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Bioactivity-guided isolation of potential antidiarrheal constituents from Euphorbia hirta L. and molecular docking evaluation









 


	
	
ORIGINAL RESEARCH
published: 29 August 2024
doi: 10.3389/fvets.2024.1451615








[image: image2]

Bioactivity-guided isolation of potential antidiarrheal constituents from Euphorbia hirta L. and molecular docking evaluation

Junkai Wu1, Xiaomeng Zhang2, Liyang Guo2 and Zunlai Sheng2,3*


1School of Pharmacy, Quanzhou Medical College, Quanzhou, China

2College of Veterinary Medicine, Northeast Agricultural University, Harbin, China

3Heilongjiang Key Laboratory for Animal Disease Control and Pharmaceutical Development, Northeast Agricultural University, Harbin, China

Edited by
 Ted Whittem, Independent Researcher, Highton, VIC, Australia

Reviewed by
 Mosad Ghareeb, Theodor Bilharz Research Institute, Egypt
 Karma Yeshi, James Cook University, Australia
 Julien Rodolphe Samuel Dandrieux, University of Edinburgh, United Kingdom

*Correspondence
 Zunlai Sheng, shengzunlai@neau.edu.cn 

Received 19 June 2024
 Accepted 01 August 2024
 Published 29 August 2024

Citation
 Wu J, Zhang X, Guo L and Sheng Z (2024) Bioactivity-guided isolation of potential antidiarrheal constituents from Euphorbia hirta L. and molecular docking evaluation. Front. Vet. Sci. 11:1451615. doi: 10.3389/fvets.2024.1451615
 

Background: Euphorbia hirta L., a member of the Euphorbiaceae family, is extensively used as a folk medicine across various regions. In China, its decoction is traditionally consumed to alleviate diarrhea. This study aimed to evaluate the antidiarrheal activities of Euphorbia hirta and to identify its bioactive constituents through a bioactivity-guided isolation technique.

Methods: Oral administration of E. hirta extract to mice was conducted to assess its effects on diarrhea. The anti-diarrheal effects were investigated in an aqueous extract and in three fractions of varying polarities derived from the aqueous extract, as well as in different eluates from D-101 macroporous resin, and in the compounds quercitrin and isoquercitrin, using mouse models with castor oil-induced diarrhea.

Results: The aqueous extract demonstrated significant anti-diarrheal activities in a dose-dependent manner in the castor oil-induced diarrheal model. Notably, the ethyl acetate (EtOAc) fraction showed prominent effects. Through bioactivity-guided isolation, two major compounds, isoquercitrin and quercitrin from the active fraction were found to possess antidiarrheal effects. Molecular docking studies revealed that the affinity energy of isoquercitrin and quercitrin were −8.5 and −8.2 kcal mol−1, respectively, which were comparable to the reference drug loperamide, with an affinity energy of −9.1 kcal mol−1.

Conclusion: This research provides evidence supporting the development of E. hirta as a therapeutic agent for diarrhea, with isoquercitrin and quercitrin emerging as two key constituents that are likely responsible for its antidiarrheal activity. These findings validate the traditional use of E. hirta and highlight its potential as a natural treatment for diarrhea.
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1 Introduction

Diarrhea is characterized by the alteration of stool consistency to a liquid or mushy state, accompanied by a marked increase in fecal excretion (1). It is a global health issue affecting individuals of all ages, with a disproportionate impact on children under 5 years old (2, 3). Diarrhea is recognized as the second leading cause of mortality in children globally, exerting a significant burden in developing countries (4). The etiology of diarrhea is multifaceted, with intestinal infections and inflammatory bowel diseases being prevalent causes (5–7). Bacterial infections of the intestine can lead to the production of substantial endotoxins, which in turn trigger diarrhea (8). Excessive diarrhea can lead to substantial intestinal tissue damage, underscoring the need for the development of effective anti-diarrheal medications.

Bacterial infections of the intestine can lead to the production of substantial endotoxins, which in turn trigger diarrhea (8). Excessive diarrhea can lead to substantial intestinal tissue damage, underscoring the need for the development of effective anti-diarrheal medications.

Euphorbia hirta L., a member of the Euphorbiaceae family, is a small annual herbaceous plant predominantly found in subtropical and tropical regions, including China, Japan, the Philippines, Indonesia, and India (9). It has been utilized in traditional Chinese medicine for centuries to treat gastrointestinal disorders. Phytochemical investigations of E. hirta have yielded a diverse array of small molecular compounds, such as coumarin, alkaloids, lignans, flavonoids, terpenoids, and phenols (10–15). These compounds have demonstrated a range of pharmacological properties, including antibacterial activity (16), antiulcer effects (17), anti-inflammatory properties (18, 19), anti-diarrheal capabilities (20, 21), as well as sedative and anxiolytic activities (13, 14, 22). A detailed chemical composition analysis focusing on the phenolic content of E. hirta has highlighted the plant’s significant antioxidant and antifungal activities (23, 24). However, the precise mechanism underpinning its antidiarrheal efficacy remains to be fully elucidated.

Euphorbia hirta is recognized for its rich flavonoid content, with quercitrin specifically in its antidiarrheal effects (25). Despite this, the presence and contribution of other bioactive constituents within E. hirta to its antidiarrheal effects remain elusive, particularly given that most antidiarrheal research to date has focused on complex extracts of the plant. Clarifying these aspects is essential for a comprehensive understanding of its therapeutic potential. Therefore, a bioactivity-guided investigation to screen for active constituents in E. hirta is warranted.

The objective of this study was to identify the active constituents of E. hirta using a bioassay-guided fractionation approach. We employed liquid extraction, macroporous resin, and silica gel column chromatography to facilitate the preparative separation and purification of bioactive components from the E. hirta extract. Subsequently, the interactions between these target compounds and the delta-opioid receptor were assessed using molecular docking. This evaluation aims to inform and support the development of novel antidiarrheal pharmaceuticals.



2 Materials and methods


2.1 Plant material, reagents and apparatus


2.1.1 Plant material

The entire E. hirta plant was collected from Qinzhou City, Guangxi Province, China (N 21°58′47.86′′, E 109°11′22.58′′), during June 2020. Authentication of the plant material was conducted by Professor Huifeng Sun from the Heilongjiang University of Chinese Medicine. A reference specimen (No. V100601) had been deposited in the School of Veterinary Medicine at Northeast Agricultural University, Harbin, China. The plants were air-dried in the shade and subsequently crushed into powder before extraction.



2.1.2 Reagents

Macroporous resin (D101) and silica gel (200–300 mesh) were procured from Nankai Hecheng Science & Technology Co., Ltd. (Tianjin, China). High-performance liquid chromatography (HPLC)-grade methanol and acetic acid were sourced from Merck (Darmstadt, Germany). All other reagents used in this study were of analytical grade and were supplied by Tianjin Yongda Chemical Reagent Co., Ltd. (Tianjin, China). The primers for NHE1, NHE2, NHE3, AQP4, SGLT1, and CFTR were designed and synthesized by Shanghai Shenggong Biology Co., Ltd. (Shanghai, China) (see Table 1).



TABLE 1 Primer sequences used for qRT-PCR.
[image: Table1]



2.1.3 Apparatus

All nuclear magnetic resonance (NMR) data for characterising isolated compounds were obtained with the help of Bruker Avance DRX-600 MHz NMR spectrometer (Bruker Corporation, United States), operating at 600 MHz for 1H and 125 MHz for 13C, respectively. Mass (m/z) of isolated compounds were determined using Bruker Micro Quadrupole Time-of-Flight (Q-TOF) mass spectrometer (Waters Corporation, United States), equipped with a C18 chromatographic column (2.1 mm × 100 mm, 1.7 μm). The melting points of the compounds were determined using a M5000 Automatic Melting Point Apparatus (KRüSS, Hamburg, Germany).




2.2 Bioactivity-guided isolation of antidiarrheal constituents from Euphorbia hirta

The dried and powdered E. hirta (2.0 kg) were decocted two times with a 6-fold volume of distilled water for one hour. The resultant liquid was then subjected to concentration using a RE-52AA rotary evaporator (Shanghai Yarong Biochemistry Instrument Factory, Shanghai, China). Under vacuum conditions at 50°C, the solvent was evaporated, yielding a dried residue of 371.2 g. This residue was suspended in distilled water and sequentially partitioned with ethyl acetate and n-butanol, resulting in the isolation of the ethyl acetate fraction (55.3 g), n-butanol fraction (BF, 75.7 g) and aqueous fraction (AF, 224.6 g), respectively. The ethyl acetate fraction (EF) was then subjected to column chromatography using D101 macroporous resin, eluting with ethanol of different concentrations to yield five distinct fractions: aqueous subfraction (ASF), 20% ethanol subfraction (ESF20), 30% ethanol subfraction (ESF30), 60% ethanol subfraction (ESF60), and 90% ethanol subfraction (ESF90). Fraction ESF30 (13.8 g) was further separated by silica gel column chromatography, employing a gradient elution system with a mixture of CH2Cl2-MeOH (95:5, 90:10 and 80:20, v/v), to yield three subfractions: DM95, DM90, and DM80. The combined DM subfraction (3.6 g) was subjected to reversed-phase semipreparative HPLC using a mobile phase of methanol and water (MeOH-H2O) to achieve purification and isolation of compounds 1 (1.7 g) and 2 (1.5 g). The detailed procedure for the isolation of the antidiarrheal ingredients (1 and 2) from E. hirta is depicted in Figure 1.

[image: Figure 1]

FIGURE 1
 Extraction and fractionation of Euphorbia hirta L.




2.3 Identification of antidiarrheal constituents

Isolated compounds were dissolved in deuterated dimethyl sulfoxide-d6 (DMSO-d6), and their NMR spectra were acquired using a Bruker Avance DRX-600 MHz NMR spectrometer. The carbon and proton chemical shifts were obtained from 13C NMR and 1H NMR spectra with tetramethylsilane (TMS) as an internal standard.



2.4 Pharmacological procedures


2.4.1 Animals and ethics

Kunming mice (20 ± 2.0 g), half male and female, were obtained from the Experimental Animal Center of Harbin Medical University (Harbin, China). Before the initiation of the experimental protocol, the mice were acclimated to a standardized housing environment with a controlled temperature of 20 ± 2°C, relative humidity maintained at 52 ± 5%, and a 12-h light/dark cycle. Food and water were provided ad libitum to allow the animals to acclimatize for an initial period of 5 days. All experimental procedures were conducted in accordance with the Guidelines for the Care and Use of Laboratory Animals (Publication No. 85-23, revised in 1985) and were approved by the Animal Ethics Committee of Northeast Agricultural University (No. SRM-08). Every effort was made to ensure the welfare of the animals and to minimize suffering throughout the experimental process.



2.4.2 Preparation of test samples and dose estimation for bioassays

The decoction of E. hirta has been traditionally used to treat bacillary dysentery and infectious diarrhea, with a typical ethnomedical dosage of 60 g of crude herb per day for humans (9). In return, the aqueous extract in our experiment was administered orally to the test subjects at dosages of 1,448, 2,895, and 5,791 mg kg−1. The doses for the fractions and subfractions were calculated based on their respective yields from the separation process. To evaluate the antidiarrheal effects of the active constituents, isoquercitrin and quercitrin were administered orally at dosages of 12.5, 25, and 50 mg kg−1. The negative control group was established by orally administering saline at a volume of 10 mL kg−1. Loperamide was used as a positive control, administrated at a dose of 2 mg kg−1 (26). All test samples were prepared as suspensions in a 0.5% sodium carboxymethyl cellulose (CMC-Na) solution for the bioactivity assays.



2.4.3 Castor oil-induced diarrhea assay in mice

The antidiarrheal activities of the aqueous extract, fractions and purified compounds were evaluated using a modified protocol based on the method described by Ali et al. (21). Briefly, six mice in each group were subjected to an 18-h fasting period prior to oral administration of the respective samples. After an hour, each mouse was administered castor oil at a dose of 10 mL kg−1 to induce diarrhea. The animals were individually housed in cages with white blotting paper lining to facilitate observation. They were monitored continuously for a period of 4 h to assess the onset of diarrhea, the mean of wet faeces, and the inhibition rates, which served as parameters for evaluating the anti-diarrheal activity.



2.4.4 Effects of isoquercitrin and quercitrin on small intestinal propulsion

The impact of isoquercitrin and quercitrin on gastrointestinal motility in mice was assessed utilizing the charcoal method (27). Mice were divided into groups of six and fasted for 18 h prior to the experiment. They were then administered the test samples orally. Group 1 served as the control and received saline at a volume of 10 mL kg−1. Groups II to VII were pretreated with isoquercitrin and quercitrin at escalating doses of 12.5, 25, and 50 mg kg−1, respectively. Group VII was pretreated with loperamide at a dose of 2 mg kg−1. Twenty minutes post-administration, each mouse received an oral dose of 0.2 mL of activated charcoal solution. After a subsequent 30-min interval, the mice were humanely euthanized by cervical dislocation. The small intestine was meticulously excised from the pylorus to the cecum, and the length of the charcoal meal progression was measured to evaluate intestinal propulsion.



2.4.5 Effects of isoquercitrin and quercitrin on castor oil induced enteropooling

Following a method previously described by Rudra et al. (28), 48 rats were subjected to an 18-h fasting period prior to being evenly divided into eight experimental groups: negative control group (I), quercitrin treatment groups (II, III, IV), isoquercitrin treatment groups (V, VI, VII), and positive control group (Group VIII). Group I was orally given distilled water at a dose of 10 mL kg−1. Groups II to VII were orally administered quercitrin and isoquercitrin at doses of 12.5, 25, and 50 mg kg−1, respectively. Group VIII was treated with loperamide at a dose of 2 mg kg−1. These treatments were administered 1 h before the oral administration of 10 mL kg−1 of castor oil to induce diarrhea. Thirty minutes post-castor oil administration, all rats were humanely euthanized, and samples of the small intestine were collected. The intestinal contents were gently extruded and transferred to a measuring cylinder to record the volume. The inhibitory effect on intestinal propulsion was calculated using the following formula:

[image: image]

where C represents the volume of the intestinal contents in the negative control group, and T represents the volume in the treatment groups.



2.4.6 Acute toxicity testing of isoquercitrin and quercitrin

Thirty healthy Kunming mice, with an average weight of 20 ± 2.0 g, were randomly assigned to six experimental groups, each consisting of 10 animals. The mice in each group were administered isoquercitrin and quercitrin orally at dosages of 1, 2, and 5 g kg−1, respectively. Throughout the 14-day experimental period, the mortality rate in each group was recorded.




2.5 Molecular docking analysis

We conducted molecular docking simulations utilizing the Autodock VINA software. The methodology for protein-ligand preparation and the subsequent docking process is detailed as follows:


2.5.1 Protein preparation

The X-ray crystal structure of the delta-opioid receptor, with the Protein Data Bank (PDB) identifier 4EJ4, was obtained from the Research Collaboratory for Structural Bioinformatics (RCSB) database. Utilizing PyMOL software,1 we removed water and ligands from the protein structure. Subsequently, hydrogen atoms were added to the protein, and Gasteiger were computed using AutoDock Tools 1.5.6 software. The protein structure was then converted into the PDBQT format, which is required for molecular docking simulations.



2.5.2 Ligand preparation

The 3D molecular structures of loperamide, isoquercitrin, and quercitrin were sourced from the PubChem database. Following their retrieval, these structures were converted into the mol2 format, a standard for molecular modeling, using the Open Babel software suite. Subsequently, they were further processed and converted into the PDBQT format, which is optimized for molecular docking studies, employing AutoDock Tools 1.5.6 software.



2.5.3 Docking validation

Utilizing the original ligand structures and their intermolecular interactions as a foundation, we constructed a docking grid box for each target protein using PyMOL software combined with the GetBox plugin. This approach facilitated the creation of a defined spatial region for molecular docking simulations. Subsequently, the ligand molecules exhibiting the lowest binding energies within their respective docking conformations were selected for semi-flexible docking studies. The resulting docked complexes were analyzed using the PLIP web tool (PLIP—Welcome2) and the efficacy of the docking simulations was assessed based on the calculated affinity values.



2.5.4 Ligand-based pharmacokinetics and toxicity measurement

We employed the online predictive tool admetSAR3 to evaluate the pharmacokinetic profiles of the three compounds, including their human blood-brain barrier penetration (HBD), human blood-albumin binding (HBA), logarithm of the n-octanol/water partition coefficient (LogP), human intestinal absorption (HIA), hepatic organic anion binding (HOB), and plasma protein binding (PPB). Additionally, the tool facilitated the assessment of toxicological endpoints, such as the probability of carcinogenicity, the likelihood of mutagenicity in the AMES test, and acute oral toxicity. Furthermore, the drug-like properties of isoquercitrin and quercitrin were assessed based on the 5-rule of Lipinski (M.W. < 500; H-bond donors <5; H-bond acceptors <10; Lipophilicity <5 and molar refractivity 40–130) (29).




2.6 Statistical analysis

Data are expressed as the mean ± standard deviation (SD). The statistical differences between groups were conducted to assess statistical differences, employing one-way analysis of variance (ANOVA), followed by Tukey’s test. A p-value of less than 0.05 was considered statistically significant. All statistical analyses were performed using SPSS software 18.0.




3 Results and discussion


3.1 Bioactivity-guided separation and purification of Euphorbia hirta

As depicted in Table 2, the aqueous extract of E. hirta demonstrated a significant reduction in the quantity of wet fecal matter (p < 0.05) and a delayed onset of diarrhea (p < 0.05) in a dose-dependent response. These findings corroborate the traditional use of E. hirta as an anti-diarrheal remedy in folk medicine. Consistent with our results, Hore et al. (20) documented that the aqueous extract of E. hirta leaves mitigated the effects of castor oil-induced diarrhea in murine models. However, the specific active constituents responsible for this effect were not elaborated upon in their study. A 70% methanol extract of the entire E. hirta plant exhibited anti-diarrheal properties, with quercetin identified as one of its bioactive components (21). Given the widespread acceptance and use of the aqueous extract of E. hirta for the treatment of diarrhea among the Chinese population, elucidating its active constituents is both necessary and of significant interest.



TABLE 2 Effects of aqueous extract and different polarity fractions from E. hirta on castor oil-induced diarrhea in mice.
[image: Table2]

The antidiarrheal effects of the fractions derived from the aqueous extract of E. hirta are detailed in Table 2. The EF demonstrated a significant therapeutic advantage over the control group, notably in reducing the incidence of wet fecal matter and delaying the onset of diarrhea (p < 0.05, p < 0.01). In contrast, neither the n-butanol fraction (BF) nor the aqueous fraction (AF) exhibited discernible inhibitory effects (p > 0.05). These findings affirm that the EF is the principal bioactive fraction responsible for the observed antidiarrheal properties of E. hirta.

Subsequent fractionation of the EF using macroporous resin D101 yielded five distinct fractions, which were then evaluated in a diarrhea mouse model. As presented in Table 3, the ESF30 significantly mitigated castor oil-induced diarrhea (p < 0.05), while the remaining four subfractions did not show significant effects (p > 0.05).



TABLE 3 Effects of different subfractions from EF on castor oil-induced diarrhea in mice.
[image: Table3]

The ESF30 was further processed through silica gel column chromatography, eluted with a mixture of dichloromethane and methanol, resulting in three fractions: DM95, DM90, and DM80. Among these, DM90 was identified as a fraction with significant antidiarrheal activity, as documented in Table 4. Finally, the ESF30 was subjected to semi-preparative HPLC using a mobile phase of acetonitrile and water (55:45), leading to the isolation of two compounds with potential antidiarrheal activity.



TABLE 4 Effects of DM95, DM90 and DM80 from ESF30 on castor oil-induced diarrhea in mice.
[image: Table4]

The castor oil-induced diarrhea model has been traditionally used to study diarrhea and evaluate the efficacy of antidiarrheal treatments. However, the castor oil diarrhea model, used to study antidiarrheal treatments, may not accurately represent bacterial diarrhea due to differences in mechanisms, lack of pathogen interaction, and insufficient replication of inflammation and immune responses. Therefore, the castor oil model may not be sensitive enough to evaluate the efficacy of treatments specifically targeting bacterial diarrhea, such as antibiotics or probiotics. The model’s response to treatments may not accurately reflect their effectiveness in a clinical setting where bacterial pathogens are involved.



3.2 Identification of compounds 1 and 2

Utilizing a bioactivity-guided fractionation approach, the anti-diarrheal constituents were isolated. Compound 1 was characterized by HRESIMS, yielding a molecular formula of C21H20O12. The HRESIMS data revealed a sodium adduct ion at m/z 487.0831 [M + Na]+ (Calcd for C21H20O12Na, 487.3673) and a deprotonated molecular ion at m/z 463.0882 [M − H]− (Calcd for C21H19O12, 463.3695). 1H NMR (600 MHz, DMSO-d6) δ: 12.660 (1H, s, 5-OH), 10.766 (1H, s, 7-OH), 9.556 (1H, s, 4′-OH), 9.256 (1H, s, 3′-OH), 7.310 (1H, d, J = 1.8 Hz, H-2′), 7.2625 (1H, dd, J = 8.4, 1.8 Hz, H-6′), 6.877 (1H, d, J = 8.4 Hz, H-5′), 6.3985 (1H, d, J = 1.8 Hz, H-8), 6.2125 (1H, d, J = 1.8 Hz, H-6), 5.242 (1H, d, J = 7.5 Hz, H-1″ of glucose), 3.807 to 3.407 (6H, m, H-2″-6″ of glucose). 13C-NMR (125 MHz, DMSO-d6) δ: 156.91 (C-2), 134.67 (C-3), 178.21 (C-4), 161.76 (C-5), 99.10 (C-6), 164.68 (C-7), 94.19 (C-8), 157.77 (C-9), 102.28 (C-10), 121.49 (C-1′), 116.04 (C-2′), 145.67 (C-3′), 148.90 (C-4′), 116.12 (C-5′), 121.34 (C-6′), 104.40 (C-1″), 71.66 (C-2″), 70.52 (C-3″), 70.82 (C-4″), 71.04 (C-5″), 62.66 (C-6″). By comparing these NMR data with literature values, compound 1 was conclusively identified as quercetin-3-O-β-D-glucopyranoside, commonly known as isoquercitrin (30), and its structure is depicted in Figure 2A.

[image: Figure 2]

FIGURE 2
 Chemical structures of isoquercitrin (A) and quercitrin (B).


Compound 2 was obtained as a white powder. HRESIMS data were instrumental in determining its molecular formula (C21H20O11). The observed sodium adduct ion at m/z 471.0945 [M + Na]+ (Calcd for C21H20O11Na, 471.3679) and the deprotonated molecular ion at m/z 447.0967 [M − H]− (Calcd for C21H19O11, 447.3701). 1H NMR (600 MHz, DMSO-d6) δ: 12.660 (1H, s, 5-OH), 10.766 (1H, s, 7-OH), 9.556 (1H, s, 4′-OH), 9.256 (1H, s, 3′-OH), 7.310 (1H, d, J = 1.8 Hz, H-2′), 7.2625 (1H, dd, J = 8.4, 1.8 Hz, H-6′), 6.877 (1H, d, J = 8.4 Hz, H-5′), 6.3985 (1H, d, J = 1.8 Hz, H-8), 6.2125 (1H, d, J = 1.8 Hz, H-6), 0.826 (3H, d, J = 6.0 Hz, CH3 of rhamnose), 2.507–5.267 (8H, m, protons of rhamnose). 13C-NMR (100 MHz, DMSO-d6) δ: 156.91 (C-2), 134.67 (C-3), 178.21 (C-4), 161.76 (C-5), 99.10 (C-6), 164.68 (C-7), 94.19 (C-8), 157.77 (C-9), 102.28 (C-10), 121.49 (C-1′), 116.04 (C-2′), 145.67 (C-3′), 148.90 (C-4′), 116.12 (C-5′), 121.34 (C-6′), 104.40 (C-1″), 71.66 (C-2″), 70.52 (C-3″), 70.82 (C-4″), 71.04 (C-5″), 17.96 (C-6″). These data, when compared with those of compound 1, suggested that both compounds share the same flavonoid aglycone but differ in their glycosylation pattern. Specifically, the β-D-glucopyranoside found in compound 1 is replaced by an α-L-rhamnoside in compound 2, leading to the identification of compound 2 as quercetin-3-O-α-L-rhamnoside, commonly referred to as quercitrin, as depicted in Figure 2B.



3.3 Anti-diarrheal effects of isoquercitrin and quercitrin


3.3.1 Effects of isoquercitrin and quercitrin on castor oil-induced diarrhea

As presented in Table 5, both isoquercitrin and quercitrin significantly reduced the quantity of wet fecal matter and delayed the onset of diarrhea in a dose-dependent manner (p < 0.05). Notably, isoquercitrin exhibited more potent antidiarrheal activity compared to quercitrin at equivalent doses. When compared with the standard anti-diarrheal medication, loperamide at a dosage of 2 mg kg−1, the highest dose of isoquercitrin demonstrated a comparable inhibitory effect on the diarrheal parameters. This finding is in line with the work of Gálvez et al. (25), who reported the beneficial effects of quercitrin in the management of chronic diarrhea. While quercitrin’s antidiarrheal potential has been previously acknowledged, this study marks the first instance of isoquercitrin being isolated from E. hirta and its antidiarrheal activity being experimentally validated.



TABLE 5 Effects of isoquercitrin and quercitrin on castor oil-induced diarrhea in mice.
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Quercetin, one of the most potent antidiarrheal constituents derived from E. hirta, has been underutilized due to its limited oral absorption and bioavailability (31). However, the glucosylation of quercetin has been shown to enhance its water solubility, a modification that Morand et al. (32) confirmed to be advantageous for its absorption in the small intestine. Notably, the addition of a 3-O-rhamnose or 3-O-glucose-rhamnose moiety to the aglycone has been found to significantly reduce its absorption.

Our research corroborates these findings, demonstrating that isoquercitrin possesses a significant antidiarrheal effect, surpassing that of quercitrin at equivalent dosages (Table 5). This disparity in efficacy is likely due to the differential absorption profiles of isoquercitrin and quercitrin within the small intestine. Specifically, quercetin 3-glucose has been observed to be absorbed more efficiently in the small intestine compared to quercetin alone. It is plausible to deduce that the superior absorption efficiency of isoquercitrin is the primary factor contributing to its enhanced antidiarrheal activity over quercitrin.



3.3.2 Effects of isoquercitrin and quercitrin on small intestinal propulsion

In contrast to the control group, both isoquercitrin and quercitrin elicited significant (p < 0.05) and dose-dependent decreases in normal intestinal transit across the dosage range of 12.5 to 50 mg kg−1, as detailed in Table 6. Notably, loperamide (2 mg kg−1) resulted in a 79.2% reduction in the small intestinal transit rate, a figure that closely mirrors the effect observed with the highest tested dose of isoquercitrin (50 mg kg−1). Furthermore, isoquercitrin demonstrated superior inhibitory effects on intestinal propulsion compared to an equivalent dose of quercitrin. These observed effects are hypothesized to substantially contribute to the antidiarrheal properties attributed to both isoquercitrin and quercitrin.



TABLE 6 Effects of isoquercitrin and quercitrin on gastrointestinal motility in mice.
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3.3.3 Effects of isoquercitrin and quercitrin on castor oil-induced enteropooling

Relative to the control group, pretreatment with isoquercitrin at dosages of 12.5, 25, and 50 mg kg−1, as well as quercitrin at equivalent dosages, resulted in a dose-dependent reduction in castor oil-induced fluid accumulation (Table 7). The positive control, loperamide at 2 mg kg−1, also exhibited a significant decrease in intestinal fluid accumulation, with an effect of 69.7%, which is nearly equivalent to that of the highest dose of isoquercitrin (50 mg kg−1), reflecting a 68.6% reduction. These findings suggest that the inhibition of intestinal fluid accumulation is a key mechanism underlying the antidiarrheal activity of both isoquercitrin and quercitrin.



TABLE 7 Effects of quercitrin and isoquercitrin on castor oil-induced enteropooling in rats.
[image: Table7]



3.3.4 Acute toxicity of isoquercitrin and quercitrin

Isoquercitrin and quercitrin exhibited no lethality or appreciable changes in behavior when administered at a dose of 5,000 mg kg−1 via a single oral dose, as observed over a 14-day period. This finding suggests that these two flavonoid glycosides possess a favorable safety profile, positioning them as potential lead compounds for the treatment of diarrhea. Notably, while the individual compounds identified in our study are non-toxic, the crude extract of E. hirta has shown toxicity in acute toxicity assays (33–35). Consequently, the use of the refined compounds, as opposed to the crude extract, is advisable to ensure safety.




3.4 Molecular docking

Castor oil is recognized for inducing diarrhea in mice, a phenomenon attributed to the release of ricinoleic acid through the hydrolysis of castor oil. This biochemical process precipitates a significant alteration in the transport of electrolytes and water, culminating in hypersecretion and pronounced contraction of intestinal smooth muscles (36). Furthermore, the endogenous opioid system (EOS) has been implicated in the pathophysiology of diarrhea, exerting its influence on gastrointestinal motility and the secretion/absorption dynamics of water and ions within the intestines. Among the constituents of the EOS, the delta-opioid receptor is notably prevalent in the intestine (37). Activation of this receptor by endogenous enkephalins is known to attenuate chloride ion and water secretion while simultaneously promoting fluid absorption in the intestinal lumen.

In the present study, loperamide is a synthetic piperidine moiety-based opioid served as the reference compound for assessing in vivo antidiarrheal activity. The active constituents isoquercitrin and quercitrin, isolated from E. hirta, exhibited antidiarrheal effects comparable to those of loperamide. To further elucidate the molecular basis of these effects, docking simulations were performed using the Autodock Vina software to evaluate the interactions of loperamide, isoquercitrin, and quercitrin with the delta-opioid receptor. The calculated affinities were −9.1, −8.5, and −8.2 kcal mol−1 for loperamide, isoquercitrin, and quercitrin, respectively, indicating that both flavonoid glycosides possess substantial binding affinity to the delta-opioid receptor, similar to loperamide. These findings suggest that isoquercitrin and quercitrin could be promising candidates for the treatment of secretory diarrhea, particularly if their bioavailability is optimized through innovative formulation strategies.

Figures 3A1–C1 depict the distinct yet overlapping binding of the three compounds within the delta-opioid receptor cavity. It is noteworthy that all ligands exhibit a similar pattern of engagement with the active binding site pocket. The docked orientations reveal a complex network of hydrophobic interactions, hydrogen bonds, π-stacking, and salt bridges between the ligands and the amino acids comprising the delta-opioid receptor. Specifically, Figure 3A2 illustrates that loperamide engages in hydrophobic interactions with Leu 125, Trp 274, Ile 277, Val 281, and Ile 304. Additionally, loperamide forms a strong hydrogen bond with Tyr 129, π-stacks with His 278 and Tyr 308, and establishes a salt bridge with Asp 128 within the delta-opioid receptor. Figures 3B2,C2 demonstrate that both isoquercitrin and quercitrin share hydrophobic interactions with Lys 214, Val 217, Ile 277, Val 281, and Ile 304, and form robust hydrogen bonds with Lys 108, Tyr 109, His 278, and Ile 304. Furthermore, isoquercitrin is distinguished by additional hydrogen bonds with Tyr 129, Lys 214, and Tyr 308, which may underlie the observed lower affinity in docking studies compared to quercitrin. The disparity in binding affinities among loperamide, isoquercitrin, and quercitrin can be attributed to the distinctive π-stacking interactions exhibited by loperamide.

[image: Figure 3]

FIGURE 3
 Molecular docking models of delta-opioid receptor and loperamide (A), isoquercitrin (B), and quercitrin (C).




3.5 Compound based pharmacokinetics and toxicity property analysis

According to the 5-rule of Lipinski, a compound is considered to have high oral bioavailability if it meets the five rules, such as molecular weight < 500 amu, hydrogen bond donor ≤5, hydrogen bond acceptor ≤10, LogP ≤5 and rotatable bonds ≤10. Table 8 illustrates that isoquercitrin and quercitrin do not fully comply with Lipinski’s parameters, suggesting that these two flavonoid glycosides exhibit relatively low oral bioavailability (HOB ranking: loperamide > isoquercitrin > quercitrin). This finding provides a logical explanation for the similar docking results of loperamide, isoquercitrin, and quercitrin with the delta-opioid receptor, despite the superior antidiarrheal efficacy of loperamide. Nevertheless, isoquercetin and quercetin demonstrate favorable intestinal absorption, a higher affinity for plasma protein binding, reduced potential for AMES mutagenicity, and a lower incidence of carcinogenic effects. These attributes suggest that these compounds are promising candidates for drug development. Improvements in their bioavailability through pharmaceutical technologies, such as solid dispersion, cyclodextrin inclusion complexes, and nanoparticle formulations, could significantly enhance their therapeutic potential.



TABLE 8 Absorption, digestion, metabolism, excretion, and toxicological (ADME/T) properties of the compounds for good oral bioavailability.
[image: Table8]




4 Conclusion

This study aimed to scientifically validate the traditional use of E. hirta as an antidiarrheal agent in folk medicine. The aqueous extract of E. hirta demonstrated a significant reduction in the quantity of wet fecal matter and a delayed onset of diarrhea in a dose-dependent manner (p < 0.05). Notably, the EF showed a significant therapeutic advantage over the control group in reducing the incidence of wet fecal matter and delaying the onset of diarrhea (p < 0.05, p < 0.01). Our investigation has clearly identified isoquercitrin and quercitrin as the principal bioactive constituents responsible for the observed antidiarrheal effects (p < 0.05). Molecular docking studies revealed that isoquercitrin and quercitrin possess substantial binding affinity to the delta-opioid receptor, with calculated affinities of −8.5 and −8.2 kcal mol−1, respectively, similar to loperamide at −9.1 kcal mol−1. However, the low oral bioavailability of isoquercitrin and quercitrin appears to constrain their therapeutic potential in the management of diarrhea. Consequently, further research is warranted to explore strategies for enhancing their bioavailability, thereby optimizing their anti-diarrheal efficacy.



Data availability statement

The structures of the delta opioid receptor in complex with loperamide, isoquercitrin, and quercitrin have been deposited in the National Microbiology Data Center (NMDC) https://nmdc.cn/resource/genomics/structure, accession number NMDCS0000141, NMDCS0000142 and NMDCS0000143.



Ethics statement

The animal study was approved by the Animal Ethics Committee of Northeast Agricultural University (No. SRM-08). The study was conducted in accordance with the local legislation and institutional requirements.



Author contributions

JW: Data curation, Formal analysis, Writing – original draft. XZ: Data curation, Formal analysis, Methodology, Writing – original draft. LG: Data curation, Methodology, Writing – original draft. ZS: Funding acquisition, Project administration, Supervision, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This research was financially supported by National Natural Science Foundation of China (Grant No. 31572559), Postdoctoral Scientific Research Developmental Fund of Heilongjiang Province (LBH-Q18020).



Acknowledgments

Special thanks to reviewers for their valuable comments. In addition, the authors gratefully acknowledge every teacher, classmate, and friend who helped the authors with their experiment and writing.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fvets.2024.1451615/full#supplementary-material



Footnotes

1   
https://www.pymol.org/


2   
https://plip-tool.biotec.tu-dresden.de/plip-web/plip/index


3   
http://lmmd.ecust.edu.cn/admetsar2




References

 1. Murali, M, Ly, C, Tirlapur, N, Montgomery, HE, Cooper, JA, and Wilson, AP. Diarrhoea in critical care is rarely infective in origin, associated with increased length of stay and higher mortality. J Intensive Care Soc. (2020) 21:72–8. doi: 10.1177/1751143719843423 

 2. Jubayer, A, Hafizul Islam, M, Nowar, A, and Islam, S. Exploring household water, sanitation, and hygiene and acute diarrhea among children in St. Martin’s Island, Bangladesh: a cross-sectional study. Am J Trop Med Hyg. (2022) 107:441–8. doi: 10.4269/ajtmh.22-0018 

 3. Silwamba, S, Chilyabanyama, ON, Liswaniso, F, Chisenga, CC, Chilengi, R, Dougan, G , et al. Field evaluation of a novel, rapid diagnostic assay, and molecular epidemiology of enterotoxigenic E. coli among Zambian children presenting with diarrhea. PLoS Negl Trop Dis. (2022) 16:e0010207. doi: 10.1371/journal.pntd.0010207 

 4. Das, R, Sobi, RA, Sultana, AA, Nahar, B, Bardhan, PK, Luke, L , et al. A double-blind clinical trial to compare the efficacy and safety of a multiple amino acid-based ORS with the standard WHO-ORS in the management of non-cholera acute watery diarrhea in infants and young children: “VS002A” trial protocol. Trials. (2022) 23:706. doi: 10.1186/s13063-022-06601-5 

 5. Khurana, S, Gur, R, and Gupta, N. Chronic diarrhea and parasitic infections: diagnostic challenges. Indian J Med Microbiol. (2021) 39:413–6. doi: 10.1016/j.ijmmb.2021.10.001 

 6. Kimizuka, T, Seki, N, Yamaguchi, G, Akiyama, M, Higashi, S, Hase, K , et al. Amino acid-based diet prevents lethal infectious diarrhea by maintaining body water balance in a murine Citrobacter rodentium infection model. Nutrients. (2021) 13:1896. doi: 10.3390/nu13061896 

 7. Norsa, L, Berni Canani, R, Duclaux-Loras, R, Bequet, E, Koglmeier, J, Russell, RK , et al. Inflammatory bowel disease in patients with congenital chloride diarrhoea. J Crohns Colitis. (2021) 15:1679–85. doi: 10.1093/ecco-jcc/jjab056 

 8. Camilleri, M, Nullens, S, and Nelsen, T. Enteroendocrine and neuronal mechanisms in pathophysiology of acute infectious diarrhea. Dig Dis Sci. (2012) 57:19–27. doi: 10.1007/s10620-011-1939-9

 9. Xie, Z, Fan, Z, and Zhu, Z. National compilation of Chinese herbal medicine. Beijing. China: People’s Sanitary Publishing Press (1994).

 10. Abu Bakar, FI, Abu Bakar, MF, Abdullah, N, Endrini, S, and Fatmawati, S. Optimization of extraction conditions of phytochemical compounds and anti-gout activity of Euphorbia hirta L. (Ara tanah) using response surface methodology and liquid chromatography-mass spectrometry (LC-MS) analysis. Evid Based Complement Alternat Med. (2020) 2020:4501261. doi: 10.1155/2020/4501261

 11. Yang, ZN, Su, BJ, Wang, YQ, Liao, HB, Chen, ZF, and Liang, D. Isolation, absolute configuration, and biological activities of chebulic acid and brevifolincarboxylic acid derivatives from Euphorbia hirta. J Nat Prod. (2020) 83:985–95. doi: 10.1021/acs.jnatprod.9b00877 

 12. Cayona, R, and Creencia, E. Phytochemicals of Euphorbia hirta L. and their inhibitory potential against SARS-CoV-2 main protease. Front Mol Biosci. (2021) 8:801401. doi: 10.3389/fmolb.2021.801401 

 13. Singh, P, Arif, M, Qadir, A, and Kannojia, P. Simultaneous analytical efficiency evaluation using an HPTLC method for the analysis of syringic acid and vanillic acid and their anti-oxidant capacity from methanol extract of Ricinus communis L. and Euphorbia hirta L. J AOAC Int. (2021) 104:1188–95. doi: 10.1093/jaoacint/qsaa171 

 14. Gautam, VS, Singh, A, Kumari, P, Nishad, JH, Kumar, J, Yadav, M , et al. Phenolic and flavonoid contents and antioxidant activity of an endophytic fungus Nigrospora sphaerica (EHL2), inhabiting the medicinal plant Euphorbia hirta (dudhi) L. Arch Microbiol. (2022) 204:140. doi: 10.1007/s00203-021-02650-7 

 15. Zhang, L, Wang, XL, Wang, B, Zhang, LT, Gao, HM, Shen, T , et al. Lignans from Euphorbia hirta L. Nat Prod Res. (2022) 36:26–36. doi: 10.1080/14786419.2020.1761358

 16. Iskandar, B, Lukman, A, Syaputra, S, Al-Abrori, UNH, Surboyo, MDC, and Lee, CK. Formulation, characteristics and anti-bacterial effects of Euphorbia hirta L. mouthwash. J Taibah Univ Med Sci. (2022) 17:271–82. doi: 10.1016/j.jtumed.2021.08.009 

 17. Onyeka, IP, Bako, SP, Suleiman, MM, Onyegbule, FA, Morikwe, UC, and Ogbue, CO. Antiulcer effects of methanol extract of Euphorbia hirta and honey combination in rats. Biomed Res Int. (2020) 2020:6827504. doi: 10.1155/2020/6827504 

 18. Xia, M, Liu, L, Qiu, R, Li, M, Huang, W, Ren, G , et al. Anti-inflammatory and anxiolytic activities of Euphorbia hirta extract in neonatal asthmatic rats. AMB Express. (2018) 8:179. doi: 10.1186/s13568-018-0707-z 

 19. Gil, TY, Kang, SC, Jin, BR, and An, HJ. Euphorbia hirta leaf ethanol extract suppresses TNF-alpha/IFN-gamma-induced inflammatory response via down-regulating JNK or STAT1/3 pathways in human keratinocytes. Life. (2022) 12:589. doi: 10.3390/life12040589

 20. Hore, SK, Ahuja, V, Mehta, G, Kumar, P, Pandey, SK, and Ahmad, AH. Effect of aqueous Euphorbia hirta leaf extract on gastrointestinal motility. Fitoterapia. (2006) 77:35–8. doi: 10.1016/j.fitote.2005.06.014

 21. Ali, MZ, Mehmood, MH, Saleem, M, and Gilani, AH. The use of Euphorbia hirta L. (Euphorbiaceae) in diarrhea and constipation involves calcium antagonism and cholinergic mechanisms. BMC Complement Med Ther. (2020) 20:14. doi: 10.1186/s12906-019-2793-0 

 22. Lanhers, MC, Fleurentin, J, Cabalion, P, Rolland, A, Dorfman, P, Misslin, R , et al. Behavioral effects of Euphorbia hirta L.: sedative and anxiolytic properties. J Ethnopharmacol. (1990) 29:189–98. doi: 10.1016/0378-8741(90)90055-x

 23. Mahomoodally, MF, Dall’Acqua, S, Sinan, KI, Sut, S, Ferrarese, I, Etienne, OK , et al. Phenolic compounds analysis of three Euphorbia species by LC-DAD-MSn and their biological properties. J Pharm Biomed Anal. (2020) 189:113477. doi: 10.1016/j.jpba.2020.113477

 24. Mekam, PN, Martini, S, Nguefack, J, Tagliazucchi, D, and Stefani, E. Phenolic compounds profile of water and ethanol extracts of Euphorbia Hirta L. leaves showing antioxidant and antifungal properties. South Afr J Bot. (2019) 127:319–32. doi: 10.1016/j.sajb.2019.11.001

 25. Gálvez, J, Zarzuelo, A, Crespo, ME, Lorente, MD, Ocete, MA, and Jimenez, J. Antidiarrhoeic activity of Euphorbia hirta extract and isolation of an active flavonoid constituent. Planta Med. (1993) 59:333–6. doi: 10.1055/s-2006-959694

 26. Islam, M, Alam, R, Chung, H, Emon, N, Fazlul Kabir, M, Rudra, S , et al. Chemical, pharmacological and computerized molecular analysis of stem’s extracts of Bauhinia scandens L. provide insights into the management of diarrheal and microbial infections. Nutrients. (2022) 14:265. doi: 10.3390/nu14020265 

 27. Alam, MM, Emon, NU, Alam, S, Rudra, S, Akhter, N, Mamun, MMR , et al. Assessment of pharmacological activities of Lygodium microphyllum Cav. Leaves in the management of pain, inflammation, pyrexia, diarrhea, and helminths: in vivo, in vitro and in silico approaches. Biomed Pharmacother. (2021) 139:111644. doi: 10.1016/j.biopha.2021.111644

 28. Rudra, S, Tahamina, A, Emon, N, Adnan, M, Shakil, M, Chowdhury, M , et al. Evaluation of various solvent extracts of Tetrastigma leucostaphylum (Dennst.) Alston leaves, a Bangladeshi traditional medicine used for the treatment of diarrhea. Molecules. (2020) 25:4994. doi: 10.3390/molecules25214994 

 29. Lipinski, CA, Lombardo, F, Dominy, BW, and Feeney, PJ. Experimental and computational approaches to estimate solubility and permeability in drug discovery and development settings. Adv Drug Deliv Rev. (2001) 46:3–26. doi: 10.1016/s0169-409x(00)00129-0 

 30. Lee, HH, Cho, JY, Moon, JH, and Park, KH. Isolation and identification of antioxidative phenolic acids and flavonoid glycosides from Camellia japonica flowers. Hortic Environ Biotechnol. (2011) 52:270–7. doi: 10.1007/s13580-011-0157-x

 31. Makino, T, Shimizu, R, Kanemaru, M, Suzuki, Y, Moriwaki, M, and Mizukami, H. Enzymatically modified isoquercitrin, alpha-oligoglucosyl quercetin 3-O-glucoside, is absorbed more easily than other quercetin glycosides or aglycone after oral administration in rats. Biol Pharm Bull. (2009) 32:2034–40. doi: 10.1248/bpb.32.2034

 32. Morand, C, Manach, C, Crespy, V, and Remesy, C. Respective bioavailability of quercetin aglycone and its glycosides in a rat model. Biofactors. (2000) 12:169–74. doi: 10.1002/biof.5520120127 

 33. Singh, SK, Yadav, RP, Tiwari, S, and Singh, A. Toxic effect of stem bark and leaf of Euphorbia hirta plant against freshwater vector snail Lymnaea acuminata. Chemosphere. (2005) 59:263–70. doi: 10.1016/j.chemosphere.2004.10.057 

 34. Rajeh, MAB, Kwan, YP, Zakaria, Z, Latha, LY, Jothy, SL, and Sasidharan, S. Acute toxicity impacts of Euphorbia hirta L extract on behavior, organs body weight index and histopathology of organs of the mice and Artemia salina. Pharm Res. (2012) 4:170–7. doi: 10.4103/0974-8490.99085 

 35. Ping, KY, Darah, I, Chen, Y, Sreeramanan, S, and Sasidharan, S. Acute and subchronic toxicity study of Euphorbia hirta L. methanol extract in rats. Biomed Res Int. (2013) 2013:182064. doi: 10.1155/2013/182064

 36. Khan, A, Rehman, N, AlKharfy, KM, and Gilani, AH. Antidiarrheal and antispasmodic activities of Salvia officinalis are mediated through activation of K+ channels. Bangladesh J Pharmacol. (2011) 6:111–6. doi: 10.3329/bjp.v6i2.9156

 37. Poole, D, Pelayo, J, Scherrer, G, Evans, C, Kieffer, B, and Bunnett, N. Localization and regulation of fluorescently labeled delta opioid receptor, expressed in enteric neurons of mice. Gastroenterology. (2011) 141:982–991.e8. doi: 10.1053/j.gastro.2011.05.042 



Glossary

[image: Table9]


Copyright
 © 2024 Wu, Zhang, Guo and Sheng. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fvets-11-1451615-t009.jpg
HPLC High-performance liquid chromatography

EF Ethyl acetate fraction

BE n-butanol fraction

AF Aqueous fraction

ASE Aqueous subfraction

ESF20 20% ethanol subfraction

ESF30 30% ethanol subfraction

ESF60 60% ethanol subfraction

ESF90 90% ethanol subfraction

HRESIMS High-resolution electrospray fonization mass spectrometry
NMR Nuclear magnetic resonance

CMCNa Sodium carboxymethyl cellulose

PDB Protein Data Bank

RCSB Research Collaboratory for Structural Bioinformatics
HBD ‘Human blood-brain barrier penetration

HBA Human blood-albumin binding

Logp Logarithm of the n-octanol/water partition coefficient
HIA ‘Human intestinal absorption

HOB Hepatic organic anion binding

PPB Plasma protein binding

ANOVA Analysis of variance

EOS Endogenous opioid system





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Bioactivity-guided isolation of potential antidiarrheal constituents from Euphorbia hirta L. and molecular docking evaluation



		1 Introduction



		2 Materials and methods



		2.1 Plant material, reagents and apparatus



		2.1.1 Plant material



		2.1.2 Reagents



		2.1.3 Apparatus









		2.2 Bioactivity-guided isolation of antidiarrheal constituents from Euphorbia hirta



		2.3 Identification of antidiarrheal constituents



		2.4 Pharmacological procedures



		2.4.1 Animals and ethics



		2.4.2 Preparation of test samples and dose estimation for bioassays



		2.4.3 Castor oil-induced diarrhea assay in mice



		2.4.4 Effects of isoquercitrin and quercitrin on small intestinal propulsion



		2.4.5 Effects of isoquercitrin and quercitrin on castor oil induced enteropooling



		2.4.6 Acute toxicity testing of isoquercitrin and quercitrin









		2.5 Molecular docking analysis



		2.5.1 Protein preparation



		2.5.2 Ligand preparation



		2.5.3 Docking validation



		2.5.4 Ligand-based pharmacokinetics and toxicity measurement









		2.6 Statistical analysis









		3 Results and discussion



		3.1 Bioactivity-guided separation and purification of Euphorbia hirta



		3.2 Identification of compounds 1 and 2



		3.3 Anti-diarrheal effects of isoquercitrin and quercitrin



		3.3.1 Effects of isoquercitrin and quercitrin on castor oil-induced diarrhea



		3.3.2 Effects of isoquercitrin and quercitrin on small intestinal propulsion



		3.3.3 Effects of isoquercitrin and quercitrin on castor oil-induced enteropooling



		3.3.4 Acute toxicity of isoquercitrin and quercitrin









		3.4 Molecular docking



		3.5 Compound based pharmacokinetics and toxicity property analysis









		4 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		Footnotes



		References



		Glossary



















OPS/images/fvets-11-1451615-t008.jpg
operamide Isoquerci rcitrin
PubChem CID 3955 5,280,804 5280459
MW (gmol™) 477.05 46438 448.38
HBD 1 8 7
HBA 3 12 11
LogP (o/w) 5.09 —054 049
Rotatable bonds 7 4 3
HIA 0.9667 0.6468 07322
HOB 0.7857 0.7286 0.6857
PPB (100%) 085 0797 1.002
CAR (binary) 0.8714 09857 0.9857
AM 0.7500 0.8100 0.7700
AOT log(1/(molkg™)) 3221 04045 05184

MW, molecular weight (acceptance range: <500); HBD, hydrogen bond donor (acceptance range: <5); HBA, hydrogen bond acceptor: (acceptance range: <10); LogP. high lipophilicity
(acceptance range: 3); RB, rotatable bonds; (acceptance range: <10); HIA, human intestinal absorption probability; HOB, human oral bioavailability probabilitys PPB, plasma protein binding
probability; CAR, carcinogenicity probability; AM, AMES mutagenesis probability, AOT, acute oral toxicity.






OPS/images/fvets-11-1451615-t007.jpg
Negative control
Tsoquercitrin
Tsoquercitrin
Tsoquercitrin
Quercitrin
Quercitrin
Quercitrin

Loperamide

125

2

50

125

2

50

2

Volume of
small

intestinal
effusion (v/
mL)

2874066
15340845
133£085%

0.90+0,57%%
2104022
20540.11

1734085

0.87:+0.17%%

Inhibition
rate of small
intestinal
effusion (%)

537
686
2.7
360
568
697

Values were expressed as mean +SEM (1=5), *p<0.05 and **p<0.01 vs. negative control

group.





OPS/images/fvets-11-1451615-t006.jpg
Propulsion  Propulsion
lengthof  inhibition (%)

activated
charcoal
(cm)
Negative
B 10 w1213 -

Control
Isoquercitrin 125 583+235% 475
Isoquercitrin 2 3414286+ 6.2
Isoquercitrin 50 2504046+ 775
Quercitrin 125 710+ 1.32 36.0
Quercitrin 2 673£0.68* 394
Quercitrin 50 48041014 568
Loperamide 2 231£021%% 792

Values were expressed as mean +SEM (1=5), *p<0.01 and *#p <0.001 vs. negative control
group.





OPS/images/cover.jpg
& frontiers | Frontiers in Veterinary Science

Bioactivity-guided isolation of
potential antidiarrheal
constituents from Euphorbia hirta
L. and molecular docking
evaluation












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
, frontiers Frontiers in Veterinary Science






OPS/images/fvets-11-1451615-t001.jpg
PCR product  Primer sequences

NHEL Forward: 5'-TTCATCCACCTCGGATCTTC-3'
Reverse: 5 TCTGATGGTGCTGGCAGTAG-3'
NHE2 Forward: 5'-TCATCACGGCTGCTATTGTC-3'
Reverse: 5-CACTGACAGCTTGCTGCTTC-3'
NHE3 Forward: 5'-CTATGTGGCTGAGGGAGAGC-3
Reverse: 5-GAGACAGACGCCTCCACAGT-3
AQPd Forward: 5'-CTGGCCACGCTTATCTTTGT-3
Reverse: 5-CAATGCTGAGTCCAAAGCAA-Y
L] Forward: 5-CCGGTGACAACATGGAACAC-3'
Reverse: 5-AAGAAGCAGCCACCTCAACC-3'
SGLTL Forward: 5-AGGCCTGATGCTGTCTGTCA-Y
Reverse: 5-CCTTCTTCCGGATCTTGGTG 3
GADEH Forward: 5-CGTGCCGCCTGGAGAAACCTGY'

Reverse: 5-AGAGTGGGAGTTGCTGTTGAAGTCG-3





OPS/images/fvets-11-1451615-t002.jpg
Negative

control
AE
AE
AE
EF
EF
EF
BE
BF
BE
AF

AF

1,448
2895
5,791
215
430
860
295
590
1,180
875

3,500

Mean of
wet
faeces

1374262

8443.12%
7.542.54%
5042364
8943.12%
81+254%
53+236%¢
1164172
105 %362
104283
1184196

1154355

Onset of
diarrhea
(min)

7321245

1082+ 218%
1205+ 1367
1433+ 11534
95,14 11.72%
1214.£ 13254
1532+ 18.75%¢
7664685
7514877
865+ 8.98%
68.147.96

7234663

Inhibition
(%)

387

452

613

153

234

27

139

161

Values were expressed as mean:+SD (1=6), *p<0.05 and **p<0.01 when compared with

control group.





OPS/images/fvets-11-1451615-g002.jpg
OH o

OH OH

OH OH

Ho. 0,

OH o

OH OH





OPS/images/fvets-11-1451615-g003.jpg





OPS/images/fvets-11-1451615-t005.jpg
Dose (mgkg™)

Mean of wet faeces

Onset of diarrhea
(min)

Inhibition (%)

Negative control 10
Isoquercitrin 125
Tsoquercitrin 2
Isoquercitrin 50
Quercitrin 125
Quercitrin 2
Quercitrin 50
Loperamide 2

10243.69
6.843.56%
56+341%%
4943350
744125%
6441377
52+ 163%%

48+ 172

Values were expressed as meanSEM (1=6), *p<0.01 and **p<0.001 vs. negative control group.

7374249

98.34530%%

1065+ 841+

13584 7417

87.1+592%

99.343.67%%

12324918

15744 21.62%%

333

451

519

275

373

49

529





OPS/images/fvets-11-1451615-t003.jpg
Group Dose Mean of Onsetof Inhibition

(mgkg™) wet diarrhea (%)
faeces (min)

Negative
ol 10 1B1:479  638+7.15 -
ASF 18 162212 696912 15
ASE 36 1078312 759656 183
ASF 7 1042285 753701 206
ESF20 50 1235354 701%584 61
ESF20 100 182187 786+974 99
ESF20 200 105412 77541091 198
ESF30 50 1055212 82145420 15
ESF30 100 B4312% | 1165%876% 359
ESF30 200 642855 13824988 sL1
ESF60 5 1252260 681%592 16
ESF60 10 132297 763767 137
ESF60 20 1055583 870+941% 198
ESF90 2 108356  683+7.32 176
ESFS0 4 162341 702:7.41 15
ESF90 8 1095335 658+681 168

Values were expressed as mean SEM (1=6), *p<0.01 and **p <0.001 vs. negative control
group.





OPS/images/fvets-11-1451615-t004.jpg
Group Dose Mean of Onsetof Inhibition

(mgkg™) wet diarrhea (%)
faeces (min)

:‘ﬁ'{:l“ 10 L1236 7371249 -
DM9S 2 106:23 773783 45
DM9S 50 972423 7622563 126
DM9S 100 842285 8358843 23
DM90 2 832354 806457 252
DM90 50 731875 1035 7.62% 342
DM90 100 6954125 | 119228314 378
DM80 2 105421 752%531 54
DMsO 50 942422 801315 153
DMsO 100 842385 8442521 23

Values were expressed as mean SEM (1=6), *p<0.01 and *#p <0.001 vs. negative control
group.





OPS/images/fvets-11-1451615-e001.jpg
Inhibition (%) = (C ~T) /T x100





OPS/images/fvets-11-1451615-g001.jpg
Dried herb of Euphorbia hirta (2.0 kg)

Decocted with 6-fold distilled water for 1 h 2X)

Aqueous extract (AE, 3712 g, yield 18.56%)

1) Dissolved in distilled water
2) Extracted with ethyl acetate, aqua-saturated n-butanol successively

Ethyl acetate fraction n-butanol fraction Aqueous fraction
(EF, 55.3 g, yield 14.9%) (BF, 75.7 g, yield 20.4%) (AF, 224.6 g, yield 60.5%)

| DI0I macroporous resin

[ | [ I 1

/Aqueous subfraction 20% ethanol subfraction 30% ethanol subfractic 60% ethanol subfraction 90% ethanol subfraction
(ASF, 4.6 8, yield 83%) || (ESF20, 12.9 ¢, yield 23.3%) | | (ESF30, 138 g, yield 25.0%) | | (ESF60, 12 g, yield 22%) | | (ESF90,0.6 g, yield 1.1%)

silica gel column

[ 1

Dichloromethane: methanol (95:5) Dichloromethane: methanol (90:10) Dichloromethane: methanol (80:20)!
(DM95, 4.8 g, yield 34.8%) (DM90, 3.6 g, yield 26.1%) (DM80,2.7 g, yield 19.6%)
semipreparative HPLC

——

Compound 1 (1.7 ) Compound 2 (1.5 )






