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Abstract

:

Globally, obesity is a serious health concern that causes numerous diseases, including type 2 diabetes, hypertension, cardiovascular diseases, etc. Medicinal plants have been used to aid in weight loss since ancient times. Thus, this research is focused on the exploration of pancreatic lipase inhibitory activity and secondary metabolite profiling of Bergenia ciliata, Mimosa pudica, and Phyllanthus emblica, selected based on an ethnobotanical survey. The lipase inhibition was investigated using 4-nitrophenyl butyrate (p-NPB) as a substrate. To uncover further therapeutic potentials of these medicinal plants, antimicrobial activity and minimum inhibitory concentration (MIC) of the extracts were also determined. The ethyl acetate plant extracts showed higher antimicrobial activity against Staphylococcus aureus, Escherichia coli, Salmonella typhi, and Shigella sonnei. The MIC of ethyl acetate extracts of medicinal plants considered in this study ranges from 1.56 to 6.25 mg/mL. The hexane fraction of Mimosa pudica and Phyllanthus emblica showed a higher lipase inhibitory activity as compared to others, with IC50 values of 0.49 ± 0.02 and 2.45 ± 0.003 mg/mL, respectively. In the case of Bergenia ciliata, the methanolic extract inhibited lipase more effectively than others, with an IC50 value of 1.55 ± 0.02 mg/mL (IC50 value of orlistat was 179.70 ± 3.60 µg/mL). A mass spectrometry analysis of various solvent/solvent partition fractions (extracts) revealed 29 major secondary metabolites. The research offers a multitude of evidence for using medicinal plants as antiobesity and antimicrobial agents.
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1. Introduction


A metabolic disorder is one of the known underlying reasons for the rise in obesity, and abdominal obesity is a direct or indirect consequence of a group of metabolic risk factors that also cause type II diabetes, cardiovascular disease, and non-alcoholic fatty liver disease [1]. The World Obesity Atlas 2022 predicted that approximately one billion people will be living with obesity globally by 2030 [2]. Prolonged maintenance of significant weight loss persists as a challenging problem in obesity treatment.



Pancreatic lipase inhibition is a considerable approach to treating metabolic syndrome since it is liable for 50–70% of all-out dietary fat hydrolysis. [3]. Alternative lipase inhibitors have piqued the interest of researchers because some lipase inhibitors have been suggested as effective weight-controlling medications. Additionally, the inordinate buildup of lipids in the pancreas is a leading cause of type II diabetes, which incites the dysfunction of insulin-producing pancreatic β-cells [4]. Intestinal lipase catalyzes the breakdown of triacylglycerols into fatty acids and glycerol in the intestinal lumen [5]. Slackening the lipolytic process can protect the pancreas by minimizing lipid absorption and eventually restoring regular insulin production [6]. Several FDA-approved antiobesity medications, such as orlistat, lorcaserin, topiramate extended-release, phentermine, naltrexone sustained-release, and liraglutide (injectable formulation), are available on the market [7]. Each drug fluctuates in its after-effect profiles and efficacy. Orlistat covalently bonds to serine at the active site of lipase but is also associated with several gastrointestinal adverse effects [8].



Numerous studies on natural products for obesity management also yielded positive results in terms of long-term safety, mode of action, and metabolic activity [9]. The long history of using natural products for weight loss demonstrates a preference for investigation over synthetic drugs [10]. Vitis vinifera, Rhus coriaria, Origanum dayi, Averrhoa carambola, Archidendron jiringa, Cynometra cauliflora, and Aleurites moluccana imply their potential for obesity treatment by antilipase activity [11]. Phyllanthus emblica widely known as Indian gooseberry or amla, and belonging to the Euphorbiaceae family, is a significant herbal remedy utilized in both the Unani (Graceo—Arab) and Ayurveda traditions of medicine. The fruit, which has been used in traditional medicine and Ayurveda as a robust Rasayana to cure diarrhea, jaundice, and inflammation, is the most commonly utilized portion of the plant for medicinal purposes out of all its parts [12]. Similarly, the pharmacological profile of Mimosa pudica L. (Mimosaceae), commonly known as the touch-me-not, live-and-die, and shame plant, suggests that it is a good herbal candidate for further investigation. The plant has a long history of usage in traditional medicine, having been applied to wounds and used to treat piles, dysentery, sinuses, and urogenital diseases [13]. Additionally, B. ciliata has indeed been reported as a remedy for over 100 ailments, with the greatest potential in the solution of gastrointestinal problems. Hence, the investigation of the unexplored potential of medicinal plants could result in alternative lipase inhibitors with minimal side effects.



Bacterial infections are viewed as a global concern and are thus acknowledged as a threat to human life. Resistance to antibacterial and antifungal medications has intensified in recent years, amplifying serious concerns for global health. As a consequence, infectious diseases are now more challenging to treat in the healthcare system. This resistance is due to the misuse of antibiotics [14]. The prime factor for antibiotic resistance or drug failure is due to formation of biofilm by microorganisms, which can be overcome by using alizarin as a natural antibiofilm agent [15]. Additionally, different natural products, such as flavonoids, alkaloids, polyphenols, and many other phytochemicals, have been evidenced to display antimicrobial activity [16]. Plants with a diverse range of secondary metabolites, such as P. emblica [17] and B. ciliata [18], provide an appealing conclusion of potential phytochemicals to control microbial diseases. Similarly, a recent study also revealed that the modified polymeric form of Gum kayara polysaccharides exhibits compelling antibacterial activity against various bacteria [19].



Identification of secondary metabolites is an important prerequisite in validating and acquiring a decisive result in the analysis of plant bioactivities. Metabolic profiling allows for comprehensive analyses of a wide range of metabolites, which greatly increases the value of common findings of plant bioactivities [20]. The complementary analytical platform of liquid chromatography-mass spectrometry (LC-MS) is used to identify a wide range of primary and secondary metabolites [21]. Recent advancements in mass spectrometry with advanced data processing technology allow for the simultaneous measurement of hundreds of chemically different metabolites and investigate more thoroughly the regulation of metabolic networks to study their influence on complex traits as well [22].



The current study is focused on the identification of the lipase inhibitory activity of B. ciliata, M. pudica, and P. emblica, followed by their antimicrobial studies against four microbial strains. Moreover, this study is also aimed at secondary metabolite profiling, using LC-HRMS to precisely measure the mass of unknown molecules, parent ions, and fragment ions of the plant extracts. The overview of this study is represented in Figure 1.




2. Materials and Methods


2.1. Chemicals and Reagents


Methanol, ethanol, ethyl acetate, dichloromethane, and hexane were purchased from Thermo Fisher Scientific (Powai, Mumbai, India). Resazurin was purchased from HiMedia (Thane West, Maharashtra, India). The lipase from the porcine pancreas (Type II), 4-nitrophenyl butyrate (p-NPB), orlistat, and neomycin were obtained from Sigma-Aldrich (St. Louis, MO, USA).




2.2. Plant Collection and Extract Preparation


M. pudica and P. emblica were collected from Shankar Nagar (27°39′48.3″ N; 83°28′52.3″ E), Rupandehi, Nepal, and B. ciliata were collected from Shantipur (28°11′24″ N; 82°13′48″ E), Gulmi, Nepal. Their taxonomy was authenticated and verified by the National Herbarium and Plant Laboratory (KATH), Godavari, Nepal. Plant materials harvested in the same climatic session were dried in the shade at room temperature. They were then pulverized by a grinder and drenched in methanol for 1 day. Subsequently, a cold percolation method was carried out and incubated for the next day, followed by filtration (Whatman filter paper 1). The procedure was done recurrently for 3 days in a row. The rotary evaporator was used under reduced pressure at 40 °C to evaporate the collected methanol from primary extracts, whereas the secondary extracts were prepared after the solvation of the primary extract in water followed by fractionation processes with different solvents, such as hexane, dichloromethane, and ethyl acetate-based on polarity.



The ethnobotanical uses and the pharmacological studies of the selected plant with the voucher specimen are listed in Table 1.




2.3. Lipase Assay


The porcine pancreas lipase inhibition assay was performed by modifying the method previously reported [25]. The 20 µL of plant extracts, 40 µL of lipase, and 100 µL of 0.1 mM PBS were taken at pH 8.0 and incubated at 37 °C for 15 min. The initial absorbance was observed at 405 nM.



Henceforth, the 40 µL of 3 mM substrate and p-NPB prepared in ethanol was added to each well and incubated at 37 °C for 30 min. The final absorbance was noted at 405 nm (SynergyLX, BioTek, Winooski, VT, USA). Orlistat and 30% DMSO were used as positive and negative controls, respectively. The lipase inhibitory activity was calculated using the given formula:


   Inhibition   %  =  (    ODcontrol −  ODtest   sample    ODcontrol      )  × 100  












2.4. Antibacterial Assays


The antibacterial assay was performed using the agar well diffusion method [26]. The test microorganisms were inoculated in Mueller Hinton Broth and incubated at 37 °C until the turbidity matched 0.5 McFarland. Then, the lawn culture of test microorganisms was performed in Mueller Hinton Agar (MHA), with 1.5 × 108 CFU/mL microbial inoculum. Five wells were made on the lawn cultured MHA plate with the help of a sterile cork borer. A total of 1 mg/mL neomycin was used as a positive control, and 50% DMSO was used as a negative control. The plates were then incubated at 37 °C for 18–24 h, and the zone of inhibition was measured.




2.5. Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC)


The minimum inhibitory concentration was done according to the Clinical and Laboratory Standards Institute (CLSI) [27]. The sterile 96-plate with a flat bottom was used for 2-fold serial dilution of the extracts in MHB. Then, a bacterial concentration of 106 CFU/mL was used in each well except for the negative control. The plate was then covered with a lid and incubated at 37 °C for 18–24 h. After incubation, resazurin was added to each well at a 0.003% concentration and left for 3–4 h of incubation at the same temperature. The lowest concentration with a blue color was considered MIC and for the determination of MBC, the concentration with MIC and above were streaked in nutrient agar plates and incubated for 18–24 h at 37 °C. The resazurin is converted to pink by the reductase enzyme of bacteria, so it is considered bacterial growth, whereas the blue color showed no bacterial growth. The MIC was done in duplicate and triplicate.




2.6. Statistical Analysis


The Gen5 Microplate Data Collection and Analysis Software was used for the processing of results, followed by MS Excel. The data were expressed as mean ± standard error of the mean. The IC50 values were determined using GraphPad Prism version 8 (San Diego, CA, USA).




2.7. LC-HRMS Analysis


The LC-HRMS analyses of ethyl acetate and the hexane fraction were carried out using an Agilent 6520, Accurate-Mass Q-TOF Mass Spectrometer outfitted with a G1311A quaternary pump, a G1329A autosampler, and a G1315D diode array detector (DAD). The aforementioned parameters were set for the source and scan: gas temp: 30 °C, gas flow: 11.01/min, nebulizer: 40 psi, VCap: 3500, fragmentor: 175, skimmer 1: 65.0, and octopole RF Peak: 750. The components of the solvent elution included acetonitrile (ACN), a 5 mM acetate buffer, and water, which was carried out at a flow rate of 1.5 mL/min. The elution gradient was initiated with 5% acetonitrile for 0.1 min, followed by 30% acetonitrile for 10 min, 80% acetonitrile for 32 min, and eventually back to the initial conditions. Throughout the procedure, the column temperature was kept consistent at 30 °C. The column elute was channeled to Q-TOF HRMS fitted with an electrospray interface after passing through the flow cell of the diode array detector. Positive electrospray ionization (ESI-positive mode) was used to analyze the mass spectrum in the mass range of 100–2000 Daltons at a scan rate of 1.03 [28].



The collected data was analyzed using Gen5 Microplate Data Collection and Analysis Software, followed by MS Excel. Using GraphPad, the 50% inhibition of enzymatic hydrolysis of the substrate (IC50) was determined. Each experiment was performed in triplicate, and the data were shown as mean ± standard deviation. Mestre Nova 12.0 was used to process and analyze data files from the LC-HRMS for compound annotation using PubChem, Dictionary of Natural Products 2, ChemSpider, and the METLIN database.





3. Results


3.1. Lipase Inhibition


At different concentrations, the ability of particular medicinal plants to inhibit lipase was tested. Lipase inhibition was tested at 5 mg/mL, and further dilution of different concentrations was performed based on the screening results. When compared to the IC50 value of orlistat, a positive control (179.70 ± 3.60 µg/mL), the results showed moderate to poor activity (IC50 values: 0.82 ± 0.05 to 5.37 ± 0.07 mg/mL). Among all fractions, crude, hexane, and EA showed higher activity than DCM and aqueous fractions. Table 2 shows the results for lipase inhibition.




3.2. Analysis of Antimicrobial Activity


Different fractions of plant extracts were tested for antibacterial activity against ATCC strains of bacteria (Figure 2). The tested strains were: Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25923, Salmonella typhi ATCC 14028, and Shigella sonnei ATCC 25931. The details of antibacterial activity with ZoI are displayed in Table 3.




3.3. Determination of MIC and MBC


The highest zone of inhibition against the tested microorganisms was seen in the ethyl acetate fraction from all plants which was then subjected to the determination of MIC/MBC (Figure 3 and Figure S1). The MIC value ranges from 1562.5 to 6250 µg/mL, while the MBC ranges from 6250–12,500 µg/mL. Neomycin, the positive control, had demonstrated strong activity against the test microorganisms. Table 4 shows the details of MIC and MBC.




3.4. LC-HRMS-Based Molecular Annotation


The raw LC-HRMS data were processed, and the fraction with the best total ion chromatogram (TIC) was considered for the study with the MestreNova 12.0 software (Mestrelab Research, Santiago de Compostela, Spain). Table 5 shows the details of the identified compounds, along with their theoretical and observed mass-to-charge ratio, double bond equivalence (DBE), molecular formula, and absolute errors in parts per million (ppm) and retention time (Rt) in the positive ion mode in ESI. The mass spectra of B. ciliata, M. pudica, and P. emblica are shown in Figures S2–S4.



Based on the observed mass spectra, the compounds were identified, and the results were evaluated by comparing them to literature data. Structures of secondary metabolites identified based on the mass spectra of B. ciliata, M. pudica, and P. emblica were drawn using Chemdraw (Figure 4). In the ethyl extract of P. emblica, we observed the presence of phenolic compounds methyl gallate (m/z = 185.05), gallic acid (m/z = 171.02), flavonoids quercetin (m/z = 303.05), an isoflavone irisflorentin (m/z = 387.1), galloyl-hexahydroxydiphenoyl (HHDP)-glucose—a hydrolysable tannin (m/z = 483.07), derivatives of hydroxycinnamic acid 2-O-Caffeoylhydroxycitric acid (m/z = 371.06), 3,4,8,9,10-pentahydroxydibenzo [b, d]pyran-6-one (m/z = 277.06), isoquercetin (m/z = 465.1), prodelphinidin B3 (m/z = 595.14), cassiaoccidentalin B (m/z = 576.15), trihydroxydimethoxyflavone (m/z = 331.08), aflotaxin B1 (m/z = 329.06), kaemferol (m/z = 287.05), emodin (m/z = 271.06), isorhamnetin (m/z = 317.06), and trigalloyllevoglucosan IX (m/z = 619.09). The phytochemicals annotated in the ethyl extract of M. pudica are catechin/epicatechin (m/z = 291.08), gallocatechin/epigallocatechin (m/z = 307.8), procyanidin B1/procyanidin B3 (m/z =578.15), chlorogenic acid (m/z = 355.10), vitexin (m/z = 433.11), and myricetin (m/z = 319.04), In addition, important phytochemicals observed in the fraction of B. ciliata are bergenin (m/z = 329.08), afzelechin/epiafzelechin (m/z = 275.08), orientin (m/z = 449.10), and diosmetin (m/z = 301.07).





4. Discussion


Obesity is due to the unusual deposition of fat in the body and leads to different types of health problems, such as cardiovascular cancers, diabetes, hypertension, stroke, dyslipidemia, and osteoarthritis. Previous findings suggest that obese and diabetic patients are vulnerable to cardiovascular diseases [62]. These dietary fats are hydrolyzed by different types of lipases, such as tongue, gastric, and pancreatic lipases. Approximately 90% of dietary fats are composed of mixed triglycerides, and pancreatic lipase is responsible for the digestion of 50–70% of dietary fats into fatty acids and monoglycerides. Then, mixed micelles are formed with bile salts, cholesterol, and lysophosphatidic acid to produce triglycerides that are absorbed into enterocytes. The adipocytes present in the body are the main site for the storage of triglycerides and act as the major source of energy [63]. One of the strategies to combat obesity is to inhibit the lipase enzyme. Plant-based inhibitors are gaining popularity as safer, more affordable, and readily available alternatives to synthetic drugs due to their side effects, cost, and availability [64]. The plant contains different constituents, such as polyphenols, saponins, terpenes, flavonoids, and tannins, that are responsible for the inhibition of lipase enzymes [65]. The antilipase activity of our extracts also may be explained by the presence of these compounds, which were reported in our earlier study [66].



In contrast to DCM and aqueous fractions, hexane, methanol, and ethyl acetate fractions demonstrated higher inhibitory activity, according to our research. Methanolic extracts contain a mixture of compounds that might act synergistically to inhibit lipase enzymes. Drug combinations that work well together therapeutically are more prominent and highly effective. By preventing biological compensation, allowing lower dosages of each compound, or gaining access to context-specific multitarget mechanisms, synergistic combinations of two or more agents can overcome the toxicity and other side effects connected with high doses of single drugs [67]. At relatively low concentrations, the combination of kaempferol and orlistat demonstrated the synergistic inhibition of pancreatic lipase. When the combined concentrations of kaempferol and orlistat were less than 114.60 µM and 30.24 µM, the results showed the activity synergistically, however, kaempferol could partially replace orlistat to produce the same antiobesity results. [68]. The combination of the three drugs (ECG-EGCG-orlistat) exhibited potent synergy in inhibiting pancreatic lipase [69].



A previous study done on the hexane fraction of M. flagellipes and P. mildbraedii had shown significant activity against lipase enzyme. Besides that, hexane fraction significantly decreased total glycerides, total cholesterol, and low-density lipoprotein cholesterol as compared to hyperlipidemic control rats from both extracts. The GCMS analysis revealed two major compounds, 9-octadecenoic acid, and hexadecanoic acid, in P. mildbraedii, with hexadecanoic acid and 9,12-octadecadienoic acid in M. flagellipes [70]. So, the presence of these compounds in our study might be responsible for the inhibition of lipase enzyme from hexane fraction. The antiobesity activity of major constituent bergenin is due to increased norepinephrine-induced lipolysis in endogenous lipid droplets, slightly stimulated adrenocorticotropic hormone-induced lipolysis, and inhibited insulin-induced lipogenesis from glucose in fat cells obtained from rat epididymal adipose tissues [71]. The in vivo experiment in rats significantly reduced serum, cholesterol, triglycerides, and low-density lipoprotein-cholesterol levels after 21 days of oral administration [72].



The ethyl acetate fraction of M. pudica contains stigmasterol, quercetin, and avicularin. A previous study showed competitive inhibition by quercetin with an IC50 value of 53.05 µM, while non-competitive or mixed inhibition by avicularin with an IC50 value of 141.84 µM [73]. Stigmasterol showed weak porcine pancreatic lipase inhibition of 2.7 ± 0.4% at 100 μg/mL as compared to 34.5 ± 5.4% of orlistat at the same concentration [74]. Antidiabetic constituents, such as gallic acid, ellagic acid, chebulagic acid, and quercetin, along with other natural compounds, were reported earlier from P. emblica [75]. A previous study showed that chebulagic acid, ellagic acid, and gallic acid showed an IC50 value of 57.4 µg/mL, 90 µg/mL, and 5192 µg/mL, respectively, for pancreatic lipase inhibition [76]. The ethanolic fruit extract of P. emblica showed antilipase activity due to decreased triglyceride accumulation and downregulating adiponectin, FABP4, PPARγ, and cEBPα, respectively [77]. There is a rise in the number of multidrug-resistant pathogens. So, to cope with this situation, antimicrobial drugs are in high demand globally, but their production is delayed. For this reason, scientists are now attracted to natural resources. Plants are an easily available option and have been in use since ancient times as an ethnobotanical remedy. A previous study showed that the highest zone of inhibition in EA extracts of B. ciliata with ZoI, was 21 mm for S. aureus and 11 mm for E. coli. Similarly, another study from ethanolic extracts showed ZoI (24.0 ± 0.10) mm against S.aureus, (23.7 ± 0.25) mm against E. coli, and (22.8 ± 0.15) mm against S. typhi at 50 mg/mL [78]. The MIC was reported as 2500 µg/mL [79]. We found the highest zone of inhibition in the EA fraction in all tested bacteria (Table 3), and the MIC value was 1250 µg/mL (Table 4). The antibacterial activity of methanolic extract of M. pudica was reported with a value of 15 mm for S. aureus, 20 mm for K. pneumoniae, 12 mm for E. coli, and 14.5 mm for S. typhi, using 5 mg/mL disc [80]. In our study, the following was observed: 19 mm for S. aureus, 8 mm for E. coli, 12 mm for S. typhi, and 23 mm for S. sonnei using 50 mg/mL methanolic extracts. In the previous study, the ZoI of S. aureus and S. typhi was reported as 9 and 8 mm, respectively, from P. emblica extract. The MIC and MBC were observed at 50 mcg/mL and 65 mcg/mL, respectively, for S. aureus (methanol extract), in contrast to our observed values of 6250 µg/mL and 12,500 µg/mL (ethyl acetate fraction). The MIC and MBC for S. typhi were reported as 35 and 45 mcg/mL as compared to 3125 and 6250 µg/mL in our study [81]. Our study revealed that the ethyl acetate fraction is the more potent fraction, followed by the methanolic (crude) extract for antimicrobial activity. The methanolic extracts contain several metabolites, such as phenols, flavonoids, tannins, terpenoids, alkaloids, saponins, glycosides, and steroids. The antimicrobial activity of these phenolic and flavonoid compounds is mediated by different mechanisms. These compounds may have a synergistic effect on antimicrobial activity, whereas the ethyl acetate fractions contain high phenolic and flavonoid content, as previously reported in our study [66]. The antimicrobial activity of these phenolic and flavonoid compounds is mediated by different mechanisms. These include inhibition of nucleic acid synthesis, inhibition of attachment and biofilm formation, inhibition of cytoplasmic membrane function, and alteration of membrane permeability, leading to cell destruction as well as attenuation of pathogenicity [82]. To the best of our knowledge, the lipase inhibitory activity of B. ciliata, M. pudica, and P. embilica was performed for the first time in Nepal. The study was limited to in vitro testing. However, additional research on the isolation of potent compounds, enzyme kinetics, in silico, and in vivo testing can be conducted.



The isolation and characterization of plant metabolites is still a significant challenge due to the lack of multivariate analyses, funding sources, and laboratory accessibility in our perspective. In this study, LC-HRMS was performed for the identification of bioactive metabolites in the fractions of B. ciliata, M. pudica, and P. emblica. Mestrenova 12.0 software, USA was used to annotate the metabolites based on m/z, retention time, and molecular formula, and other databases were used to search, assign formulas, and compound structures.



The compounds annotated from the ethyl extracts of B. ciliata with the base peak at m/z 329.08, molecular formula C14H16O9, DBE 7, and fragment peaks at 314.78, 251.05, 237.07, and 194.40 are stated as bergenin [29]. The fragmentation pattern of bergenin is shown in Figure S5. Likewise, the base peak at m/z 275.08, molecular formula C15H14O5, DBE 9, along with fragment peaks at 257.17 (loss of water) and 233.08 is considered afzelechin/epiafzelechin [32]. The compound with a base peak at m/z 449.10, molecular formula C21H20O11, DBE 12, and the characteristic fragment ions at 431.12 [M + H-H20]+ corresponding to the losses of the molecule H2O (18 Da) between the 2″-hydroxyl group of the sugar and the 5 or 7-hydroxyl group of the aglycone, 329.36 and 299.30 fragment peaks indicate the losses of C4H8O (120 Da) and 150 Da from the [M + H]+ molecule is annotated as orientin [34]. In addition, the base peak at m/z 301.07, molecular formula C16H12O6, and DBE 11 with characteristic fragment ions 258.12, 153.31, and 149.09 are explicated as diosmetin. The fragmentation pattern of diosmetin is shown in Figure S6. Additionally, a base peak at m/z 331.08, molecular formula C17H1407, DBE 11, and fragment ions at 301.08 and 315.09 are considered trihydroxy methoxy flavone [38]. The fragmentation pattern of trihydroxy methoxyflavone is shown in Figure S7.



The compounds in the extract of M. pudica with the base peak at m/z 291.08, molecular formula C15H14O6, DBE 9, and fragment peaks at 313.07 [M + Na] + and 139.03 are speculated to be catechin/epicatechin [35,36,37]. The fragmentation pattern of catechin and epicatechin is shown in Figure S8. Likewise, [M + H] + at m/z 307.08, molecular formula C15H14O7, DBE 9 and along with fragment peak at 329.07 [M + Na] +, 289.07 and 139.03 is considered as gallocatechin/ epigallocatechin [36,37,38]. The fragmentation pattern of gallocatechin/epigallocatechin is shown in Figure S9. Compounds with characteristic fragment ions 427.10 [M + H − 152], and 289.07 (kaempferol) and base peak [M + H] + at m/z 579.15, molecular formula C30H26O12, and DBE 18 are annotated as procyanidin B1/procyanidin B3 [36,40]. The molecular ion at m/z 355.10, molecular formula C16H18O9, DBE 8, and fragment ions at 193.02 is characterized as chlorogenic acid [41,42]. The fragmentation pattern of chlorogenic acid is shown in Figure S10. The base peak at m/z 433.11, molecular formula C21H20O10, and DBE 12 with fragment peaks of 343.04; 313.07; and 285.14 manifested could be vitexin. The fragmentation peaks at m/z 343.04 and 313.07 were formed by the crisscross cleavage of the hexose unit and were formed due to the loss of C3H6O3 (90 Da) and C4H8O4 (120 Da) from [M + H] + ion, respectively. Due to the loss of CO (28 Da) from the m/z 313.07 ion, the product ions at m/z 285.14 were produced [44]. The base peak at m/z 319.04 with molecular formula C15H10O8 and DBE 11 with fragments peaking at 181.05 and 153.01 is assigned as myricetin. The fragmentation pattern of myricetin is shown in Figure S11 [31,79]. Likewise, the compound in the extract of P. emblica base peak with m/z 465.1, molecular formula C21H20O12, and the fragment ion at 303.05 (quercetin) and 289.07 (kaempferol) are interpreted as isoquercetin [60]. The fragmentation pattern of isoquercetin is shown in Figure S12. The mass spectrum with a base peak at m/z 594.13, molecular formula C30H26O13, DBE 18, and fragment peaks at 427.08, 169.07, 291.09, and 305.07 is predicted to be prodelphinidin B3 [40,47]. The fragmentation pattern of prodelphinidin B3 is shown in Figure S13. Moreover, in our spectra base peak with m/z 577.15, molecular formula C27H28O14, DBE 14 is annotated as cassiaoccidentalin [83]. The molecular ion peak at m/z 329.06, molecular formula C17H12O7, and DBE 12, is annotated as aflatoxin B1 [49]. Likewise, the base peak with m/z 287.05, molecular formula C15H10O6, DBE 11, and fragment peak at m/z 259.13, 165.09, and 153.12 are predicted to be kaempferol [50]. The fragmentation pattern of kaempferol is shown in Figure S14. Additionally, a base peak at m/z 271.06, molecular formula C15H10O5, DBE 11, and fragment ions at 253.16, 243.17, 229.14, 225.13, and 197.08 is considered emodin [51]. The fragmentation pattern of emodin is shown in Figure S15. The molecular ion peak at m/z 317.06, molecular formula C16H12O7, and DBE 11, and fragment ions at 303.21, 274.20, and 153.12 are annotated as isorhamnetin [52]. The fragmentation pattern of isorhamnetin is shown in Figure S16.



Additionally, the ethyl extract of P. emblica with [M + H] + at m/z 185.05, molecular formula C8H8O5, DBE 5, and fragment ions at 170.97 and 127.03 is considered methyl gallate [61,84]. The fragmentation pattern of methyl gallate is shown in Figure S17. Base peak m/z 303.05, molecular formula C15H10O7, DBE 11, and fragment ions at 273.12 and 257.13 due to the loss of [Y-CHO] + and [CO + H2O] + is annotated as quercetin [53]. The base peak at m/z 387 molecular formula C20H18O8, and DBE 12 with the fragment ions at 357.09 [M + H − CH3 × 2] +, 372.07 [M + H − CH3]+ manifested it could be irisflorentin [54,55]. Moreover, another annotated compound is gallic acid with a base peak at m/z 171.02, molecular formula C7H6O5 and DBE 5, with the fragment ions peak at 127.03 [M + H-CO2] + [57]. Likewise, [M + H] + at 483.07, molecular formula C20H18O14. DBE 12 along with a fragment peak at m/z 423.04 with glucose ring cleavage m/z 303.20 equivalent to an HHDP residue, and m/z 277.03 by the decarboxylation of the HDDP moiety is considered as HHDP-glucose [57]. Additionally, [M + H] + at m/z 371.06, molecular formula C15H14O11, and DBE 9 are considered as 2-O-Caffeoylhydroxycitric acid [59]. Base peak m/z 277.06, molecular formula C13H8O7, and DBE 10 annotated as 3,4,8,9,10-pentahydroxydibenzo [b, d] pyran-6-one [84]. Likewise, the base peak at m/z 619.09, molecular formula C20H26O22, and DBE 8 is annotated as trigalloyllevoglucosan IX [61]. However, to confirm their various pharmacological significance, additional research on the isolation and characterization of plant extract-derived compounds is required.




5. Conclusions


The current research is centered on the observable evidence of B. ciliata, M. pudica, and P. emblica’s lipase inhibitory action, preceded by their antimicrobial examinations. One of the strategies to combat obesity is to inhibit the lipase enzyme. The antilipase activities of different extracts were evaluated by pancreatic lipase inhibition assay. Among all fractions of the plants, crude, hexane, and EA showed higher activity for lipase inhibition than DCM and aqueous fractions. From the study, it was found that the highest zone of inhibition against the tested micro-organism was in EA fractions of all the plant extracts depicting higher antimicrobial activity than other fractions.



The antilipase activity of a plant is explained by the presence of these compounds, which were reported in our earlier study as well as analyzed through LC-HRMS. A further experiment on the isolation of potent inhibitory compounds and their mechanism of action in animal models is required to favor the drug discovery program.
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Figure 1. Overview of the study. 
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Figure 2. Antibacterial assays of plant extracts against Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25923, Salmonella typhi ATCC 14028, and Shigella sonnei ATCC 25931. 
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Figure 3. MIC of different extracts and antibiotics against E. coli: 1–3: B. ciliata (A–H: 12.5–0.098 mg/mL), 4–6: P. emblica (A–H: 12.5–0.098 mg/mL), 7–8: M. pudica (A–H: 12.5–0.098 mg/mL), 9–10: Antibiotic (Neomycin A–H: 250–1.95 µg/mL), 11: Positive control (A–H: Media + bacteria), 12: Negative control (A–H: Media only). 
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Figure 4. Chemdraw structures of secondary metabolites identified from B. ciliata, M. pudica, and P. emblica through mass spectrometry. 
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Table 1. List of selected medicinal plants for the study with their reported traditional uses.
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	Medicinal Plant
	Family
	Voucher Specimen
	Indigenous Uses
	Pharmacological Studies





	Bergenia ciliata
	Saxifragaceae
	BS-02
	Treatment of diarrhea, vomiting, fever, cough, diabetes, cancer, pulmonary disorders, and wound healing [23].
	B. ciliata has antibacterial, anti-inflammatory, anticancer, antitussive, antidiabetic, antilithotriptic, antidiabetic, and antimicrobial properties [23].



	Mimosa pudica
	Fabaceae
	BS-04
	Treatment of urogenital disorders, piles, dysentery, sinusitis, and wounds [13].
	Pharmacological activity as an antidiabetic, antitoxin, antihepatotoxic, antioxidant, and wound healer [13].



	Phyllanthus emblica
	Phyllanthaceae
	BS-05
	It is used to treat diarrhea, jaundice, and inflammation, and as a powerful Rasayana (life-extension technique) [24].
	P. emblica has previously been reported to have antimicrobial, antioxidant, anti-inflammatory, analgesic, antipyretic, adaptogenic, hepatoprotective, antitumor, and antiulcerogenic potential [24]
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Table 2. Lipase inhibition at different concentrations of medicinal plants and their IC50 values.
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Standard/Plants

	
Fractions

	
Concentration

	
% Inhibition

	
IC50 Value






	
Orlistat (µg/mL)

	
-

	
500

	
65.66 ± 0.40

	
179.70 ± 3.60




	
250

	
54.76 ± 1.38




	
125

	
44.61 ± 1.73




	
62.5

	
33.64 ± 3.81




	
Bergenia ciliata

(mg/mL)

	
Crude

	
2.5

	
79.05 ± 1.18

	
1.07 ± 0.03




	
1.25

	
57.42 ± 1.21




	
0.625

	
28.60 ± 2.26




	
Hexane

	
5

	
62.49 ± 0.63

	
1.55 ± 0.02




	
2.5

	
54.54 ± 1.41




	
1.25

	
48.00 ± 0.44




	
DCM

	
10

	
93.33 ± 3.88

	
3.11 ± 0.10




	
5

	
57.39 ± 1.49




	
2.5

	
46.00 ± 1.54




	
EA

	
2.5

	
54.90 ± 0.39

	
2.01 ± 0.08




	
1.25

	
38.74 ± 2.06




	
0.625

	
22.23 ± 3.90




	
Aqueous

	
5

	
59.37 ± 1.42

	
1.99 ± 0.17




	
2.5

	
52.83 ± 1.56




	
1.25

	
45.26 ± 0.61




	
Mimosa pudica (mg/mL)

	
Crude

	
2.5

	
79.35 ± 1.70

	
1.33 ± 0.05




	
1.25

	
44.86 ± 2.81




	
0.625

	
19.94 ± 3.76




	
Hexane

	
1

	
73.68 ± 1.49

	
0.49 ± 0.02




	
0.5

	
49.42 ± 0.75




	
0.25

	
26.18 ± 3.34




	
DCM

	
10

	
77.32 ± 1.06

	
5.37 ± 0.07




	
5

	
45.02 ± 1.16




	
2.5

	
20.49 ± 0.96




	
EA

	
1.25

	
71.51 ± 4.71

	
0.82 ± 0.05




	
0.625

	
34.17 ± 0.22




	
0.3125

	
18.78 ± 1.82




	
Aqueous

	
5

	
68.85 ± 1.73

	
1.84 ± 0.09




	
2.5

	
55.72 ± 0.97




	
1.25

	
42.68 ± 1.74




	
Phyllanthus emblica (mg/mL)

	
Crude

	
10

	
34.68 ± 0.14

	
-




	
5

	
22.15 ± 1.48




	
2.5

	
17.66 ± 1.79




	
Hexane

	
5

	
73.02 ± 1.09

	
2.45 ± 0.03




	
2.5

	
45.90 ± 0.97




	
1.25

	
34.82 ± 1.35




	
DCM

	
5

	
53.88 ± 0.85

	
4.19 ± 0.09




	
2.5

	
37.56 ± 2.39




	
1.25

	
14.39 ± 3.67




	
EA

	
10

	
82.87 ± 1.22

	
3.64 ± 0.12




	
5

	
60.86 ± 3.92




	
2.5

	
36.80 ± 1.49




	
Aqueous

	
10

	
32.10 ± 1.63

	
-




	
5

	
19.67 ± 0.47




	
2.5

	
10.38 ± 1.15
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Table 3. Zone of inhibition of different solvent fractions of plant extracts against B. ciliata, M. pudica, and P. emblica.
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Microorganism

	
Zone of Inhibition (mm)




	
B. ciliata

	
M. pudica

	
P. emblica

	
Neomycin

	
50% DMSO




	
C

	
H

	
D

	
E

	
A

	
C

	
H

	
D

	
E

	
A

	
C

	
H

	
D

	
E

	
A






	
S. aureus

	
20

	
13

	
13

	
21

	
20

	
19

	
8

	
-

	
27

	
12

	
18

	
15

	
19

	
28

	
17

	
27

	
-




	
E. coli

	
18

	
13

	
9

	
21

	
18

	
8

	
-

	
-

	
12

	
-

	
-

	
9

	
-

	
11

	
-

	
17

	
-




	
S. typhi

	
13

	
10

	
9

	
14

	
11

	
12

	
-

	
-

	
17

	
12

	
11

	
7

	
14

	
14

	
8

	
23

	
-




	
S. sonnei

	
23

	
15

	
10

	
25

	
22

	
23

	
12

	
-

	
30

	
21

	
23

	
17

	
21

	
28

	
21

	
30

	
-








Note: C = crude, H = hexane, D = DCM, E = ethyl acetate, and A = aqueous.
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Table 4. Minimum inhibitory and minimum bactericidal concentration of plant extract ethyl acetate fraction.
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Microorganism

	
Concentration (µg/mL)




	
B. ciliata

	
M. pudica

	
P. emblica

	
Neomycin




	
MIC

	
MBC

	
MIC

	
MBC

	
MIC

	
MBC

	
MIC

	
MBC






	
S. aureus

	
1562.5

	
12,500

	
3125

	
12,500

	
6250

	
12,500

	
1.56

	
12.5




	
E. coli

	
1562.5

	
6250

	
1562.5

	
12,500

	
6250

	
12,500

	
15.63

	
62.5




	
S. typhi

	
3125

	
6250

	
1562.5

	
12,500

	
3125

	
6250

	
1.56

	
12.5




	
S. sonnei

	
1562.5

	
12,500

	
3125

	
12,500

	
3125

	
12,500

	
1.56

	
6.25
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Table 5. Secondary metabolites identified from B. ciliata, M. pudica, and P. emblica through mass spectrometry.
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	Annotated Compounds
	Calculated Mass
	Observed Mass (m/z)
	Formula
	DBE
	Absolute Error (ppm)
	Rt Minute
	Fragment Peak
	Source
	References





	Bergenin
	328.08
	329.08
	C14H16O9
	7.0
	2.84
	11.20
	314.78; 251.05; 237.07; 194.40
	B. ciliata
	[29]



	Afzelechin
	274.08
	275.08
	C15H14O5
	9.0
	0.29
	13.28
	257.17, 233.08
	B. ciliata
	[30]



	Epiafzelechin
	274.08
	275.08
	C15H14O5
	9.0
	0.29
	13.28
	257.17, 233.08
	B. ciliata
	[31,32,33]



	Orientin
	448.10
	449.10
	C21H20O11
	12.0
	3.18
	16.34
	329.36; 299.30
	B. ciliata
	[34]



	Catechin
	290.07
	291.08
	C15H14O6
	9
	1.25
	12.22
	313.07 [M + Na] +, and 139.03
	M. pudica
	[35,36]



	Epicatechin
	290.07
	291.08
	C15H14O6
	9
	1.25
	12.22
	313.07 [M + Na] +, and 139.03
	M. pudica
	[35,36,37]



	Trihydroxydimethoxyflavone
	330.07
	331.08
	C17H14O7
	11
	0.90
	15.83
	301.08, and 315.09
	B. ciliata
	[38]



	Gallocatechin
	306.07
	307.08
	C15H14O7
	9
	0.77
	10.16
	329.07 [M + Na] +, 289.07, 139.03
	M. pudica
	[36]



	Epigallocatechin
	306.07
	307.08
	C15H14O7
	9
	2.26
	7.15
	329.07 [M + Na] +, 289.07, 139.03
	M. pudica
	[36,37,39]



	Procyanidin B1
	578.15
	579.15
	C30H26O12
	18
	0.01
	11.82
	427.10 [M + H − 152] +, 289.07 (kaempferol)
	M. pudica
	[36,40]



	Procyanidin B3
	578.15
	579.15
	C30H26O12
	18
	0.01
	11.82
	427.10 [M + H − 152] +, 289.07 (kaempferol)
	M. pudica
	[36,41]



	Chlorogenic acid
	354.09
	355.10
	C16H18O9
	8.0
	0.68
	11.97
	193.02
	M. pudica
	[42,43]



	Vitexin
	432.11
	433.11
	C21H20O10
	12.0
	1.81
	14.30
	343.04; 313.07; 285.14
	M. pudica
	[44]



	Myricetin
	318.03
	319.04
	C15H10O8
	11
	4.58
	14.51
	181.05; 153.01
	M. pudica
	[45,46]



	Isoquercetin
	464.09
	465.1
	C21H20O12
	12
	3.59
	14.72
	303.05 (Quercetin), 289.07 (Kaempferol)
	P. emblica
	[46]



	Prodelphinidin B3
	594.13
	595.14
	C30H26O13
	18
	3.23
	14.79
	427.08, 169.07, 291.09, 305.07
	P. emblica
	[40,46,47]



	Cassiaoccidentalin B
	576.15
	577.15
	C27H28O14
	14.0
	3.66
	15.33
	-
	P. emblica
	[48]



	Aflotaxin B1
	328.06
	329.06
	C17H12O7
	12.0
	0.18
	16.20
	-
	P. emblica
	[49]



	Kaempferol
	286.04
	287.05
	C15H10O6
	11
	0.90
	18.33
	259.13, 165.09, 153.12
	P. emblica
	[50]



	Emodin
	270.05
	271.06
	C15H10O5
	11
	1.73
	19.28
	253.16, 243.17, 229.14, 225.13 and 197.08
	P. emblica
	[51]



	Isorhamnetin
	316.05
	317.06
	C16H12O7
	11
	3.86
	18.72
	303.21, 274.20, 153.12
	P. emblica
	[52]



	Methyl gallate
	184.04
	185.05
	C8H8O5
	5.0
	2.38
	12.43
	170.97; 127.03
	P. emblica
	[44]



	Quercetin
	302.04
	303.05
	C15H10O7
	11.0
	4.82
	15.28
	273.12, 257.13
	P. emblica
	[53]



	Irisflorentin
	386.09
	387.1
	C20H18O8
	12
	1.59
	11.09
	357.09 [M + H − CH3 × 2] +, 372.07 [M + H − CH3] +
	P. emblica
	[54,55,56]



	Gallic acid
	170.02
	171.02
	C7H6O5
	5.0
	0.62
	7.30
	127.03 [M + H − CO2] +
	P. emblica
	[57]



	HHDP-glglucose
	482.07
	483.07
	C20H18O14
	12.0
	2.12
	12.07
	251.21; 277.03; 303.20;
	P. emblica
	[58]



	2-O-Caffeoylhydroxycitric acid
	370.05
	371.06
	C15H14O11
	9.0
	3.23
	9.30
	-
	P. emblica
	[59]



	3,4,8,9,10-Pentahydroxydibenzo [b, d]pyran-6-one
	276.04
	277.06
	C13H8O7
	10.0
	1.03
	13.54
	-
	P. emblica
	[60]



	Trigalloyllevoglucosan IX
	618.09
	619.09
	C20H26O22
	8.0
	4.33
	13.76
	-
	P. emblica
	[61]
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