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Abstract:  In this study, phytochemical investigation of ethanolic (EtOH 60%, Water 40%) extract from Potentilla 

kleiniana by reflux extraction was carried out for the isolation and characterization of their chemical structures of 

seventeen known secondary metabolites. Structure determination of the isolated compounds was carried out using 

1D NMR data and mass spectrometry techniques. Compounds 3, 8, 12 and 13 were isolated from P. kleiniana for 

the first time in this study and were recorded as a new report for the species. Compounds  (2, 6-7, 9, 11 and 14-15)  

represent previously unreported constituents within the genus Potentilla. As a result of the α-glucosidase inhibitory 

activity determination studies performed separately on the isolated compounds, it was determined that compounds 

10, 14 and 15 exhibited better inhibition-inhibition percentages of 87.14%, 49.07%, and 86.79%, respectively 

compared to the positive control acarbose (37.26%). Moreover, compounds 3, 10, 14 and 15 were determined to be 

secondary metabolites with significant nitric oxide (NO). SAR analyses were performed to understand the 

relationship between α-glucosidase inhibitory activities and the structures of the molecules, and according to the 

results of these analyses, it was observed that flavonoid derivatives carrying hydroxyl groups at C-3 and C-7 

positions showed higher hypoglycemic activity than their counterparts carrying rhamnose groups at these positions. 

 

Keywords: Potentilla kleiniana; flavonoids; α-glucosidase; anti-inflammation; structure-activity relationship. © 
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1. Plant Source 
 

Potentilla kleiniana Wight & Arn. (Rosaceae) was collected in April 2021 from Gaopo Town, 

Guiyang City, Guizhou Province, China (coordinates: 26°28'N, 106°85'E; altitude: 1400-1600 m above 

sea level). The botanical identification of the species was carried out by Associate Professor Chunhua Liu 

from Guizhou Medical University, and the Herbarium specimen of it was preserved in the Herbarium of 

School Guizhou Medical University (GMB), with Herbarium number No. 20210416. 
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2. Previous Studies 
 

Previous phytochemical investigations of the genus Potentilla have led to the isolation and 

characterization of diverse secondary metabolites, predominantly comprising terpenoids, flavonoids, 

phenolic acids, tannins, phenylpropanoids, and other bioactive constituents [1]. Previous pharmacological 

investigations have established that the ethanol extract and its ethyl acetate (EtOAc) fraction of P. 

kleiniana demonstrate a broad spectrum of biological activities, including antimicrobial, antioxidant, 

cytoprotective, and anti-inflammatory properties [2-3]. Notably, the total flavonoid fraction of P. 

kleiniana has been shown to exhibit specific activity against Pseudomonas aeruginosa, along with 

significant hypoglycemic and antioxidant effects [4-5]. Furthermore, isolated lignans and acidic 

components from the species have demonstrated multiple pharmacological activities, including cytotoxic, 

anti-inflammatory, anti-HIV-1 protease, and α-glucosidase inhibitory properties [6-8]. Building upon the 

documented hypoglycemic potential of P. kleiniana's total flavonoids, the current study aims to 

systematically investigate individual flavonoid compounds with pronounced α-glucosidase inhibitory and 

anti-inflammatory activities. Additionally, this research will provide mechanistic insights into the SAR 

governing their α-glucosidase inhibition efficacy. 

 

3. Present Study 

 
15 kg of dry plant consisting of all aerial and underground parts of P. kleiniana species was ground 

in a mill. Then, 15 kg of ground plants were subjected to  reflux extraction with ethanol:water (60:40) 

solvent system under reflux conditions for three cycles. After every three flushes, the  reflux extraction 

process was stopped and the extract obtained after each step was evaporated under reduced pressure in a 

rotary evaporator and combined in a 5 L beaker. As a result of these operations, 2.1 kg of ethanolic 

extract was obtained and then, by systematic chromatographic separation and purification procedures, 

seventeen flavonoid compounds were successfully isolated, and their chemical structures were 

characterized (Figure 1). 

The structural elucidation of these compounds was accomplished through comprehensive 1D NMR 

analysis, with the corresponding spectral data provided in the supporting information. The isolated 

compounds were characterized as follows: genistin (1) [9], kaempferol-3-α-L-(3,4-di-O-acetyl)-

rhamnopyranoside-7-α-L-rhamnopyranoside (2) [10], quercetin-7-O-α-L-rhamnopyranoside (3) [11], 

quercetin-3-O-β-D-glucopyranoside (4) [12], quercetin-3-O-α-L-rhamnopyranoside (5) [13], quercetin-

3,7-O-α-L-dirhamnoside (6) [14], quercetin-3-O-β-D-glucoside-7-O-α-L-rhamnoside (7) [15], schaftoside 

(8) [16], kaempferol-3-O-β-D-glucopyranosyl-(1→4)-α-L-rhamnosyl-7-O-α-L-rhamnoside (9) [17], 

quercetin (10) [18], quercetin-3,7-di-O-β-D-glucoside (11) [19], kaempferol-3-O-β-glucopyranosyl-

(1→2)-β-glucopyranoside-7-O-α-rhamnopyranoside (12) [20], kaempferol-3-O-neohesperidoside (13) 

[21], 6-methyl-kaempferol (14) [22], genistein (15) [23], isovitexin-2''-O-β-D-glucopyranoside (16) [24], 

and quercetin-7-O-α-L-rhamnopyranoside-3-O-α-L-rhamnopyranosyl-(1→6)-β-D-glucopyranoside (17) 

[25]. 

 

α-Glucosidase Activity Test: α-glucosidase enzymatic activity was assessed through its catalytic action on 

p-nitrophenyl-α-D-glucopyranoside (p-NPG), yielding p-nitrophenol and glucose as reaction products. 

The quantification of enzymatic activity was performed by monitoring the absorbance at 405 nm, 

corresponding to the maximum absorption wavelength of p-nitrophenol, following the addition of test 

samples. The inhibitory potency of each sample against α-glucosidase was subsequently determined by 

calculating the inhibition rate, with acarbose employed as the positive control for comparative analysis.  
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Figure 1. Structures of isolated compounds 1-17 from the P. kleiniana  
 

The preliminary screening results revealed the inhibitory potential of 17 flavonoid compounds 

isolated from the crude extracts of P. kleiniana against α-glucosidase activity (Figure 2). These findings 

provide valuable insights into the structure-activity relationships of flavonoid derivatives as potential α-

glucosidase inhibitors. 
 

Anti-inflammatory Activity of flavonoid compounds: The anti-inflammatory potentials of the crude extract 

and the 17 isolated flavonoid compounds were evaluated using an in vitro inflammation model. LPS was 

employed to stimulate excessive NO production in RAW264.7 macrophages, thereby establishing the 

inflammatory response. DEX was utilized as a positive control in this assay. RAW264.7 cells in the 

logarithmic growth phase were systematically divided into four experimental groups: the control group, 

cultured in complete DMEM medium, the model group, exposed to 0.25 μg/mL LPS in DMEM medium, 



 Flavonoids from the Potentilla kleiniana 

 

4 4 

the positive control group, treated with DEX in combination with LPS, and the treatment groups, which 

were incubated with varying concentrations of the test compounds in the presence of LPS. Following the 

respective treatments, the concentration of NO in the culture supernatant was quantified using a 

commercially available NO detection kit, according to the manufacturer's protocol. The anti-

inflammatory efficacy was expressed as percentage inhibition of NO production, calculated using the 

following formula (Figure 3). 

  

Figure 2. The primary screening inhibition rate of α-glucosidase by 17 flavonoids isolated from         

crude extracts of P. kleiniana (n=3) 

NO content (mol/L) = (OD measurement of sample - OD measurement of blank) / (OD measurement 

of standard - OD measurement of blank) * concentration of standard (20 mol/L) * dilution factor (4-fold) 

NO inhibition rate (%) = (NO content in LPS - NO content in sample) / (NO content in LPS - NO 

content in blank) * 100% 
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Figure 3. Inhibition rate of compounds from P. kleiniana LPS-induced NO release from RAW264.7 cells 

(n = 3, mean ± SD). ###, p<0.001 vs. control group without LPS group; **, p<0.01; ***, 

p<0.001 vs. LPS group 

 

The α-glucosidase inhibitory activities of compounds 1-17 were evaluated at a concentration of 100 

µg/mL, with acarbose serving as the positive control. Among the tested compounds, only the compounds 

10, 14, and 15 demonstrated significant inhibitory activities, exhibiting inhibition percentages of 87.14%, 

49.07%, and 86.79%, respectively, which were substantially higher than that of acarbose (37.26%). In the 

anti-inflammatory assessment, compounds 3, 10,14 and 15 showed marked inhibitory effects on NO 

production in inflammatory cells, with inhibition rates of 71.99 ± 0.61%, 86.28 ± 0.82%, 65.02 ± 0.61%, 

and 70.45 ± 0.41%, respectively. 

Through comprehensive evaluation of the α-glucosidase inhibitory activity of 17 flavonoid 

compounds, it was demonstrated that the observed differences in inhibitory efficacy were predominantly 
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attributed to variations in their aglycone structures. The comparative analysis of experimental data reveals 

that the substituent types at C-3 and C-7 positions of the flavonoid nucleus significantly influence α-

glucosidase inhibitory activity. When they substituted with hydroxyl, rhamnosyl, and glucosyl groups 

respectively, the inhibition efficacy demonstrates a distinct gradient pattern with the following potency 

order: -OH > Rha-O- > Glc-O-. Notably, the hypoglycemic activity exhibits an inverse correlation with 

the number of glycanic fragments incorporated at C-3 and C-7, showing progressive attenuation as 

glycosylation density increases. It remains to be validated whether the observed attenuation could be 

attributed to steric hindrance effects, whereby increased glycosylation at these critical positions may 

potentially compromise the compound's binding affinity to α-glucosidase. 

In contrast to previous studies that primarily focused on examining other chemical constituents, total 

flavonoid fractions, and solely evaluating the α-glucosidase inhibitory activity of flavonoids, our research 

has comprehensively assessed an expanded flavonoid library. Through systematic analysis of SAR, we 

have delineated the critical structural determinants governing inhibitory efficacy. This SAR-driven 

approach facilitates the rational optimization of lead compounds through enhanced α-glucosidase 

targeting capability, thereby establishing a foundation for the development of next-generation 

hypoglycemic agents. 

Compounds (2, 6,7, 9, 11,14 and 15) represent previously unreported constituents in the genus 

Potentilla. The detection of these compounds in Eriobotrya, Amygdalus L., and Spiraea, all members of 

the Rosaceae family, suggests a potential phylogenetic proximity between these genera and Potentilla. 

However, it should be noted that these compounds have been identified across diverse plant families, 

including Rosaceae, Brassicaceae, Vitaceae, and Tiliaceae, thereby limiting their utility as taxonomic 

markers for plant classification. 
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