Isolation and Characterization of Bioactive Withanolide Glucosides, Coagulans Y and Z, from Withania coagulans and Evaluation of Their Biological Activities
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ABSTRACT
Traditional medicine, particularly herbal treatments from the genus Withania, plays a crucial role in health management worldwide. Withania coagulans (Stock) Dunal, known for its diverse medicinal uses, is underexplored concerning its biochemical profile and therapeutic potential as functional food. This study aimed to investigate the antioxidant potential and enzyme inhibitory effects of various extracts of W. coagulans, focusing on key enzymes linked to neurodegenerative diseases, diabetes, inflammation, and skin hyperpigmentation. The plant material was collected, extracted using different solvents, and subjected to bioactive compound quantification, antioxidant testing, and enzyme inhibition assays. The methanol extract demonstrated substantial inhibitory activity, particularly against lipoxygenase (144.76 mg QE/g extract), AChE (4.10 mg GALAE/g extract), and BChE (3.71 mg GALAE/g extract). Notably, the ethyl acetate (EA) extract exhibited the highest glucosidase inhibition at 3.51 mmol ACAE/g extract. Phytochemical screening highlighted the presence of withanolides (Coagulins Y and Z and withanolides glucosides) as the major bioactive components, supporting their broad pharmacological activities. Colagulins Y (1) and Z (2), new withanolide glucosides, have been isolated from the n-butanol fraction of the methanolic extract of whole plant of Withania coagulans Dunal. Their structures were elucidated through spectroscopic analysis including FAB-MS, 2D NMR and acid hydrolysis. The study confirms the potential of Withania coagulans extracts as natural inhibitors with significant therapeutic implications, deserving further development and clinical exploration.
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INTRODUCTION
Medicinal plants are traditionally used to treat several infections and human diseases, and their bioactive chemical constituents have long been significant in therapeutic development, chiefly in cancer and infectious diseases. [Tusting L et al 2013, Franklinos Let al 2019]. A significant medicinal plant in the Solanaceae family known as Withania coagulans (Stocks) Dunal may play a part in the primary healthcare system. W. coagulans, also known as paneer doodah, paneer boti, and Indian cheese maker, or paneer bandh, is native to Asia, particularly the tropical and temperate regions of western Asia, including Afghanistan. (Pandey et al 2015, Barad et al., 2013) These two species are known as Withania coagulans and W. somnifera, also known as ashwagandha. Both species contain valuable metabolites known as withanolides (WTDs), whose therapeutic potential has been extensively researched [5–7]. W. coagulans is used for a variety of medicinal purposes, so permanent stocks have been overexploited, W. coagulans, as a whole plant and in its parts, is known for various therapeutic uses. For example, the ripe fruit is used for inducing sedation and treating dyspepsia, asthma, and wounds, while the seeds are employed in reducing inflammation, and the flower buds have anthelmintic activity (Verma et al., 2021a). Phytochemical investigations of the plant have revealed a wide range of secondary metabolites, including alkaloids, steroids, tannins, saponins, fatty acids, amino acids, organic acids, and volatile oils (Ali et al., 2017). Pharmacologically, both alcoholic and aqueous extracts of different plant parts, particularly fruits, are extensively reported to show antioxidant, anti-inflammatory, antitumor, antimicrobial, antidiabetic, antihyperlipidemic, neuroprotective, and anticonvulsant effects. Importantly, the plant is rich in withanolides, such as withaferin A, withanolide A, withacoagulin, and coagulanolide, which have shown valuable pharmacological benefits (Ali et al., 2015; Khan et al., 2016; Khodaei et al., 2012, Mirjalili et al., 2013). However, despite a recent article reviewing the nutritional profile and food industry applications of the plant (Khan et al., 2021), a systematic appraisal of its use as traditional medicine per se and associated studies is still lacking. Therefore, in this review, we focus on the therapeutic and pharmacological potentials of W. coagulans, primarily through its traditional ethnomedicinal uses in combination with phytochemical properties. as a result, we herein report the isolation and structural elucidation of new withanolide glucosides named coagulins Y (1) and Z (2). from W. coagulans. The withanolides are ergostanolides which chemically characterized by γ- or δ-lactone-containing side chain at C-17. Withanolides have also previously been reported from Solanaceae [Glotter, et al., 1978], Taccaceae [Chen, et al., 1987; Chen, et al., 1988] and Leguminosae [Srivastava, et al., 1992] families and marine organisms [Ksebati, & Schmitz, 1988]. Withanolides have various biological activities such as antitumor, antibacterial, antifungal, anti-inflammatory, cytotoxic, hepatoprotective and immunosuppressive [Ray & Gupta, 1994].

[bookmark: _Toc195108212][bookmark: _Toc196520832][bookmark: _Toc197281237]MATERIAL AND METHOD
Study Design
The current study investigated the benefits and advantages of entire plant of Withania coagulans for a number of health issues. The extracts' capacity was examined to enzymatic inhibition in neurological conditions including diabetes, inflammation, and skin hyperpigmentation. Numerous extracts were used with different polarities for the extraction of compounds and their efficacy was observed and evaluated to inhibit the activity of enzymes. Furthermore, plant different extracts were used to check their ability as antioxidant property which not only aid but works as a cell protection from damage, from free radicals. For this purpose, different techniques were used. Chemical composition of extracts was also examined to identify the bioactive components present in this herb, by using different laboratory methods like spectrophotometric and chromatographic methods. Overall, this study mainly emphasized on the investigation of medicinal application of Withania coagulans plant extracts and to recognize their chemical arrangement.

[bookmark: _Toc195108213][bookmark: _Toc196520833][bookmark: _Toc197281238]Plant Collection
The plant Withania coagulans was mainly gathered from two areas of Pakistan, Karachi, Sindh and Zhob, Balochistan. Plant samples were collected by using simple random, purposive and convenient sampling techniques. Plant samples were carefully collected to avoid and minimize any damage to the nearby plants. The selected samples of plant were physically fresh, healthy and undamaged. The collected samples of Withania coagulans plant were then imediately preserved and transferred to the research laboratory for further analysis.
[bookmark: _Toc195108214][bookmark: _Toc196520834][bookmark: _Toc197281239]
Plant Extraction
The stored sample of whole plant was air dried to remove excess moisture content from it. The dried plant was then soaked in 80% methanol solution. The process of soaking was repeated three times as it ensures that the constituents are comprehensively extracted. The obtained mixture was then filtered out carefully to isolate the liquid extract from solid plant material. In order to concentrate the mixture, the extract was permitted to evaporate at room temperature. The methanolic extract was then re-dissolved and partitioned with butanol. The methanol extract solution was then mixed with every solvent individually for almost three minutes. Rotatory evaporator was used at 40°C, and the organic solvent layers were  carried out when they were firmly dried. The water soluble portion was freeze-dried to preserve components of chemicals.
[bookmark: _Toc196520835][bookmark: _Toc197281240]
Phytochemical Composition and Isolation
[bookmark: _Toc196520836][bookmark: _Toc197281241]3.4.1. Evaluation of Total Phenolic Content
The concentrations of phenolic content in all extracts were taken as mg pyrocatechol equivalents (PEs), explored with the usage of Folin Ciocalteu’s reagent (FCR)  and utilizing different methods with minor changes (Grina et al., 2020).
1 µL FCR and 46 µL of distilled water were mixed with 1 µL of algal extract (1 mg extract/µL MeoH) and were thoroughly mixed.  After three minutes intervlas, the liquid was again mixed and shaken carefully at room temperature for almost two hours. 2% sodium carbonate was added to it.  Shimadzu spectrophotometer was used and the absorption was checked at 760 nm. Pyrocatechol was used as a reference, the results were written in mg of pyrocatechol equivalents (PEs).
[bookmark: _Toc195108215][bookmark: _Toc196520837][bookmark: _Toc197281242]
Evaluation of Total Flavonoid Content
Flavonoid concentration was measured of the extract with the help of 0.1 mL 10% aluminium nitrate, 0.1 µL 1 M potassium acetate, and 3.8 µL methanol, the mixture was added in test tubes and mixed with an equal of 1 µL algal extract (1 mg extract/mL MeOH). At 415 nm, the absorption was measured after 40 minutes at room temperature. The standard calibration curve was used for the calculation of total flavonoid concentration, and the findings was observed and interpreted in mg as equivalents (QEs) (Tel et al., 2012).
[bookmark: _Toc195108216][bookmark: _Toc196520838][bookmark: _Toc197281243]
Isolation and Characterization of pure Compounds from Withania coagulans
[bookmark: _Toc195108217][bookmark: _Toc196520839][bookmark: _Toc197281244]Several analytical techniques were used for the characterization of chemical constituents. Ultraviolet spectroscopy was executed to find out the compounds' absorption spectra in methanol solution as max nm (log ) by operating a Shimadzu UV 240 equipment. For the elucidation of molecular structure, Infrared spectroscopy (IR) was used, and the observations were noted on JASCO. A Bruker AV-500 spectrometer operating at 300, 500 MHz, respectively was used to execute nuclear magnetic resonance (NMR) spectroscopy in order to achieve an inclusive data and the data is given in (ppm). The compounds' molecular weight and formula were confirmed through EI-MS (JAI, LC-908W, Japan Analytical Industry Co. Ltd) recycling was used for the purification of chemical substances (Maher et al., 2020)



Purification of Pure Compounds
The methanol fraction (ca. 200 g) of the plant Withania coagulans was subdivided by using n-hexane, CHCl3, n-butanol, and water. At pH values of 3, 7, and 10, the CHCl3 fractions were prepared. Flash silica column chromatography was used to analyze the fraction (pH-3) (19 g) using CHCl3/n-hexane. Three sub-fractions (CCW = 1) were eluted at 100% n-hexane, 50% CHCl3/n-hexane, and 75% CHCl3/n-hexane. Fraction (MC = 2) 7.3 g of 50% CHCl3/n-hexane was reloaded into a silica gel column chromatography, and various sub portions (Fr. 1–7) were eluted. By using column chromatography on fraction 1 (3.3 g), known chemicals withanolides G, coagulin G, and stigma sterol were isolated.
Following further polyamide column chromatography, the CHCl3 fraction 4 was eluted via acetone/chloroform by polarity base. Polyamide column chromatography produced four sub portions. Five major portions (Fr = WC-pH-A-E) were recovered after loading the eluted portion 4A (20% acetone/CHCl3) (4.8 gm) onto a silica gel column. Five portions were produced after fractionating WC-pH-B (25 mg) using a normal phase recycling HPLC (20% isopropyl alcohol/n-hexane) for semi-purification.
Pencil column chromatography was then performed individually on silica gel via 8% CHCl3/n-hexane, yielding the compounds nemanolide 1 (WTH1) and nemanolide 2 (WTH2). Five portions were achieved by column chromatography on Diaion HP-20, which was eluted with water, water-methanol, and methanol in declining direction of polarity. Elution was performed using several H2O-MeOH mixes in declining order of polarity after the fraction found with H2O: MeOH (1:1, 8.5g) was re-chromatographed on sephadex LH-20. To obtain the semi-pure fractions, the sub-fractions obtained with H2O-MeOH (6:4) (1.2 g) were re-chromatographed over polyamide resin and eluted with CH2Cl2: MeOH. These fractions were then further purified by re-chromatographing over silica gel and eluting with CHCl3: MeOH (8.5:1.5) and CHCl3: MeOH (8.2:1.8) to produce withnolideglycoside.
[bookmark: _Toc195108218][bookmark: _Toc196520840][bookmark: _Toc197281245]
Biological Activities
[bookmark: _Toc195108219][bookmark: _Toc196520841][bookmark: _Toc197281246]Antioxidant Assays
[bookmark: _Toc195108220][bookmark: _Toc196520842]DPPH Radical Scavenging Assay
The DPPH free radical scavenging action was examined by the DPPH method with minor alterations (Öztürk et al., 2014). When DPPH is compact by an antioxidant or a radical species, its absorption declines. In its radical state, DPPH shows its absorption peak at 517 nm.  For the comparison of the activity, butylated hydroxytoluene (BH) and α-tocopherol were utilized as an antioxidant standard, while ethanol was acting as a reference. The results were interpreted as the 50% inhibition concentration (IC50). The DPPH scavenging effect percentage vs sample concentration graph was remade to examine the concentration of sample that was provided 50% DPPH scavenging effect (IC50).
[bookmark: _Toc195108221][bookmark: _Toc196520843]
ABTS Radical Scavenging Assay
The spectrophotometric examination of ABTS scavenging activity was carried out by using different methods with minor alterations as were used by  Tel et al. (2012). The reaction between 2.45 mM potassium persulfate and 7 mM ABTS in water started the formation of ABTS, which was saved at room temperature for 12 hours in the shady area. Initially, ethanol was mixed with the ABTS solution for its dilution as it showed and absorption at 0.703 ± 0.025 at 734 nm. While BHT and α-tocopherol were serving as an antioxidant standard for the comparison of activity, ethanol was used as control. IC50, or 50% inhibitory concentration, was used to show the data. According to the obtained graph displaying the proportion of ABTS scavenging consequence against sample absorption, the sample concentration that was given 50% ABTS scavenging effect (IC50) was examined.

[bookmark: _Toc195108222][bookmark: _Toc196520844]Cpric-reducing Antioxidant Capacity
With slight changes a previous method was used for the determination of the cupric-reducing antioxidant capability (Apak et al., 2004). 60 µL of NH4Ac buffer (1M, pH7.0), 50 µL of 7.5 Mm neo cuproine, and 50 µL of 10 Mm Cu solutions were added to each well in a 96-well plate. The original mixture was mixed with 40 µL of the extract at variable quantities to meet a final volume of 200 µL. With a 96-well microplate reader (Spectra Max 340PC, Molecular Devices, USA), the absorbance at 450 nm was measured after an hour and compared to a reagent blank. The results were observed and interpreted as absorbance and contrasted with the antioxidant standards of α-tocopherol and BHA.

[bookmark: _Toc195108223][bookmark: _Toc196520845]Ferous ion Chelating Activity
The chelating activity of the extracts on Fe2+ was determined using a previous method mentioned in and used by Grina et al. (2020) with small adaptations. 40 µL 0.2 mM FeCl2 was mixed with the extract solution (80 µL diluted in ethanol at varying concentrations). The addition of 80 µL of 0.5 Mm ferene initiated the chemical reaction. After giving the mixture a good shake, it was allowed to remain at room temperature for ten minutes. The absorbance at 593 nm was recorded once the mixture had reached equilibrium. To compare the activity, EDTA was employed as a positive control.
[bookmark: _Toc195108224][bookmark: _Toc196520846][bookmark: _Toc197281247]
Enzyme Inhibition Assays
The potential enzyme inhibitory ability of all the quintessence against acetylcholinesterase (AChE), butyrylcholinesterase (BChE), tyrosinase, and α-amylase were discovered using previous standard in-vitro bio-assays.
[bookmark: _Toc195108225][bookmark: _Toc196520847]
Anticholinesterase Activity
Acetylcholinesterase (AChE, Type-VI-S, EC 3.1.1.7, 425.84 U/mg) and butyrylcholinesterase (BChE, EC 3.1.1.8, 11.4 U/mg) inhibitory activities of ethanol extracts were observed and recorded by using Ellman’s colorimetric method (Grina et al., 2020). By following method in controlled manner, 10 µL of ethanolic extract at varying concentrations, 20 µL of AChE or BChE enzymes in buffer, and 130 µL of sodium phosphate buffer (100 mM, pH 8.0) were combined and incubated for 15 minutes at 25 °C. Following that, 20 µL of 0.5 mM DTNB (5,5'-dithiobis (2-nitrobenzoic acid) and 20 µL of either butyryl-thiocholine chloride (0.2 mM) or acetylthiocholine iodide (0.71 mM) were added for the AChE or BChE assays, respectively. With a 96-well microplate reader (SpectraMax 340PC384, Molecular Devices, USA), the absorbance was then observed and noticed at 412 nm. Galantamine was used as the reference substance (positive control) for evaluating the inhibitory effects of two enzymes.
[bookmark: _Toc195108226][bookmark: _Toc196520848]
Tyrosinase Inhibition Activity
The substrate used in the reaction was L-DOPA. To initiate the chemical reaction, 150 µL of potassium phosphate buffer (50 mM, pH 6.5), 10 µL of tested extracts diluted in different concentrations of 100% ethanol, and 20 µL of tyrosinase (13.3 U/well) were added to a 96-well plate. 8.4 mM L-DOPA was added after 10 minutes in room temperature for incubation, and a 96-well microplate reader (Spectra Max 340PC384, Molecular Devices, USA) was used to measure the absorbance at 475 nm for 10 minutes (Sabudak et al., 2017). As positive controls, the renowned tyrosinase inhibitors L-mimosine and kojic acid were employed.
[bookmark: _Toc196520856][bookmark: _Toc197281255]
RESULTS AND DISCUSSION
[bookmark: _Toc196520857][bookmark: _Toc197281256]Extraction and Fractionation
The methanolic extract (200 g) of Withania coagulans was subjected to successive solvent partitioning using n-hexane, chloroform (CHCl₃), n-butanol, and water. The chloroform fraction was further separated based on pH (3, 7, and 10), and the pH 3 fraction (19 g) underwent flash silica gel chromatography, yielding sub-fractions.
The 50% CHCl₃/n-hexane sub-fraction (MC-2, 7.3 g) was rechromatographed to afford seven fractions (Fr.1–Fr.7). Fraction 1 (3.3 g) was found to contain known compounds such as withanolide G, coagulin G, and stigmastero l. Further purification of CHCl₃ Fr.4 using a polyamide column and elution with 20% acetone/CHCl₃ yielded a 4.8 g fraction (4A), which was subjected to silica gel column chromatography, resulting in sub-fractions WC-pH-A to E.
The WC-pH-B fraction (25 mg) underwent semi-purification by HPLC, followed by normal-phase recycling HPLC and silica gel pencil column chromatography, leading to the isolation of two new compounds (WTH1 and WTH2) and seven known withanolides, including withanolide J and coagulin E. In parallel,
The n-butanol fraction (35 g) was purified on a Diaion HP-20 column using a gradient from water to methanol. The 1:1 H₂O:MeOH fraction (8.5 g) was processed through Sephadex LH-20 and a polyamide column with CH₂Cl₂:MeOH elution, resulting in semi-pure fractions. These were further chromatographed on silica gel (CHCl₃:MeOH), leading to the isolation of withanolide glycosides.

[image: ]
Figure 1: Isolation Scheme of Isolated New and Known Compounds.
3. Experimental
3.1	General experimental procedure
Optical rotations were measured on JASCO DIP-360 polarimeter (Jasco, Tokyo, Japan). UV spectra were recorded on Hitach UV-3200 spectrophotometer (Hitachi, Tokyo, Japan) while the IR spectra were recorded on Shimadzu FTIR-8900 spectrometer (Shimadzu, Kyoto, Japan as KBr pellets). 1D (1H, 13C) and 2D (1H-1H COSY, HMQC, HMBC, NOESY) NMR spectra were measured on Bruker AM-500 spectrometer (Bruker, Faellanden, Switzerland) in CD3OD with tetramethysilane as an internal standard. Chemical shifts (δ) were reported in ppm and the scalar coupling constants (J) are in Hz. Mass spectra were measured by Fast Atomic Bombardment (FAB) mode on Jeol HX-110 mass spectrometer using glycerol as matrix and ions are given in m/z (%). Column chromatography (CC) was performed on Diaion HP-20 ion exchange resin (Nippon Rensui Co., Mitsubishi Chemical Corporation, Tokyo, Japan), Sephadex LH-20 (25-100 μ, Amersham Biosciences Limited, Stockholm, Sweden), polyamide (Carl Roth GmbH & Co. KG, Schoemperlenstraße 3, 76185 Karlsruhe, Germany) and silica gel (70-230 mesh, E. Merck, Darmstadt, Germany). Thin layer chromatography (TLC) was performed on pre-coated silica gel G-25-UV254 plates (E. Merck, Darmstadt, Germany) and detection was done at 254 and 366 nm or by spraying ceric sulfate in 10% H2SO4 (heating).

3.2	Plant material
The whole plants material of Withania coagulans (Stocks) Dunal was collected from district Hub, Balochistan province of Pakistan, in March 2011 and identified by Dr. Sher Wali Khan, Plant Taxonomist, Department of Botany, University of Karachi, where a voucher specimen has been deposited (voucher no. is 46257).

3.3	Extraction and isolation
The freshly collected whole plants material of W. coagulans were shade dried (3.4 kg), ground and extracted with MeOH (10 L × 3, 10 days each) at room temperature (rt). The combined methanolic extract was evaporated under reduced pressure at rt to yield a residue (120 g). The residue was suspended into water (1 L) and successively partitioned into n-hexane (20 g), chloroform (45 g), n-butanol (25 g) and water (30 g) soluble fractions. The n-butanol fraction (22 g) was subjected to column chromatography on Diaion HP-20 and eluted with H2O, H2O-MeOH, MeOH in decreasing order of polarity. The fraction obtained with H2O:MeOH (1:1, 7.0 g), was rechromatographed on Sephadex LH-20 and eluted with various  mixtures of H2O-MeOH in increasing order of polarity. The sub-fractions obtained with H2O-MeOH (6:4, 1.5 g), was rechromatographed over polyamide resin eluting with CH2Cl2:MeOH to afford the fractions with lingering impurities, which were further purified by rechromatographed over silica gel and eluting with CHCl3:MeOH (9.0:1.0; 8.7:1.3; 8.2:1.8 to afford compound 2 (15 mg), 1 (13 mg) and compound 3 (17 mg), respectively.
The methanolic extract of whole plants of Withania coagulans was suspended into water and successively partitioned into n-hexane, chloroform, n-butanol and aqueous fractions. Column chromatographic technique applied on n-butanol soluble fraction on the Diaion HP-20, sephadex LH-20, polyamide resin and silica gel to obtain compounds 1-3, resp.
-5, 24-dienolide-27-O-β-D-glucopyranoside.

3.4	Coagulin Y (1) was isolated as a white amorphous solid, [α]18D = + 54.2 (c 0.1, MeOH. UV spectrum showed the absorption maxima at 225 nm, which is characteristic of α,β-unsaturated δ-lactone commonly present in withanolides (steroidal lactone [Scott, 1964]. The IR spectrum showed the absorptions at 3441, 1719, and 1695 cm-1, indicating the presence of hydroxyl, α,β-unsaturated δ-lactone and cyclic six membered ketone [Pavia, et al., 1979], respectively. The molecular formula C34H49O12, was deduced from the pseudo molecular ion peak at m/z 649.3230 [M - H] - in HR-FAB (-ve mass spectrum. The 13C-NMR [Broad Band decoupled (BB and Distortionless Enhancement by Polarization Transfer (DEPT] (Table 1 spectra showed 34 signals comprising 4 methyl, 10 methylene, 11 methine and 9 quaternary carbons. The carbon signals at δ 214.5 and 168.0 suggesting the presence of carbonyl and unsaturated ester moieties, respectively, while the olefinic carbons signals observed at δ 157.5, 136.4, 126.8 and 126.6. The oxymethine carbons were appeared at δ 83.2, 76.9 and 76.5 whereas the only oxymethylene carbon was observed at δ 56.4. Two oxygen bearing quaternary carbons were resonated at δ 85.5 and 76.5. The seven methylene carbons were appeared in the range of δ 21.7-46.8 while five methyl carbons were appeared in the range of δ 18.0-20.2. The hexose unit carbons resonated in the range of δ 62.8-103.1. The carbon signals at δ 168.0, 157.5, 126.8, 83.2, 32.8 were typical of α,β-unsaturated lactone functionality which mostly present in withanolides. The 13C NMR data was close to the reported data for coagulin L [Atta-ur-Rehman, et al., 1998] except the downfield chemical shifts of C-15 and C-16, which appeared at δ 47.9 and 76.5 as methylene and oxymethine, respectively.



Figure 1. Structure of coagulins Y (1)

The 1H-NMR spectrum (Table S1 showed an olefinic proton doublet at δ 5.68 (d, J = 5.2 Hz, H-6. The oxymethine protons showed signals at δ 4.84 (br s, H-22, 4.00 (m, H-3 and 3.82 (dd, J = 11.7, 6.7 Hz, H-16. The methyl protons showed singlets at δ 1.95, 1.84, 1.36, 1.33 and 1.31, however the methyl signals at δ 1.95 and 1.84 revealing their attachments to unsaturated system. The anomeric proton showed signal at δ 4.36 (d, J = 7.8 Hz and its large coupling constant (7.8 Hz confirming β-configuration. The oxymethine and oxymethylene protons of hexose unit were resonated in the range of δ 3.13 – 3.83. The hexose unit was confirmed β-D-glucose by its sign of optical rotation ([α]D + 52.4 [Mughal, et al., 2012] through acid hydrolysis. The 1H NMR spectral data was similar to the reported data for coagulin L [Atta-ur-Rehman, et al., 1998] except the downfield signal of an oxymethine proton at δ 3.82 and methylene protons at δ 2.91 and 1.59.
In the COSY experiment, the proton at δ 3.82 showed 1H-1H COSY correlation with δ 2.91 and 1.59, confirming protons were vicinal with each other. In the HMBC experiment, the proton at δ 3.82 showed 3J correlations with δ 84.4 (C-14, 79.7 (C-20 and 55.0 (C-13, and 2J correlations with δ 89.4 (C-17 and 47.9 (C-15 (Figure 2. Both COSY and HMBC correlations confirming the proton position of δ 3.82 at H-16. The chemical shift values of C-14 (δ 84.4 and C-16 (δ 76.5 were close to the  reported withanolides having hydroxyl groups at C-14 and C-16, however, in those reported compounds the shift value of C-15 was around δ 37-38 [Damu, et al., 2007]. But, in 1, the downfield chemical shift of C-15 was at δ 47.9, which was only characterized by the etherification of hydroxyl groups at C-14 and C-16 which was further confirmed by the molecular ion peak. The stereochemistry of C-16 was confirmed as α-configuration through NOESY correlation as H-22 (δ 4.84 did not show NOESY correlation with H-16 (δ 3.82. The 3J HMBC correlation of anomeric proton (δ 4.36, H-1ʹ with δ 76.9 (C-3, confirming its attachment at C-3. Compound 1 is withanolide and the whole spectral data was in complete agreement to the assigned structure for Coagulin Z (1) (Figure 1).
3.5	Coagulin Z (2) was also purified as a white powder solid, [α]22D = + 41.2 (c 0.2, MeOH. The UV spectra and IR spectrum was similar to 1 except for the absorption band at 1740 cm-1, which suggesting the presence of five membered cyclic ketone [Pavia, et al., 1979]. The HR-ESI-MS showed the [M + H]+ ion peak at m/z 637.3217, corresponded to the molecular formula C33H49O12. The 13C-NMR (BB and DEPT (Table S1 spectra showed 33 signals comprising 4 methyl, 10 methylene, 9 methine and 10 quaternary carbons. The carbon signals at δ 217.8 and 165.8 suggesting the presence of carbonyl and unsaturated ester moieties, respectively. The carbon signals at δ 165.8, 156.9, 123.7, 82.3 and 34.4 were typical of withanolide α,β-unsaturated lactone functionality as in 1. The two oxymethine carbons showed signals at δ 82.3 and 72.7 whereas the only oxymethylene carbon showed signal at δ 63.3. The oxygen containing quaternary carbons were appeared at δ 84.5 and 75.2. The eight methylene carbons were resonated in the range of δ 18.1-40.0 and the four methyl groups showed signals in the range of δ 15.4-21.5. The sugar unit showed signals in the range of δ 62.8-104.9. The two quaternary carbons showed signals in the upfield region at δ 36.1 and 32.4.
The 1H-NMR spectrum (Table S1 showed the oxymethine proton signals at δ 4.42 (br s, H-22 and 3.59 (m, H-3 while the oxymethylene protons showed doublets at δ 5.09 and 4.72 with geminal coupling constant 10.5 Hz. The methyl protons showed singlets at δ 1.83, 1.55, 1.44 and 1.38. The anomeric proton showed signal at δ 4.97 (d, J = 7.8 Hz and its large coupling constant (7.8 Hz confirming β-configuration. The other protons of sugar unit were resonated in the range of δ 3.95 – 4.53. The sugar unit was confirmed as β-D-glucose by its sign of optical rotation ([α]D + 52.7 [Mughal, et al., 2012] through acid hydrolysis.
The further downfield carbonyl carbon signal at δ 217.8 (C-1 and upfield methylene carbon signal at δ 40.0 (C-2 as compared to 1, suggesting the presence of five membered cyclic ketone and were very similar to the reported 5-membered ring A withanolides, further, in those reported withanolides the chemical shifts value of C-5 was around δ 52-53 [Zhu, 2001], which was too downfield than the shift value of C-5 (δ 36.1 in 2. The 5-membered ring was also confirmed by one less carbon atom than in 1. In the HMBC experiment, H-2 and H-19 protons showed 3J correlations with upfield quaternary carbon at δ 36.1 (C-5, confirming that the quaternary carbon was the part of ketone ring. The up field shift value of C-5 was only characterized when it directly attached with the other up field quaternary carbon at 32.4 (C-8. In the HMBC experiment, the anomeric proton (δ 4.94, H-1ʹ showed 3J HMBC correlation with δ 63.3 (C-27 (Figure 2, confirming the attachment of glucose unit at C-27 On the basis of all spectral evidences, the compound 2 is also withanolide and its spectral data was in complete agreement to the assigned structure coagulin Z.



Figure 2. Important HMBC correlations of coagulins Y (1) and Z (2)

3.6	Withanolide Glucosides (3)
The 1H-NMR spectrum showed four 3H singlets at δ 1.28, 1.03, 1.27, and 2.09, assigned to the C-18, C-19, C-21 and C-28 methyl groups, respectively. An AB doublet at δ 4.30 and 4.38 (J= 11.4 Hz were due to C-27 hydroxymethylene group. Downfield broad multiplet at δ 4.0 was assigned to H-3, geminal to an OH (W1/2 = 14.5 Hz, indicated that proton is axially oriented. The characteristic double doublet at δ 4.24 (J22, 23  = 12.1 Hz, J22, 23  = 4.1 Hz was assigned to the C-22 methine proton of the lactone moiety. The multiplicity of the H-22 signal indicated the absence of any proton at vicinal C-20. A one-proton broad doublet at δ 5.70 (J6, 7 = 5.2 Hz was assigned to the C-6 vinylic proton, while a doublet at δ 4.36 (J 1‘,2‘ = 7.8 Hz was assigned to the anomeric proton of the sugar moiety. 1H- and 13C-NMR spectrum (Table-1  indicated that the aglycon part was similar to coagulin J (Atta-ur-Rahman et al., 1998 b with a sugar moiety at C-27. Position of the sugar moeity was deduced by HMBC correlations between H2-27 (δ 4.30, 4.38 and anomeric C-1′ (δ 103.0. Key HMBC correlations in compound 1 are shown in Fig. 1. The stereochemistry at C-17 was inferred to be R with α-oriented ether bridge exists between C-14/C-20 (Atta-ur-Rahman et al., 1998 b. The stereochemistry at other asymmetric centers of 1 were assigned by comparision with coagulin J (Atta-ur-Rahman et al., 1998 b, based on NOE  cross peaks. Glucose moiety was identified by hydrolysis of compound 1, followed by co-TLC with authentic sugar samples (Bedir and Khan, 2000. This led to the determination of structure 1 as 3β hydroxy-14, 20-epoxy-1-oxowitha

Table 1. 1H (500 MHz) and 13 C (125 MHz) NMR in CD3OD spectral data of compounds 1, 2 and 3
	C
	Compound 1

δC      Multi            δH   J in Hz
	Compound 2

δC        Multi            δH   J in Hz
	Compound 3

δC      Multi          δH   J in Hz

	1
	214.4
	C
	---
	213.0
	C
	---
	214.2
	C
	---

	2
	46.8
	CH2
	2.74 (1H, m),
2.09 (1H, m)
	47.2
	CH2
	2.85 (1H, dd, J = 13.0, 9.9), 2.70 (1H, dd, J = 13.0, 5.7)
	46.8
	CH2
	2.72 (1H, d, J = 7.0),
2.00 (1H, m)

	3
	76.9
	CH
	4.00 (1H, m)
	76.8
	CH
	3.88 (1H, m)
	76.8
	CH
	4.00 (1H, m)

	4
	38.8
	CH2
	2.68 (1H, dd, J = 6.2, 13.6)
2.45 (1H, d, J = 13.6)
	38.8
	CH2
	2.67 (1H, dd, J = 13.6, 5.8)
2.58 (1H, m)
	38.8
	CH2
	2.68 (1H, dd, J = 6.3, 13.6)
2.48 (1H, d, J = 13.6)

	5
	136.4
	C
	---
	135.5
	C
	---
	136.5
	C
	---

	6
	126.8
	CH
	5.69 (1H, br s)
	127.4
	CH
	5.71 (1H, d, J = 5.2)
	126.8
	CH
	5.67 (1H, br s)

	7
	26.6
	CH2
	2.09 (2H, m)
	27.5
	CH2
	2.21 (1H, m), 1.81 (1H, m)
	26.9
	CH2
	2.10 (1H, m), 1.92 (1H, m)

	8
	35.4
	CH
	1.90 (1H, m)
	38.0
	CH
	1.77 (1H, m)
	37.1
	CH
	2.58 (1H, m)

	9
	37.4
	CH
	2.04 (1H, m)
	39.5
	CH
	1.85 (1H, m)
	37.1
	CH
	2.58 (1H, m)

	10
	54.3
	C
	---
	54.1
	C
	---
	54.3
	C
	---

	11
	22.3
	CH2
	1.99 (1H, m),
1.54 (1H, m)
	23.2
	CH2
	1.68 (1H, m),
1.40 (1H, m)
	23.2
	CH2
	2.08 (1H, m),
1.64 (1H, m)

	12
	33.2
	CH2
	2.01 (1H, m),
1.65 (1H, m)
	34.6
	CH2
	2.46 (1H, m),
1.66 (1H, m)
	31.5
	CH2
	2.34 (1H, ddd, J = 24.6, 12.6, 5.3), 1.27 (1H, m)

	13
	49.6
	C
	---
	55.8
	C
	---
	55.7
	C
	---

	14
	85.5
	C
	---
	86.0
	C
	---
	84.0
	C
	---

	15
	32.9
	CH2
	1.94 (1H, m)
1.52 (1H, m)
	32.1
	CH2
	2.08 (1H, m), 1.49 (1H, m)
	33.2
	CH2
	1.74 (2H, m)

	16
	21.7
	CH2
	1.89 (2H, m)
	33.2
	CH2
	2.47 (1H, m)
1.57 (1H, m)
	37.5
	CH2
	1.52 (1H, m)
1.48 (1H, m)

	17
	50.7
	CH
	2.30 (1H, t, J = 9.4)
	89.2
	C
	---
	88.8
	C
	---

	18
	18.0
	CH3
	1.04 (3H, s)
	17.9
	CH3
	1.28 (3H, s)
	21.0
	CH3
	1.11 (3H, s)

	19
	18.5
	CH3
	1.27 (3H, s)
	19.6
	CH3
	1.31 (3H, s)
	18.8
	CH3
	1.27 (3H, s)

	20
	76.5
	C
	---
	79.2
	C
	---
	79.9
	C
	---

	21
	20.2
	CH3
	1.28 (3H, s)
	17.8
	CH3
	1.43 (3H, s)
	19.5
	CH3
	1.37 (3H, s)

	22
	83.2
	CH
	4.23 (1H, dd, J = 13.2, 3.4)
	84.3
	CH
	4.58 (1H, dd, J = 13.2, 3.4)
	83.0
	CH
	4.82 (1H, d, J = 3.4)

	23
	32.8
	CH2
	2.51 (1H, dd, J = 18.0, 13.2
2.39 (1H, dd, J = 18.0, 3.4)
	35.2
	CH2
	2.64 (1H, dd, J = 18.8, 13.2
2.47 (1H, dd, J = 18.8, 3.4)
	35.7
	CH2
	2.64 (1H, dd, J = 18.8, 13.2),
2.50 (1H, dd, J = 18.8, 3.42)

	24
	157.5
	C
	---
	153.1
	C
	---
	153.4
	C
	---

	25
	126.8
	C
	---
	121.9
	C
	---
	122.0
	C
	---

	26
	168.0
	C
	---
	169.0
	C
	---
	169.1
	C
	---

	27
	56.4
	CH2
	4.38 (1H, d, J = 11.2),
4.30 (1H, d, J = 11.2)
	12.3
	CH3
	1.84 (3H, s)
	12.3
	CH3
	1.84 (3H, s)

	28
	20.2
	CH3
	2.09 (3H, s)
	20.5
	CH3
	1.95 (3H, s)
	20.5
	CH3
	1.95 (3H, s)

	1ʹ
	103.1
	CH
	4.36 (1H, d, J = 7.6)
	102.9
	CH
	4.37 (1H, d, J = 7.8)
	103.0
	CH
	4.35 (1H, d, J = 7.7)

	2ʹ
	75.1
	CH
	3.13 (1H, dd, J = 7.8, 8.6)
	75.0
	CH
	3.13 (1H, dd, J = 7.8, 9.0)
	75.0
	CH
	3.12 (1H, dd, J = 7.7, 7.9)

	3ʹ
	77.9
	CH
	3.33 (1H, m)
	77.9
	CH
	3.33 (1H, m)
	77.9
	CH
	3.33 (1H, m)

	4ʹ
	71.6
	CH
	3.29 (1H, m)
	71.6
	CH
	3.29 (1H, m)
	71.6
	CH
	3.24 (1H, m)

	5ʹ
	78.1
	CH
	3.24 (1H, d, J = 4.5)
	78.0
	CH
	3.25 (1H, d, J = 5.1)
	78.0
	CH
	3.25 (1H, d, J = 5.0)

	6ʹ
	62.8
	CH2
	3.84 (1H, d, J = 11.2)
3.63 (1H, dd, J = 11.2, 4.5)
	62.7
	CH2
	3.83 (1H, d, J = 11.8)
3.63 (1H, dd, J = 11.8, 5.1)
	62.7
	CH2
	3.83 (1H, d, J = 11.8)
3.63 (1H, dd, J = 11.8, 5.0)



3.8   Acid hydrolysis of 1 and 2
Compound 1 or 2 (4 mg, each) in 10% HCl was refluxed for 45 min and the cooled reaction mixture was extracted with ethyl acetate. The aqueous phase was concentrated and the sugar was identified as D-glucose by the sign of its optical rotation ([α]D + 52.5 (1) & [α]D + 52.6 (2)) [Mughal, et al., 2012]  and Co-TLC with an authentic sample of D-glucose using the solvent system BuOH:EtOAc:AcOH:H2O (12:2:2:2). The spot were visualized with aniline phthatlate reagent. It further confirmed by comparing the retention time of trimethylsilane ether with standard sample in GC [Hara, et al., 1987; Zhou, et al., 2006].

3.9	Coagulin Y (1)
White amorphous solid; [α]18D = + 54.2 (c 0.1, MeOH); UV (MeOH) λmax (log ε): 225 nm (3.82); IR (KBr) vmax: 3441 (OH), 1719 (α,β-unsaturated δ-lactone), 1695 (cyclic six membered ketone) cm-1; 1H (CD3OD, 500 MHz) δ: 5.69 (H-6, br s, 1H), 4.38 (Ha-27, d, 11.2, 1H), 4.36 (H-1ʹ, d, 7.6, 1H), 4.30 (Hb-27, d, 11.2, 1H), 4.23 (H-22, dd, 13.2, 3.4, 1H), 4.00 (H-3, m, 1H), 3.84 (Ha-6ʹ, d, 11.2, 1H), 3.63 (Hb-6ʹ, dd, 11.2, 4.5, 1H), 3.33 (H-3ʹ, m, 1H), 3.29 (H-4ʹ, m, 1H), 3.24 (H-5ʹ, d, 4.5, 1H), 3.13 (H-2ʹ, dd, 7.8, 8.6, 1H), 2.74 (Ha-2, m, 1H), 2.68 (Ha-4 dd, 6.2, 13.6, 1H), 2.51 (Ha-23, dd, 18.0, 13.0, 1H), 2.45 (Hb-4, d, 13.6, 1H), 2.39 (Hb-23, dd, 18.0, 3.4, 1H), 2.30 (H-17, d, 9.4, 1H), 2.09 (Hb-2, H-7, m, 3H), 2.09 (H-28, s, 3H), 2.04 (H-9, m, 1H), 2.01 (Ha-12, m, 1H), 1.99 (Ha-11, m, 1H), 1.94 (Ha-15, m, 1H), 1.90 (H-8, m, 1H), 1.89 (H-16, m, 2H), 1.65 (Hb-12, m, 1H), 1.54 (Hb-11, m, 1H), 1.52 (Hb-15, m, 1H), 1.28 (H-21, s, 3H), 1.27 (H-19, s, 3H), 1.04 (H-18, s, 3H); 13C (CD3OD, 125 MHz) δ: 214.4 (C-1), 46.8 (C-2), 76.9 (C-3), 38.8 (C-4), 136.4 (C-5), 126.8 (C-6), 26.6 (C-7), 35.4 (C-8). 37.4 (C-9), 54.3 (C-10), 22.3 (C-11), 33.2 (C-12), 49.6 (C-13), 85.5 (C-14), 32.9 (C-15), 21.7 (C-16), 50.7 (C-17), 18.0 (C-18), 18.5 (C-19), 76.5 (C-20), 20.2 (C-21), 83.2 (C-22), 32.8 (C-23), 157.5 (C-24), 126.8 (C-25), 168.0 (C-26), 56.4 (C-27), 20.2 (C-28), 103.1 (C-1ʹ), 75.0 (C-2ʹ), 77.9 (C-3ʹ), 71.6 (C-4ʹ), 78.1 (C-5ʹ), 62.8 (C-6ʹ); HR-FAB-MS (-ve) m/z: 649.3220 [M - H]- (calcd. for C34H49O12, m/z 649.3224 [M - H]-).

3.10	Coagulin Z (2)
White amorphous solid; [α]22D = + 40.2 (c 0.2, MeOH); UV (MeOH λmax (log ε): 223 nm (3.92), IR (KBr vmax: 3455 (OH, 1717 (α,β-unsaturated δ-lactone), 1699 (cyclic six membered ketone) cm-1; 1H (CD3OD, 500 MHz) δ: 5.71 (H-6, d, 5.2, 1H), 4.58 (H-22, dd, 13.2, 3.4, 1H), 4.37 (H-1ʹ, d, 7.8, 1H), 3.88 (H-3, m, 1H), 3.83 (Ha-6ʹ, d, 11.8, 1H), 3.63 (Hb-6ʹ, dd, 11.8, 5.1, 1H), 3.33 (H-3ʹ, m, 1H), 3.29 (H-4ʹ, m, 1H), 3.25 (H-5ʹ, d, 5.1, 1H), 3.13 (H-2ʹ, dd, 7.8, 9.0, 1H), 2.85 (Ha-2, dd, 13.0, 9.9, 1H), 2.70 (Hb-2, dd, 13.0, 5.7, 3H), 2.67 (Ha-4, dd, 5.8, 13.6, 1H), 2.64 (Ha-23, dd, 18.8, 13.2, 1H), 2.58 (Hb-4, m, 1H), 2.47 (Hb-23, dd, 18.8, 3.4, 1H), 2.47 (Ha-16, m, 1H), 2.46 (Ha-12, m, 1H), 2.30 (H-17, d, 9.4, 1H), 2.21 (Ha-7, m, 1H), 2.08 (Ha-15, m, 1H), 1.95 (H-28, s, 3H), 1.85 (H-9, m, 1H), 1.84 (H-27, s, 3H), 1.81 (Hb-7, m, 1H), 1.77 (H-8, m, 1H), 1.68 (Ha-11, m, 1H), 1.66 (Hb-12, m, 1H), 1.57 (Hb-16, m, 1H), 1.49 (Hb-15, m, 1H), 1.43 (H-21, s, 3H), 1.40 (Hb-11, m, 1H), 1.31 (H-19, s, 3H), 1.28 (H-18, s, 3H); 13C (CD3OD, 125 MHz) δ: 213.0 (C-1), 47.2 (C-2), 76.8 (C-3), 38.8 (C-4), 135.5 (C-5), 127.4 (C-6), 27.5 (C-7), 38.0 (C-8). 39.5 (C-9), 54.1 (C-10), 23.2 (C-11), 34.6 (C-12), 55.8 (C-13), 86.0 (C-14), 32.1 (C-15), 33.1 (C-16), 89.2 (C-17), 17.9 (C-18), 19.6 (C-19), 79.2 (C-20), 17.8 (C-21), 84.3 (C-22), 35.2 (C-23), 153.1 (C-24), 121.9 (C-25), 169.0 (C-26), 12.3 (C-27), 20.5 (C-28), 102.9 (C-1ʹ), 75.0 (C-2ʹ), 77.9 (C-3ʹ), 71.6 (C-4ʹ), 78.0 (C-5ʹ), 62.7 (C-6ʹ); HR-FAB-MS (+ve) m/z: 633.3270 [M + H]+ (calcd. for C34H49O11, m/z 633.3275 [M + H]+).
3.3.1	 3β -Hydroxy-14R, 20R-epoxy-1-oxowitha-5, 24-dienolide-27-O-β-D-glucopyranoside (1
White powder; C34H48O11, [] 25D : -62 (c= 0.2, MeOH, UV (MeOH max nm 223 ( unsaturated lactone; IR (KBr νmax cm−1: 1718 (carbonyl, 1684 (-unsaturated lactone, 3490 (hydroxyl; 1H- and 13C-NMR spectroscopic data:  (see Table-1; HRFAB-MS m/z (+ve m/z:  [M+H]+ 633.3240 (calcd for C34H48O11  + H = 633.3275.

3.11 Bioassay of Withania coagulans
Table 2  Total Bioactive content in yesred extract of Withania coagulans
	
Extracts
	Total bioactive contents
	Antioxidant activities

	
	Total phenolic content (mg GAE/g)
	Total flavonoid content (mg QE/g)
	DPPH (mg TE/g extract)
	FRAP (mg TE/g extract)
	Phosphomolybdenum (mg TE/g extract)

	Methanol
	71.53±1.34
	64.32±0.52
	113.45±1.92
	173.53±0.91
	32.83±0.39

	n-hexane
	12.74±0.92
	9.31±1.12
	13.54±1.31
	24.61±0.92
	73.69±1.31

	Chloroform
	33.91±1.02
	45.71±0.21
	93.24±0.87
	81.04±0.91
	51.19±1.31

	EtOAc
	54.82±1.37
	39.87±1.49
	106.74±1.52
	95.49±1.17
	43.92±0.83

	n-butanol
	62.94±0.43
	49.87±0.32
	83.21±0.96
	89.42±1.48
	23.41±0.93



[image: ]
Figure 3: Comparison of bioactive contents and antioxidant activities in different solvent extracts of Withania coagulans

4.1	 Phytochemical composition and antioxidant properties.
The anti-oxidant and phytochemical profiles of Withania coagulans was performed in different extracts and showed the significant resuit. The methanol crude extract displayed the maximum total phenolic content at (71.53 ± 1.34 mg GAE/g) and the also highest flavonoid content at (64.32 ± 0.52 mg QE/g), demonstrating W. coagulans have rich phytochemical content. It also exhibited the potential anti-oxidant property in both FRAP assay (173.53 ± 0.91 mg TE/g extract) and, DPPH assay (113.45 ± 1.92 mg TE/g extract) and the phosphomolybdenum activity displayed the moderate (32.83 ± 0.39 mg TE/g extract).
The chloroform extract showed lowest phenolic content (33.91 ± 1.02 mg GAE/g) compare to the high flavonoid content (45.71 ± 0.21 mg QE/g). It showed moderate DPPH activity (93.24 ± 0.87 mg TE/g extract) and the highest phosphomolybdenum value among all extracts (51.19 ± 1.31 mg TE/g extract), showing good total antioxidant capability.
The ethyl acetate extract also exhibited significant antioxidant potential, along with a phenolic content of 54.82 ± 1.37 mg GAE/g and flavonoid content of 39.87 ± 1.49 mg QE/g. It recognized DPPH scavenging activity of 106.74 ± 1.52 mg TE/g extract, FRAP activity of 95.49 ± 1.17 mg TE/g extract, and a phosphomolybdenum value of 43.92 ± 0.83 mg TE/g extract.
The n-butanol crude extract had a good quantity of phenolic (62.94 ± 0.43 mg GAE/g) and flavonoid content (49.87 ± 0.32 mg QE/g), but comparatively lower DPPH (83.21 ± 0.96 mg TE/g extract) and FRAP values (89.42 ± 1.48 mg TE/g extract). But showed the lowest phosphomolybdenum content among the extracts (23.41 ± 0.93 mg TE/g extract).
[bookmark: _Toc196520881][bookmark: _Toc197281276]4.2. Enzyme inhibition activities

Table 3: Enzyme inhibition effects of tested extract/fractions of Withania coagulans
	S. No.
	Neurological problems
	Inflammation
	Diabete
	Skin problems

	Extracts/
fractions
	AChE inhibition (mg GALAE/g extract)
	BChE inhibition (mg GALAE/g extract)
	Lipoxygenase (mg QE/g extract)
	Glucosidase (mmol ACAE/g extract)
	Tyrosinase (mg KAE/g extract)

	Methanol
	4.10 ±0.91
	3.71 ±1.03
	144.76 ±2.13
	1.94 ±0.79
	0.68 ±0.68

	n-hexane
	2.41 ±1.31
	1.70 ±0.67
	124.99 ±1.14
	1.87 ±1.92
	0.65 ±1.13

	Chloroform
	3.51 ±1.72
	2.91 ±1.12
	97.63 ± 0.41
	2.11 ±0.67
	0.83 ±0.91

	EtOAc
	3.91 ±0.58
	3.14 ±1.42
	137.84 ±0.57
	3.51 ±0.52
	0.18 ±0.41

	n-butanol
	2.87 ±0.17
	3.84 ±0.41
	129.04 ±0.81
	2.61 ±1.12
	0.94 ±1.31



The enzyme inhibition effects of various extracts from Withania coagulans on different health-related issues, are systematically detailed in the Table 4.2. Withania coagulans extracts were evaluated for their inhibitory effects on enzymes related to neurological disorders, inflammation, diabetes, and skin conditions. The methanol extract displayed robust anti-inflammatory properties through strong lipoxygenase inhibition (144.76 mg QE/g extract), and it also showed significant inhibitory activity on AChE (4.10 mg GALAE/g extract) and BChE (3.71 mg GALAE/g extract), enzymes linked to neurological health. Ethyl acetate (EA) extract exhibited the highest glucosidase inhibition (3.51 mmol ACAE/g extract), suggesting its potential application in diabetes management, while n-butanol extract was notable for its high BChE inhibition (3.84 mg GALAE/g extract) and the greatest tyrosinase reticence (0.94 mg KAE/g extract), indicating its possible effectiveness in treating skin pigmentation disorders. (Figure 4.10). The findings highpoint the complex connections between the chemical structure of Withania coagulans extracts and their potential healing presentations. The varied enzyme inhibitory activities prove the requirement for some studies and research to focus the extraction method that can increase health beneficiary effects, especially for skin issues, swelling and inflammation, nervous system issue, diabetic related issues etc. The relative strength of bioactive content and important findings may give an important information and understanding about the other areas of this plant for further exploration, for the determination of significance of natural and native herbs health concern.

4.3. Elemental analysis

Figure 3: Mineral composition of fruits and roots of Withania coagulans in µg/g

The elemental analysis of Withania coagulans revealed distinct concentrations of various elements in both the fruit and root samples. The fruit exhibited significantly higher concentrations of calcium (Ca) at 17,233 µg/g and potassium (K) at 6,997 µg/g, followed by sulfur (S) at 2,152 µg/g and magnesium (Mg) at 1,675 µg/g. In contrast, the roots had a notably higher potassium concentration (18,237 µg/g), surpassing that of the fruit, while calcium (4,594 µg/g) was still prominent. Other elements detected in the fruit include aluminum (Al) at 1,589 µg/g, iron at 927 µg/g, and phosphorus (P) at 865 µg/g. The root sample showed slightly lower concentrations of aluminum (1,057 µg/g) and iron (883 µg/g), but higher amounts of magnesium (1,996 µg/g), manganese at 85.46 µg/g, and phosphorus (P) at 1,529 µg/g.



Table 4. Elemental composition of Fruits and Roots of Withania coagulans in µg/g
	Elements   µg/g
	Fruit
	Roots

	Al
	1589
	1057

	Ba
	8.59
	5.85

	Ca
	17233
	4594

	Cr
	2.64
	1.35

	Cu
	10.95
	8.67

	Fe
	927
	883

	K
	6997
	18237

	Li
	113
	24.36

	Mg
	1675
	1996

	Mn
	27.41
	85.46

	Na
	433
	113

	Ni
	1.25
	1.23

	P
	865
	1529

	Pb
	3.89
	0.6

	S
	2152
	1724

	Si
	82.11
	149

	Sr
	232
	45.43

	Ti
	76.93
	53.91

	Zn
	232
	20.62



Both fruit and root samples contained trace elements such as lithium (Li), chromium, copper (Cu), nickel (Ni), lead (Pb), and strontium (Sr). The fruit had higher levels of lithium (113 µg/g) and chromium (2.64 µg/g) compared to the roots, which had lower values of 24.36 µg/g and 1.35 µg/g, respectively. Additionally, both parts of the plant exhibited similar amounts of zinc, with the fruit containing 232 µg/g and the roots 20.62 µg/g. Silicon (Si) levels were notably higher in the roots (149 µg/g) than in the fruit (82.11 µg/g). This table shows the elemental arrangement of nitrogen (N), carbon (C), hydrogen (H), sulfur (S), and oxygen (O) in the fruit and roots of Withania coagulans. Both fruit and roots did not detect sulfur (ND). content of carbon was greater in the roots (35.67%) as compared to the fruit (32.81%). Nitrogen and oxygen concentrations were different in both the two parts, with nitrogen mainly greater in the fruit (1.71%) with a comparison with the roots (0.4%), on the other hand oxygen content was somewhat greater in the fruit (8.72%) compared to the roots (7.86%). Hydrogen content was also same but a bit higher in the roots (5.88%) than that of the fruit (5.56%).
These findings suggest that elemental composition of Withania coagulans can be a good contributor in biological activates and in medicinal uses. The great percentage of potassium, calcium and magnesium shows that the plant has a valuable and significant application in medicinal field or in traditional usage. These findings  stogly in agreement with a previous conducted reported by Wakeel et al. (2019).


Figure 4.: NCSHO composition of fruits and roots of Withania coagulans in %

The nitrogen content in the fruits was 1.71%, while it was only 0.4% in the roots. Carbon levels were higher in the roots (35.67%) as compared to the fruits (32.81%). The hydrogen content was also slightly greater in the roots (5.88%) than in the fruits (5.56%). The oxygen content is slightly greater in the fruits (8.72%) than in the roots (7.86%). Notably, sulfur was not detected in either the fruits or roots. These results reflect the distinctive elemental makeup of the fruits and roots of Withania coagulans, which may influence its pharmacological and nutritional properties.

Table 4.1. NCSHO composition of fruits and roots of Withania coagulans in %
	Elements (%)
	Fruit
	Roots

	N
	1.71
	0.4

	C
	32.81
	35.67

	H
	5.56
	5.88

	S
	-
	-

	O
	8.72
	7.86



4.2   Acid hydrolysis of 1 and 2
Compound 1 or 2 (4 mg, each) in 10% HCl was refluxed for 45 min and the cooled reaction mixture was extracted with ethyl acetate. The aqueous phase was concentrated and the sugar was identified as D-glucose by the sign of its optical rotation ([α]D + 52.5 (1) & [α]D + 52.6 (2)) [Mughal, et al., 2012]  and Co-TLC with an authentic sample of D-glucose using the solvent system BuOH:EtOAc:AcOH:H2O (12:2:2:2). The spot were visualized with aniline phthatlate reagent. It further confirmed by comparing the retention time of trimethylsilane ether with standard sample in GC [Hara, et al., 1987; Zhou, et al., 2006].
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Mineral composition of Withania coagulans(µg/g)

Fruit	Al	Ba	Ca	Cr	Cu	Fe	k	Li	Mg	Mn	Na	Ni	P	Pb	S	Si	Sr	Ti	Zn	1589	8.59	17233	2.64	10.95	927	6997	113	1675	27.41	433	1.25	865	3.89	2152	82.11	232	76.930000000000007	232	Al	Ba	Ca	Cr	Cu	Fe	k	Li	Mg	Mn	Na	Ni	P	Pb	S	Si	Sr	Ti	Zn	Roots	Al	Ba	Ca	Cr	Cu	Fe	k	Li	Mg	Mn	Na	Ni	P	Pb	S	Si	Sr	Ti	Zn	1057	5.85	4594	1.35	8.67	883	18237	24.36	1996	85.46	113	1.23	1529	0.6	1724	149	45.43	53.91	20.62	




NCSHO composition of Withania coagulans(%)

Fruit	N	C	H	S	O	1.71	32.81	5.56	0	8.7200000000000006	N	C	H	S	O	Roots	N	C	H	S	O	0.4	35.67	5.88	0	7.86	
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