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ABSTRACT: Species of the genus Laserpitium have been used traditionally to treat inflammation and infection. From the herb of Laserpitium zernyi, six new compounds were isolated and their structures elucidated (using IR, NMR, HRMS data) as derivatives of 8-daucene-2,4,10-triol (1, 2, and 4), 7-daucene-2,4,10-triol (3), a lapiferin derivative featuring a C-2 ester moiety (5), and a daucane featuring an exomethylene group at C-8 (6). Also isolated were the rare daucanes vaginatin (7) and laserpitin (8). In a search for selective Glucocorticoid Receptor (GR) modulators, the compounds were tested for their capacity to inhibit NF-(B and AP-1 pro-inflammatory factors and for a potential competitive effect on a dexamethasone (Dex)-induced GR-driven Glucocorticoid Response Element (GRE) reporter gene. The new 2β-angeloyloxy-10α-acetoxy-8-daucene-2,4,10-triol (2) significantly inhibited transactivation of both NF-κB and AP-1, while vaginatin (7) was the most active of the compounds tested in blocking AP-1. Both compounds competitively repressed Dex-induced GRE-driven promoter activities, indicative of a potential role for GR. In addition, a decreased potential to inhibit NF-(B was apparent in GR knock-out A549 cells. In line with the transcriptional assays, compounds 2 and 7 also significantly lowered CCL-2 chemokine production, albeit to a lesser extent than Dex. The results suggest that daucanes may be interesting candidates in the search for compounds with GR-modulating activities.
The genus Laserpitium (Apiaceae) is comprised of 14 species in the Flora Europaea,with most of these being endemic to the mountains of central and southern Europe.1 In the current research project, the focus was on the Balkan endemic species Laserpitium zernyi Hayek2 that grows in the mountainous regions of the Central Balkans, which was treated as a subspecies of the closely related laserwort, L. siler L. ssp. zernyi (Hayek) Tutin.1 
Previous phytochemical investigations of extracts of Laserpitium species showed that the underground parts of L. siler and the related endemic L. zernyi accumulate guaianolide lactones, mainly of the slovanolide type, while only the roots and rhizomes of L. latifolium were shown to produce laserpitin and other related daucane esters.3-5 The current investigation revealed that, unlike the underground parts, the herb of L. zernyi is, apart from being rich in lactones, characterized by a high content of daucane esters, namely, laserpitin and a new class of derivatives of 8-daucene-2,4,10-triol. Daucanes of similar structures, i.e. derivatives of 8-daucene-2,6,10-triol (jaesckeanadiol) were mainly isolated from medicinal Ferula and Ferulago species,6-12 but in terms of bioactivity, this class has not yet been characterized in detail. Laserpitin, is a major constituent of the roots and rhizomes of the laserwort, L. latifolium L.,5 a European medicinal species that was used to treat various gastrointestinal disorders, heart and liver failure, pulmonary tuberculosis, rheumatism, and treatment of pruritic dermatomicoses.4 Despite the traditional uses of the daucane-rich medicinal species, the anti-inflammatory activity of daucane esters was tested only in one study on daucane esters from F. hermonis in carrageenan-induced edema in rats.13
The pro-inflammatory transcription factors nuclear factor κB (NF-κB) and activator protein 1 (AP-1) play a key role in inflammatory and immune responses, by stimulating immune cell action and act in a pro-inflammatory manner by inducing the expression of cytokines and chemokines, and their receptors. Glucocorticoids (GCs), such as the gold standard dexamethasone (Dex), are anti-inflammatory drugs that repress NF-κB- and AP-1-mediated inflammatory processes by activating the glucocorticoid receptor (GR) in a mechanism known as transrepression.14 However, once activated, GR can stimulate the expression of glucocorticoid response element (GRE)-dependent genes by a mechanism that is known as transactivation. The latter mechanism is known to underpin particular unwanted metabolic effects.15 Thus, prolonged use of GCs is associated with detrimental side-effects related to a rise in blood glucose levels, perturbed lipid profiles, and bone frailty. Therefore, the GC therapy duration is limited and this prompted the further search for selective GR modulators that are able to inhibit the NF-κB and AP-1 pathways, but do not stimulate GRE-driven genes.14-16
Aiming at the discovery of novel, selective GR modulators (SEGRM), the effects of six new (1-6) and two known daucane esters (7 and 8) were assessed. Anti-inflammatory activities were assessed using a TNF-induced stably integrated recombinant NF-κB-dependent reporter gene, as well as a PMA-induced stably integrated recombinant AP-1-dependent reporter gene readout.14,16 Furthermore, it was investigated to what extent these activities could involve a triggering of GR by testing a potential competitive effect of compounds on GR-mediated GRE-driven reporter gene expression.16 To investigate GR dependency, effects on a TNF-induced NF-(B reporter gene in the GR knockout A549 cell line were monitored. In case of GR-mediated activity it was expected to see, at least in part, a diminished effect of the compounds in comparison to the effects using the same cell line expressing wild-type GR. Since daucanes can be cytotoxic,5,9,12 cell viability assays were included in parallel to each reporter inhibition assay in order to distinguish between true gene repression and cytotoxicity. Furthermore, protein levels of the pro-inflammatory mediator CCL-2 (chemokine C-C motif ligand 2) as a typical inflammation marker, were analyzed following administration of the most active compounds 1, 2, 7, and 8 to a basal A549 cell line, via ELISA.
RESULTS AND DISCUSSION

Isolation and Structure Elucidation. The methanol-soluble fraction of the chloroform extract of the herb of L. zernyi yielded six new daucane esters (1-6), as minor constituents. 
Compound 1 was assigned a molecular formula C20H32O4, as concluded from the presence of the sodium adduct ion at m/z 359.2196 [M+Na]+ in the HRESIMS (calcd 359.2193 for [C20H32O4+Na]+). The absorption band at 1695 cm-1 in the IR spectrum implied the presence of an ester moiety containing a conjugated carbonyl group, while bands at 3478, 1081 and 1015 cm-1 indicated the presence of hydroxy functionalities.18 In the 1H NMR and the APT spectra, characteristic spin patterns for the presence of an angeloyloxy group were observed.6,7 The olefinic proton at δH 5.60, br d (J = 8 Hz) was directly correlated to a carbon at δC 123.9 in the HSQC spectrum and long-range correlated to a signal of an sp2 quaternary carbon at δC 142.3 in the HMBC spectrum (Table 1). These observations are in line with a reported daucane scaffold with a (8,9 trisubstituted double bond.6-8 The signal for an oxygenated tertiary carbon at δC 81.0, long-range correlated to H-11 and protons of the Me-12 and Me-13 in the HMBC spectrum, corresponded to C-4 bearing a hydroxy group, as reported for jaesckeanadiol derivatives from Ferula species.6-8,12,17 However, compound 1 features an angeloyl ester moiety at C-2 instead of C-6, as supported by long-range HMBC correlations of H-2 (δH 5.07, dd, J = 10.5, 8.5 Hz, CH) and the ester carbonyl carbon (δC 168.7). Furthermore, H-5 (δH 2.36, dd, J = 5.5, 2.8 Hz, CH) was correlated to two methylene protons at δH 1.50 (br m) and 1.58 (m) in the COSY spectrum, indicating that compound 1 does not feature an ester or a hydroxy group at C-6. In Ferula species, both 2α- and 2β-esterified daucanes have been reported.7,17 However, the NOESY spectrum of 1 was consistent with an α-oriented H-2. Also, the coupling constants for H-2 (Table 1) did not match the chemical shift and multiplicity of H-2 in the 2α- esterified daucanes,17 but was in correspondence with reported data for 2β-esterified daucane esters.7 Characteristic HMBC interactions are shown in Figure 1a and the corresponding spectra are shown in the Supporting Information (Figures S1-S9). Collectively, these data permitted assignment of the structure of compound 1 as 2(-angeloyloxydauc-8-ene-4(,10α-diol.
Compound 2 was of a molecular formula C22H34O5, based on the presence of the sodium adduct ion at m/z 401.2300 in HRESIMS [M+Na]+ (calcd 401.2298 for [C22H34O5+Na]+). The 1D and 2D NMR spectroscopic data obtained (Table 1) revealed that compound 2 is of a similar structure to compound 1. The presence of low-field Me group protons (δH 2.03, s, CH3) together with two signals in the APT spectrum (δC 21.0, CH3 and 170.4, C) indicated the presence of an acetyl ester moiety in compound 2. In the HMBC spectrum, the acetate protons were long-range correlated to C-10 (72.1, CH) which implied presence of acetate ester moiety at C-10. Therefore, the structure of compound 2 was assigned as 2(-angeloyloxy-10(-acetoxydauc-8-en-4(-ol.

In the HRESIMS of compound 3, the presence of a protonated molecular ion peak (M+H(+ at m/z 351.2165 (calcd 351.2166 for [C20H30O5+H]+) allowed the formula C20H30O5 to be assigned. The IR spectrum showed the presence of absorption bands in the stretching region of a carbonyl group27 at 1694 and 1649 cm-1, in line with the occurrence of a ketone carbonyl group at δC 206.6 in HMBC spectrum. Compound 3 features some rearrangements in the scaffold as compared to the known 2- and 10-oxo daucanes of Ferula extracts.6,8,17,19-20 The observed resonances of H-10 (δH 3.87, s) and C-10 (δC 80.8) implied the presence of a hydroxy group at this position, which was assigned α relative orientation by analyses of the NOESY spectrum. In the HMBC spectrum (Figure 1b), this signal of the keto group at C-9 (δC 206.6) was long-range correlated to H-10 and the protons of Me-15 (δH 1.90, s, CH3) and a proton shifted to a low field at δH 6.27 (br s). Thus, compound 3 was characterized by a (7,8 -trisubstituted double bond, as the olefinic H-7 chemical shift occurred low field (δH 6.27, br s), in line with being a vinylogous proton. Accordingly, the structure of 3 was defined as 2β-angeloyloxy-9-oxodauc-7-ene-4β,10α-diol.

The HRESIMS of compound 4 displayed a sodium adduct ion at m/z 375.2131 [M+Na]+ (calcd 375.2142 for [C20H32O5+Na]+) corresponding to a molecular formula of C20H32O5. The NMR data for compound 4 showed that it is a daucane monoester of angelic acid featuring a (8,9  double bond and hydroxy groups at C-7 and C-similarly to polyhydroxydaucanes reported in Ferula and Daucus species.6-8,11,17,21 The H-7 and H-10 protons were determined as β based on the NOESY spectrum. In order to verify the relative orientation of the hydroxy group at C-7, a modeling study on the structure of compound 4 was performed. The lowest energy conformation had H-7 in an equatorial position, consistent with the coupling of 6.0 Hz of the observed broad doublet of H-7 (δH 4.06) to methylene protons at C-6. Therefore, the structure of compound 4 was determined as 2β-angeloyloxydauc-8-ene-4(,7α,10α-triol.
Compound 5 was assigned the elemental formula, C20H32O5, based on the sodium adduct ion observed at m/z 375.2152 in the HRESIMS [M+Na]+ (calcd 375.2142 for [C20H32O5+Na]+. The 1H NMR and APT spectra (Figures S36-S37, Supporting Information) revealed some of the features characteristic for a daucane mono-angeloyl ester. In the APT spectrum two signals with chemical shift characteristic for carbons attached to an epoxide ring18 were present (Table 2). A close correlation in the spectroscopic data of compound 5 to those of lapiferin, a daucane with an 8α,9α-epoxy functionality, isolated from some Ferula species.8,10,12 The HMBC spectrum indicated the occurrence of an angeloyloxy ester moiety at C-2 which was assigned β orientation, as evidenced by analysis of NOESY correlations and comparing the coupling constants to relevant literature data.7,17 Compound 5 was assigned the structure 2β-angeloyloxy-8α-9α-epoxydaucane-4(,10α-diol.
Compound 6 was shown to have a molecular formula of C20H32O5 from the presence of a protonated molecular ion at m/z 353.2318 in the HRESIMS [M+H]+ (calcd 353.5322 for [C20H32O5+H]+. Unlike compounds 1-5, the APT spectrum of compound 6 featured the signal of a carbon (δC 113.9, CH2) attached to two olefinic protons (δH 5.08 (br s) and 5.15 (br s)(, which is a characteristic signal of an exomethylene group.18 Daucane esters featuring an exomethylene group at C-8 were isolated from F. sinaica19 and Ferula linkii.22 Based on the evidence from the HMBC spectra (Table 2 and Figure 1c), the NOESY interactions, and data for related structures,22 it was concluded that compound 6 contains two α-oriented hydroxy groups at C-9 and C-10. The structure of 6 was characterized as 2β-angeloyloxy-8-methylenedaucane-4(,9α,10α-triol.

In addition to the new daucanes, the hydroxyketone vaginatin (7) (10α-angeloyloxy-2-oxodauc-8-ene-5(-ol) was isolated from L. zernyi. This compound was first isolated from the roots of Selinum vaginatum, and later from the fruits of Laserpitium halleri subsp. halleri.23 Vaginatin (7) has been isolated from commercially available edible plant species, such as parsley24 and carrots.25 Finally, laserpitin (8), the major principle in the roots and rhizomes of L. latifolium5 was isolated as most abundant constituent in L. zernyi herb extract. In addition to isolated daucanes, from the extract were isolated guaianolides of a slovanolide type, namely, montanolide, isomontanolide, acetylmontanolide and acetylisomontanolide, and the eudesmanolide, silerolide. Those lactones were previously isolated from underground parts of the same plant species,4 implying a similarity in chemical composition to the lactone fraction, however, the extract of the aerial parts exhibited a more complex composition.
Anti-inflammatory Activity. Effects in cell-based assays were evaluated at three concentrations (60, 30, 10 μM) of each test compound, with the selected concentration range based on concentrations of non-steroidal glucocorticoid receptor modulating compounds.16 Dexamethasone (1 (M), a synthetic agonist for GR, was used as the reference drug in NF-κB and AP-1 assays. In GRE-driven reporter gene assays, dexamethasone, at concentrations of 0.1 (M and 0.01 (M, was employed to induce a specific GRE-driven gene expression. The most active compounds 1-3, 7 and 8, showed concentration-dependent NF-κB and AP-1 inhibitory activities, even though no significant difference in the inhibition by those compounds was observed at concentrations of 60 vs. 30 μM (Figures 2 and S55, Supporting Information). The most active compound 2 induced 52.0±6.3% of the maximal activity of NF-κB at a concentration of 60 µM compared to 59.7±8.5% at a concentration of 30 µM (the solvent control group treated with TNF set as 100%). Notably, activities of all compounds applied at 10 µM were much lower. Considering the impact on AP-1, compounds 2 and 7 showed the most pronounced effects (Figure S55, Supporting Information). Compound 2 inhibited PMA-induced AP-1-dependent luciferase activity to 41.0±14.6% and 49.4±13.6% at concentrations of 60 and 30 μM, respectively, while compound 7 inhibited the AP-1-dependent luciferase activity to 41.4±2.9% and 49.6±5.8% at concentrations of 60 and 30 μM, respectively (with the solvent control group being treated with PMA set as 100%). GR can impinge on AP-1 and NF-κB at various steps in their signaling cascades, as referenced extensively by De Bosscher et al.26 Interestingly, selective modulation of the GR may also differentiate between transrepression of NF-κB versus AP-1. In this work, such a preference was not found, and daucanes can inhibit the activity of both NF-κB and AP-1, as established using reporter gene assays (Figures 2 and S55, Supporting Information). Effects on cell viabilities were also concentration dependent. It was detected that compound 2 at a concentration of 60 μM decreased cell viability up to about 10% (cell viability of 97.3±1.1% and 93.4±3.7% in NF-κB and AP-1 cell assays, respectively, and 90.0±3.2% in the NeoLuc A549 assay; the solvent groups treated with TNF or PMA were set as 100%). At a concentration of 30 μM of compound 2 the cell viability was higher than 95% in all cell viability assays (Figures S56-S58, Supporting Information). Similarly, compounds 1 and 7 showed also a decrease up to 10% at a concentration of 60 μM, but a cell viability higher than 97% at a concentration of 30 μM (Figures S56-S58, Supporting Information). Therefore, it was decided to continue the mechanistic exploration of compound effects at a concentration of 30 μM. Compounds 1, 2, 7 and 8 were tested subsequently in GR-knock out A549 cells stably integrated with NF-(B-Luc (Figure 3). Compounds for which effects are lower in GR knockout cells as compared to GR wild-type counterparts may be considered as good candidates to act (at least partially) in a GR-dependent manner. Compound 1 led to 91.8±7.8% of maximal TNF-induced luciferase activity in a GR knockout assay, compared to 70.8±13.1% in KB3 Luc A549 cells, while compound 2 led to 83.6±8.7% in GR knockout A549 cells, compared to 59.7±8.5% in KB3 Luc A549 cells. For comparison, dexamethasone repressed to 55.6±6.2% of the maximal activity of the solvent group treated with TNF in the KB3 Luc A549 cell line (NF-κB assay), compared to 97.2±1.2% in a GR knockout cell line (the solvent group treated with TNF was set as 100%). Taken together, the results imply that the effects of these compounds may be in part mediated via GR. 
To further evaluate a potential role for GR, compounds 1-3, 7 and 8 were tested at two concentrations (30 and 10 μM) for their abilities to competitively repress dexamethasone (Dex)-induced GRE-driven promoter activities, a phenomenon which may be indicative for an involvement of the ligand binding pocket of GR, either via direct occupation and subsequent displacement of dexamethasone or else via an allosteric modulation mechanism, that may change the transactivation capacity of the receptor.16 The effects of the compounds, as expressed as percentages of Dex-induced GRE-driven reporter gene expression, are shown in Table 5. All compounds exerted an effect at a concentration of 30 μM, and, as expected, this inhibition was more pronounced when using the lower concentration of Dex (0.01 μM) for induction of GRE-driven reporter gene expression. Compound 2 was the most efficient (Table 3). One explanation for this result is that compound 2 may be “competing” with Dex for binding at GR implying that the exerted effects could be at least in part GR mediated. Another explanation may be that compounds act up- or down-stream of the GR-signaling pathway by influencing functions crucial for fine tuning of GR actions, such as chaperoning or posttranslational modification of enzymes. To validate the anti-inflammatory profile, an ELISA assay was performed to concomitantly measure CCL2 chemokine production in the basal A549 cell line (Figure 4). Compound 2 and 7 applied at 30 μM, inhibited CCL2 synthesis to 72.1±7.7% and 70.1±2.4%, respectively (the solvent control group treated with TNF was set as 100%). Those effects were statistically significant (p (0.05) as compared to the control group (solvent induced with TNF) but lower than the effect with dexamethasone (1 μM), which significantly inhibited the production of CCL2 to 35.7±0.7% (p (0.001 as compared to a control group treated with TNF set as 100%). This discrepancy between reporter gene activity and protein production of this particular NF-(B-driven cytokine may be explained by the fact that Dex may exert in addition an effect on the chemokine mRNA stability, as reported previously.27 Taken together, compound 2 and vaginatin (7) can be considered as mild anti-inflammatory agents, of which the effects are comparable to the effects of Dex in reporter gene assays, i.e., at the level of gene transcription, but Dex is more efficient in inhibiting the pro-inflammatory CCL2 production. Nevertheless, their inability to trigger GRE-dependent reporter gene expression on their own, combined with a competitive action in the presence of GCs, may be an interesting feature for further investigation of these compounds and their analogues as potential SEGRMs. 
EXPERIMENTAL SECTION

General Experimental Procedures. Optical rotations were measured on a Perkin Elmer 241 polarimeter. IR spectra were recorded on a Perkin Elmer Spectrum FT-IR instrument equipped with a Pike Miracle Horizontal Attenuated Total Reflectance (HATR) module. NMR experiments (1H NMR, 13C NMR (Attached Proton Test - ATP), gHSQC, gHMBC, COSY and NOESY) were performed using a Bruker Avance 300 and a Bruker Avance II 500 spectrometer. HRMS analysis was performed on an Agilent 1100 series HPLC equipped with a quaternary pump and a UV-DAD detector directly coupled to an Agilent 6220A time-of-flight MS detector equipped with an ESI/APCI (multimode) ionization source. Measurements were done using a flow injection technique with 5 μL sample solution directly injected in a flow of 300 μL/min. The standard mass range (m/z) was 80-1000 and the detection of positive and negative ions was done separately. LC-MS analysis was performed on an Agilent 1100 series HPLC equipped with quaternary pump and UV-DAD detector, directly coupled to an Agilent G1956B single quadrupole MS detector equipped with an ESI ionization source. The columns used for LC-MS were a Phenomenex Kinetex C18 (150 × 4.6 mm, 5 μm) or a Phenomenex Luna C18 (2) (250 × 4.6 mm, 5 μm). All measurements were performed at 35 °C and the injection volume was 15 μL on the Kinetex and 25 μL on the Luna column. The mass range (m/z) was set to 80-1000 and the detection of positive and negative ions was done separately. Preparative HPLC was performed on an instrument equipped with a Kontron 422 binary pump system, a Kontron 335 UV detector, a Gilson 231XL injector, and an ISCO Retriever 500 fraction collector. For preparative HPLC, two columns were used: a Phenomenex Luna C18(2) column (250 ( 10 mm, 5 μm), with a constant flow of 4.5 mL/min, and Phenomenex Luna C18(2) column (250 ( 21 mm, 5 μm), with a constant flow of 17.5 mL/min. All separations were performed at 35 °C, and the injection volume was 500 or 1000 μL. For flash chromatography separations Rocc Silica Gel 60 (60-200 μm) was used. Analytical TLC was performed on Machery-Nagel SIL G-25 (UV254) 0.25 mm plates. For measuring light emissions, a luminescence microplate counter Top-Count (Packard Instrument Co., Meriden, CT, USA) was utilized. Cell culture 96 well microplates with a flat, transparent bottom (Ref. No. 655090) were purchased from Greiner Bio-One (Frickenhaussen, Germany). Molecular modeling was performed with the Schrodinger Macromodel 9.9 software: a molecular-mechanics based conformational search was performed using the MMFF (Merck Molecular Force Field) in CHCl3, and as minimization search method PRCG (Polak Ribiere Conjugate Gradient) was used.
The solvents used for separation were of analytical reagent grade or of the highest quality commercially available and were purchased from Sigma-Aldrich (Diegem, Belgium) and Biosolve (Valkenswaard, The Netherlands). Staining of the TLC plates was performed by ammonium molybdate tetrahydrate (Sigma-Aldrich), and cerium (IV) sulfate (Acros Organics, Geel, Belgium). For NMR analysis, chloroform-d (CDCl3) was used (residual solvent peak was internal standard). Dexamethasone (DEX) and phorbol-12-myristate-13-acetate (PMA) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Recombinant mouse TNF, used in the NF-κB reporter assay, was produced in E. coli and purified to homogeneity at the VIB core facilities for VIB-Department of Medical Protein Research. TNF had a specific activity of 1.2 × 108 IU/mg and no detectable endotoxin contamination. The composition of luciferase assay reagent was reported before.21 The Cell Titer Glo® Luminescent Cell Viability Assay was purchased from Promega (Leiden, Nederlands).
Plant Material. The aerial parts (herb without flowers) of L. zernyi were collected at Mt. Ošljak (Serbia) in July 2008. The species was identified by Dr. Marjan Niketić, and a voucher specimen is deposited at the Natural History Museum in Belgrade under accession number ko20080709.
Extraction and Isolation. The aerial parts of L. zernyi (139.61 g) were extracted with CHCl3 using an identical procedure, as reported previously.4 The full extraction and isolation procedure is given as paragraph S59 in the Supporting Information. The quantification of major constituents was performed in an optimized gradient system, as reported previously,4 and the results are given as paragraph S60 in the Supporting Information.
2(-Angeloyloxydauc-8-ene-4(,10(-diol (1): transparent solid (CHCl3); [α]20D -5.6 (c 0.1, CHCl3); IR (max 3478, 1695, 1451, 1380, 1236, 1152, 1081, 1042, 1015, 985 cm-1; NMR data (CDCl3) are shown in Table 1; HRESIMS m/z 359.2196 [M+Na]+ (calcd 359.2193 for [C20H32O4+Na]+,  0.9 ppm).
2(-Angeloyloxy-10(-acetoxydauc-8-ene-4(-ol (2): transparent solid (CHCl3); [α]20D -106 (c 0.2, CHCl3); IR (max 3518, 2161, 1713, 1452, 1371, 1236, 1144, 1082, 1043, 1016, 988 cm-1; NMR data (CDCl3) are shown in Table 1; HRESIMS m/z 401.2300 [M+Na]+ (calcd 401.2298 for [C22H34O5+Na]+,  0.4 ppm).
2β-Angeloyloxy-9-oxodauc-7-ene-4β,10α-diol (3): transparent liquid (CHCl3); IR (max 3447, 2162, 1694, 1649, 1384, 1235, 1155, 1034, 992 cm-1; NMR data (CDCl3) are shown in Table 1; HRESIMS m/z 351.2165 [M+H]+ (calcd 351.2166 for [C20H30O5+H]+,  0.3 ppm) and m/z 373.1978 [M+Na]+ (calcd 373.1985 for [C20H30O5+Na]+,  2.1 ppm).
2β-Angeloyloxydauc-8-ene-4(,7α,10α-triol (4): transparent liquid (CHCl3); IR (max 3412, 3374, 3329, 2160, 2028, 1698, 1451, 1377, 1234, 1147, 1088, 1021, 990 cm-1; NMR data (CDCl3) are shown in Table 2; HRESIMS m/z 375.2131 [M+Na]+ (calcd 375.2142 for [C20H32O5+Na]+,  3.1 ppm).
2β-Angeloyloxy-8α-9α-epoxydaucane-4β,10α-diol (5): transparent liquid (CHCl3); IR (max 3452, ,2163, 1710, 1453, 1379, 1235, 1150; 1088, 1043 cm-1; NMR data (CDCl3) are shown in Table 2; HRESIMS m/z 375.2152 [M+Na]+ (calcd 375.2142 for [C20H32O5+Na]+,  2.9 ppm).
2β-Angeloyloxy-8-exomethylenedaucane-4(,9α,10α-triol (6): transparent liquid (CHCl3); IR (max 3491, 3449, 3413, 2957, 1699, 1456, 1383, 1236, 1159, 1085, 1041, 987 cm-1; NMR data (CDCl3) are shown in Table 2; HRESIMS m/z 353.2318 [M+H] + (calcd 353.5322 for [C20H32O5+H]+,  1.3 ppm) and m/z 375.2140 [M+Na]+ (calcd 375.2142 for [C20H32O5+Na]+,  0.5 ppm).
Vaginatin (7): transparent liquid (CHCl3); IR (max 1699, 1378, 1237, 1161, 1041, 987 cm-1; HRESIMS m/z 352.2476 [M+NH4] + (calcd 352.2482 for [C20H30O4+NH4]+,  1.9 ppm) and m/z 357.2029 [M+Na]+ (calcd 357.2036 for [C20H30O4+Na]+,  2.2 ppm).
Cell Culture. Human A549 lung epithelial cells were purchased at ATCC (cell bank) and were stably transfected with the reporter gene using a lentiviral transduction method (TronoLab, Lausanne, Switzerland) and the full procedure is given as S61 in the Supporting Information. 
Nuclear Reporter Gene Assays. The effect of the isolated daucanes on TNF-induced stably integrated recombinant NF-κB reporter gene activity in A549 cells as well as PMA-induced stably integrated recombinant AP-1 reporter gene activity in A549 cells was determined using a reported methodology.14 Luciferase assays were carried out using the protocol of Promega Corp. (Madison, WI, USA). Briefly, after 24 h incubation of the cells (9000 cells per well) in a 96 well plate, a compound, a solvent control and/or dexamethasone were added to wells. After 1 h, an induction using TNFα or PMA in cells with stably integrated NF-κB and AP-1 reporter genes, respectively, was performed. After incubation (5 h), luciferase activity was measured using a luciferase reagent and an ELISA reader. The control groups (i.e., cells treated only with solvent and medium) were considered as 100% activity. Cell viability tests on NeoLuc A549 cells and A549 cells with stably integrated NF-κB and AP-1 reporter genes were conducted using the same protocol as for reporter gene assays. For the Cell Titer Glo assay, a volume of reagent (25 μL) was added to each well and the level of ATP production was followed with an ELISA plate reader, by a protocol issued by the producer (Promega, Leiden, The Nederlands). For ELISA, an eBioscience Human CCL-2 (MCP-1) ELISA Ready-Set-Go!® kit was used (San Diego, CA, USA). 
Assays Targeting Glucocorticoid Response Element. A glucocorticoid response element-dependent promoter fragment coupled to luciferase, stably integrated in A549 cells, was used in this experiment, as reported previously.16 
Statistical and Numerical Analyses. The results in Tables 1-3 and Figures 1-3 are presented as the mean values ( SD of at least three independent replicates. Statistical significances between the test and control groups (significance levels *p (0.05; **p (0.01; ***p (0.001) were determined by one-way ANOVA tests followed by a Tukey test in reporter gene assays and by a Student t-test in ELISA experiments (GraphPad Prism4).
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Figure 1. Key HMBC correlations (13C ( 1H) of (a) compound 1, (b) compound 3 and (c) compound 6.
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Figure 2. Concentration-dependent effects of the five most active compounds 1-3, 7 and 8 at three concentrations (10, 30 and 60 μM) in TNF-induced A549 cells stably integrated with an NF-(B-Luc reporter gene. Inhibition of the luciferase activity was calculated relative to the control group (solvent) treated with TNF (200 IU/mL) being set as 100%. Dexamethasone (1 μM) induced a drop of activity to 55.6±6.2% (**p = 0.002). Results are shown as mean values of four independant replicates. Statistical significance of the test results in comparison to those of the control groups were determined using one-way ANOVA (significance levels *p (0.05; **p (0.01).
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Figure 3. Effects of compounds 1, 2, 7, and 8 (30 μM) and dexamethasone (Dex) (1 µM) on TNF-induced NF-κB-Luc activities in wild-type versus GR KO A549 cells. Solvent control groups (NI) treated ony with TNF (200 IU/mL) were set as 100%. Results are shown as mean values ± SD of three independent replicates. Statistical significances significance of the test results in comparison to those of the control groups were determined using one-way ANOVA (significance levels *p (0.05; **p (0.01).
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Figure 4. Effect of compounds 1, 2, 7, and 8 (30 μM) on CCL2 production in basal A549 cells. Inhibition of CCL2 production was calculated relative to the control group (solvent - NI) treated with TNF (200 IU/mL) being set as 100% of expression. Results are shown as mean values ± SD of three independent replicates. Statistical significance of the test results in comparison to those of the groups were determined by the Student t-test (significance levels *p (0.05; **p (0.01; ***p (0.001).
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Table 1. 1H NMR, APT and HMBC Data for Compounds 1-3 (CDCl3).a 
	position
	compound 1b
	compound 2c
	compound 3d

	
	δC, type
	δH (J)
	HMBCe
	δC, type
	δH (J)
	δC, type
	δH (J)
	HMBCe

	1
	49.5, C
	-
	2, 5, 9, 10, 14
	47.5, C
	-
	47.9, C
	-
	2, 5, 6, 10, 14

	2
	74.2, CH
	5.07, dd (10.5, 8.5)
	3, 10, 14
	74.0, CH
	4.82, ddf (10.0, 8.5)
	73.2, CH
	5.24, dd (10.0, 8.5)
	3,14

	3
	38.3, CH2
	2.34  mf (α), 1.75 m ( β) 
	2, 11, 14
	38.5, CH2
	2.51, dd (14.0, 8.5) (α) 1.62, mf, (β)
	39.2, CH2
	2.43, dd (14.0, 8.5) (α) 1.75, mf (β)
	2, 14

	4
	81.0, C
	-
	5, 11, 12, 13
	81.2, C
	-
	81.6, C
	-
	3, 11, 12, 13

	5
	45.3, CH
	2.36, dd (5.5, 2.8)f
	6, 7, 10, 14
	46.3, CH
	2.30, dd (11.5, 2.5)
	42.0, CH
	2.36 , dd (12.0, 2.5)
	6, 14

	6
	21.1, CH2
	1.58 mf; 1.50 br mf
	5, 7
	20.6, CH2
	1.57, 1.49, br mf
	26.1, CH2
	2.49, 2.17, br m
	7

	7
	33.1CH2
	2.31, 2.03, br mf
	6, 9, 15
	33.0, CH2
	2.24, 2.08, br mf
	136.5, CH 
	6.27, br s 
	6,15

	8
	142.3, C
	-
	6, 7, 10,15
	143.9, C
	-
	118.8, C
	-
	6

	9
	123.9, CH
	5.60, d (8.0)
	10, 15
	121.7, CH
	5.63, d (7.5)
	206.6, C
	-
	7,10,15

	10
	69.9, CH
	3.66, d (8.0)
	2, 5, 9, 14
	72.1, CH
	4.78, df (7.5)
	80.8, CH
	3.87, br s
	2, 15

	11
	36.8, CH
	1.74, br mf
	3, 5, 12, 13
	36.5, CH
	1.76, br mf
	36.8, CH
	1.77, mf
	12, 13

	12
	18.3, CH3
	0.92, d (7.0)
	11, 13
	18.2, CH3
	0.99, d (7.0)
	17.9, CH3
	0.97, d (6.0)
	11, 13

	13
	17.2, CH3
	0.90, d (7.0)
	11, 12
	17.1, CH3
	0.97, d (7.0)
	17.1, CH3
	0.95, d (6.0)
	11, 12

	14
	13.7, CH3
	0.92, s
	2, 5, 10
	14.1, CH3
	1.10, s
	13.5, CH3
	1.15, s
	2, 5, 10

	15
	28.4, CH3
	1.72, s
	7, 9
	28.0, CH3
	1.77, s
	21.6, CH3
	1.90, s
	7


a1H NMR and APT Data for Compounds 1 and 3 Were Recorded at 500 MHz and 125 MHz (δC and δH in ppm, J in Hz), Respectively, While for Compound 2 Spectra Were Recorded at 300 MHz and 75 MHz (δC and δH in ppm, J in Hz), Respectively.bSignals for the angeloyloxy group 1H NMR, (coupling constants in Hz): 6.11, qq (7.3, 1.5), 1.89, br. m, 2.00, br. m; 13C NMR: 168.7; 138.9; 127.6; 20.7; 15.9 cSignals for the angeloyloxy group 1H NMR, (coupling constants in Hz): 6.05, qq (7.5, 1.5), 1.98, br. m, 1.88, br. m; 13C NMR: 167.8; 138.0; 127.9; 20.7; 15.8. Signals for the acetoxy group 1H-NMR: 2.03, s; 13C NMR: 170.4; 21.0. dSignals for the angeloyloxy group 1H-NMR, (coupling constants): 6.12, qq (6, 1.5); 2.01, br. m; 1.89, br. m; 13C NMR: 167.3; 139.2; 127.5; 20.7; 15.9. eHMBC correlations are from the indicated carbon to the indicated protons. fSignal partially obscured.                                         

Table 2. 1H NMR, APT and gHMBC Data for Compounds 4-6 (CDCl3).a
	position
	compound 4b
	compound 5c
	compound 6d

	
	δC
	δH (J)
	HMBCe
	δC
	δH (J)
	HMBCe
	δC
	δH (J)
	HMBCe

	1
	49.4, C
	-
	5, 9, 10, 14
	50.4, C
	-
	2, 3, 14
	49.3, C
	-
	3, 5, 14

	2
	74.3, CH
	5.03, dd (9.0, 10.0)
	3, 10, 14
	74.9, CH
	4.92, apparent t (9.0)
	3,10, 14
	74.4, CH
	5.16, apparent t (10.0)
	3, 14

	3
	37.3, CH2
	2.41, dd (9.0, 14.0) (α), 1.67, mf (β)
	11, 14
	38.2, CH2
	2.56, dd (14.0, 9.0) (α), 1.50, mf (β)
	2
	39.5, CH2
	2.36, mf (α), 1.88, dd (13.0, 6.0) (β)
	11

	4
	81.8, C
	-
	11, 12, 13
	81.6, C
	-
	3, 11,12,13
	80.9, C
	-
	5,11,12,13

	5
	36.9, CH
	2.71, dd (12.0, 2.5)
	6, 10, 12, 13
	45.0, CH
	2.23, apparent 

br d (11.0)
	6, 10, 14
	41.6, CH
	2.02, mf
	6, 14

	6
	27.5, CH2
	1.80, 1.75, br mf
	-
	19.0, CH2
	1.65, 1.55, br mf
	5
	20.9, CH2
	1.62, 1.55, br mf
	5, 7,11

	7
	71.2, CH
	4.06, br d (6.0)
	6, 9, 15
	34.3, CH2
	2.18, 1.47, br mf
	15
	31.7, CH2
	2.43, 2.35, br m
	5, 6, 15

	8
	145.7, C
	-
	6, 7, 10, 15
	62.0, C
	-
	7, 15
	144.4, C
	-
	7, 9, 15

	9
	126.1, CH
	5.68, br d (8.0)
	7, 10, 15
	61.8, CH
	2.90, d (5.5)
	7, 10, 15
	74.2, CH
	3.60, br s
	7, 15

	10
	69.4, CH
	3.70, d (8.0)
	2, 9, 14
	66.6, CH
	3.97, d (5.5)
	2, 9, 14
	73.2, CH
	4.27, br s
	9, 14

	11
	35.9, CH
	1.79, mf
	3, 12, 13
	35.9, CH
	1.75, m
	12, 13
	37.3, CH
	1.68, mf
	3, 5, 12, 13

	12
	18.3, CH3
	0.98, df (7.0)
	11, 13
	18.4, CH3
	0.94, d (7.0)
	11, 13
	18.0, CH3
	0.93, d (7.0)
	11, 13

	13
	17.2, CH3
	0.97, df (7.0)
	11, 12
	17.1, CH3
	0.92, d (7.0)
	11, 12
	17.1, CH3
	0.92, d (7.0)
	11, 12

	14
	13.2, CH3
	0.97, s
	2, 5
	12.4, CH3
	1.17, s
	2, 10
	13.3, CH3
	1.10, s
	2, 5

	15
	26.0, CH3
	1.90, s
	7, 9
	23.9, CH3
	1.39, s
	-
	113.9, CH2
	5.15, br s; 5.08, br s
	7


a1H NMR and APT for Compounds 4 and 6 Were Recorded at 500 MHz and 125 MHz (δC and δH in ppm, J in Hz), Respectively, While for Compound 5 Spectra Were Recorded at 300 MHz and 75 MHz (δC and δH in ppm, J in Hz), Respectively.bSignals for the angeloyloxy group 1H NMR, (coupling constants in Hz): 6.12, m, 2.00, br. m, 1.87, br. m; 13C NMR: 168.7, 139.0, 127.6, 20.7, 15.9. cSignals for the angeloyloxy group 1H NMR, (coupling constants in Hz): 6.08, qq (6.0, 1.5), 2.02, br. m, 1.90, br. m; 13C NMR: 164.3; 138.2; 128.6; 20.7; 15.9. dSignals for the angeloyloxy group 1H NMR, (coupling constants in Hz): 6.13, qq (7.5, 1.5), 1.93, br. m, 1.83, br. m; 13C NMR: 166.7; 139.4; 127.5; 20.7; 16.0. eHMBC correlations are from the indicated carbon stated to the indicated protons. fSignal partially obscured.
Table 3. NF-κB Inhibiting Activity at a Concentration of 30 μM of Daucane Esters 1-8 in a TNF-Induced Stably Integrated Recombinant NF-κB-Dependent Reporter Gene in the A549 Lung Epithelial Cell Line.a 
	compound
	1
	2
	3
	4
	5

	% Lucif. Act.
	70.8±13.1%
	59.7±8.5%
	70.8±5.2%
	77.5±8.6%
	≥90%

	compound
	6
	7
	8
	Dex
	

	% Lucif. Act.
	87.2±2.2%
	73.0±4.0%
	76.9±3.1%
	55.6±6.2%
	


a Dexamethasone (Dex) at 1 μM Was Used as a Reference Drug. Reporter Gene Levels Induced by TNF in the Presence of Solvent Alone Were Considered as 100% Activity.

Table 4. AP-1 Inhibiting Activity at a Concentration of 30 μM of Daucane Esters 1-8 in a PMA-Induced Stably Integrated Recombinant AP-1-Dependent Reporter Gene in the A549 Lung Epithelial Cell Line.a
	compound
	1
	2
	3
	4
	5

	% Lucif. Act.
	76.7±10.1%
	49.4±13.6%
	79.6±11.0%
	79.6±1.4%
	≥90%

	compound
	6
	7
	8
	Dex
	

	% Lucif. Act.
	≥90%
	49.6±5.8%
	67.7±10.0%
	55.0±3.2%
	


a Dexamethasone (Dex) at 1 μM Was Used as a Reference Drug. Reporter Gene Levels Induced by PMA in the Presence of Solvent Alone Were Considered as 100% of Activity.

Table 5. Effects of Compounds 1-3, 7, and 8 at Two Concentrations (10 and 30 µM) on Dex-Induced GRE-Driven Promoter Activities in the A549 Lung Epithelial Cell Line.a 
	compound (µM)
	Dex (0.1 µM)
	Dex (0.01 µM)

	1
	30
	80.9±6.6%
	77.0±3.0%

	
	10
	≥90%
	≥90%

	2
	30
	67.1±6.3%
	48.9±6.4%

	
	10
	78.0±5.1%
	70.1±5.4%

	3
	30
	71.6±15.7%
	52.8±16.6%

	
	10
	≥90%
	≥90%

	7
	30
	74.5±6.4%
	80.4±0.9%

	
	10
	≥90%
	≥90%

	8
	30
	≥90%
	83.5±6.8%

	
	10
	≥90%
	≥90%


aReporter Gene Levels Induced by Dex at Two Concentrations (0.1 and 0.01 µM) in the Presence of Solvent Alone Were Considered as 100% of Activity. 
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