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Abstract 

Trachyspermum ammi (Ajwain) is a medicinal plant widely used in traditional systems for gastrointestinal, 

respiratory, inflammatory, and infectious disorders Its phytochemical diversity includes thymol, carvacrol, p-

cymene, γ-terpinene, flavonoids, tannins, and related bioactive constituents associated with antimicrobial, 

antioxidant, digestive, and respiratory benefits The present study evaluated 24 representative phytochemicals 

selected from the IMPPAT database using SwissADME and BOILED-Egg prediction models to assess 

physicochemical properties, lipophilicity, solubility, pharmacokinetics, drug-likeness, and medicinal chemistry 

characteristics. From 278 reported compounds, 24 were selected based on abundance, structural diversity, 

literature relevance, physicochemical suitability, and multi-target potential. The evaluated compounds showed 

molecular weights ranging from 134 to 302 Da and generally low topological polar surface area values, consistent 

with favorable membrane permeability. Most compounds were soluble to moderately soluble, displayed moderate 

lipophilicity, and showed good gastrointestinal absorption, while some also demonstrated predicted blood-brain 

barrier permeability. Most compounds also showed minimal interaction with P-glycoprotein and cytochrome 

P450 enzymes, complied with Lipinski, Veber, and Egan criteria, and exhibited no PAINS alerts with acceptable 

synthetic accessibility scores. Carvacrol, anethole, acetyleugenol, and 4-allylphenol emerged as the most 

promising compounds based on their overall pharmacokinetic and medicinal chemistry profiles. Therapeutic 

distribution analysis further showed that seeds had the broadest traditional application spectrum, especially in 

gastrointestinal and respiratory disorders. These findings support the potential of T. ammi phytochemicals as lead 

candidates for future phytopharmaceutical development, although molecular docking, molecular dynamics 

simulations, and experimental validation remain necessary. 

 

Keywords: Trachyspermum ammi; Ajwain; SwissADME; BOILED-Egg; ADME; phytochemicals; drug-

likeness; medicinal chemistry 
 

Introduction 

Trachyspermum ammi is an aromatic medicinal herb 

of the family Apiaceae and is widely recognized in 

traditional medicine for its broad therapeutic 

applications. Its seeds and other plant parts contain 

multiple phytochemicals, including thymol, carvacrol, 

p-cymene, γ-terpinene, flavonoids, and tannins, which 

are associated with antimicrobial, antioxidant, 

digestive, and respiratory activities. [1-6] 

Natural products remain important starting points in 

drug discovery because structurally diverse small 

molecules can provide useful lead scaffolds for 

pharmacological development. In this context, 

computational screening approaches provide an 

efficient first-stage strategy for prioritizing 

phytochemicals with favorable pharmacokinetic and 
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drug-likeness properties before experimental 

validation. 

The present work aimed to evaluate representative 

phytochemicals of T. ammi through in silico ADME 

and medicinal chemistry prediction models. Twenty-

four representative compounds were selected from 

278 reported phytochemicals in the IMPPAT resource 

and analyzed using SwissADME and BOILED-Egg 

tools to identify compounds with favorable oral 

bioavailability, absorption, permeability, and drug-

likeness characteristics. [1-6] 

Materials and Methods 

Phytochemical data for T. ammi were retrieved from 

the IMPPAT database. IMPPAT was used as the 

source resource for the documented phytochemical 

repertoire of the plant, from which 278 compounds 

were initially identified. From this larger pool, 24 

representative phytochemicals were selected using 

predefined considerations including abundance, 

structural diversity, literature relevance, 

physicochemical suitability, and multi-target 

potential. 

The selected compounds represented multiple plant 

parts including aerial part, fruit, leaf, seed, stem, and 

whole plant, together with compounds of unspecified 

origin within the database record. The set included 

Carvacrol, Gamma-Terpinene, 3-Carene, 4-

Carvomenthenol, alpha-Phellandrene, beta-

Caryophyllene, (1S,2R,5S)-2-isopropyl-5-

methylcyclohexyl acetate, (1R)-2-methyl-5-propan-2-

ylbicyclo[3.1.0]hex-2-ene, alpha-Terpinene, 

Anethole, (+)-beta-Phellandrene, alpha-Pinene, 

Sabinene, (Z)-Non-2-enal, 4-Allylphenol, Carvacrol 

methyl ether, Acetyleugenol, Camphene, o-(1-

Propylpentyl)phenol, cis-Sabinene hydrate, 

Longifolene, Humulene, Petroselinic acid, Abieta-

7,13-dien-18-oic acid among others. 

SwissADME was employed to assess 

physicochemical descriptors, lipophilicity, water 

solubility, pharmacokinetics, drug-likeness, medicinal 

chemistry alerts, and BOILED-Egg behaviour. 

Heatmap analysis for therapeutic distribution across 

plant parts was performed using Python with Pandas, 

Seaborn, and Matplotlib. [7,8,11,17] 

Results and Discussion 

The selected phytochemicals showed molecular 

weights between 134 and 302 Da and generally low 

topological polar surface area values, indicating 

physicochemical suitability for membrane 

permeation. Most compounds also exhibited moderate 

lipophilicity and were classified as soluble to 

moderately soluble across the applied solubility 

models. 

The lipophilicity and solubility analysis showed that 

several compounds, including carvacrol, anethole, 4-

allylphenol, acetyleugenol, sabinene, and alpha-

phellandrene, were consistently predicted as soluble 

across multiple models. By contrast, o-(1-

propylpentyl) phenol, longifolene, petroselinic acid, 

and abieta-7,13-dien-18-oic acid showed reduced 

solubility in at least one model, with petroselinic acid 

displaying the highest XLOGP3 value of 7.64 and 

poor solubility in the Ali model. 

Pharmacokinetic prediction indicated high 

gastrointestinal absorption for carvacrol, 4-

carvomenthenol, anethole, (Z)-non-2-enal, 4-

allylphenol, carvacrol methyl ether, acetyleugenol, o-

(1-propylpentyl) phenol, petroselinic acid, and abieta-

7,13-dien-18-oic acid. Several compounds were also 

predicted to cross the blood-brain barrier, including 

carvacrol, anethole, 4-allylphenol, acetyleugenol, 

sabinene, alpha-pinene, camphene, and multiple 

monoterpenes, whereas beta-caryophyllene, 

longifolene, humulene, and petroselinic acid were 

predicted to be non-permeant. 

Most compounds were not predicted to be P-

glycoprotein substrates, supporting a generally 

favorable transport profile. Cytochrome interaction 

patterns were limited for many compounds, although 

some specific inhibitory signals were observed, such 

as CYP1A2 inhibition for carvacrol, anethole, 4-

allylphenol, acetyleugenol, carvacrol methyl ether, o-

(1-propylpentyl)phenol, and petroselinic acid, and 

CYP2C9 inhibition for selected compounds including 

3-carene, beta-caryophyllene, alpha-pinene, 

camphene, cis-sabinene hydrate, humulene, 

petroselinic acid, and abieta-7,13-dien-18-oic acid. 

Drug-likeness analysis demonstrated broad 

compliance with established filters including Lipinski, 

Veber, and Egan criteria. Medicinal chemistry 

assessment further identified no PAINS alerts and 

acceptable synthetic accessibility scores, indicating 

that the selected molecules generally lack major 
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structural liabilities for early screening prioritization. 

[19–23]. 

Among the evaluated compounds, carvacrol, 

acetyleugenol, anethole, and related terpenoids 

showed the most promising overall combination of 

pharmacokinetic and medicinal chemistry features. 

The abstract specifically highlights carvacrol, 

anethole, acetyleugenol, and 4-allylphenol as the 

leading candidates emerging from the screening 

workflow. 

Therapeutic distribution analysis indicated that seeds 

exhibited the broadest activity spectrum, particularly 

in gastrointestinal and respiratory disorders. Fruits 

were associated mainly with antimicrobial and 

digestive activities, leaves with anti-inflammatory 

effects, and roots with antipyretic and diuretic 

properties. This distribution was interpreted as 

consistent with the established traditional medicinal 

use of T. ammi. 

Overall, the in silico assessment indicates that most T. 

ammi phytochemicals possess favorable ADME, 

drug-likeness, and medicinal chemistry 

characteristics. These findings support the value of the 

plant as a source of lead compounds for future 

phytopharmaceutical development. However, the 

computational predictions require further 

confirmation through molecular docking, molecular 

dynamics simulations, and experimental studie  

Phytochemicals Identified from Trachyspermum 

ammi 

Aerial Part: 

Carvacrol, Gamma-Terpinene, 3-Carene, 4-

Carvomenthenol, alpha-Phellandrene, beta-

Caryophyllene 

Fruit: 

(1S,2R,5S)-2-isopropyl-5-methylcyclohexyl 

acetate,(1R)-2-methyl-5-propan-2 

ylbicyclo[3.1.0]hex-2-ene), alpha-Terpinene, 

Anethole 

Leaf: 

(+)-beta-Phellandrene, alpha-Pinene 

Seed: 

13. Sabinene, (Z)-Non-2-enal, 4-Allylphenol, 

Carvacrol methyl ether, Acetyleugenol, Camphene, o-

(1-Propylpentyl) phenol 

Stem: 

cis-Sabinene hydrate  

Whole Plant: 

Longifolene, Humulene  

Unknown Plant Part: 

Petroselinic acid, Abieta-7,13-dien-18-oic

 

Physiochemical properties 

 

Figure 1: Physicochemical properties of Trachyspermum ammi from SWISS ADME ANALYSIS 
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Lipophilicity and water solubility 

Sl.no Phytochemical name XLOGP3 ESOL Class Ali Class Silicos-IT class 

1 Carvacrol  3.49 Soluble Soluble Soluble 

2 Gamma-Terpinene  

4.5 Soluble 

Moderately 

soluble Soluble 

3 3-Carene 

4.38 Soluble 

Moderately 

soluble Soluble 

4 4-Carvomenthenol  3.26 Soluble Soluble Soluble 

5 alpha-Phellandrene  3.21 Soluble Soluble Soluble 

6 beta-Caryophyllene  

4.38 Soluble 

Moderately 

soluble Soluble 

7 (1S,2R,5S)-2-isopropyl-5-

methylcyclohexyl acetate  4 Soluble 

Moderately 

soluble Soluble 

8 (1R)-2-methyl-5-propan-2-

ylbicyclo[3.1.0]hex-2-ene 2.85 Soluble Soluble Soluble 

9 alpha-Terpinene  4.25 Soluble Soluble Soluble 

10 Anethole  3.3 Soluble Soluble Soluble 

11 (+)-beta-Phellandrene  3.44 Soluble Soluble Soluble 

12 alpha-Pinene  

4.48 Soluble 

Moderately 

soluble Soluble 

13 Sabinene  3.09 Soluble Soluble Soluble 

14 (Z)-Non-2-enal  3.15 Soluble Soluble Soluble 

15 4-Allylphenol  2.85 Soluble Soluble Soluble 

16 Carvacrol methyl ether  3.82 Soluble Soluble Soluble 

17 Acetyleugenol  2.3 Soluble Soluble Soluble 

18 Camphene  4.22 Soluble Soluble Soluble 

19 o-(1-Propylpentyl)phenol  

5.44 

Moderately 

soluble 

Moderately 

soluble 

Moderately 

soluble 

20 cis-Sabinene hydrate  3.9 Soluble Soluble Soluble 

21 Longifolene  

5.08 

Moderately 

soluble 

Moderately 

soluble Soluble 

22 Humulene  

4.55 Soluble 

Moderately 

soluble Soluble 

http://sl.no/
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY001246
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003982
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY011392
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY011396
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY014811
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY014831
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY004194
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY004194
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY011552
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY011552
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY011643
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY011763
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY011965
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY012061
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY012165
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY003759
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY007317
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY007201
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY006709
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY014852
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY017263
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY014874
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY004286
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY011761
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23 Petroselinic acid  

7.64 

Moderately 

soluble Poorly soluble 

Moderately 

soluble 

24 Abieta-7,13-dien-18-oic acid  

4.78 

Moderately 

soluble 

Moderately 

soluble Soluble 

Table 1: Lipophilicity and Water solubility of Trachyspermum ammi from SWISS ADME ANALYSIS 

Pharmacokinetic properties 

Molecules  GI BBB Pgp C1A2 C2C19 C2C9 C2D6 C3A4 log Kp 

1 H Y N Y N N N N -4.74 

2 L Y N N N N N N -3.94 

3 L Y N N N Y N N -4.02 

4 H Y N N N N N N -4.93 

5 L Y N N N N N N -4.85 

6 L N N N Y Y N N -4.44 

7 H Y N N N Y N N -4.67 

8 L Y N N N N N N -5.11 

9 L Y N N N N N N -4.11 

10 H Y N Y N N N N -4.86 

11 L Y N N N N N N -4.69 

12 L Y N N N Y N N -3.95 

13 L Y N N N N N N -4.94 

14 H Y N N N N N N -4.92 

15 H Y N Y N N N N -5.09 

16 H Y N Y N N Y N -4.59 

17 H Y N Y N N N N -5.93 

18 L Y N N N Y N N -4.13 

19 H Y N Y N N Y N -3.7 

20 L Y N N N Y N N -4.37 

21 L N N N Y Y N N -3.94 

22 L N N N N Y N N -4.32 

23 H N N Y N Y N N -2.6 

https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY011799
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY013845
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24 H Y N N Y Y N N -4.75 

BOILED EGG REPRESENTATION 

 

Figure 2: Druglikeness and Medicinal chemistry of Trachyspermum ammi from SWISS ADME 

ANALYSIS and Heat map showing the distribution of therapeutic applications across different plant 

parts of Trachyspermum ammi based on ethnomedicinal reports. [24] 

Abbreviations 

GI: H = High, L = Low, BBB: Y = Yes, N = No  

Pgp: Y = Yes, N = No, C1A2 = CYP1A2 inhibitor  

C2C19 = CYP2C19 inhibitor, C2C9 = CYP2C9 inhibitor  

C2D6 = CYP2D6 inhibitor, C3A4 = CYP3A4 inhibitor 

Predicted Druglikeness and Medicinal chemistry and Therapeutic use 

 

Figure 3: Druglikeness and Medicinal chemistry of Trachyspermum ammi from SWISS ADME ANALYSIS and 

Heat map showing the distribution of therapeutic applications across different plant parts of Trachyspermum ammi 

based on ethnomedicinal reports. [24]
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Conclusion  

The present study demonstrates that representative 

phytochemicals from Trachyspermum ammi show 

favorable physicochemical, pharmacokinetic, drug-

likeness, and medicinal chemistry properties in silico. 

Most compounds displayed acceptable membrane 

permeability-related descriptors, solubility, 

gastrointestinal absorption, and limited transporter-

related liabilities, while several also showed blood-

brain barrier permeability predictions. Carvacrol, 

anethole, acetyleugenol, and 4-allylphenol emerged as 

the most promising candidates for further study. The 

broad traditional therapeutic distribution, especially in 

seeds, further supports the pharmacological relevance 

of this plant Further validation through molecular 

docking, molecular dynamics simulations, and 

experimental assays is required before translational 

application.  
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