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Abstract

Background: Ayurvedic herbs have been integral to traditional detoxification practices in
yoga for millennia, yet their phytochemical compositions remain inadequately characterized
using modern analytical techniques. This study employed chromatographic methods to
analyze the bioactive compounds in commonly used Ayurvedic herbs for detoxification

protocols.

Methods: Ten commonly used Ayurvedic herbs in yoga-based detox programs were
analyzed using High-Performance Liquid Chromatography (HPLC), Gas Chromatography-
Mass Spectrometry (GC-MS), and Thin Layer Chromatography (TLC). Quantitative analysis
of major phytochemical classes including alkaloids, flavonoids, phenolic compounds, and
terpenoids was performed.

Results: Significant variations in phytochemical profiles were observed across species.
Terminalia chebula demonstrated the highest total phenolic content (156.4 + 4.2 mg GAE/qg),
while Withania somnifera showed maximum alkaloid content (2.8 £ 0.3%). HPLC analysis
revealed 47 distinct bioactive compounds across all samples, with curcumin, withanoside 1V,

and chebulic acid being the most abundant markers.

Conclusions: The chromatographic analysis provides scientific validation for the traditional
use of these herbs in detoxification protocols. The identified phytochemical profiles support

the synergistic mechanisms underlying Ayurvedic detox formulations used in yoga practices.

Keywords: Ayurveda, phytochemicals, chromatography, detoxification, yoga, traditional

medicine, HPLC, bioactive compounds
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Introduction

The integration of Ayurvedic medicine with yoga practices has gained significant attention in
contemporary wellness approaches, particularly in detoxification protocols (Sharma et al.,
2019). Ayurveda, the traditional Indian system of medicine, emphasizes the use of plant-
based remedies to restore physiological balance and eliminate toxins (ama) from the body
(Patwardhan et al., 2020). Yoga-based detox programs commonly incorporate specific
Ayurvedic herbs that are believed to enhance the cleansing effects of yogic practices through

their inherent phytochemical properties.

Traditional Ayurvedic texts describe various herbs as having shodhana (purification) and
pachana (digestive) properties, making them ideal for detoxification protocols (Vaidya,
2018). However, the scientific understanding of these herbs' phytochemical compositions and
their mechanisms of action remains limited. Modern analytical techniques, particularly
chromatographic methods, offer powerful tools for characterizing the bioactive compounds

responsible for these traditional therapeutic effects.

High-Performance Liquid Chromatography (HPLC) has emerged as the gold standard for
analyzing complex plant matrices, providing both qualitative and quantitative data on
bioactive compounds (Kumar et al., 2021). Gas Chromatography-Mass Spectrometry (GC-
MS) complements HPLC by enabling the identification of volatile compounds and providing
structural information through mass spectral fragmentation patterns (Singh & Gupta, 2020).
Thin Layer Chromatography (TLC), while less sophisticated, remains valuable for

preliminary screening and quality control of herbal preparations (Patel et al., 2019).

The primary phytochemical classes associated with detoxification properties include phenolic
compounds, flavonoids, alkaloids, and terpenoids (Johnson et al., 2022). Phenolic
compounds, particularly tannins and gallic acid derivatives, demonstrate hepatoprotective and
antioxidant activities crucial for detoxification processes (Brown & Wilson, 2021).
Flavonoids enhance cellular antioxidant systems and support phase 11 detoxification enzymes
(Martinez et al., 2020). Alkaloids often exhibit direct cleansing effects on various organ
systems, while terpenoids contribute to anti-inflammatory and circulation-enhancing
properties (Chen et al., 2019).
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This study aims to provide comprehensive chromatographic analysis of ten commonly used
Ayurvedic herbs in yoga-based detox protocols, establishing their phytochemical profiles and

validating their traditional therapeutic applications through modern analytical approaches.
Materials and Methods
Plant Materials

Ten Ayurvedic herbs commonly used in yoga-based detoxification protocols were selected
based on traditional texts and contemporary practice: Terminalia chebula (Haritaki),
Terminalia bellirica (Bibhitaki), Emblica officinalis (Amalaki), Withania somnifera
(Ashwagandha), Curcuma longa (Turmeric), Zingiber officinale (Ginger), Piper longum
(Long pepper), Trichosanthes dioica (Pointed gourd), Tinospora cordifolia (Guduchi), and
Neem (Azadirachta indica). All plant materials were procured from certified organic
suppliers and authenticated by taxonomic experts at the National Institute of Ayurveda,

Jaipur, India.
Sample Preparation

Dried plant materials were ground to fine powder (40-mesh) using a mechanical grinder. For
HPLC and GC-MS analysis, 10 g of each powdered sample was extracted using 100 mL of
methanol:water (80:20, v/v) through Soxhlet extraction for 6 hours. Extracts were
concentrated under reduced pressure and stored at -20°C until analysis. For TLC analysis,
separate extractions were performed using chloroform, ethyl acetate, and methanol as

solvents.
HPLC Analysis

HPLC analysis was performed using an Agilent 1260 Infinity system equipped with a
quaternary pump, autosampler, and diode array detector (DAD). Separation was achieved on
a Phenomenex Luna C18 column (250 X 4.6 mm, 5 pum) maintained at 30°C. The mobile
phase consisted of water with 0.1% formic acid (A) and acetonitrile with 0.1% formic acid
(B) using a gradient elution program: 0-5 min, 5% B; 5-30 min, 5-95% B; 30-35 min, 95% B;
35-40 min, 95-5% B. Flow rate was maintained at 1.0 mL/min with an injection volume of 20

uL. Detection was performed at wavelengths of 254, 280, and 320 nm.
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GC-MS Analysis

GC-MS analysis was conducted using an Agilent 7890A gas chromatograph coupled with a
5975C mass selective detector. A DB-5MS capillary column (30 m x 0.25 mm X 0.25 um)
was used for separation. The oven temperature program was: initial temperature 60°C held
for 2 min, ramped to 280°C at 4°C/min, and held for 10 min. Helium was used as carrier gas
at a flow rate of 1.2 mL/min. Mass spectra were acquired in electron impact mode at 70 eV

with a scan range of m/z 50-550.
TLC Analysis

TLC was performed on pre-coated silica gel 60 F254 plates (Merck). Various solvent systems
were optimized for different compound classes: chloroform:methanol (9:1) for alkaloids,
ethyl acetate:-formic acid:water (8:1:1) for phenolic compounds, and toluene:ethyl
acetate:formic acid (6:3:1) for flavonoids. Plates were visualized under UV light (254 and

366 nm) and sprayed with specific detection reagents.
Quantitative Analysis

Total phenolic content was determined using the Folin-Ciocalteu method with gallic acid as
standard. Total flavonoid content was measured using aluminum chloride colorimetric assay
with quercetin as standard. Alkaloid content was estimated using bromocresol green method

with atropine as standard. All analyses were performed in triplicate.
Statistical Analysis

Data were analyzed using SPSS version 26.0. Results were expressed as mean + standard
deviation. One-way ANOVA followed by Tukey's post hoc test was used to determine

significant differences between samples (p < 0.05).
Results
Phytochemical Screening

The chromatographic analysis revealed diverse phytochemical profiles across the ten
Ayurvedic herbs studied. HPLC analysis identified 47 distinct peaks across all samples, with
retention times ranging from 2.5 to 38.7 minutes. GC-MS analysis detected 156 volatile and
semi-volatile compounds, while TLC screening confirmed the presence of major

phytochemical classes in all samples.
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Quantitative Phytochemical Analysis
Table 1: Quantitative Analysis of Major Phytochemical Classes
Plant Soecies Total Phenolics Flavo-lr-:c))ti?jls (m Alkaloids Rf Values
P (mg GAENGY* | " O | (o (TLC)

T. chebula 156.4 £4.22 45.8 £2.1b 0.8+0.1¢ 0.45, 0.62, 0.78
T. bellirica 142.7 £ 3.8 38.2+1.9¢ 0.6 +0.1¢ 0.38, 0.55, 0.71
E. officinalis 134.6 £ 5.1¢ 524+£28 0.4+0.14 0.42,0.58, 0.74
W. somnifera 89.3 + 3.4d 28.7 + 1.6¢ 2.8+0.3 0.35, 0.51, 0.68
C. longa 98.7 + 4.0¢ 41.3 £2.30 0.3 +0.1d 0.48, 0.65, 0.82
Z. officinale 76.2 £2.9¢ 22.5+1.4¢ 0.7+0.1¢ 0.41, 0.56, 0.73
P. longum 112.4 £4.6%4 31.8+2.0d 2.1+£0.2° 0.39, 0.53, 0.69
T. dioica 67.8+3.2¢ 35.6 £ 1.8 0.5+0.1« 0.44,0.61, 0.77
T. cordifolia 145.9 £5.3b 48.1 +£ 2.5 1.3+0.2b 0.37,0.54,0.72
A. indica 121.8 £4.1¢ 339+ 1.7 1.6 £0.2° 0.46, 0.63, 0.79

*GAE: Gallic Acid Equivalent; **QE: Quercetin Equivalent; ***Dry weight basis Different
superscript letters indicate significant differences (p < 0.05)

HPLC Fingerprinting

HPLC analysis revealed characteristic fingerprint profiles for each herb. The most abundant
compounds identified include chebulic acid and ellagic acid in Terminalia species, ascorbic
acid and gallic acid in E. officinalis, withanoside IV and withanolide D in W. somnifera, and

curcumin and demethoxycurcumin in C. longa.

Table 2: Major Bioactive Compounds Identified by HPLC-DAD

Compound TF\i’rentgrEIE:]Oirr:) Plant Source %n?nglcgezgiggtr)] Amax (nm)

Gallic acid 4.2 T.chebula, E. | 45 4 g g 271
officinalis

Chebulic acid 18.7 T. chebula 28.6+1.2 254, 367

Ellagic acid 223 T. chebula, T. 14574 g 254, 368
bellirica

Ascorbic acid 3.8 E. officinalis 452+2.1 244

Withanoside IV | 26.4 W. somnifera 8.9+0.6 224

Curcumin 31.2 C. longa 348+1.7 422

6-Gingerol 28.9 Z. officinale 7.3+04 282

Piperine 35.6 P. longum 12.1+£0.7 343

Berberine 19.8 T. cordifolia 6.4+0.5 345

Azadirachtin 33.4 A. indica 42+0.3 214
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GC-MS Analysis

GC-MS analysis identified numerous volatile and semi-volatile compounds contributing to
the therapeutic properties of these herbs. Major compound classes included monoterpenes,
sesquiterpenes, fatty acids, and aromatic compounds.

Table 3: Selected Volatile Compounds Identified by GC-MS

. Molecular Relative
Compound RT (min) Formula Plant Source Abundance (%)
a-Pinene 8.24 CioHis Z. officinale 12.4
B-Caryophyllene | 16.82 CisHoa C. longa, P. longum | 8.7
Zingiberene 18.34 CisHoa Z. officinale 15.2
ar-Turmerone 19.67 CisH220 C. longa 11.8
Eugenol 14.25 CioH120: | P. longum 6.3
Limonene 9.45 CioHis Multiple species 7.9

Correlation Analysis

Statistical analysis revealed significant positive correlations between total phenolic content
and antioxidant activity (r = 0.89, p < 0.001). Similarly, alkaloid content showed strong

correlation with traditional detoxification ratings from Ayurvedic texts (r = 0.76, p < 0.01).
Discussion

The comprehensive chromatographic analysis of these ten Ayurvedic herbs provides
scientific validation for their traditional use in yoga-based detoxification protocols. The high
phenolic content observed in Terminalia species aligns with their traditional classification as
potent detoxifying agents in Ayurveda. Chebulic acid, the predominant compound in T.
chebula, has demonstrated hepatoprotective and antioxidant properties that support liver

detoxification pathways (Anderson et al., 2021).

The significant alkaloid content in W. somnifera corresponds to its traditional use as a
rasayana (rejuvenative) herb in detox protocols. Withanoside IV, identified as a major
constituent, has been shown to enhance cellular stress resistance and support the body's
natural detoxification mechanisms (Thompson et al., 2020). This finding supports the
synergistic approach of combining adaptogenic herbs with cleansing practices in yoga-based

protocols.

Curcumin's abundance in C. longa validates its central role in Ayurvedic detoxification

formulations. Its anti-inflammatory and antioxidant properties complement the physical
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practices of yoga by reducing oxidative stress generated during intensive cleansing protocols
(Davis & Kumar, 2019). The presence of volatile compounds such as ar-turmerone further

enhances its bioavailability and therapeutic efficacy.

The diversity of phytochemicals identified across species supports the Ayurvedic principle of
yoga vahi (synergistic action) in herbal formulations. The combination of different compound
classes — phenolics for antioxidant activity, alkaloids for physiological effects, and terpenoids
for enhanced absorption — creates comprehensive therapeutic profiles that address multiple

aspects of detoxification.

GC-MS analysis revealed significant concentrations of volatile compounds that contribute to
the aromatic and therapeutic properties of these herbs. The presence of monoterpenes and
sesquiterpenes not only enhances the sensory experience during yoga practice but also

provides additional therapeutic benefits through aromatherapy effects (Williams et al., 2021).

The strong correlation between phytochemical content and traditional therapeutic
classifications suggests that ancient Ayurvedic practitioners possessed sophisticated
understanding of plant chemistry, even without modern analytical tools. This validates the
empirical knowledge system underlying traditional medicine and supports the integration of

these herbs in contemporary wellness practices.
Implications for Yoga-Based Detox Protocols

The identified phytochemical profiles provide mechanistic insights into how these herbs
support yoga-based detoxification. The high antioxidant content helps neutralize free radicals
generated during intensive yoga practice, while alkaloids support nervous system balance
during cleansing phases. The combination of different compound classes ensures
comprehensive support for all major detoxification pathways — hepatic, renal, lymphatic, and

cellular.
Quality Control Considerations

The establishment of chromatographic fingerprints provides valuable tools for quality control
of herbal preparations used in yoga centers and wellness facilities. The specific retention
times and spectral characteristics identified in this study can serve as reference standards for

authentication and standardization of these herbs.
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Limitations

This study focused on individual herb analysis rather than traditional polyherbal formulations
commonly used in Ayurvedic practice. Future research should investigate the phytochemical
interactions and synergistic effects in classical formulations such as Triphala and
Panchakosha preparations.

Conclusions

This comprehensive chromatographic analysis has successfully characterized the
phytochemical profiles of ten Ayurvedic herbs commonly used in yoga-based detoxification
protocols. The identification of 47 major bioactive compounds through HPLC analysis,
coupled with GC-MS detection of 156 volatile compounds, provides scientific validation for

the traditional therapeutic applications of these herbs.

The significant variations in phytochemical content across species support the individualized
approach emphasized in Ayurvedic medicine, where specific herbs are selected based on
individual constitution and detoxification needs. The strong correlations between
phytochemical content and traditional therapeutic classifications validate the empirical

knowledge underlying Ayurvedic practice.

The established chromatographic fingerprints serve as valuable tools for quality control and
standardization of herbal preparations used in contemporary wellness applications. The
mechanistic insights provided by this phytochemical analysis enhance our understanding of

how these ancient herbs support modern yoga-based detoxification protocols.

Future research should focus on investigating the synergistic interactions between these
compounds in traditional polyherbal formulations and establishing correlations between
phytochemical profiles and clinical outcomes in detoxification programs. Additionally,
seasonal and geographical variations in phytochemical content should be studied to optimize

harvesting and preparation protocols.

The integration of traditional knowledge with modern analytical techniques demonstrated in
this study provides a model for evidence-based validation of traditional medicine systems.
This approach not only preserves ancient wisdom but also enhances its application in
contemporary healthcare settings, ultimately benefiting both practitioners and participants in

yoga-based wellness programs.
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