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Abstract 

Oxalis pes-caprae L. is a plant of the Oxalidaceae family, from which several compounds 

have been previously identified. Recently, we showed that an Oxalis pes-caprae L. extract 

inhibits the vasopressor effect of noradrenaline. In this work we aimed to explore the 

mechanisms involved in this effect. The results confirmed that the flavonoid fraction present 

in the extract inhibits noradrenaline-induced contractions and that this effect is concentration-

dependent. Also, a parallel shift to the right in the noradrenaline concentration-response curve 

was observed, suggesting a decrease in efficacy and also in potency. Together these results 

support the assumption that the extract could exert a non-competitive antagonism on the α-

adrenergic receptors. However, experiments in the presence of competitive antagonists for α-

adrenergic receptor sub-types (i.e. prazosin, yohimbine and phentolamine) showed that the 

effect may not be directly mediated by α-adrenergic receptors. Thus, the interaction of this 

extract with the adrenergic system remains to be confirmed. 
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Experimental 

Preparation of leaf extract of Oxalis pes-caprae L. 

The collection of plant material and preparation of the aqueous leaf extract of Oxalis pes-caprae L. 

was carried out as previously reported (Gaspar et al. 2018). Briefly, the crude material was collected 

in Portugal (N - 40°13.131’; W - 8°25.036’) in March 2009 by a gardener from the "Botanic Garden 

of University of Coimbra" and compared with the voucher specimen in the Herbarium (barcode 

number 31641; http://www.uc.pt/herbario_digital/herbario_online), previously collected by J. Paiva 

(collector number 427) in April 1988. The fresh leaves were selected, crushed, the constituents 

extracted with ethanol 50% (v/v) at room temperature (25ºC), evaporated to dryness and the residue 

recovered with distillate water. The polyphenolic fraction was obtained by extraction with ethyl 

acetate and separated of the oxalic acid and other aqueous phase compounds. Following re-

evaporation to dryness, the polyphenolic fraction was recovered in distillate water (5 mL) to 

produce an extract with a concentration of 2.6 g/mL. 

 

Polyphenolic characterization of the extract 

The polyphenolic profile characterization was carried out as previously reported in Gaspar et al. 

(2018) and according to the methods already published (Campos and Markham 2007, Campos et al. 

1998). HPLC-DAD was performed using an HPLC system (Gilson
®
) coupled with a Diode Array 

Detector (DAD) system, with Unipoint
®
 software, and linked with a Jasco V-530 UV/VIS 

Spectrophotometer, with Spectra Manager
®
 software. The following chromatographic conditions 

were used: injection volume of 100 μL; 0.8 mL/min flow rate; gradient elution of H2O/CH3CN 

(below) pumped through a LichroSorb
®
 RP18 column (250 X 5mm, 5m id) at a column temperature 

of 24ºC. Online detection was performed using the DAD and the spectra were collected in a range 

of λmax 200.0 to 400.0 nm. The solvents included water adjusted to pH 2.5 with a mix of 

orthophosphoric acid (A) and acetonitrile (B). Briefly, a linear gradient starting with 100% A, 

decreasing to 91% over the next 12 min to 87% over the next 8 min and to 67% over the next 10 

min. After holding the solvent at this composition for 2min, eluent A was decreased to 57% over 

the next 10 min, and then held at this level until the end of the 60 min analysis. 

The linearity of the detectors response was checked with the standards quercetin, quercetrin 

(quercetin-3-O-rhamnoside) and rutin (quercetin-3-O-rutinoside) (Amiot et al. 1989, Campos et al. 

1998, Campos et al. 1990). The standards orientin, homoorientin, isovitexin, vitexin-2’’-rhamnoside 

and saponarin were also used to confirm the data. Results were compared to the standards, the UV 



spectra were analyzed according to principles already developed (Campos and Markham 2007) and 

LC-MSMS was carried out to confirm the flavonoid structures as described previously and 

published in Gaspar et al. (2018). 

 

Vascular reactivity assays 

Samples of human internal thoracic artery (HITA) were harvested from patients undergoing 

coronary artery bypass grafting with an age between 42 and 80 years. The discarded segments were 

collected with the approval by the ethics committee of University Hospitals of Coimbra (reference 

PC-388/08) and following informed consent. After sternal incision, the arteries were dissected as a 

pedicle from the anterior internal surface of the chest and the distal segments remaining after 

surgery were placed in cold (4°C) Krebs-Henseleit bicarbonate buffer (in mM: 118.7 NaCl, 5.4 

KCl, 1.9 CaCl2.2H2O, 0.9 KH2PO4, 0.6 MgSO4.7H2O, 25 NaHCO3 and 11.1 Glucose) previously 

aerated with 95% O2 / 5% CO2 and adjusted to pH 7.4 and transferred to the Laboratory of 

Pharmacology and Pharmaceutical Care, Faculty of Pharmacy of University of Coimbra, Portugal. 

The collected samples were kept in cold Krebs-Henseleit buffer during isolation procedure to 

remove the perivascular tissue. After isolation, the arteries were cut into 3-mm rings, mounted on 

platinum wires and then suspended in organ bath chambers, filled with 10 mL of Krebs-Henseleit 

bicarbonate buffer. The wires were attached to AD Instruments
®
 force transducers which allowed 

the recording of isometric tension of vascular rings during the experiments. As the resting tension 

demonstrated to be different between the several rings, it was normalized by adjusting the rings to 

an optimal resting tension which corresponded to the equilibrium state achieved after the 

application of a passive force of 2 g (19.6 mN). The rings were washed several times with Krebs-

Henseleit bicarbonate buffer to eliminate a possible interference from drugs administered to the 

patients, maintained at 37°C with a PanLab
®
 thermostat and allowed to equilibrate for 2 hours. 

After the stabilization period, the changes in isometric tension were measured using the PowerLab
®

 

data acquisition package. Data was collected in gram (g), converted to miliNewton (mN) and 

ultimately the contraction was expressed as a percentage of the control, i.e. maximum contraction to 

the agonist (noradrenaline) in the absence of extract (Emax). 

The vascular activity of the Oxalis pes-caprae L. leaf extract was assessed considering the intrinsic 

activity and the potency. The intrinsic activity corresponds to the ability to directly stimulate a 

receptor or a set of receptors, in this case, any α-adrenergic receptors present on the HITA. This 

parameter was evaluated by cumulative concentration-response curves (0.0023 mg/mL to 0.63 

mg/mL), each concentration being added once the response to the previous one had reached its 

plateau. The potency corresponds to the negative logarithm of the effective concentration of agonist 

able to induce half of the maximum contraction and was expressed as pEC50. 



The influence of the Oxalis pes-caprae L. leaf extract on the adrenergic system was first evaluated 

through cumulative concentration-response curves to noradrenaline (0.1 to 48 μM), in the presence 

of different concentrations of extract (2.6, 5.4 and 10.4 mg/mL). Both Emax and pEC50 were 

determined and compared. The interaction with specific α-adrenergic receptor sub-types was 

determined in the presence of prazosin (competitive antagonist selective for α1-adrenergic receptors; 

0.1 µM), yohimbine (competitive antagonist selective for α2-adrenergic receptors; 1 mM) and 

phentolamine (non-selective competitive antagonist; 10 µM). 

The viability and maximal contraction of the tissue were routinely evaluated with single-dose 

stimulations with KCl (60 mM) at the beginning and at the end of each experiment. Values of p < 

0.05 were considered to indicate significant differences (Student’s t-test or analysis of variance). All 

data was presented as mean ± standard error of mean (SEM). Statistical analysis and graphs were 

performed with GraphPad Prism 7
®
 (GraphPad Software, Inc., La Jolla, CA, USA). 
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Supplementary Figures 

 

 

 

Figure S1 – Contractile responses of the HITA to noradrenaline with and without preincubation of 

Oxalis pes-caprae L. (O. pes-caprae). ** p < 0.01 Oxalis pes-caprae L. 5.2 mg/mL vs. control and 

*** p < 0.001 Oxalis pes-caprae L. 10.4 mg/mL vs. control. 

 

 

 

 

 

Figure S2 – Contractile responses of the HITA to noradrenaline with and without preincubation of 

Oxalis pes-caprae L. (O. pes-caprae) and α-adrenergic receptor antagonists: prazosin, yohimbine 

and phentolamine. ** p < 0.01 control vs. other conditions. 

 



Supplementary Tables 

 

 

Table S1 - Influence of Oxalis pes-caprae L. leaf extract on the noradrenaline-induced contractile 

response of the HITA. ** p < 0.01 Oxalis pes-caprae L. 5.2 mg/mL vs. control and *** p < 0.001 

Oxalis pes-caprae L. 10.4 mg/mL vs. control. 

 

Condition Emax (%) pEC50 n 

Control 100.00 ± 0.00 5.46 ± 0.06 13 

Oxalis pes-caprae 2.6 mg/mL 59.19 ± 7.32 5.26 ± 0.23 6 

Oxalis pes-caprae 5.2 mg/mL 14.09 ± 1.99** 4.91 ± 0.28** 8 

Oxalis pes-caprae 10.4 mg/mL 12.24 ± 3.17*** 4.73 ± 0.34*** 11 

 

 

 

Table S2 - Influence of Oxalis pes-caprae L. (O. pes-caprae) leaf extract (10.4 mg/mL) on the 

noradrenaline-induced contractile response of the HITA in the presence of α-adrenergic receptor 

sub-type antagonists prazosin (α1), yohimbine (α2) and phentolamine (α1 and α2). ** p < 0.01 vs. 

control. 

 

Condition Emax (%) pEC50 n 

α1 Control 100.00 ± 0.00 5.46 ± 0.06 13 

 Prazosin 12.43 ± 4.44** 3.30 ± 2.67** 8 

 Prazosin + O. pes-caprae 10.81 ± 5.17** 3.85 ± 1.30** 4 

α2 Control 100.00 ± 0.00 5.46 ± 0.06 13 

 Yohimbine 32.11 ± 10.11** 4.05 ± 0.61** 10 

 Yohimbine + O. pes-caprae 31.78 ± 13.68** 3.77 ± 1.14** 6 

α1 & α2 Control 100.00 ± 0.00 5.46 ± 0.06 13 

 Phentolamine 9.61 ± 3.51** 3.98 ± 0.80** 6 

 Phentolamine + O. pes-caprae 9.54 ± 3.48** 3.48 ± 1.73** 6 

 

 


