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Abstract

:

Kalanchoe pinnata is a species widely used in traditional medicine in Latin America and southern Africa. This species has been reported to have different activities, such as antioxidant, anti-inflammatory, and cytotoxic, the latter being related to its flavonoid content. The aim of this study was to contribute to the standardization of the aqueous extract of flowers from Kalanchoe pinnata. Purification of chemical markers was carried out by centrifugal partition chromatography (CPC). Stability tests under stress conditions were conducted for the extract by using the chromatographic profiles analyzed by ultra-performance liquid chromatography coupled to photodiode array detection (UPLC-PDA) and ultra-high-performance liquid chromatography combined with quadrupole-time of flight–mass spectrometry (UHPLC-MS-QTOF), with quantification of flavonoids by a validated UPLC-PDA method. Physicochemical variables of the plant material were within the limits established by official guides. Thirteen flavonoids present in the extract were identified, the major compounds being quercetin 3-O-α-L-arabinopyranosyl-(1→2)-α-L-rhamnopyranoside and quercetin 3-O-D-glucuronide, purified by CPC. A range of total flavonoids for the extract from 8–13% was determined. Finally, through stability tests, it was observed that the extract was stable in most conditions but evidenced moderate degradations upon acid and basic hydrolysis. Through qualitative and quantitative chemical characterizations, it was possible to chemically standardize the aqueous extract of flowers from K. pinnata, with a high content of flavonoids, under parameters required by the WHO and pharmacopoeias.
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1. Introduction


In Latin America, and more specifically in Colombia, a multitude of plants are documented for their medicinal properties, potentially harboring active ingredients with diverse therapeutic applications [1,2]. One of them is the species Kalanchoe pinnata (Lam.) Pers (syn. Bryophyllum pinnatum, (Lam.) Oken), which has been used in traditional medicine to treat bacterial, fungal, and viral infections, as well as asthma, kidney stones, inflammatory problems, and ulcers; additionally, its activity has been evaluated as anti-inflammatory [3], immunosuppressant, nephroprotective [4], antihypertensive [5], antimicrobial [6], antileishmanial [7], healing [8], anthelmintic [9], analgesic, anticonvulsant [10], and antitumor [11,12,13]. K. pinnata has proven to be a promising medicinal species with multiple reported properties, which have not yet been fully described [14,15].



In chemical studies, its leaves have been reported to contain compounds of the type bufadienolide cardiotonic glycoside with a steroid nucleus, and glycosylated flavonoids of the flavonol type such as quercetin 3-O-α-L-rhamnopyranoside (quercitrin), kaempferol 3-O-α-L-arabinopyranosyl (1→2) α-L-rhamnopyranoside (kapinnatoside), quercetin 3-O-α-L-arabinopyranosyl (1→2) α-L-rhamnopyranoside (described as the major component), kaempferol, and 4′,5-dihydroxy-3′,8-dimethoxyflavone 7-O-β-D-glucopyranoside; pharmacological activities have been attributed to some of them [3,7,13,14,15,16,17,18]. On the other hand, its flowers have been less studied; however, it is known that there is a presence of phenolic acids such as 4-hydroxybenzoic acid, p-hydroxycinnamic acid, para-coumaric acid, ferulic acid, and flavonoids, mainly glycosylated flavonols [12,14]. In addition, it has been determined that flowers have a higher content (% w/w) of total flavonoids compared to leaves [14].



Given the pharmacological potential of flavonoids, and as an initial step towards standardizing a flower extract, various quality control parameters for both the plant material and the extract have been characterized. These parameters are essential prerequisites for its potential utilization in phytotherapeutic applications. Some of these determined parameters were total ash, foreign matter, loss on drying, and particle size. Likewise, according to the United States Food and Drug Administration (FDA), the European Agency for the Evaluation of Medications (EMEA), and the WHO, the characterized parameters are aimed at reducing variability in terms of concentration of the components through standardization, understanding this as the establishment of parameters in a given process that allows the obtaining of a constant and stable amount of active ingredients in a certain time [7,19,20,21,22,23,24,25,26,27]. The objective of this study consisted of the standardization of an extract rich in flavonoids from flowers of Kalanchoe pinata through the characterization of some physicochemical and chemical aspects.




2. Materials and Methods


2.1. Plant Material


The flowers of K. pinnata were obtained in the municipality of Villa de Leyva, Department of Boyacá, Colombia (5°39′15.6″ N–73°34′38.1″ W). The collection was carried out under the Permission of Pontificia Universidad Javeriana (Resolution No. 00778, of 7 July 2017—ANLA). The voucher specimen was identified by Dr. Nestor Garcia and was deposited in the herbarium collection of the Pontificia Universidad Javeriana, Bogotá D.C (HPUJ-30749). In total, three collections were made at three different times; the first collection was made in November 2019; the second, in December 2020; and the third, in January 2021.




2.2. Physicochemical Characterization of Plant Material


Some of the physicochemical and pharmacognostic variables were defined according to the parameters established in quality control by the WHO and the following pharmacopoeias: Brazilian (5th ed.), American (USP 30), and European (8th ed.). These variables include the determination of foreign matter, determination of total ash, humidity percentage (loss on drying), and particle size [28,29,30,31,32,33].




2.3. Chemical Composition of the Aqueous Extract of K. pinnata Flowers


The dried and ground material was extracted employing the infusion technique with boiling water for 15 min (in a ratio of 1:25 m/v (g:mL, plant:solvent), taking into account that expected active compounds for this species are polar [3]. The extracts obtained were analyzed using ultra-performance liquid chromatography coupled to a Diode Array Detector (UPLC-PDA), and coupled to a mass spectrometer (UHPLC-MS-QToF). Samples were prepared at a concentration of 3 mg mL−1 (methanol:water, 1:1 v/v), and filtered through 0.22 µm PTFE membrane filters.



The elution conditions described by [7,15] were adjusted to UPLC-PDA using Waters Acquity® UPLC Calculator software and were subsequently optimized. Thus, an analysis was performed using a Phenomenex Kinetex® EVO C18 column (100 mm × 2.1 mm; 2.6 µm) at 26 °C. As the mobile phase, a gradient of acetonitrile and 0.1% formic acid in water was used, with a flow of 0.33 mL min−1 and an injection volume of 2.2 µL. Detection was performed at 254 nm, with a UV spectrum obtained between 200 and 600 nm. In the case of UHPLC-MS-QToF analysis, Shimadzu® Nexera X2 LCMS-QToF 9030 equipment was used, with electrospray ionization (ESI), in negative mode, in the range of 100–1000 m/z. Regarding the identification of the compounds, it was done based on their UV spectra, mass spectra, and retention times [3,18,33,34].




2.4. Separation by Centrifugal Partition Chromatography (CPC)


For the separation of the major compounds, a centrifugal partition chromatography (CPC) system was used in PLC-CPC 2250–250® equipment with UV/Vis detection, quaternary pump, automatic fraction collector, manual injector, and rotor of 250 mL, with embedded Gilson Glinder Prep software. Different solvent systems were evaluated; we analyzed the partition coefficient (Kp) visually by Thin Layer Chromatography (TLC). This procedure was developed following the “shake-flask” method, which consists of dissolving a small amount of extract in a biphasic system by shaking for 30 s, and a subsequent analysis of the distribution of the analytes of interest by TLC in each of the 2 phases [35]. Thereby, the systems described in the Supplementary Materials (Table S1) were tested.



The MeOAc:BuOH:H2O (2.5:2.5:5) biphasic system was selected and the upper phase was used as the stationary phase, which was injected in descending mode at 50 mL.min−1 and rotation of 500 rpm. For the filling of the mobile phase, the rotation speed was increased to 1500 rpm with a flow of 20 mL.min−1 until reaching hydrodynamic equilibrium, achieving retention of the stationary phase of 90%. Then, 1 g of the extract was injected dissolved in 10 mL of the lower phase (mobile phase). Subsequently, the fractions were monitored by UPLC-PDA at 254 and 350 nm.




2.5. Quantification of Total Flavonoids


2.5.1. Quantification by Colorimetric Method


The aluminum chloride (AlCl3) technique was used with rutin as the external standard. We established 6 calibration points: 5, 10, 20, 30, 40, and 50 μg mL−1, in methanol:water 1:1 (v/v). Regarding the extract, it was prepared at a concentration of 100 μg mL−1. To 1 mL of each solution, 0.5 mL of 2% (w/v) aluminum chloride in methanol and 0.5 mL of 1 M potassium acetate in methanol were added. Everything was set for a reaction at room temperature in the dark for 50 min, to later measure the absorbance in a UV-Vis spectrophotometer at 425 nm. With the results obtained, a calibration curve was made relating the absorbances obtained with the concentrations of the external standard. The analysis was performed in triplicate and the results were given in rutin equivalents (mg EQ Rutin/mg extract) [7,15,36,37].




2.5.2. Quantification by UPLC-PDA


The validation of the UPLC-PDA method for the quantification of flavonoids was carried out according to the technical requirements established by the validation guide for analytical procedures of the International Council for Harmonization for the registration of medicines for human use (ICH) [38]. Like the UV-Vis method, rutin stock solution in methanol:water 1:1 (v/v) with a concentration of 500 μg mL−1 was used, which was diluted to obtain 10 concentration solutions in a range between 400 μg.mL−1 and 0.1953 μg mL−1. The validation parameters evaluated in this study included linearity, repeatability (intra-day precision), intermediate precision (inter-day precision), accuracy (recovery), robustness, the limit of quantification (LOQ), and the limit of detection (LOD) [38]. All analyses were performed in triplicate.



Once the methodology was validated, the total flavonoids of 3 samples collected at different times (November 2019; December 2020; January 2021) were quantified. The quantification was carried out based on the external standard method, with a calibration curve, using rutin as standard. Ten calibration points were established, namely: 400, 300, 250, 200, 100, 50, 12.5, 3.125, 1.562, 0.195 μg mL−1, in methanol:water 1:1 (v/v). For the quantification of total flavonoids, the sum of all the areas of the peaks identified as flavonoids by means of their ultraviolet spectra was performed [3,7,34,36,39].





2.6. Extract Stability under Stress Conditions


Stability tests were carried out to observe the ability of the extract to preserve its chemical characteristics within specific limits (significant degradation between 20 and 80%). The tests were performed from 125 mg of the extract, as well as weighed exactly; also, the percentage of degradation was determined by the previously validated UPLC-PDA method. The stability was estimated based on the percentage of degradation of the flavonoids and the time they were exposed to controlled conditions of temperature, basicity, and acidity: conditions proposed in the methodology developed by Singh and Bakshi (2000). Depending on the severity of the conditions under which significant degradation was reached, the extract was classified into the following categories: practically stable, very stable, stable, labile, very labile, or extremely labile [40].



Additionally, in this assay, solid and solution samples of the extract were analyzed. Thus, 3 samples of 2.5 mg of dry extract were placed separately in closed vials. On the other hand, another 3 extract samples were solubilized with type I water, at a concentration of 5 mg mL−1, separately, in other closed vials. All the vials were stored in a refrigerator at 4 °C for 22 days. The solid samples were solubilized in MeOH:H2O (1:1), at a final concentration of 2.5 mg.mL−1; and for the samples in solution, 500 µL aliquots were taken and diluted with 500 µL of MeOH, to obtain a final concentration of 2.5 mg.mL−1. All samples were filtered on 0.22 µm filters and analyzed by UPLC-PDA [41].





3. Results and Discussion


3.1. Physicochemical Characterization of Dried Flowers of K. pinnata


The quality of a phytotherapeutic product or herbal preparation, such as extracts and crude drugs, depends significantly on the correct validation and description of its characteristics. This process ultimately contributes to the development of standardized products, enhancing their safety and efficacy in the medium and long term. Therefore, the plant material and the extract were characterized, which provides not only important information about the physicochemical properties, but also scientific support for potential medicinal purposes, either of the extract or an isolated compound [23,42].



The characterized parameters of the plant material, summarized in Table 1, were:



Foreign matter: in general, any material foreign to the organ of interest was considered foreign matter. The value obtained corresponding to foreign matter is within the limits specified in the pharmacopoeias (<2% m/m) [29,30]. Therefore, a high degree of purity can be estimated in the plant material. Humidity (lost by drying): the average humidity content is within the reported limits (8–14%), even though K. pinnata is a crassulaceous species, with succulent tissues, characterized by its high water retention [43]. With this measurement, a proper processing of the plant is confirmed, mainly in the drying procedure, thus avoiding possible enzymatic activity, microbiological contamination, and hydrolysis of its components, especially during storage [44,45,46]. Particle size distribution: it was possible to ascertain that more than 70% of the plant material was retained in the 500 µm sieve and less than 40% in the 250 µm sieve; therefore, and according to the WHO and Brazilian Pharmacopoeia classification, this material was classified as moderately coarse dust [29,32]. It is worth mentioning that this particle size was chosen for the extractive process. Determination of total ashes: the amount of ashes represents the residual mineral material present in plant tissues (physiological ashes) and, to a lesser ratio, in the foreign material attached to the plant [25]. This amount is within the values reported in the literature for general ash values in medicinal plants, being equal to or less than 12%, favoring the state of purity of the plant material. Higher percentages can mean external contamination (mostly dirt or sand) of the raw drug [45,46].




3.2. Chemical Composition of the Aqueous Extract of K. pinnata Flowers


In the UPLC chromatographic analysis, a good resolution of the peaks was achieved, based on a modification of the methodology proposed by Nascimento and co-workers [3]. In this chromatogram obtained from the crude extract, measured at 254 nm, 14 peaks corresponding to different compounds are observed, with peaks 7 and 10 being the major compounds, with retention times of 6.9 and 7.7 min, respectively (Figure 1). All the compounds were identified as flavonoids except peak 2, through their characteristic UV spectra for flavonoids and phenolic acids [15,47].



Subsequently, exact masses for each compound were obtained through UHPLC-MS-QTOF analysis and added to the UV spectra acquired via UPLC-PDA. A tentative identification of the compounds present in the extract was made; the latter are summarized in Table 2.



Accordingly, the presence of some flavonoids that had already been reported for this species is corroborated, both for leaves and flowers, mainly quercetin nucleus flavonols (peaks 5, 7, 8, 10, and 11) [14]. Furthermore, the presence of flavonols with a kaempferol nucleus (peaks 1, 5, 12, and 13), myricetin nucleus (peaks 3 and 6), isoramnetin nucleus (peak 9), and a flavone with an isoscoparin nucleus (peak 14) was confirmed. These compounds have not been previously reported for flowers in this species [7,14,18].



As for the major compound in the extract (peak 10), it exhibited a mass of [M–H]− 579.1347 m/z and was identified as quercetin 3-O-α-L-arabinopyranosyl (1→2) α-L-rhamnopyranoside, which is a major compound in this species and is suggested as a chemical marker [7,18,57].




3.3. Purification of Major Compounds by Centrifugal Partition Chromatography (CPC)


To obtain the analytical marker in a purified form, which is the same major compound of the extract, the MeOAc:BuOH:H2O (2.5:2.5:5) solvent system was employed, and when analyzed by TLC, the presence of a single band was observed in fraction 11 (mass of fraction: 7.5 mg), 12 (6.9 mg), 13 (12.7 mg), 15 (2.5 mg), 16 (15.7 mg), as well as a mixture of two bands in fraction 14 (12.1 mg) (Figure S1).



The profile of the flavonoids present in these fractions, along with their purity, were analyzed by the validated UPLC-PDA method, where it was evidenced that fraction 13 (Figure 2A) presents a predominant flavonoid corresponding to the second major compound (quercetin 3-O-glucuronide, peak 7), with a purity percentage of 88.1%. Finally, for fraction 16, the predominant compound corresponding to the analytical marker quercetin 3-O-α-L-arabinopyranosyl (1→2)-α-L-rhamnopyranoside (peak 10) was obtained with a percentage of purity of 84.2% (Figure 2B). Mixtures of the different compounds were obtained in the other fractions.



Utilizing this biphasic solvent system was the technique that allowed the obtaining of fractions with major compounds with considerable percentages of purity directly from the crude extract in a single analysis of 30 min.




3.4. Quantification of Total Flavonoids


When analyzed by colorimetric method at UV-Vis at 425 nm, the extract presented a total flavonoid content of 10.306 ± 0.001 μg mL−1, and taking into account that the concentration of the extract sample was 100 μg mL−1, the value can be expressed as 0.103 ± 0.001 mg EQ-Rutin/mg lyophilized extract, a value that corresponds to 10.3 ± 0.01%. The results obtained are given in average percentage ± standard deviation (SD), n = 3, but do not present significant statistical differences; however, they do present relative standard deviation (RSD) < 10% (Table S2) and coefficient of determination (r2) ≥ 0.99, which translates into precision and linearity of the results.



The value obtained in this study is higher than the total flavonoid content reported for flowers and leaves with the same extraction methodology (infusion). Coutinho and coworkers reported a content of 3.24% (w/w) of total flavonoids in a flower extract and 2.61% for a leaf extract [14]. Meanwhile, in another study [15], the total flavonoid content was 2.70% for leaves. Therefore, it is considered that the content of flavonoids obtained in the aqueous extract of flowers in this study is moderately high.



In addition to colorimetric quantification, a total flavonoid quantification was also carried out using UPLC-PDA, based on the sum of all peaks identified as flavonoids through their UV-Vis spectra. This was done to enable the tracking of individual peaks. At first, a method validation was performed following the ICH Analytical Validation Procedures [38]. The parameters evaluated were linearity, precision, accuracy, robustness, and detection and quantification limits (Table 3), using rutin as an external standard.



The calibration curve had an RSD of less than 5%, which indicates a low dispersion between the data. Additionally, a good linear correlation was also obtained, expressed as the coefficient of determination (r2) of 0.9997. For precision, intra- and inter-day measurements presented RSD < 5%, in accordance with the guidelines [38]. Accuracy was measured by using the recovery method, with a recovery percentage of 102.3% established as an exact measure, since a value close to 100% is determined as accurate and a percentage greater than 80% is usually acceptable [58,59]. Both detection limit and the quantification limit were determined experimentally (visually, according to [38]) and theoretically using the SD of the blank.



Finally, robustness was evaluated through small modifications of the method, in terms of temperature, flow, and composition of the mobile phase; the ability of the method to resist these modifications under analytical conditions was determined. Considering that the retention time of the rutin standard in the validated method was 6.3 min, a variation in the retention time of less than 5% was obtained, with SD less than 0.3 min and RSD < 5% in the integration of the areas, in all conditions (Table 4). The obtained results showed that the greatest change regarding the retention time was related to the variation in the flow, retarding 0.5 min the rutin retention time (Figure 3).



The previous robustness tests were also carried out for the extract to verify its behavior against variations. It was evidenced that there are indeed no significant variations in the chromatograms, except for the variable temperature (25 °C), which tends to join peaks 6 and 7 (Figure S2) but does not affect the quantification of total flavonoids. These results confirm the robustness of the developed method against deliberately induced variations.



Once the calibration curve was obtained with its respective linear equation, we proceeded to quantify the total flavonoids present in the extract. For such a purpose, the freeze-dried extract sample was injected in triplicate at a concentration of 3 mg mL−1, in methanol:water (1:1 v/v).



A content of 9.97 ± 0.17% was obtained, a very similar value to that obtained by UV-vis: 10.30%, using a comparative technique that allows us to estimate the content of total flavonoids more accurately.



The total flavonoid quantification values obtained were higher than the values reported by Muzitano and co-workers [7], where the maximum percentage of total flavonoids was 3.34 ± 0.05%. It was also evidenced that these values were higher than those reported for flowers in a different study [14], whose content was found to be 3.24%. Specifically, for the major flavonoids, regarding peaks 7 and 10 (quercetin 3-O-glucuronide and quercetin 3-O-α-L-arabinopyranosyl (1→2) α-L-rhamnopyranoside, respectively), the analysis of their percentage of the areas, in relation to the sum of all areas, indicated an amount of 2.48 ± 0.02% and 4.07 ± 0.02%, respectively (Table S3). The content of the major compound was higher than the amount reported by other authors, who reported contents of 1.87% for flowers, and 2.09% and 2.43% for leaves [7,14,35].



In order to analyze quantitative variations in the content of total flavonoids, and subsequently, establish a quality parameter, three different collections of plant material were carried out at three different times. The values obtained for total flavonoids of different samples collected are presented in Table 5.



It was verified that the content of total flavonoids was very similar for the three collections, with variations in their amounts of less than 2.5%, allowing us to establish a range of contents regarding the flavonoids present in the extract, ranging from 8 to 13%.




3.5. Extract Stability under Stress Conditions


3.5.1. Stability under Stress by Neutral Hydrolysis


In the analysis by hydrolysis, in the first condition of the decision tree (reflux for 12 h) the extract did not present a significant degradation of total flavonoids (<20%). Therefore, it was refluxed for 1 day. Under this condition, the extract had a degradation corresponding to 22.3 ± 0.3%, being classified as stable according to the decision tree proposed by Singh and Bakshi [40]. This degradation was observed as a decrease in the flavonoid contents, especially for myricetin-3-O-arabinopyranoside and isorhamnetin-3-O-glucoside (peaks 4 and 9, respectively), whose decrease becomes evident when comparing the chromatographic profile of the degraded extract to the profile of the extract without degradation (at the same concentration: 2.5 mg.mL−1) (Figure 4A).



As for the decrease in flavonoid content in general, it is suggested that this may have resulted from the complete degradation of the flavonoid nucleus present in the extract. This degradation process typically initiates with a cleavage in ring C, separating rings A and B, potentially generating phenolic derivatives such as 3,4-dihydroxy-benzaldehyde and hydroxybenzoic acid [60,61,62].




3.5.2. Stability under Stress by Basic Hydrolysis (NaOH)


When exposed to 0.01 N NaOH at 40 °C for 8 h, the extract experienced a total flavonoid degradation of 36.3 ± 2.2%, which classifies it as very labile [40].



Under these conditions, the complete disappearance of peaks 3, 4, and 5 (Figure 4B), identified as myricetin-3-O-galactopyranoside, myricetin-3-O-arabinopyranoside, and quercetin 3-O-glucopyranoside (isoquercitrin), respectively, was observed, which are found in less proportion in the extract.



A possible degradation by NaOH may be due to the rupture of the C-ring, through an attack of the hydroxyl groups coming from the NaOH, the carbonyl, and the alkoxy (R-O-R) of the C ring, separating the A and B rings, and generating trihydroxybenzoic acid and acetophenone, among other compounds mainly of the phenolic type [61,63].




3.5.3. Stability under Stress by Acid Hydrolysis (HCl)


In this test, degradation of total flavonoids of 24.4 ± 0.5% was obtained, a degradation that corresponds to the very labile classification, under conditions 0.01 N HCl at 40 °C/8 h. Upon comparison of the extract obtained under these conditions with the chromatographic profile of the non-degraded extract, it is evident that peaks 4 and 9 have undergone complete degradation, while peaks 3 and 5 have significantly decreased (Figure 4C), corresponding to flavonoids monoglycosylated with O-glycosidic bonds [64].



In this study, we observed a moderate degradation of total flavonoids at a lower acid concentration. Notably, the expected aglycones such as quercetin, myricetin, and kaempferol were not detected, nor were common compounds associated with acid degradation, such as the chalcones [63].




3.5.4. Extract Stability under Refrigeration Conditions


Regarding the stability of the extract under refrigeration (4 °C) for 22 days, the dry extract sample presented a degradation of total flavonoids of only 3.8 ± 1.8%, indicating a very low degradation. As in the previous stability tests, a decrease in the peaks was observed (Figure 5A), but an increase in the content of any flavonoid was not observed, suggesting that the degradation products were not other flavonoids derived from hydrolysis of sugars. Instead, it is likely that smaller and less complex molecular compounds were generated.



On the other hand, the sample of the extract that was in an aqueous medium under the same temperature and time conditions (4 °C/22 days) experienced an 11.2 ± 2.0% degradation of total flavonoids, which is nearly 10% higher degradation compared to the solid sample (Figure 5B). This result aligns with expectations, as the aqueous medium promotes degradation through hydrolysis and can also lead to contamination by microorganisms capable of causing enzymatic hydrolysis [65]. In none of the refrigeration tests was total degradation of flavonoids observed, and the degradation percentage was not significant enough for the samples (>20%); therefore, it can be established that the extract is stable under refrigeration conditions and normal storage, for short- and medium-term periods [41,66].






4. Conclusions


The physicochemical parameters determined for the plant material the amount of foreign matter, the loss due to drying, the particle size, and the total ashes, that are within the limits required by international guidelines related mainly to the quality and purity of the plant. A UPLC chromatographic method was developed, resulting in chromatographic profiles for the main phenolic compounds in the extract. This analysis revealed the presence of 13 flavonoids, which were tentatively identified through both UPLC-PDA and UHPLC-MS-QTOF analyses. Thus, the following flavonoids were identified: Quercetin 3-O-(6-pentosyl)-hexoside, kaempferol 3-O-α-L-arabinopyranosyl (1→2) α-L-rhamnopyranoside, myricetin 3-O-α-L-rhamnopyranoside, and isoscoparin-7-O-arabinoside, compounds reported for the first time in flowers for this species. On the other hand, this is the first report for this species of these compounds; the flavonoids kaempferol-3-O-glucose-glucose, kaempferol-3-O-hexosyl-O-pentoside, Myricetin-3-O-glucoside, myricetin-3-O-arabinopyranoside, Quercetin-O-arabinofuranoside, and isorhamnetin-3-O-glucoside were reported for the first time in this species. The developed UPLC-PDA chromatographic method was validated, determining the content of total flavonoids of 9.97 ± 0.17%. Similarly, when analyzing extracts collected in different months, it was possible to establish a range of flavonoid content in the extract varying from 8% to 13%. The separations conducted by CPC allowed us to isolate the two primary flavonoids from the extract with a high degree of purity in a single analysis. Finally, the results obtained in the stress stability tests allowed us to classify the extract as stable under most conditions except under acid hydrolysis.



Given its reported medicinal potential and knowing more thoroughly its chemical and physicochemical characteristics, for both the plant material and the extract with a known and constant content of flavonoids, the use and pharmacological research of the aqueous extract of K. pinnata is positively suggested.
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Figure 1. UPLC chromatogram of the crude extract at 254 nm and PDA spectra for major peaks. 6. Quercetin 3-O-glucoside. 7. Quercetin 3-O-glucuronide. 10. Quercetin 3-O-α-L-arabinopyranosyl (1→2) α-L-rhamnopyranoside. 11. Quercetin 3-O-rhamnoside. 
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