CHAPITRE 111
A New Labdane Diterpene from the Flowers of Solidago canadensis
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Résumé

Le Solidago canadensis L. est une plante herbacée de la famille des Astéracées. En
Amérique du Nord, les fleurs de cette plante étaient fréquemment utilisées en médecine
traditionnelle amérindienne. Dans le but de valoriser la biomasse de la forét boréale par
I’étude de 1’activité biologique de composés d’origine naturelle, un extrait de fleurs de
Solidago canadensis a été étudié. Un nouveau diterpene de type labdane, le 9a,16&-
dihydroxy-6-0x0-7,13-labdadién-15,16-olide (solicanolide, 1) et six composés connus : la
quercétine (2), I’acide 3-O-caffeoylquinique (3, acide néochlorogénique), I’acide 5-O-
caffeoylquinique (4, acide chlorogénique), 1’acide 4,5-di-O-caffeoylquinique (5), I’acide
3,5-di-O-caffeoylquinique (6) et I’acide 3,4-di-O-caffeoylquinique (7) ont été isolés. Le
compose¢ 7 (acide 3,4-di-O-caffeoylquinique) est rapporté pour la premiére fois & partir du
Solidago canadensis. Cet article décrit ’isolation des composés 1-7 et 1’élucidation de la
structure du nouveau composé (1). L’évaluation de I’activité anticancéreuse de tous les

composés isolés est décrite. Parmi tous les composés isolés, seul le composé 1 posséde une

activité cytotoxique.
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A new labdane diterpene, 9a,16&-dihydroxy-6-0x0-7,13-labdadien-15,16-olide (solicanclide, 1) and six
known compounds identified as quercetin (2), 3-O-caffeoviguinic acid (3, neochlerogenic acid), 5-O-caf-
teoylguinic acid (4, chiorogenic acid), 4.5-di-O-caffeoylquinic acid (85), 3.5-di-O-caffeoylquinic acid (6) and 3,4-di-
O-caffeoylquinic acid (7) were isolated from the flowers of Sofidago canadensis. To our knowledge, compound 7
was isolated for the first time in 8. conadensis. This work describes the isolation of compounds 1—7 and the
structure elucidation of a2 new compound identified as compound 1. Solicanelide (1) showed cytotexic activity
against AS49 (IC,: 1322 ), DLD-T (1€, 262 ) and WST (IC 2 171 ) cell lines.

Key wards

Solidago canadensis L. is an Asteraceae widely distributed
across North America, occurring in almost cvery state of the
U.S.A. and throughout Canada. Numerous interesting sec-
ondary metabolites such as: flavonoids, phenolic acids and
glucosides, pelysaccharides, diterpenes, triterpenoid sapono-
sides, tannins and essential oils” were reported for the genus
Solidago. Previous phytochemical studies of 8. canadensis
have led to the isolation of flavonoids,™ phenolic acids.”
sesquiterpencs,” diterpencs®” and saponins.” The flowers of
S. canadensis were used in traditional Amerindian medicine
as an analgesic.” burns and ulcers treatment,” febrifuge,'™
gastrointestinal'>'2 and liver'™ aids, In spite of the wide-
spread use of S. canadensis, few investigations were carried
out on its bioactive secondary metabolites.

Fractionation of the flower extracts of Solidago canadensis
resulted in the isolation of a4 new diterpene, 9a.16&-di-
hydroxy-6-ox0-7.13-labdadien-15,16-0lide (solicanolide, 1)
and six known compounds identificd as quercetin (2), 3«
(O-caffeoylquinic acid (neochlorogenic acid) (3). 5-O-caf-
feoylquinic acid (chlorogenic acid) (4), 4.5-di-O-caffeoyl-
quinic acid (8), 3.5-di-O-caffeoylquinic acid (6) and 3.4-di-
O-caffeoylquinic acid (7). To our knowledge, compound 7
was isolated for the first time in S. canadensis. This work de-
scribes the isolation of compounds 1-—7 and the structure
elucidation of a new compound identified as compound 1.
The cytotoxicity of solicanolide (1) was also investigated in
this paper.

Experimental

General Experimental Procedosres NMR spectra were recorded in
methanal-dy on a Bruker Avance 400 spectrometer (5 mm QNP with Z-pra-
dient probe) operating at 400.13 MHz ('H) or 100.6] MHz {C). Chemical
shifts were referenced relative to the corresponding residual solvent signals
{8y 3.31749.0 ppm, respectively). The accurate mass determination was
carried out with an Applied Biosystems QSTAR XL Hybrid LO/MS'MS
system, Optical rotation was obtained on a Jasco DIP-360 digital polarime-
ter, Analytical HPLC-DAD-M$ analysis were performed on an Agilent 1100
series HPLC-DAD-MS system. A Zorbax ODS CI8 column (5pum,
150> 4.6 min) maintained at 25 °C was utilised. The flow rate was 1 mi/min.
Agifent GI315B diede array detector was used for UV detection. The UV
spectra were recorded from 190 to 400 nm. An Agilent mass selective detec-
tor (VL model) equipped with an aimospheric chemical ionisation source
{APCI} was employed for MS detection. All mass specira were acquired in
the negative jon mode. The full scan mass spectrum was recorded over the
range of m/z 100--1000. Temperature of the drying gas (N2} was 350°C
with a gas flow rate of 1014nin and & nebulizing pressure of 40 psi. The fon-
isation voltage was 4000V and the corona current was 15mA. Al HPLC
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sepatations were performed on a preparative Agilent 1100 series (Agilent
Technologies Canada Inc.) with a ZORBAX ODS column C18 12,125 o
T pm) at a flow rate of 16 mlmin. Compounds were detected by UV absorp-
tion at 254am. For all HPLC procedures, solvent A was H,0+0.1%
HCOOH, solvert B was MeOH+0.1% HCOOH and solvemt C was
ACN+0.1% HCOOH. Silica gel 60 (230-—400 mesh, Siticycle), Diaion HP-

umn chromatography. The solvents were purchased from EMD. Thin-layer
chromatography (TLCH was performed on silica gel 60 Foy aluminium
sheets (Siticycle) using F o-MeOH-H,0 (100:16.5:13,5) or CHCl-
MeOH (10:1) as sofvent systems. Detection of the phenolic compounds
was carried out by spraving natwal products with NP/PEG reagent (1%
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diphenylboric acid 2-aminoethylester in methanol and 3% polyethylene gly-
col in ethanol) and observing under UV light before and after revelation
{254, 365 mn). Quercetin and chicrogenic acid standards are from Sigra-
Aldrich,

Plant Material  The flowers of Sofidago canadensis L. were collected in
September 2004 in St-Félicien (48740'N. 72°27'W), Québec, Canada, The
specimens were identified by Mr. Patrick Nadeau { Départerent des Sciences
Fondamentales, Université du Québec & Chicoutimi, Québec, Canada). A
virucher specimen was deposited in the Louis-Marie Herbarium of Univer
5it8 Laval, Québec, Canada (QFA-492115).

Extraction and Iselation  The air-dried flowers of Solidago canudensis
(285 g) were extracted with hot methanol (3X2.51) and then with hot
methanal §0% (3X2.51) for 2h. The combined exteacts were evaporated
under ¢ reduced pressure, yielding a residue (103.8f g, which was sus-
pended in water {400 ml} and successively extracted with dichloromethane
(3X200miy and ethyl acetate (6X400ml), yielding dichforomethane, athyl
acetate and aqueons fractions.

The ethyl acetate fraction (15.6 g) was seporated into fwo fractions (A, B}
by chromatography over Diaion (3.2x40.5cm) eluring with MeQH-H,0
(from 50 to 100%). Fraction B (3.0 g) was chromatographed on  silica gel
cofumn (3.6 120.0em} with CHCl-MeOH (10: 1) to obtain six fractions
{Bt—B6). From Bl (91.4mg), compound 1 (S.4mg) was purified by
preparative HPLC (4074 solvent A, 60% solvent B). Fractions BS and B6
were combined and then fractionated on a sifica gel column (3.0X45 Dem)y
with CHCL-MeOH (10: 1} 1 give compound 2 (S3.6 mg).

The aqueous fraction (66.13 g} was separated into three fractions (C, I, E}
by chromatography on a silica ge! columm (7.0X60.0 0m) ustng an isocratic
solvent system of EtOAc-MeOH-HO (100:16.5:13.8). Fraction D
{6.70 g}, which contained the major constituents, was divided into six frac-
tions {DI-D6) using Diaion {3.2X40,5cm) by elution with MeOH 20%.
Fraction D2 (103 g) was separated into nine fractions {D2A--D21) by chro-
matography on a CI8& silica gel column (1.6X46.0cm) and eluted with
MeOH 10%. From D24 {214.2mg), compounds 3 (3.8 mg) and 4 (9.3 mg)
were purified by preparative HPLC {949 solvent A, 6% salvent C). Frac-
tions D2E {135.1 mg) and D2F {64.9 mg) were combined and then, fraction-
ated by preparative HPLC (84% solvent A, 16% sotvent ©) to vield com-
pounds 5 (9.1 mg), 6 (7.0mgland 7 {1 L4 mg).

Solicanohide (1) Yellow oil: {a3f’ —30.1° (e=0.1. MeOH) UV A,
iMeOH) 216nm; HR-ESLMS miz 371.1834 {M+Na]* (Caled for
CyHygOcNa, 371.1842): 'H- and C-NMR: see Table 1,

Celi Culture  The human lung carcinoma AS49 (#CCL-1835), colorectal
adenocarcinoms DLD-{ (#CCL221} and skin fibroblast WS1 (#CRL-1502)
cell fines were all obtained from the American Type Culture Collection
(ATCC, Manassas, US.A.} Cells lines were grown in minimim essential
medivn containing Farle’s salts {Mediatech Cellgre®, Herndon, US.A),
supplemented with 16% fetal calf serum (Hyclone, Logan, US.A.), 1 Xsolu-
tion of vitamvins, 1 Xsodium pyruvate, § Xnon-essential amino acids, 10011)
of penicilfin and [00pg/ml of streptomyvein (Medistech Cellero®). Cells
were cultured at 37 °C in a humidified atmosphere comaining 5% CO,.

Cytotoxic Assay  Exponentially growing cells were plated at a density of
5% 10° celfs per well in 96-well microplates (BD Faleon} in 100 ¢1 of culture
medium and wete allowed to adbere for 16h before treatment. The cells
were then incubated for 48 h in the presence or absence of 100 gl of increas-
ing concentrations of compounds 1—7 dissobved in culture medium and an
appropriate solvent. The final concentration of solvent in the culture medinm
was maintained at 0.25% (v/v) 1o avoid foxicity, Cytotoxicity was assessed
using the resazurin reduction test.'™ Fluorescence was measured on an auto-
mated 96-well Fluoroskan Ascent FI™ plate reader {Labsystems) using an
excitation wavelength of 530 nm and an emission wavelength of 590 nm. Cy-
totoxicity was expressed as the concentration of drug inhibiting cell growth
by 50% {ECyq).

Results and Discussion

Compound 1 was obtained as an optical active yellow oil
{{odF —30.1°). The molecular formula of compound 1 was
established as CooHa,O;5 on the basis of HR-ESI-MS (Found
at m/z 3711834 [M+Na]*. Caled for CyH,,0Na,
371.1842). 'H-. "C-NMR and DEPT spectra revealed four
methyls, five methylenes, four methines including two
olefinics and seven guaternary carbons including a carbonyl
and a quaternary alcohol (Table 13. The NMR spectra sug-

%3
Table 1. NMR Assignments of Compomnd 1
Position  PCH Comnected ‘H? H-H HMBC? NOESY®

A COsY?

1 326 L2}, L5T () HS, M)

2 18.0Q)  1.66{m), 153 (nn) 2

k] BOE LIS my, LI ) H2 HIR, 19

4 i Y - H5.1%, 19

pS 363 2.884{9) H20 HI% 16,26 Hi8

& waMew 0 - HS

7 £29.6 (dy 5.66 45 Hi7 W17 HIT

% 159, (5} Hi?

9 76.7 (s} HA 717,20

1o 481 {53 - HS, 20
il 3o 2.0 imp L8 (o) Hi4,19.20
12 25.4¢) 2.65 ()

13 |35 T S 14, 16
14 HIK @) 595 {5y Hié Hi2 14
N 376y e Hi4, le

15 LYy 606 3 "4 Hi2

17 2035 20248 H? Hz H?

1% 343 (q) Lid iy HEY H5

19 2.3{q) 118 (s 3.5, 18 H11,20
20 188 {ys 152 {53 3 HS HiL 1@

&) Mubiplicifies were determined by DEPT. 23 Connections were determuined by
gHSQC. &) Determined by gCOSY. ) Correlation from C to the indicated pro-
tons. ¢} unambiguous NOESY cross peaks.

gests that compound 1 is 4 labdane diterpene. "'

HMBC correlations between H-17 (8, 2.02) and C-7, C-8,
C-9 {8, 129.6, 139.1, 76.7 respectively) showed that the
methyl group was branched B on an o, S-insaturated ketone
and that the quaternary afcohol group was on C-9. The posi-
tion of the ketone was further confirmed by the HMBC cor-
relation between H-5 (8;; 2.88) and C-6 (8 202.9). The side
chain was identified as a y-hydroxy-@ f-unsaturated-y-
lactone by the presence of typical™ 'H (8, 5.95, 6.06) and
C-NMR signals (8, 101.1, 117.6, 172.8, 173.7).

The relative stereochemistry of compound 1 was partially
determined from the 2D NOESY spectrum. Cross-peaks be-
tween H-11 (8, 1.94, 2.11), H-19 (8, L.18) and H-20 {5,
1.02) showed that all these groups are positioned on the same
side. Unfortunately. NOESY correlations between H-16 {8,
6.06) and bath H-11 (8, 1.94. 2.1 [y were observed with the
same intensity which prevents the determination of the stere-
ochemistry of the hydroxy! function at C-16. However, while
sonie authors observed both epimers at H-16 of related com-
pounds,' ™ its single signal in the 'H- and "C-NMR spectra
suggests that only one epimer was isolated.

The determination of the absolute stereochemistry by the
Mosher ester method was precluded by the limited amount of
this natural product. However, the chemotaxonomic informa-
tion indicated that all Jabdanes from Solidago genus belong
to the normal series™ " and by analogy, compound 1 could
be assigned to this scrics. Therefore, the structure of com-
pound 1 was identified as 90.,16&-dihydroxy-6-ox0-7.13-
fabdadien-15,16-olide.

The other compounds isolated were identified as quercetin
{2}, 3-O-caffeoylquinic acid {3, neochlorogenic acid}, 5-O-
caffeovlquinic acid (4. chlorogenic acid), 4.5-di-O-caf-
feavlquinic acid (5), 3.5-di-O-caffeoylquinic acid {6) and
3. 4-di-O-caffeovlquinic acid (7). Identification of these com-
pounds was established by NMR ('H. '*C, DEPT. COSY,
HSQC and HMBC) and HR-ESI-MS analyses. The data ob-
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Table 2. Cytotoxic Activity of Isolated Compounds against AF49 Lung

Vol. 56, No. |

Kéry A.. & Pharmacesd, Biomed,, 32, 1045—1053 (20033,
Krepinsky 1, Herout V., Chem. Commio., 27, 24592462 (19623
Kalemba D., Phurmazie, 47, 471472 {1992},

2y Apati P, Szentmihélyi K., Kristo $z. T,, Papp 1. Vinkler P, Szoke &,

F. Fritz U. King R. M.. Rebinson H., Plvtochemistry, 19,
26552661 (1980).

Anthonsen T., McCabe P. H.. McCrindle R.. Murray R. D. H., Teirahe-
drom, 28, 32332239 (1969),

Reznicek G., Jurenitseh 1, Kubeika W., Korhammer S., Haslinger E.,
Hiller K., Plonia Med.. 56, 534 {1%50).

Rousseau J., “Ftudes ethnobotaniques québécoises: Le folklare
de Caugh ga Contributions de P'Insttut botanique de
PUniversité de Montréal, 55, Les Presses de PUniversité de Montréal,
Montrésl. Canada, 1945, pp. 7—72.

Arnason T.. Hebda R. 3., Jobhns T, Cam J Bor, 59, 21892323

Smith H. H., “Ethnobotany of the Forest Potawatomi Indians,” Bulletin
of the Public Museum of the City of Milwaukee 7, Milwaukee, LUnited
States, 1933, p. 53.

Moerman D. E., “Native American Ethnobotany” 3rd ed., Timber
Press Inc., Portland, United States, 2000, p. $36.

Turner N. 1, Bouchard R., Kennedy D. 1. D, “Ethnobotany of the
Okanagan-Cofvitle Indians of British Columbin and Washington”
British Columbia Provincial Musevm, Ouvcastonal Paper Series, 21,

O'Brien J.. Wilson I, Qtton T, Pognan E. Zur [ Biochem., 267.
5421--5426 (2000).

Schmeda-Hirschimann G., Rodriguez 1., Astudilio L., J Edbnapharma-
cod., 8, 111115 (2002),

Rodriguez 1. A., Theoduloz C., Sénchez M., Razmilic L, Schmeda-
Hirschmann G., Life Sci., 77, 21932208 (2005).

Chen C-Y., Chsng F-R., $hil Y-C., Hsieh T-J, Chia T-C,, Tseng H.-
Y., Chen H-C., Chen S.J, Hsu M.-C., Wu Y-C., J Net, Prad.. 63,
14751478 (2000).

Zdero C.. Bohimann F. King R. M., Phprochemisiry, 39, 15911395

Scio E., Ribeiro A, Alves T. M. A., Romarha A. 1, de Souza Filho J.
D., Cordell G. A., Zani C. L., Phvtochemistry, 64. 11251131 {2003).
Li T. Vargas D, Franzblay S. G., Fischer N. H., Phviochemistry, 38,
451456 (1995),

Vila R., Mundina M., Tomi F. Furldn R.. Zacchino 8., Casanova J.,
Catliigueral S., Planta Med,, 68, 164167 C2002).

Tatefuji T, lzumi N., Ohte T, Arai S.. Tkeda M., Kurimoto M., Biol.
Pharm. Bull., 19, 966—970 (1996).

Tolenen A., Joutsamn T., Matifla 8., Kamirdinen T.. Jalonen )., Phy-
tochem. Anal., 13, 316--328 (2002),

Carcinoma Cells, DLD-{ Colon Carcinoma Cells and Nermal Fibroblasts, 3)
wS1 43
5) Bohl
1Cy (M)
Compound 6)
A549 DLD-1 wSI
7}
Etaposide 11£0.1 4.8+0.8 nd.
3-Fluoronraci] 4806 11%2 n.d. &)
1 13%2 2642 17+t brot
2 >199 >199 >199
3 >57.5 >>57.5 >37.5
4 >56 =56 >56 9
5 > 109 >109 >109 {1981}
[ >107 >107 >107 10
7 =368 >36.8 =368
Data are expressed as mesnsEstandard devistions of three determinations, nd.=not 1]}
dtermined. .
12)
tained were compared with those reported in the lifera-
ture™ and standards. To our knowledge, this is the first re- 1980, p. 84,
port of the isolation of compound 7 from Solidago canaden- 19
iS5,
. . 14)

All isolated compounds were evaluated for their in vitro !
cytotoxic activity against human lung cancer AS49, colon  15)
cancer DLD-1 and normal fibroblasts, WS1 cell lines. Etopo-
side and 5-fluorouraci) was used as positive controls. As pre- 10
sented in Table 2, only compound 1 was found to be active
against ASAY (IC, 1342 i), DLD-1 (IC 2622 vy and 17y
TWST (I, 17%1 gy cell lines, (1991).

18)
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CHAPITRE IV

Antioxidant and anti-inflammatory activities of methanol extracts from
Solidago canadensis

Article en préparation pour Journal of Ethnopharmacology.

26



27

Résumé

Le Solidago canadensis L. est une plante herbacée de la famille des Astéracées. En
Amérique du Nord, cette plante était utilisée en médecine traditionnelle amérindienne pour
traiter la douleur, les brilures, les ulcéres, la figvre et les troubles du foie et de ’intestin.
Dans le but de valoriser la biomasse de la forét boréale par 1’étude de 1’activite biologique
de composés d’origine naturelle, des extraits de fleurs, de feuilles et de tiges de Solidago
canadensis ont ét¢ étudiés. Les extraits méthanoliques de fleurs, de feuilles et de tiges ont
montré des propriétés antioxydantes avec des valeurs ORAC de 2.7 + 0.9 pmol TE/mg pour
les fleurs, 10.0 + 0.2 umol TE/mg pour les feuilles et 3.6 = 0.8 pmol TE/mg pour les tiges.
L’extrait méthanolique de fleurs a aussi montré une activité anti-inflammatoire en inhibant
la production d’oxyde nitrique de macrophages RAW 264.7 activés avec du LPS (ICs0: 8 =
2 pg/mL). Cependant, les extraits de feuilles et de tiges sont inactifs. Le fractionnement de
I’extrait de fleurs a mené a I’isolation de cing dérivés de 1’acide caffeoylquinique connus.
L’acide 3,4-di-O-caffeoylquinique est rapporté pour la premiére fois dans le Solidago
canadensis. L’activité anti-inflammatoire des composés isolés a été évaluée, mais ces

composés sont inactifs.



