at 37 °C,
absorbance at 450 nm was measured by a micro-
plate reader (reference absorbance at 650 nm)
(Musza et al., 1994; Scudiero et al., 1988).

Results and Discussion

In a primary screening, 36 pure secondary met-
abolites from the Verbascum species examined and
15 compounds (1-15) showed antioxidant activi-
ties in TLC autographic assays with the DPPH
radical. In the spectrophotometric assay, antioxi-

dants 1-15 reacted with the stable free radical
DPPH, resulting in the production of colourless
1,1-diphenyl-2-picrylhydrazyl, and showed a dose-
dependent reduction of DPPH, corresponding to
the intensity of quenching of the DPPH radical
(Hatano et al., 1989). The results are given in Ta-
ble I.

So far many in vitro assay systems for the evalu-
ation of antioxidants were reported, but it is im-
portant how to feedback the results of an in vitro
assay into an evaluation in vivo. Fluorescent tech-
nology made it possible to evaluate antioxidants
in live cells using specific probes such as DCFH-
DA. A cell-based method using a fluorescent tech-
nology is useful to directly examine the ability of
natural products to penetrate cell membranes and
inhibit ROS-catalyzed oxidation in living human
cells (Bass et al., 1983). Therefore, the pure natural
products 1-15 were also examined in the DCFH-
DA cellular-based assay. The inhibition effects of
the compounds on ROS-catalyzed oxidation of
DCFH in HL-60 cells are shown in Table II.

Among the compounds 1-15, verbascoside (4)
showed a potent antioxidant effect (ICsy 4.0 ug/
ml). On the other hand, ilwensisaponin A (2; ICs

Table I. Free radical scavenging effects of natural compounds 1-15 on DPPH radical.

Compound Source

10um® 25um 50 um 100 um 200 um

6-O-Vaniloyl ajugol (1)
Ilwensisaponin A (2)
var. mutense
Tlwensisaponin C (3)
var. mutense
Verbascoside (4)

Verbascum lasianthum 35.4%  46.0 67.4 58.9 71.8
Verbascum pterocalycinum 39.8 64.8 29.9 77.7 77.5

Verbascum pterocalycinum  35.4 29.9 25.8 15.5 17.1
Verbascum lasianthum IAc 231 41.0 89.9 73.9

Verbascum pterocalycinum

var. mutense

p-Hydroxyacteoside (5)
Martynoside (6)
Poliumoside (7)
Forsythoside B (8)
Angoroside A (9)
Dehydrodiconiferyl

alcohol-9-O-f-p-glucopyranoside (10)

Dehydrodiconiferyl

alcohol-9'-O-f-p-glucopyranoside (11)
Apigenin 7-O-f-glucopyranoside (12)
Luteolin 7-O-f-glucopyranoside (13)
Luteolin 3'-O-f-glucopyranoside (14)
Chrysoeriol 7-O-f-glucopyranoside (15)

3-BHA
Vitamin C4
Vitamin E4

Verbascum salviifolium
Verbascum salviifolium
Verbascum salviifolium
Verbascum salviifolium
Verbascum salviifolium
Verbascum salviifolium
Verbascum salviifolium

Verbascum salviifolium

Verbascum salviifolium
Verbascum salviifolium
Verbascum salviifolium
Verbascum salviifolium

IA 11.8 51.7 46.8 65.0
10.8 9.2 45.8 71.1 76.2
13.9 32.8 46.3 68.8 73.7

IA 13.2 1A 52.1 81.4

IA 27.7 28.7 46.2 38.8

3.9 7.7 18.2 19.9 62.9

3.9 7.7 18.2 19.9 62.9
78.4 80.4 85.3 95.0 91.7
94.4 88.6 69.4 89.3 75.0
73.4 70.1 79.9 83.1 91.1
62.7 68.0 72.0 78.3 90.0
67.3 51.8 56.8 69.3 83.6
87.0 79.8 85.7 94.4 IA
81.0 89.9 81.9 93.7 98.3

@ Values are means of three independent determinations. ® % DPPH radical scavenging. © IA, inactive. ¢ Used as

a standard.



676

I. I. Tatli et al. - Free Radical Scavenging Activity of Verbascum sp.

Table II. Effects of natural products 1-15 on reactive oxygen species and HL-60 cell- aggregation and proliferation.

Compound Antioxidant A. Cell- B. Cell- Specific
(DCFH) aggregation proliferation-XTT index
ICs¢ [ug/ml]? MICP [ug/ml] ICs¢ [ug/ml]* (B/A)
6-O-Vaniloyl ajugol (1) 400 £ 1.2 IA 1A -
Tlwensisaponin A (2) 85+ 0.6 6.9 40+0.7 0.58
Ilwensisaponin C (3) 450+ 1.3 62.5 330+ 1.1 0.53
Verbascoside (4) 40+ 04 62.5 > 62.5 1
p-Hydroxyacteoside (5) 444 + 15 1A 1A -
Martynoside (6) 30.0 £ 2.2 1A 1A -
Poliumoside (7) 20.0 £ 1.0 1A 1A -
Forsythoside B (8) 16.4 £ 0.9 1A 1A -
Angoroside A (9) 17.3 £ 0.7 1A 1A -
Dehydrodiconiferyl IAC 1A 1A -
alcohol-9-O-f-p-glucopyranoside (10)
Dehydrodiconiferyl 1A 1A 1A -
alcohol-9'-O-f-p-glucopyranoside (11)
Apigenin 7-O-f-glucopyranoside (12) 41.8 £+ 1.7 TIA 1A -
Luteolin 7-O-f-glucopyranoside (13) 17.0 £ 1.1 1A 1A -
Luteolin 3'-O-f-glucopyranoside (14) 22.0 + 0.7 1A 1A -
Chrysoeriol 7-O-f-glucopyranoside (15) 342+ 13 IA 1A -
Vitamin C¢ 44 +0.8
Cytochalasin B¢ 23 43.0 £ 2.2 18.7

2 Values are means of three independent determinations + SE. ® MIC, minimum inhibitory concentration. ¢ 1A,

inactive. 4 Used as a standard.

8.5 ug/ml) showed a moderate antioxidant activity,
while the other compounds displayed weak activ-
ity, except for compounds 10 and 11 which were in-
active.

In order to determine the effects of isolated
compounds on immunological and inflammatory
reactions, they were also evaluated for their in
vitro effects on LFA-1/ICAM-1-mediated cell ag-
gregation using the HL-60 cell line. In a primary
screening the cell aggregation and XTT method
were reasonable assays for the selection of cell ad-
hesion inhibitors (Takamatsu et al., 2004). There-
fore, the isolated compounds 1-15 were evaluated
as having inhibitory activity for LFA-1/ICAM-
1-mediated cell aggregation of HL-60 cells (Ta-
ble II). Ilwensisaponin A (2) inhibited the cell ag-
gregation (MIC 6.9 ug/ml) as compared to cyto-
chalasin B (MIC 2.3 ug/ml). Ilwensisaponin C
(3; MIC 62.5 ug/ml) and verbascoside (4; MIC
62.5 ug/ml) were weakly active in the primary cell
aggregation assay, while ilwensisaponin A (2) was
>10-fold more cytotoxic (ICsy 4.0 ug/ml) than cy-
tochalasin B (ICsy 43.0 ug/ml) as determined by
the XTT assay. Furthermore, none of the other
compounds were active in the cell aggregation as-
say.

Conclusion

Several phenolic and terpenic compounds have
been reported to be good antioxidants in some in
vitro antioxidative assay models (Chander et al.,
1992; Harborne, 1994; Hostettmann and Marston,
1995; Jimenez and Riguera, 1994; Zhao et al.,
2005). However, there is no report concerning the
ROS-catalyzed oxidation of isolated compounds
in living human cells.

According to the structure-activity relationship,
martynoside (6), forsythoside B (8), angoroside A
(9) and poliumoside (7) showed weak activity as
compared to verbascoside (4). Thus, antioxidative
activity might be mainly related to the number of
aromatic hydroxy groups, the structure of the acyl
moiety and the number of sugar moieties. How-
ever, modification of the sugar chain or replace-
ment of hydroxy groups by methoxy groups in the
structure might of minor importance under this
experiment condition. Besides He et al. (2000)
found that poliumoside (7) had shown significant
inhibitory effects on free radical-induced hemoly-
sis of red blood cells and free radical scavenging
activities in vitro due to the presence of the rham-
nosyl at C-6". However, poliumoside (7) has a
weak activity to penetrate cell membranes and in-
hibit ROS-catalyzed oxidation in living human
cells in the present study (He et al., 2000).
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The antioxidant activities of flavonoids de-
creased in the following order: luteolin 7-O-f3-glu-
copyranoside (13) > luteolin 3’-O-f-glucopyrano-
side (14) > chrysoeriol 7-O-f-glucopyranoside
(15) > apigenin 7-O-f-glucopyranoside (12). The
C2-C3 double bond of the C ring appears to in-
crease the scavenger activity because it confers
stability to the phenoxy radicals produced, while
the 4-oxo group increases the free radical scaven-
ger activity by delocalizing electrons from the B
ring. The presence of both 7- and 5- and addition-
ally 3-hydroxy groups in rings A and C is required
for maximum radical scavenging potential. Be-
sides, some of the activities such as antitumour and
cytotoxic effects of phenolic compounds are
mainly dependent on the ortho-dihydroxy aro-
matic systems in their structures. Methylations of
at least one of the ortho-dihydroxy groups abol-
ishes the activity (Takamatsu et al., 2003a). In the
present study, the finding is that luteolin 7-O-f-
glucopyranoside (13) with ortho-dihydroxy groups
elicited stronger activity than chrysoeriol 7-O-3-
glucopyranoside (15) and apigenin 7-O-f-glucopy-
ranoside (12). Moreover, in the same manner, it
was also found to be more active than luteolin 3’-
O-f-glucopyranoside (14) due to the presence of
a glucopyranosyl unit at C-3’ position.

Additionally, it was displayed that vaniloyl aju-
gol showed moderate activity, because of its phe-
nolic system, although few reports appeared in the
literature on the antioxidant activity of iridoid gly-
cosides (Chander et al., 1992).

The antioxidant activity of triterpenic saponins
was found to be mainly dependent on their ole-
finic structures and the number of sugars, depend-
ing on the type, their linkage to each other, and
location within the molecule. In addition mon-
odesmosidic saponins in which the sugar units are
attached to the aglycone at the C-3 position are
more potent in this antioxidant system. On the
other hand, methylation of at least one of the
hydroxy groups may abolish the activity as evi-
denced by the observation that methoxylated de-
rivatives like ilwensisaponin C may lost their activ-
ity (Hostettmann and Marston, 1995).

Potent antioxidants were identified by using the
solution-based chemical assay along with the cellu-
lar-based assay, and we were able to compare the
results in both systems (Tables I, IT). Most of the
compounds, except for compounds 10 and 11, not
only act as antioxidants in solution-based antioxi-
dant assays but can also be taken up by living cells
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maintaining their activity. Compounds 10 and 11
were shown to be active in the solution-based
chemical assay, but had no significant activity in-
side cells. This suggests that these compounds do
not enter the cells due to poor cellular uptake or
reduced medium solubility, or perhaps lack the ca-
pacity to quench DCF fluorescence inside the cell
(Takamatsu et al., 2003b).

ROS including hydroperoxide and lipid perox-
ides are thought not only to injure cells but also
to induce the expression of intercellular adhesion
molecule-1. Therefore, the antioxidant effects pro-
duced by compounds 1-9, 12-15 could partially
contribute to the cell aggregation inhibitory effect.
As results of our screening programme, ilwensi-
saponin A (2), ilwensisaponin C (3) and verbasco-
side (4) inhibited cell aggregation, while none of
the other compounds were specific inhibitors of
LFA-1/ICAM-1-mediated cell aggregation. But
the results were reproducible and the dose-re-
sponse behaviour is characteristic for the cell ag-
gregation assay (Takamatsu et al., 2004).

In conclusion, the structure-activity relationship
studies of oleanan-type triterpenoid saponins sug-
gests that the magnitude of the cell aggregation
activity has often been linked with anti-inflamma-
tory and immunostimulant activities of the sapo-
nins. The availability of a longer sugar chain and
the number of hydroxy groups lead to an increase
of activity. Monodesmosidic saponins are more ac-
tive than the bidesmosides in killing cancer cells
(Hostettmann and Marston, 1995). On the other
hand, phenylethanoid glycosides, especially ver-
bascoside (4), are considered to show a biphasic
effect on cancer cells, that is cytotoxic activity. Fur-
thermore, this effect depends on the type of cells.
In the case of HeLa cells, the cytotoxic activity at
low concentration could not be so strong (Inoue
et al., 1998).

Finally, it is intriguing to note that the cytotoxic
and antioxidant activity of Turkish Verbascum spe-
cies is contributed to, mainly, saponins 2, 3 and the
phenylethanoid glycoside 4. In order to correlate
the obtained data with other effects in the field
of cytotoxicity and radical scavenging activity of
effective compounds, further examinations in dif-
ferent cellular and enzymatic assays should be
evaluated. Examination of Verbascum species with
regard to their biological activity and chemical
contents support the traditional use of Verbascum
species and may give a new insight into the usage
of Verbascum in Turkey.
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