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Antihypertensive and vasodilator effects of methanolic extract of Inula viscosa: Biological evaluation and POM analysis of cynarin, chlorogenic acid as potential hypertensive
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In recent times, several experimental studies carried out on I. viscosa have shown that extract of this plant has antifungal [START_REF] Cafarchia | Antifungal activity of essential oils from leaves and flowers of Inula viscosa (Asteraceae) by Apulian region[END_REF], hypoglycemic [START_REF] Zeggwagh | Study of hypoglycaemic and hypolipidemic effects of Inula viscosa L. aqueous extract in normal and diabetic rats[END_REF], antihypertensive [START_REF] Kattouf | Effet antihypertenseur des feuilles d'Inula viscosa[END_REF], antiproliferative [START_REF] Talib | Antiproliferative activity of plant extracts used against cancer in traditional medicine[END_REF] and cytotoxic activities. Many of these ameliorative effects were attributed to phenolic compounds (Table 1) such as flavonoids, which are implicated in the anti-inflammatory effect [START_REF] Hernández | Effects of naturally occurring dihydroflavonols from Inula viscosa on inflammation and enzymes involved in the arachidonic acid metabolism[END_REF] or in the stimulation of glucose uptake [START_REF] Zhang | Epigallocatechin-3-O-gallate (EGCG) protects the insulin sensitivity in rat L6 muscle cells exposed to dexamethasone condition[END_REF].

Literature exists on the modest blood pressure lowering effects of chlorogenic acid [START_REF] Zhao | Antihypertensive effects and mechanisms of chlorogenic acids[END_REF][START_REF] Onakpoya | The effect of chlorogenic acid on blood pressure: a systematic review and meta-analysis of randomized clinical trials[END_REF]. But, no studies have assessed the possible interactions with antihypertensive drugs or flavonoids or advisability in patients being treated for low blood pressure. So, in the present study, we investigated the antihypertensive effect of the methanolic extract of I. viscosa on L-NAME hypertensive rats and attempted to identify the compounds (Table 1), responsible for the antihypertensive effect. The POM analyse is used as an important bioinformatic support to elucidate the hypothesis of involvement of chlorogenic and cynarin acids in vasorelaxant activity.

Material and methods

All experiments were carried out according to the European Community guiding principles in the care and use of animals (86/ 609/CEE, CE Off J n L358, 18 December 1986), the local ethics committee (CREEA Ile-de-France Sud) guidelines and the French decree n 87-848 of October 19, 1987(J Off Rép Fr, 20 October 1987, pp. 12,245-12,248). Plants and Microorganisms (LBPPM), University Mohamed Premier, Oujda À Morocco. The leaves were air-dried at room temperature and reduced to fine powder by milling. The pulverized material was successively extracted with petroleum ether, dichloromethane, ethyl acetate and methanol. The extracts were concentrated using a rotary vacuum evaporator.

Test animals

Adult Wistar rats used in all the study (200-300 g) were purchased from the animal facility of Faculty of Sciences (Oujda-Morocco) and Faculty of Pharmacy (Châtenay-Malabry-France).

Chemicals

(À)-Phenylephrine (Phe), Carbachol, (CCh), N G -nitro-L-arginine methyl ester (L-NAME) were purchased from Sigma-Aldrich Chemical Co.

Antihypertensive study

Hypertension was induced in adult Wistar rats by oral administration of N G -nitro-L-arginine methyl ester (L-NAME). Animals were divided into four groups: a control group receiving tap water; a group receiving L-NAME 32 mg/Kg/day, a group receiving L-NAME 32 mg/Kg/day plus Enalapril 15 mg/Kg/day and a group receiving L-NAME 32 mg/Kg/day plus MeOH-extract 40 mg/ Kg/day. The treatment lasted four weeks and the systolic blood pressure (SBP) was weekly measured in all groups using the tailcuff method.

in vitro vascular study

The Wistar rats were anaesthetized with sodium pentobarbital (50 mg/Kg, i.p.), following which the thoracic aorta was removed and placed in Krebs-Henseleit buffer solution (KHS). An aortic ring of about 2-3 mm in length was suspended between two stainless steel hooks in 20-ml water-jacketed bath containing KHS of the following composition (in mM): NaCl, 119; KCl, 4.7; CaCl 2 , 2.5; MgSO 4 , 1.2; KH 2 PO 4 , 1.2; NaHCO 3 , 25 and glucose 11. The tissue bath solution was maintained at 37 C and gassed with 95% O 2 -5% CO 2 (pH = 7.4). The isometric contraction was recorded via a forcedisplacement transducer (SensoNor, type 801) connected to a paper recorder (Leybold-Heraeus, type SE122). A tension of 1 g was initially applied to the ring which was equilibrated in the medium for 30 min. After equilibration, the aortic rings were stabilized with a near maximal contraction induced by 0.1 mM phenylephrine (Phe) in normal KHS. When the steady contraction was reached, 1 mM carbachol (CCh: a muscarinic analogue) was added to the bath to assess endothelium integrity.

The relaxant effect of MeOH-extract on 0.1 mM Phe-precontracted aortic rings was examined. When contraction had reached a steady-state after about 10 min (considered as 100%, and was defined as control), MeOH extract (0.01-3 g/L) was added. The effect of extract was evaluated as the percentage of relaxation of the Phe-induced contraction. MeOH-extract was also tested on denuded aorta. The endothelium was removed mechanically by rubbing the lumen of the artery with plastic tubing. The absence of carbachol-induced relaxation indicated that the vessel was successfully denuded.

HPLC analysis

HPLC analysis of MeOH-extract was carried out on a Shimadzu LC-10AS apparatus with a diode array detector (SPD-10A, Shimadzu) using a Spherisorb ODS II reverse phase (RP18) analytical column (250mm  4.6 mm, particle size 5_m). Extract (20_l) was separated at 40 C at a flowrate of 1 ml/min using the following gradient of aqueous orthophosphoric acid (0.3%) (A) and 

Statistics

The results were expressed as the means AE SEM for n separate experiments. Within-group comparisons were performed by analysis of variance (ANOVA) test for repeated measurements followed by Bonferroni test, and a difference was considered as statistically-significant when p value was less than 0.05.

Results

Antihypertensive effect

Adult Wistar rats treated with L-NAME showed a progressive increment in SBP, which became significant from the first week, when SBP increased from 118 AE 2 to 135 AE 3 mmHg. At the fourth week, the value of SBP reached 160 AE 2 mmHg which showed the installation of arterial hypertension. Enalapril, an ACE inhibitor with antihypertensive action, significantly prevented the rise in SBP, which remained normal at 123 AE 1 mmHg after four weeks of L-NAME + enalapril treatment. The administration of MeOHextract concomitantly with L-NAME also prevented the increase in SBP. Indeed, SBP remained constant at around 115 AE1 mmHg after four weeks of treatment (Fig. 1). These in vivo experiments indicate that MeOH-extract exerts an anti-hypertensive action.

Vasorelaxant effect

Intact aortic rings developed a tension of 1,98 g AE 0,14 g in response to 0.1 mM Phenylephrine (Phe), an a-adrenergic agonist. Carbachol (CCh, 1 mM), a muscarinic agonist, induced a strong relaxation, confirming the integrity of endothelium (57% AE 4%). As shown in Fig. 2A, MeOH-extract induced a relaxation of a precontracted intact aortic ring. To see whether the observed effect was endothelium-dependent, rings of aorta were denuded before application of the extract. As shown in Fig. 2B, MeOH-extract failed to relax a pre-contracted denuded ring of aorta. Fig. 2C summarizes the results of several similar experiments, and indicates that the effect of MeOH-extract was dose-dependent, with a half maximal effect around 1 g/L and a maximal effect around 3 g/L.

Separation of active compounds

The subsequent experiments were aimed to identifying the active compounds present in the MeOH-extract which might be responsible for the relaxant effect. Fig. 3A shows the chromatogram of MeOH-extract analyzed by HPLC. The retention times observed suggests the predominance of phenolic compounds such as flavonoids. MeOH-extract was further separated semipreparatively by reversed-phase HPLC. This complex extract was separated in 8 fractions, named Fr1-Fr8. Each fraction was collected and tested on pre-contracted aorta. Fig. 3 Bshows that Fr3 and Fr4 were the most active fractions, as they produced a relaxing effect of 40% AE 12% and 54% AE 3%, respectively, at 0.1 g/L. The six other fractions had no significant effect ( < 10% relaxation at the same concentration). Fig. 3C shows dose-dependent effect of Fr3 and Fr4. These two fractions produced 80% of relaxation at 1 g/ L.

Despite the complexity of MeOH-extract chromatogram, several components were identified by HPLC coupled with mass spectrometry and confirmed by the retention time of the standard. These include cynarin and chlorogenic acid (Fig. 4A-C).

We observed the presence of cynarin and chlorogenic acid in two fractions. When these compounds were tested on pre- contracted aortic rings, they induced a dose dependent relaxation (Fig. 4D).

Discussion

Antihypertensive activity

In the present study, we investigated the antihypertensive effect of the MeOH extract of I. viscosa (MeOH-extract) on L-NAME hypertensive rats and tried to explain it and to identify compounds involved in this effect. Previously, the aqueous extract of this plant had already shown an antihypertensive effect.

The current results indicated that the treatment of rats with MeOH-extract, co-administrated with L-NAME, prevents significantly the development of hypertension. This antihypertensive effect was comparable to effect of Enalapril, a classical antihypertensive agent.

In order to explain the antihypertensive effect observed in this study, we investigated the vascular effects on isolated aorta. The results obtained demonstrate that MeOH-extract, tested on thoracic aortic rings pre-contracted with Phe, causes an endothelium-dependent relaxation. In fact, several studies have shown that the vasorelaxant effect was involved in the antihypertensive effect attributed to medicinal plants. Among them, we can cite Gingko biloba, Arbutus unedo [START_REF] Afkir | Arbutus unedo prevents cardiovascular and morphological alterations in L-NAME-induced hypertensive rats: part I: cardiovascular and renal hemodynamic effects of Arbutus unedo in L-NAME-induced hypertensive rats[END_REF], Cistus ladaniferus [START_REF] Belmokhtar | Antihypertensive and endothelium-dependent vasodilator effects of aqueous extract of Cistus ladaniferus[END_REF], and Lindera obtusiloba [START_REF] Lee | An ethanolic extract of Lindera obtusiloba stems causes NO-mediated endothelium-dependent relaxations in rat aortic rings and prevents angiotensin II-induced hypertension and endothelial dysfunction in rats[END_REF]. Extract of these plants has already shown an endothelium-dependent vasorelaxant effect involving an enhancement of endothelial NOS (nitric oxide synthases) activity.

The observed pharmacological activity of MeOH-extract may be due to some phenolic compounds of the plant. Indeed, the analysis by HPLC reveals the presence of phenolic compounds in this extract. To localize the active fractions of MeOH-extract, this complex extract was separated into 8 fractions, named Fr1-Fr8. When each fraction was tested on pre-contracted aorta, it appears that Fr3 and Fr4 were the most active and they are three fold more active than MeOH-extract.

Besides, several components were identified in these two fractions by HPLC coupled with mass spectrometry and confirmed by the retention time of the standard. These compounds include cynarin and chlorogenic acid.

Thus, the efficacy of the two active fractions (Fr3 and Fr4) was further compared with two commercial compounds (cynarin and chlorogenic acid) in relaxation induced on pre-contracted aortic rings. The efficacy of Fr3 and Fr4 was comparable to thus of cynarin and chlorogenic acid.

Moreover, many studies have demonstrated a vasodilator effect of cynarin and antihypertensive effect of chlorogenic acid. It has been demonstrated that chlorogenic acid reduces oxidative stress and improves NO bioavailability in the vasculature, leading to the attenuation of endothelial dysfunction and hypertension in spontaneously hypertensive rats [START_REF] Suzuki | Chlorogenic acid attenuates hypertension and improves endothelial function in spontaneously hypertensive rats[END_REF]. Bankar et al. have shown that the vasorelaxant and antihypertensive effect of Cocos nucifera was supported by the polyphenols as chlorogenic acid identified in the ethanolic extract of the plant [START_REF] Bankar | Vasorelaxant and antihypertensive effect of Cocos nucifera Linn. endocarp on isolated rat thoracic aorta and DOCA salt-induced hypertensive rats[END_REF]. Chlorogenic acids from green coffee bean extract at a dosage of 140 mg/day lowered blood pressure in spontaneously hypertensive humans as determined by random randomized clinical trial [START_REF] Watanabe | The blood pressure-lowering effect and safety of chlorogenic acid from green coffee bean extract in essential hypertension[END_REF]. In the contrary, for cynarin, its vasorelaxant effect was not described; however, this polyphenol possesses an antioxidant effect [START_REF] Sloley | Comparison of chemical components and antioxidants capacity of different Echinacea species[END_REF]. The relationship between the antioxidant effect of phenolic compounds and their vasorelaxant effect is well established [START_REF] Duarte | Antihypertensive effects of the flavonoid quercetin in spontaneously hypertensive rats[END_REF].

POM analyses

The POM programs is an efficient bioinformatic platform because it is able to process practically all organic and most organometallic compounds, leading to their identification of pharmacophore sites (antibacterial/antiviral/antifungal/antitumor/antiparasitic) and their optimization on the basis of geometrical parameters of each site and electronic charge repartition of corresponding heteroatoms [START_REF] Ben-Hadda | Impact of geometric parameters, charge and lipophilicity on bioactivity of armed quinoxaline, benzothiaole and benzothiazine: POM analyses of antibacterial and antifungal activity, Phosphorus Sulfur Silicon[END_REF].

CLogP (octanol/water partition coefficient) is calculated by the methodology developed by Molinspiration as a sum of fragmentbased contributions and correction factors (Tables 2 and3). Molecular Polar Surface Area (TPSA) is calculated as a sum of fragment contributions. TPSA has been shown to be a very good descriptor, characterizing drug absorption, including intestinal absorption, bioavailability, Caco-2 permeability and blood-brain barrier penetration.

Lipophilicity (cLogP value) and TPSA values are two important properties for the prediction of oral bioavailability of drug molecules [START_REF] Al-Maqtari | Synthesis, characterization, POM analysis and antifungal activity of novel heterocyclic chalcone derivatives containing acylated pyrazole[END_REF][START_REF] Alawadi | Metronidazole derivatives as a new class of antiparasitic agents: synthesis, prediction of biological activity, and molecular properties[END_REF][START_REF] Ben Hadda | POM analyses of antimicrobial activity of some 2, 3-armed 4, 5, 6, 7-tetrahydro-1-benzothiophenes: favourable and unfavourable physicochemical parameters in design of antibacterial and mycolytic agents[END_REF]. Therefore, cLogP and TPSA values for compounds C1-C7 were calculated using POM software programs and compared with the values obtained for standard drug C-8 and C-9. The calculated cLogP values for the studied compounds fall in the range of À0.45 to 2.71. So, the values for all compounds are lower than 5, which is the upper limit for the drugs to be able to penetrate through bio-membranes according to Lipinski's rule. So, these compounds are expected to present good bioavailability [START_REF] Ben Hadda | POM analyses of antimicrobial activity of some 2, 3-armed 4, 5, 6, 7-tetrahydro-1-benzothiophenes: favourable and unfavourable physicochemical parameters in design of antibacterial and mycolytic agents[END_REF][START_REF] Mabkhot | How to improve antifungal bioactivity: POM and DFT study of some chiral amides derivatives of diacetyl-Ltartaric acid and amines[END_REF][START_REF] Mabkhot | Antimicrobial activity of some novel armed thiophene derivatives and Petra/Osiris/ Molinspiration (POM) analyses[END_REF][START_REF] Mabkhot | Synthesis, bioactivity, molecular docking and POM analyses of novel substituted thieno [2,3-b]thiophenes and related congeners[END_REF][START_REF] Mabkhot | Substituted thieno[2,3-b] thiophenes and related congeners: synthesis, b-glucuronidase inhibition activity, crystal structure, and POM analyses[END_REF]. The lowest degree of lipophilicity is the indication for good water solubility [START_REF] Lahsasni | POM analyses of Raltegravir derivatives: a new reflection enlightening the mechanism of HIV-integrase inhibition[END_REF][START_REF] Rauf | POM analysis of phytotoxic agents from Pistacia integerrima Stewart[END_REF][START_REF] Sajid | Novel armed pyrazolobenzothiazine derivatives: synthesis, X-ray crystal structure and POM analyses of biological activity against drug resistant clinical isolate of Staphylococcus aureus[END_REF].

The polar surface area (TPSA) is calculated from the surface areas that are occupied by oxygen atoms and by hydrogen atoms attached to them. Molecules with approximate TPSA values of 160 or more are expected to exhibit poor intestinal absorption. It is to be noted that cLogP and TPSA values are the two important parameters, although not sufficient criteria for predicting oral absorption of a drug.

An interesting aspect of this study is that not all compounds (except C-8 and C-9) do obey the Rule of 5, and exert some violation of this cardinal rule. Two or more violations of the Rule of 5 suggest the probability of problems in bioavailability of the standard drug [START_REF] Alawadi | Metronidazole derivatives as a new class of antiparasitic agents: synthesis, prediction of biological activity, and molecular properties[END_REF][START_REF] Ben Hadda | POM analyses for antimicrobial evaluation of thienopyrimidinones derivatives: a rapid method for drug design[END_REF][START_REF] Ben Hadda | POM theoretical calculations and experimental verification of antibacterial potential of 5-Hydroxy-4-(Substituted-Amino)-2(5H)-Furanones[END_REF][START_REF] Jarrahpour | Osiris and molinspiration (POM) together as a successful support in drug design: antibacterial activity and biopharmaceutical characterization of some azo schiff bases[END_REF][START_REF] Juneja | Synthesis, antibacterial screening and POM analyses of novel bis-isoxazolyl/pyrazoyl-1,3-diols[END_REF][START_REF] Youssoufi | POM analyses of antimicrobial activity of 4H-pyrimido[2,1-b]benzothiazole, pyrazole, and benzylidene derivatives of curcumin[END_REF].

Activity of the compounds C1-C7 and 2 standard drugs were rigorously analyzed under four criteria of known successful drug activity in the areas of GPCR (G-protein-coupled receptors) ligand activity, ion channel modulation, kinase inhibition activity, and nuclear receptor ligand activity. Results are shown in Tables 2 and3 by means of numerical assignment. All compounds (except C-8 and C-9) have consistent negative values in two categories (GPCR ligand and ion channel modulator). Therefore, these two compounds C-8 and C-9 are expected to have near similar activity to the cardio-vascular drugs used based upon these four rigorous criteria (GPCR ligand, ion channel modulator).

The 3,5-dicaffeoylquinic acid (3,5-DCQ), isolated from Baccharis genistelloides, is an isomer of compound C-9. This isomer is the most-important and potent expensive inhibitor of the HIV-1 integrase and it binds to the active site of the enzyme without side effects (1 million of £/1 g) as it is indicated on net (http://www. futura-sciences.com/sante/actualites/medecine-tournesol-coeurnouveau-medicament-traitement-sida-8003/).

A comparative analysis of bioactivity scores of the two isomers (Table 3) shows an important therapeutic application, which should be done without hesitation: the compound C-9 should be tested not only as an antihypertensive agent but also as an excellent candidate for HIV-integrase inhibition.

Conclusion

The MeOH extract of Inula viscosa decreased hypertension induced in rats by L-NAME treatment. This antihypertensive effect may be partly due to the vasorelaxant effect of MeOH-extract, through the actions of two of its phenolic compounds, cynarin and chlorogenic acid. However, other compounds would certainly be involved in this effect. A comparative POM analysis of bioactivity scores of the two isomers indicates C-9 should be tested not only as anti-hypertension agent but also as potential HIV-integrase inhibitor.

A potentiometric study of the real composition and stability of the resulting complexes of Ca 2+ /Mg 2+ /Mn 2+ and cynarin/chlorogenic acids should be engaged, particularly in those of biological importance (cardiovascular and viral diseases).
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 1 Vegetal material and plant extract preparation viscosa was collected from Nador region in Oriental Morocco. It was identified by Pr. B. Haloui, from the Laboratory of Biology of

Fig. 1 .

 1 Fig. 1. Effect of chronic administration of MeOH-extract (40 mg/kg/day for four weeks) on SBP. SBP was recorded in four animal groups: hypertension induced by L-NAME (32 mg/Kg/day). Values are mean AE SEM (n = 6 rats for each group). **: P < 0.01, ***: P < 0.001 vs. L-NAME group.

Fig. 2 .

 2 Fig. 2. Vascular effect of MeOH-extract. (A and B): Original tracings showing the effect of MeOH-extract in rat aortic rings pre-contracted by 0.1 mM Phe. (C): Summary data of several experiments performed as in A and B (n = 6). Endo+: intact aorta ring; EndoÀ: denuded aorta ring; W: washout of MeOH-extract.

Fig. 3 .

 3 Fig. 3. Chromatograms of MeOH-extract obtained by semi-preparative reversed-phase HPLC. A: complete MeOH-extract, B: F3 fraction, C: F4 Fraction and C: standards:(1) quinic acid, (2) chlorogenic acid, (3) cynarin, (4) caffeic acid, (5) isorhamnetin and (6) luteolin.

Fig. 4 .

 4 Fig. 4. (A) Relaxant effect of 8 fractions obtained from MeOH-extract by semi-preparative reversed-phase HPLC. Fractions were tested at 1 g/L in rat aortic rings precontracted by 0.1 mM Phe. (B) Dose-dependent effect of Fr3 and Fr4 fractions compared with two commercial standards, cynarin and chlorogenic acids.

  

  

  

Table 1

 1 Most-important bioactive constituents of I. viscosa plant.

Table 2

 2 Molinspiration calculations of bioactive constituents of I. viscosa plant.

	Compounds	Structure	Calculation of Molecular Properties	Calculation of Bioactivity Scores
	C-1		miLogP 2.71	GPCR ligand À0.12
			TPSA 100.13	Ion channel modulator À0.28
			nOHNH 3	Kinase inhibitor 0.19
			nviolations 0	Nuclear receptor ligand 0.30
			nrotb 2	Protease inhibitor À0.28
			volume 249.59	Enzyme inhibitor 0.20
		(MW = 300.27 g/mol)		
	C-2		miLogP 2.65	GPCR ligand 0.02
			TPSA 76.00	Ion channel modulator À0.26
			nOHNH 2	Kinase inhibitor À0.25
			nviolations 0	Nuclear receptor ligand 0.40
			nrotb 2	Protease inhibitor À0.12
			volume 247.79	Enzyme inhibitor 0.15
		(MW = 286.28 g/mol)		
	C-3		miLogP 1.97	GPCR ligand À0.02
			TPSA 111.12	Ion channel modulator À0.07
			nOHNH 4	Kinase inhibitor 0.26
			nviolations 0	Nuclear receptor ligand 0.39
			nrotb 1	Protease inhibitor À0.22
			volume 232.07	Enzyme inhibitor 0.28
		(MW = 286.24 g/mol)		
	C-4		miLogP 2.30	GPCR ligand À0.09
			TPSA 109.36	Ion channel modulator À0.24
			nOHNH 3	Kinase inhibitor 0.21
			nviolations 0	Nuclear receptor ligand 0.14
			nrotb 3	Protease inhibitor À0.31
			volume 275.14	Enzyme inhibitor 0.14
		(MW = 330.29 g/mol)		
	C-5		miLogP 1.96	GPCR ligand À0.08
			TPSA 120.36	Ion channel modulator À0.18
			nOHNH 4	Kinase inhibitor 0.19
			nviolations 0	Nuclear receptor ligand 0.23
			nrotb 2	Protease inhibitor À0.28
			volume 257.61	Enzyme inhibitor 0.21
		(MW = 316.26 g/mol)		
	C-6		miLogP 1.99	GPCR ligand À0.08
			TPSA 120.36	Ion channel modulator À0.23
			nOHNH 4	Kinase inhibitor 0.22
			nviolations 0	Nuclear receptor ligand 0.17
			nrotb 2	Protease inhibitor À0.31
			volume 257.61	Enzyme inhibitor 0.16
		(MW = 316.26 g/mol)		
	C-7		miLogP 3.02	GPCR ligand À0.09
			TPSA 89.14	Ion channel modulator À0.25
			nOHNH 2	Kinase inhibitor 0.18
			nviolations 0	Nuclear receptor ligand 0.17
			nrotb 3	Protease inhibitor À0.29
			volume 267.12	Enzyme inhibitor 0.14
		(MW = 314.29 g/mol)		
	C-8		miLogP À0.45	GPCR ligand 0.29
			TPSA 164.74	Ion channel modulator 0.14
			nOHNH 6	Kinase inhibitor À0.00
			nviolations 1	Nuclear receptor ligand 0.74
			nrotb 5	Protease inhibitor 0.27
			volume 296.27	Enzyme inhibitor 0.62
		(MW = 354.31 g/mol)		
	C-9		miLogP 1.42	GPCR ligand 0.18
			TPSA 211.28	Ion channel modulator 0.04
			nOHNH 7	Kinase inhibitor À0.01
			nviolations 3	Nuclear receptor ligand 0.50
			nrotb 9	Protease inhibitor 0.21
		(MW = 516.46 g/mol)	volume 431.08	Enzyme inhibitor 0.42

Table 3

 3 Molinspiration calculations of two dicaffoeylquinic acid isomers.

	Compounds	Structure	Calculation of Molecular Properties	Calculation of Bioactivity Scores
	C-9 or 1,3-DCQA		miLogP 1.42	GPCR ligand 0.18
			TPSA 211.28	Ion channel modulator 0.04
			nOHNH 7	Kinase inhibitor À0.01
			nviolations 3	Nuclear receptor ligand 0.50
			nrotb 9	Protease inhibitor 0.21
			volume 431.08	Enzyme inhibitor 0.42
		(MW = 516.46 g/mol)		
	3,5-DCQA		miLogP 1.42	GPCR ligand 0.18
			TPSA 211.28	Ion channel modulator 0.03
			nOHNH 7	Kinase inhibitor À0.02
			nviolations 3	Nuclear receptor ligand 0.46
			nrotb 9	Protease inhibitor 0.13
			volume 431.08	Enzyme inhibitor 0.37
		(MW = 516.46 g/mol)		
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