Pharmacological and Computational Insights into Thyme Extract for Gut Motility Disorders
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Introduction: Functional gastrointestinal disorders (FGIDs), including diarrhea- and constipation-predominant syndromes, are often aggravated by psychological stress such as anxiety. Current therapies remain largely symptomatic, necessitate prolonged use, and frequently result in poor compliance. Natural products offer a promising alternative with the potential for safer and sustainable management, yet their pharmacological mechanisms are insufficiently validated. Thymus vulgaris (Lamiaceae), commonly known as thyme, has long been used in traditional medicine for gut motility disturbances and anxiety. However, its calcium channel blocking (CCB) activity underlying its spasmolytic effects, remains unexplored. 

Aim: We aimed to identify the bioactive constituents of thyme infusion (Tv.Cr) and validate its antispasmodic potential through ex vivo and in silico approaches.

Methodology: Hydroethanolic extract of thyme (Tv.Cr) was prepared and analyzed by reverse-phase high-performance liquid chromatography (RP-HPLC) for phytochemical profiling. Ex vivo isolated tissue experiments were conducted to investigate the underlying spasmolytic mechanisms. Molecular docking and dynamics were performed with identified flavonoids against voltage-gated calcium channels (CaV). Subsequently, diosmetin was evaluated for CCB activity to validate the in silico findings.

Results: RP-HPLC confirmed diosmetin as the major flavonoid in Tv.Cr. Ex vivo, Tv.Cr relaxed spontaneously contracting rabbit jejunum and reversed low K⁺ (25 mM) and high K⁺ (80 mM) induced contractions, indicating antispasmodic activity via K⁺ channel opening (KCO) and CCB. K⁺ channel blockade studies confirmed predominant involvement of non-specific K⁺ channels, with secondary contributions from KATP and voltage-dependent K⁺ channels. Ca²⁺ CRCs showed dose-dependent rightward shifts and reduced maximal response (1–3 µM), similar to verapamil and papaverine. Molecular docking and 200 ns MD simulations revealed stable diosmetin–CaV interactions (ligand RMSD 1.5–2.5 Å; protein RMSD 7.0–7.5 Å). MM-GBSA confirmed strong binding affinity (ΔG_binding = −151.91 kcal/mol), primarily via van der Waals and lipophilic interactions. Diosmetin also demonstrated dose-dependent CCB activity in Ca²⁺ CRCs, causing rightward shifts and reduced maximal response at 1–3 µM, similar to verapamil and papaverine.

Conclusion: Tv.Cr exhibits significant spasmolytic activities mediated by diosmetin-driven modulation of Ca²⁺ channels and KCO. These findings provide pharmacological validation for the traditional use of thyme in gastrointestinal disturbances and support its potential development as an evidence-based therapy for conditions such as IBS-D.
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     Fig. 1 (A-B): HPLC of Tv.Cr & diosmetin. The presence of diosmetin belonging to flavonoids in Rs.Cr at 250 nm using RP C 18 (A and B). Fingerprints of known standard of the thyme; diosmetin comparable to the retention times in Tv.Cr. Peak at 19.87 min confirmed the presence of diosmetin in Tv.Cr. Numbers mentioned in the figure represent the Rt (min) of the respective compounds identified. HPLC samples were prepared in DMSO. Abbreviations:  Rs.Cr = Hydroethanolic extract of rosemary; HPLC = High Pressure Liquid Chromatography; Rt = Retention time; DMSO = dimethyl sulfoxide.
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Fig. 2 (A-B): Spasmolytic effect of Tv.Cr in isolated rabbit jejunum using an isolated tissue bath assembly. Tv.Cr completely relaxed the spontaneous, low K+ (25 mM)-induced and high K+ (80 mM)-induced contractions (A), in a similar manner as relaxed by verapamil, a standard Ca2+ channel blocker (B). Abbreviations: Tv.Cr = Hydroethanolic extract of thyme (30:70); High K+ = 80 mM; Low K+ = 25 Mm; CCh (1 µM) = Carbachol; Ca2+ = Calcium.
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Fig. 3 (A-C). CRCs of Ca2+ in isolated rabbit jejunal preparations with and without increasing concentration of Tv.Cr: (A), verapamil (B), and papaverine (C). As with verapamil (B) and papaverine (C), incubating isolated tissues with Tv.Cr caused the curves to move to the right (A). Abbreviations: Tv.Cr = Hydroethanolic extract of Thyme (30:70); CRC = concentration-response curves.
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Fig. 4 (A-C): 2D-Visualization of the molecular interactions of CaV with diosmetin: flavonoids identified in plant extract; diosmetin (B), verapamil (A) and dicyclomine (C).
Fig. 4 (A-C): 2D-Visualization of the molecular interactions of CaV with diosmetin: flavonoids identified in plant extract; diosmetin (B), verapamil (A) and dicyclomine (C).

Table 1: Docking score of CaV with diosmetin identified in plant extract.

	S.No
	  Compounds
	Binding Site

Affinity

(Kcal/mol)
	Type of Bonding

	
	
	
	Hydrophobic bond

	01
	Verapamil
	-4.364
	π- π

LIG1 (4.30).

Alkyl

ILE639 (3.81)

π- Alkyl

ILE642 (5.19), ILE639 (4.83), ILE642 (4.92), ILE643 (5.37)

	02
	Diosmetin
	-6.841
	π-σ

LEU196 (3.74)

Alkyl

ALA200 (4.33), LIG1 (4.94),
π- Alkyl

VAL329 (4.61), LEU326 (5.40), & VAL329 (4.89).

	03
	Dicyclomine
	-6.026
	Alkyl

LEU196 (5.35), LE199 (5.35), VAL203 (5.48),  VAL329 (5.04) & VAL646 (5.28).
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Fig. 5 (A-C). CRCs of Ca2+ in isolated rabbit jejunal preparations with and without increasing concentration of diosmetin: (A), verapamil (B), and papaverine (C). As with verapamil (B) and papaverine (C), incubating isolated tissues with diosmetin caused the curves to move to the right (A). 

Abbreviations: CRC = concentration-response curves.

