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ABSTRACT

Background: Ayurveda healthcare system holds considerable reputation in today’s era. Treatises
of Ayurveda explained numerous formulations with their potential therapeutic benefits but
their global acceptance is poor due to the lack of scientific validity. Bhadrikadi Ghrita is one
such formulation indicated for Marmakshat Ruja. Thus, there is an obvious need to overcome
this lacuna by subjecting these medicines to thorough tests in light of modern research about
their pharmacological, pharmacokinetic, and toxicity standards. Objectives: The present study
employs Gas Chromatography-Mass Spectrometry (GC-MS) analysis to investigate pain-relieving
Ayurvedic Ghee, Bhadrikadi Ghrita, aiming to establish correlations between its medicinal activity
and the biomolecules it contains. Materials and Methods: Bhadrikadi Ghrita was prepared
according to Ayurvedic standards and subjected to GC-MS analysis. The detected compounds
were identified by comparing their mass spectra with standard libraries and previous literature.
A functional classification of the bioactive compounds was conducted to understand their
potential therapeutic implications. Results and Discussion: The resulting profile revealed the
presence of diverse array of bioactive compounds, including fatty acids, terpenoids, phenolic
derivatives, and sterols. Notable compounds included linoleic acid, oleic acid, squalene, and
curcumene. These constituents are associated with anti-inflammatory, antioxidant, antimicrobial,
and neuroprotective properties. Conclusion: The identification of these bioactive compounds
supports the therapeutic potentials of Bhadrikadi Ghrita as an effective pain-relieving ghee in
Marmakshat Ruja, warranting further pharmacological and clinical studies.
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INTRODUCTION

Contemporary and alternative medicines, including Ayurveda,
have been prevalent for centuries. Despite its 3,000-year history,
Ayurveda has not received the recognition it deserves globally, due
to insufficient scientific evidence. Challenges such as poor-quality
control in Ayurveda formulations can lead to adulteration,
contamination, and variability in active compounds, affecting
therapeutic outcomes and safety.™! Therefore, scientific validation
and standardization are crucial. Brihatrayi®* highlights the use of
Ghritapana for pain relief and assisting the recovery from surgical
injuries, Bhadrikadi Ghrita is one such ghee based Polyhedral
formulation mentioned in Sahasrayoga, and it is indicated in
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Marmakshat Ruja (pain due to Vital Part injury). Bhadrikadi
Ghrita is a traditional Ayurvedic medicated ghee formulated
with Bhadrika (Aerva lanata), Kataka (Strychnos potatorum),
Sharkara (Saccharum officinarum), Goghrita (clarified butter),
and Goksheera (cow’s milk) as its key ingredients.

However, to ensure their efficacy, safety, and consistency in
modern healthcare, there is a pressing need for analytical methods
that can provide reliable data on their chemical composition and
quality.”! Gas Chromatography-Mass Spectrometry (GCMS)
offers a robust standardization and quality control method of
Ayurvedic products. Itidentifiesand quantifiesa sample's chemical
components and ensures the consistency of ingredients across
different batches, facilitating the Pharmacological Authentication
and relating its bioactive molecules to identified pharmacological
actions, These analyses would provide an in-depth understanding
of the chemical profile of the formulation, Bridging Traditional
Knowledge with Modern Science,®™!!! This method is vital for
analyzing complex mixtures, like herbal formulations, where
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multiple active compounds contribute to the overall therapeutic
effects.

In the context of Bhadrikadi Ghrita, GC-MS analysis of the
acetone extract has been essential in revealing the key chemical
components that contribute to its analgesic and therapeutic
effects. Such detailed chemical profiling links traditional
knowledge with modern scientific methodologies, providing
a scientific basis for the formulation's therapeutic efficacy.
By bridging the gap between ancient Ayurvedic wisdom and
contemporary scientific analysis, the application of GC-MS
in this study enhances the reliability and standardization of
Bhadprikadi Ghrita, supporting its clinical and pharmacological
applications while ensuring consistency, efficacy, and safety.
Opverall, this approach underscores the importance of integrating
modern analytical techniques like GC-MS into the study and
standardization of Ayurvedic formulations, thus ensuring the
quality and therapeutic potential of products like Bhadrikadi
Ghrita in contemporary medical practice. This analysis could
provide insights into the potential mechanisms behind the
medicinal properties claimed by Ayurveda.

MATERIALS AND METHODS

Bhadrikadi Ghrita was obtained from a GMP-certified KLE
Ayurveda pharmacy in Belgaum and was subjected to GC-MS
analysis following standard procedures.

Study conduction

The GCMS study was conducted by Amrith Pvt. Lab, Nisargam
Pvt. Ltd., Shivamogga. Karnataka, the phytochemical study was
conducted by KLE Shri BMK Ayurveda Mahavidyalaya, Belagavi
Karnataka.

Instrument

The GC-MS instrument, model QP 2010SE, is widely used
for precise qualitative and quantitative analysis in various
applications, offering high sensitivity and reliability.

Sample Preparation

Bhadrikadi Ghrita was obtained from GMP certified KLE
Ayurveda pharmacy, a trusted supplier of genuine Ayurvedic
products. The preparation for analysis involved several steps:

Preparation: The formulation was thoroughly inspected and
homogenized to ensure uniformity before extraction.

Acetone Extraction: 10 mL of acetone was used to extract 1 g
of the ghrita sample. After any solid residues were eliminated by
filtering the extract, a clear solution was obtained for additional
analysis.

Analysis: GC-MS Analysis to analyze the filtered acetone extract
(1 pL), gas chromatography-mass spectrometry was used.
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Phytochemical screening qualitative analysis

The phytochemical investigation revealed the presence of various
bioactive constituents, including sterols, triterpenoids, fatty acid,
alkaloids, flavonoids, tannins, polysaccharides, sugars, starch,
and saponins. These compounds were identified through the
analysis of multiple solvent extracts, following a standardized
methodology, ensuring a comprehensive profile of the active
components.

Chromatography and Mass Spectrometry Method

A sample weighing 1 g was extracted using 10 mL of acetone,
and 1 pL of the resulting extract was injected into the analytical
system. The injection was executed in split mode at a temperature
of 280°C, with a split ratio of 10:1. Flow control was established
using linear velocity, with a pressure setting of 24.2 kPa, the
overall flow rate is 19.5 mL/min., and a column flow rate of
1.50 mL/min. The linear velocity was consistently maintained at
45.1 cm/sec, accompanied by a purge flow of 3.0 mL/min. The
temperature program for the oven commenced at 80°C, held
for 2 min, then increased to 280°C at a rate of 10°C/min, where
it was maintained for 10 min before rising to 330°C at a rate of
20°C/min, holding for an additional 5 min. The temperatures
for the ion source and interface were set at 200°C and 300°C,
respectively. The solvent cut time was established at 1.40 min, and
the detector gain mode was adjusted relative to the tuning result
at 0.95 kV. The scan range for m/z values extended from 35.00 to
500.00, with a scan speed of 1666 and an event time of 0.30 sec.
Data acquisition commenced at 2.00 min and concluded at 33.00
min. This methodology, including the pressure settings, facilitates
accurate compound detection, establishing a reliable framework
for GC-MS analysis.

RESULTS

The phytochemical analysis of Bhadrika and Nirmali Beej (Seed)
revealed different compositions based on the extraction method.
Bhadrika water extract contained carbohydrates, reducing sugars,
flavonoids, alkaloids, cardiac glycosides, and saponin glycosides,
whereas its alcohol extract showed only carbohydrates. In contrast,
Nirmali Beej's water extract had carbohydrates, reducing sugars,
and saponin glycosides, while its alcohol extract also contained
only carbohydrates. These results emphasize the significance
of using appropriate extraction techniques to identify active
compounds effectively. The Bhadrikadi Ghrita sample, procured
from KLE GMP Ayurveda Pharmacy, underwent comprehensive
testing to ensure quality and safety. The organoleptic analysis
confirmed a lemon-yellow color, rich characteristic odor, and
sweet taste.

Physicochemical evaluations showed a loss on drying of 0.196%,
refractive index of 1.476, specific gravity of 0.942, acid value of
3.449, iodine value of 17.206, and saponification value of 157.77:
using. Tests using microbiology verified that Pathogens such
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as P aeruginosa, E. coli, S. aureus, and S. albany were tested,
with bacterial and fungal counts well within permissible limits,
confirming compliance with standard specifications. Bhadrikadi
Ghrita contains a variety of bioactive compounds that contribute
to its therapeutic potential. Anti-inflammatory and pain-relieving
effects are attributed to compounds like glyceraldehyde,
cyclohexene, Caryophyllene oxide, and Tumerone, which also
exhibit neuroprotective properties beneficial for managing
neurodegenerative disorders.

Antimicrobialandantioxidantactivitiesareenhancedby2-decenal,
Caryophyllene oxide, and Tumerone, while Hexanoic acid esters
and 2-pentadecanone provide significant antibacterial benefits.
Asarone further demonstrates anti-anxiety, anti-depressant, and
anti-cancer properties, along with neuroprotection. Additionally,
pharmacologically active compounds such as squalene, octane,
and Hexanoic acid derivatives show promise for combating
inflammation, oxidative stress, and microbial infections, making
the formulation valuable in addressing chronic diseases and
supporting neurological health. Figure 1 presents the Gas
Chromatography-Mass Spectroscopy (GC-MS) chromatogram of
the acetone-extracted Bhadrikadi Ghrita, showing distinct peaks
corresponding to various bioactive metabolites. The retention
times, peak areas, and identified compounds from the acetone
extract are detailed in Table 1. The analysis revealed the presence
of key bioactive compounds such as Nootkatone (C;sH,,0),
Cyclohexene-1-carboxylic acid, 1,2-bis(2-ethyl-1-oxobutoxy)-,
ethyl ester (C,:H340s), Asarone (C12H;603), and Caryophyllene
(C1sH240) (Figure 2). Additionally, Curlone (C15H220),
2H-Pyran-2-one (Ci4sH,60,), E, E-2,13-Octadecadien-1-ol
(C1sH340), and Hexanoic acid, 4-hexadecyl ester (C;;H4sO2)
were identified in the acetone extract (Figure 3). These bioactive
metabolites exhibit analgesic, anti-inflammatory, antimicrobial,
and antioxidant activities, supporting the traditional therapeutic

use of Bhadrikadi Ghrita. The pharmacological properties of
these identified compounds are summarized in Table 2.

DISCUSSION

Bhadrikadi Ghrita is a traditional medicinal formulation used for
relieving pain, yet its medicinal benefits lack scientific validation.
This study may be the first to report its potential role in pain
management. The compounds discussed in this study include
Glyceraldehyde, an intermediate in carbohydrate metabolism.
Its phosphorylated form, glyceraldehyde-3-phosphate (G3P),
is crucial in glycolysis and the Calvin cycle, supporting
energy production, redox balance, and biosynthesis.!'”
4-Hydroxy-4-methyl-2-pentanone, a hydroxy ketone, may act
as an antioxidant by donating hydrogen atoms to neutralize
free radicals. Its potential antibacterial activity could arise from
interactions with bacterial membranes or proteins, showing
significant action against both Gram-positive and Gram-negative
bacteria, similar to other hydroxyl-containing compounds,!*!*!
2-Decenal, an unsaturated aldehyde, exhibits antimicrobial
potential due to its reactive nature, which disrupts microbial
proteins and cell walls, thereby inhibiting bacterial and fungal
growth.[¢18)

Decenal exhibits antioxidant properties, as evidenced by its
performance in DPPH free radical scavenging and P-carotene
bleaching assays. Similarly, cuparene, a sesquiterpene found
in essential oils, interacts with microbial membranes through
lipophilic mechanisms and has demonstrated activity against
bacteria like Bacillus subtilis and Staphylococcus aureus, Cuparene
reduces inflammation by suppressing the NF-xB signaling
pathway.?*?? While direct evidence on nitroisobutylglycerol
antimicrobial effects is limited, nitro derivatives are generally
reactive and may possess such properties. Its role as a precursor
in energetic material synthesis suggests possible microbial

5,384,338

12.082

28.051 _~g 15]

Figure 1: Gas chromatography-mass spectroscopy chromatogram of acetone extract of bhadrikadi Ghrita.
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Table 1: Phytocomponents detected in the acetone-extracted Bhadrikadi Ghrita using GC-MS.

Sl. Retention  Start End Area Area  Height Height Factor Name

No. time % %

1 3.468 3.41 3.575 2530751 1.57 484034 1.15 5.23 Glyceraldehyde

2 3.634 3.575 3.71 1021906 0.63 280981 0.67 3.64 2-Pentanone,
4-hydroxy-4-methyl-

3 7.028 6.975 7.08 515252 0.32 168982 0.4 3.05 Glyceraldehyde

4 8.353 8.325 8.39 331544 0.21 226448 0.54 1.46 2-Decenal, (E)-

10.083 9.975 10.15 2477449 1.53 444405 1.05 5.57 1,3-Propanediol,

2-(hydroxymethyl)-2-nitro-

6 10.533 10.48 10.57 539077 0.33 204479 0.48 2.64 Benzene, 1-(1,5-dim
ethyl-4-hexenyl)-4-methyl-

7 10.919 10.89 10.95 266266 0.16 166520 0.39 1.6 Cyclohexene, 3-(1,5-dim
ethyl-4-hexenyl)-6-methylene-,
[S-(R*,S1)]-

8 11.371 11.325 11.405 531480 0.33 259727 0.62 2.05 2-Methyl-6-(p-tolyl)
hept-2-en-4-ol

9 11.587 11.53 11.63 1046872 0.65 430145 1.02 2.43 Asarone

10 11.66 11.63 11.72 417225 0.26 159475 0.38 2.62 Caryophyllene oxide

11 12.082 12.03 12.11 7721870 4.78 4612013 10.92 1.67 AR-Turmerone

12 12.12 12.11 12.15 1191022 0.74 873070 2.07 1.36 Tumerone

13 12.175 12.15 12.215 930635 0.58 593340 1.41 1.57 2-Pentadecanone

14 12.403 12.35 12.495 4071298 2.52 2139934  5.07 1.9 Curlone

15 12.631 12.6 12.675 415563 0.26 228316 0.54 1.82 (3aR,4R,7R)-

1,4,9,9-Tetramethyl-
3,4,5,6,7,8-hexahydro-2H-3a,7
-methanoazulen-2-one

16 12.75 12.725 12.88 527295 0.33 95182 0.23 5.54 (6R,7R)-Bisabolone

17 12.956 12.915 13.005 1529558 0.95 811656 1.92 1.88 (E)-Atlantone

18 13.077 13.05 13.1 212692 0.13 146778 0.35 1.45 Heptadecanal

19 13.298 13.275 13.34 312052 0.19 185480 0.44 1.68 Perilla alcohol tiglate

20 13.423 13.39 13.47 390264 0.24 190309 0.45 2.05 Nootkatone

21 13.78 13.76 13.915 237806 0.15 94896 0.22 2.51 6-(5-Hydroxy-4-methylidenecy

clohex-2-en-1-yl)-2-met
hylhept-2-en-4-one

22 13.994 13.96 14.055 1121584 0.69 605869 1.43 1.85 2H-Pyran-2-one,
tetrahydro-6-nonyl-

23 14.085 14.055 14.115 247442 0.15 148062 0.35 1.67 Turmeronol A

24 14.259 14.235 14.285 161033 0.1 133437 0.32 1.21 Hexadecanoic acid, ethyl ester

25 14.5 14.47 14.55 347564 0.22 156270 0.37 2.22 E,E-2,13-Octadecadien-1-ol

26 15.448 15.405 15.5 1154896 0.72 476895 1.13 2.42 2H-Pyran-2-one,
tetrahydro-6-undecyl-

27 15.598 15.5 15.645 856520 0.53 219641 0.52 3.9 1,2-Dicaprin

28 17.24 17.185 17.28 715250 0.44 213485 0.51 3.35 Hexanoic acid, 5-tetradecyl
ester

29 17.321 17.28 17.375 700539 0.43 264891 0.63 2.64 Lauric acid, 2-methylbutyl
ester
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Sl. Retention  Start End Area Area
No. time %
30 19.67 19.59 19.74 2294057 1.42
31 19.796 19.74 19.88 3543025 2.19
32 23.28 23.2 23.31 1877750 1.16
33 23.46 23.31 23.555 12374342 7.66
34 23.618 23.565 23.695 762165 0.47
35 24211 24.13 24.24 2245229 1.39
36 24.281 24.24 24.36 2744197 1.7
37 25.769 25.655 25.795 3571258 2.21
38 25.901 25.795 25.955 14386237 8.91
39 25.981 25.955 26.04 3892768 2.41
40 26.1 26.04 26.12 3317400 2.05
41 26.165 26.12 26.245 9365389 5.8
42 26.315 26.245 26.39 643883 0.4
43 26.443 26.39 26.555 2205528 1.37
44 26.662 26.555 26.71 697919 0.43
45 28.051 27.96 28.09 6309170 3.91
46 28.151 28.09 28.235 12942465 8.01
47 28.363 28.235 28.41 20023485 12.4
48 28.443 28.41 28.51 6117438 3.79
49 28.618 28.51 28.785 19670472 12.18

disruption, though further empirical studies are needed.!
exhibits
properties by inhibiting pro-inflammatory mediators and

a-Humulene, a sesquiterpene, anti-inﬂammatory
cytokines. It modulates the NF-kB pathway, a key regulator
of inflammation. Alpha-humulene is particularly effective
against histamine-induced edema and inhibits TNF-a and
IL-1p production, while (-)-trans-caryophyllene mainly reduces
TNF-a. Both suppress PGE, production, iNOS, and COX-2
expression. Their effects are comparable to dexamethasone.?*2

3-(1,5-dimethyl-4-hexen)-Methyl-6-(p-tolyl) ~ hept-2-en-4-ol,

Pharmacognosy Research, Vol 17, Issue 4, Oct-Dec, 2025

Height = Height Factor Name
%

329060 0.78 6.97 Myristin, 1,3-diaceto-2-

855284  2.03 4.14 Butyric acid, 3-pentadecyl
ester

436005 1.03 431 Hexanoic acid, 4-hexadecyl
ester

1785569  4.23 6.93 Octane, 1,1'-oxybis-

227122 0.54 3.36 Butyric acid, 4-pentadecyl
ester

627127 149 3.58 Squalene

787483 1.86 3.48 Hexadecanoic acid,
2-(acetyloxy)-1-[(acetyloxy)
methyl]ethyl ester

792532  1.88 4.51 Glycerol tricaprylate

2608644  6.18 5.51 2-Cyclohexene-1-carboxylic
acid,
1,2-bis(2-ethyl-1-oxobutoxy)-,
ethyl ester

1074378  2.54 3.62 Hexadecanoic acid,
2,3-bis(acetyloxy)propyl ester

886011 2.1 3.74 Glycidyl palmitate

2998793 7.1 3.12 Tributyrin

154343 0.37 417 Hexanoic acid, 4-hexadecyl
ester

392278 0.93 5.62 9-Octadecenoic acid (Z)-,
2-(acetyloxy)-1-[(acetyloxy)
methyl]ethyl ester

206122  0.49 3.39 Octadecanoic acid,
2,3-bis(acetyloxy)propyl ester

1682521  3.98 3.75 Laurin, 2-capri-1,3-di-

2666128  6.31 4.85 V 3-(Octanoyloxy)
propane-1,2-diyl
bis(decanoate)

3926239 9.3 5.1 2-Ethylbutyric acid,
3-methylpent-2-yl ester

1609449  3.81 3.8 2,2,4-Trimethyl-
1,3-pentanediol diisobutyrate

3169250 7.5 6.21 Cholesterol

with its phenyl, alcohol, and alkene groups, shows potential for
interacting with inflammatory pathways like NF-kB and COX
enzymes.*"?!

Caryophyllene oxide, a bioactive terpenoid, possesses notable
anti-inflammatory and antioxidant properties. It modulates
inflammation through the CB2 receptor and NF-kB pathway
while mitigating oxidative stress by scavenging free radicals
and influencing ferritinophagy and ferroptosis.”?!! Asarone
exhibits promising anti-inflammatory and energizing properties.
It relieves Spain and prevents tissue damage by suppressing
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proinflammatory cytokines and reducing oxidative stress.*? It
demonstrated potent anti-inflammatory effects in LPS-induced
paw edema models, significantly reducing swelling by over 60%
within 2-4 hr of treatment. It also decreased leukocyte infiltration
at multiple time points and suppressed the expression of iNOS
and the production of TNF-a following LPS stimulation. These
effects suggest that a-asarone exerts its anti-inflammatory action
through modulation of key inflammatory mediators.** Tumerone,
a bioactive compound in turmeric essential oil, possesses
anti-inflammatory, analgesic,and immunomodulatory properties.

It inhibits COX-2, iNOS, and pro-inflammatory cytokines like
TNF-a and IL-1B,P**] Ar-turmerone suppressed Hedgehog
signaling in HaCaT cells by downregulating the expression
of Shh, Glil, and SMO. However, the addition of recombinant
human Shh (rhShh) counteracted ar-turmerone’s influence on cell
growth, programmed cell death, and TNF-a-induced expression
of inflammatory cytokines.*® 2-Pentadecanone exhibits
antibacterial activity against Staphylococcus aureus and promotes
wound healing by enhancing collagen deposition and epithelial
cell migration, making it a potential agent for managing infected

T
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Figure 2: Retention time of compound Nootkatone (C;sH,,0),Cyclohexene-1-carboxylic acid,
1,2-bis(2-ethyl-1-oxobutoxy)-, ethyl ester (C;H340s), Asarone (Ci,H;605), and Caryophyllene (CysH,40).
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Table 2: Pharmacological Activity of compounds found in Bhadrikadi Ghrita.

Compound

Glyceraldehyde
2-Pentanone
4-hydroxy-4-methyl
2-Decenal

1,3-Propanediol2- (hydroxymethyl)/
nitroisobutylglycerol

Benzene
1-(1,5-dimethyl-4-hexenyl)/ cuparene

Cyclohexene/ Humulene (a-humulene or
alpha-humulene)

3-(1,5-dimethyl-4-hexen 2-Methyl-6-(p-tolyl)
hept-2-en-4-ol/ Nootkatone

Asarone

Caryophyllene oxide-Turmerone/

Tumerone

2-Pentadecanone

Curlone
(3aR,4R,7R)-1,4,9,9-Tetramethyl-3,4
(6R,7R)-Bisabolone/6-Methyl-2-

(4-methylcyclohex-3-en-1- yl)hepta-1,5-dien-4-o

(E)-Atlantone
Heptadecanal

Perilla alcohol tiglate
Nootkatone

6-(5-Hydroxy-4-methylidenecyclohex-2-e

n-1-yl)-2-methylhept-2-en-4-one/Valerenic acid

2H-Pyran-2-one, tetrahydro-6-nonyl

Turmeronol A

Hexadecanoic acid, ethyl ester/Stearic acid/
Octadecanoic acid

E,E-2,13-Octadecadien-1-ol
2H-Pyran-2-one, tetrahydro-6-undecy

Pharmacognosy Research, Vol 17, Issue 4, Oct-Dec, 2025

Pharmacological Activity

Intermediate in carbohydrate metabolism.

Antioxidant and antibacterial activity.

Antimicrobial activity.

Oxytocin-induced, antioxidant, anti-staphylococcal
activities.

Anti-microbial

Anti-inflammatory
Anti-inflammatory, antagonistic effect.

Anti-cancer, anti-inflammatory, anti-Hyperlipidemic,
anti-thrombotic, peripheral and central anti-nociceptive,
anti-depressant, anti-anxiety, anti-Alzheimer's,
anti-Parkinson's, anti-epileptic, and radio-protective
properties.

Antioxidant and anti-inflammatory activities.

Anti-inflammatory, analgesic,
immunomodulatory, neuroprotective,

Hepato-protective, nephron-protective,
chemo-preventive, anticancer, Anti-proliferative,
antimicrobial, antifungal, antiviral, carminative, diuretic,
anti-arthritic, antidiabetic.

antibacterial activities
Antioxidant, Anti-inflammatory
Anti-inflammatory

Anti-inflammatory, Antimicrobial Antioxidant.

Antibacterial, antifungal activities.
Antioxidant, anti-fungal, surfactant.
Not known

Anti-inflammatory.

Anti-Neuroinflammatory Neuroprotective - Effect.

11B-HSD-Inhibitor,17-betahydroxysteroidDehydro-
genaseinhibitor, 5-hete-inhibitor, 8-HETE-Inhibitor,
arylhydrocarbon-hydroxylase-inhibitor.

anti-inflammatory

5-a-reductase inhibitor, hypocholesterolemic,
suppository, cosmetic, lubricant, surfactant and softening
agent, perfumery, propecic, flavor.

Not known

Not known

Chemical
Formula

C3H603
C6H1202

ClOHISO
C,H,NO,

C,H,0
C.H O

157722

C.H,,0
C,H,0
CH,0
C.H O

157724

CISHZZO
C,H,0
C.H,,0,
C,H,0
C,H,0

15552252

ClSHZOOZ
CISHSGOZ

C18H34O
C16H3002
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Compound

1,2-Dicaprin

Hexanoic acid, 5-tetradecyl ester

Lauric acid, 2-methylbutyl ester

Myristin, 1,3-diaceto-2-
Butyric acid, 3-pentadecyl ester
Hexanoic acid, 4-hexadecyl ester

Octane, 1,1'-oxybis-

Butyric acid, 4-pentadecyl ester

Squalene

Hexadecanoic acid, 2-(acetyloxy)-1-[

Glycerol tricaprylate

2-Cyclohexene-1-carboxylic acid, 1,2-
Hexadecanoic acid, 2,3-bis(acetyloxy)propyl ester
Glycidyl palmitate

Tributyrin

Hexanoic acid, 4-hexadecyl ester

9-Octadecenoic acid (Z)-, 2-(acetyloxy
Hexadecanoic acid, 2,3-bis(acetyloxy)propyl ester

Laurin, 2-capri-1,3-di-
3-(Octanoyloxy)propane-1,2-diyl bis
2-Ethylbutyric acid, 3-methylpent-2-y

V 2,2,4-Trimethyl-1,3-pentanediol diisobutyrate
Cholesterol

wounds,?”*®  2-Pentadecanone exhibits

notable anticancer

Pharmacological Activity Chemical
Formula

A synthetic diacylglycerol, is the substrate for human C,H,O,

pancreatic lipase. It activates protein kinase C in platelets

and enhances anterior pituitary hormone secretion in

vitro.

anti-inflammatory and anti-proliferative properties. C,H,,0,

It falls under the category of flavoring agents. A mixture =~ C_H, 0O,

of 2-methyl-1-butyl laurate and 3-methyl-1-butyl laurate

is used in cosmetic, dermatological, or pharmaceutical

compositions with antimicrobial properties.

Not known C,H,0O,

Not known C,H,0,

anti-inflammatory and anti-proliferative properties. C,H,0O,

It inhibits the cancer cell proliferation without affecting CH,0

the normal cell and program cell death apoptosis in

addition to others compounds in the oils.

Not known C,H,0,

Immunostimulant, cancer preventing, Hepatoprotective ~ C, H_

activities, antihistaminic, sedative action, Hypolipidemic

effects, hypoglycemic, potential antiplatelet

components, Antinociceptive, antitumor, antioxidant,

anti-inflammatory, and anti-atherosclerotic properties in

vivo and in vitro.

Not known C,H,O,

Not known C,H, O,

Not known C,H,,0,

Not known C,H,0O,

Not known C,H, 0,

Antibiotic anti-inflammatory C.H, O,

Anticancer and antibacterial activities. C,H,O,

Not known C,H,0,

Perfumery properties, surfactant and softening agent, C,H, O,

lubricant, cosmetic, suppository, hypocholesterolemic,

and 5-a-reductase inhibitor.

Not known C,H, O,

Not known C, H,O,

Not known C,H,0,

Not known C,H,0,

Anti-inflammatory, antioxidant

oil, may have anti-inflammatory properties similar to curcumin

potential by inducing cytotoxic effects, altering cell morphology,
and disrupting cellular integrity in HeLa cells, as reported by
Kumar et al. It also promotes cell cycle arrest and apoptosis in
A549 lung cancer cells, effectively inhibiting cell proliferation.

These findings suggest that 2-pentadecanone may interfere
with key cellular processes, making it a promising candidate for
anticancer therapy.® Curlone, a component of turmeric essential
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by inhibiting pro-inflammatory cytokines and COX-2, suggesting
potential therapeutic benefits.*”! Curlone, comprising 12.48% of
turmeric essential oil, contributes to the oil’s potent antioxidant
and anti-inflammatory effects. Alongside other components,
curlone helps reduce free radicals, inhibit inflammation, and
alleviate pain, supporting the overall therapeutic benefits of

turmeric oil observed in both in vitro and in vivo studies."
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(6R,7R)-Bisabolone exhibits anti-inflammatory properties by
suppressing pro-inflammatory cytokines and COX enzymes,
similar to B-sitosterol,? While direct antimicrobial evidence
is limited, sesquiterpenes, Its antioxidant activity is supported
by its ability to scavenge free radicals and enhance antioxidant
enzymes like SOD and CAT,™! it demonstrate protective roles
against pathogens.[*%) E)- Atlantone, a sesquiterpene in essential
oils, likely exhibits antibacterial and antifungal properties by
disrupting microbial membranes and enzyme functions.,”* The
antioxidant potential of heptadecanal is theoretically linked to its
ability to neutralize free radicals through electron or hydrogen
donation,®**!

A histamine receptor antagonist showed inhibition similar to the
two key interaction regions in the COX-2 binding site, suggesting
that NTK-mediated anti-edematogenic effects may involve both
COX-2 inhibition and histamine suppression which play a role
in pain controx,® The compound n-Heptadecanol-1 (HEP),
extracted from the MES of C. sinensis, was docked with the active
sites of Dihydropteroate Synthase (DHPS) from E. coli and S.
aureus using AutoDock Vina to evaluate its potential therapeutic
binding interactions.”® A series of valerenic acid-based
compounds was created and assessed for their anti-inflammatory
potential through IL-8 and TNF-a assays. Among them, six
analogues exhibited moderate activity in inhibiting IL-8, with
ICso values between 2.8 and 8.3 pM.P Valerenic acid elevates
GABA levels, a neurotransmitter that diminishes neuronal
excitability, fostering relaxation. Furthermore, it possesses
anti-inflammatory properties by inhibiting NF-KappaB activity,
a crucial mediator of inflammation.” Turmeronols significantly
reduced LPS-induced increases in interleukin-1f, interleukin-6,
and tumor necrosis factor-a at both the gene and protein levels.

They also blocked the movement of NF-kB into the nucleus,
inhibitor pyrrolidine dithiocarbamate, but unlike curcumin. By
inhibiting NF-kB activation, turmeronols suppress macrophage
activation and inflammatory mediator production, suggesting
their potential in preventing chronic inflammatory diseases.***!
2H-Pyran-2-one, tetrahydro-6-nonyl, inhibits several enzymes
involved in inflammation and pain, such as 11B-HSD, 17-beta
hydroxyl steroid dehydrogenase, and 5-HETE. Blocking these
enzymes may help reduce inflammation and oxidative stress,
which contribute to pain in conditions like arthritis.”” Stearic
acid has mild antibacterial properties but is not classified as an
antibiotic. It showed activity against Staphylococcus aureus and
Escherichia coli in Excoecaria agallocha.* 1,2-Didecanoylglycerol
(DiC10), also known as 1,2-dicaprin, is a synthetic diacylglycerol
that serves as a substrate for human pancreatic lipase. It activates
protein kinase C in platelets and enhances anterior pituitary
hormone secretion in vitro.1°"

Lauric acid esters, such as erythorbyl laurate, exhibit strong
bactericidal activity against pathogens like Staphylococcus
aureus and Listeria monocytogenes, particularly in acidic

Pharmacognosy Research, Vol 17, Issue 4, Oct-Dec, 2025

conditions,*® Octane, 1,1'-oxybis- It inhibits the cancer cell
proliferation without affecting the normal cell and program cell
death apoptosis in addition to others compounds in the oils®
Tributyrin (TB) is a compound that slowly releases butyric
acid, which has strong anti-inflammatory properties and helps
promote gut health. It effectively reduces the production of
LPS-induced inflammatory cytokines and chemokines in adipose
tissue samples without showing toxicity at tested concentrations.
RNA-Seq analysis identified IL-36y as highly upregulated by
LPS and significantly downregulated when sodium butyrate was
added to LPS-stimulated human fat samples. These findings were
confirmed at the protein level by IL-36y ELISA assays.*” Squalene,
a natural compound with antioxidant and anti-inflammatory
effects, shows promise for managing pain.

Recent studies highlight its ability to reduce inflammation and
oxidative stress, which are key causes of chronic pain in conditions
like arthritis and neuropathic pain. Squalene also helps regulate
metabolic processes, which may reduce pain linked to metabolic
disorders. Its effectiveness in both humans and animals suggests it
could be useful for pain relief.® Hexanoic acid, 4-hexadecyl ester
(Hexadecyl hexanoate) exhibits anti-inflammatory properties,
potentially reducing inflammation by inhibiting inflammatory
mediators and enzymes. This makes it a promising candidate for
natural anti-inflammatory treatments It reduces inflammation in
the intestines by blocking pathways that produce inflammatory
chemical,*} 2-Caprin-3-Laurin, a triacylglycerol composed
of decanoic (capric) and dodecanoic (lauric) acids, exhibits
antimicrobial properties due to its ability to disrupt microbial cell
membranes,! and Fatty acids have antibacterial and antifungal
effects, Long-chain fatty acids (LCFAs), such as n-3, n-6, n-7, and
n-9 types, are known for their anti-inflammatory and antibacterial
properties. For instance, n-3 fatty acids like EPA and DHA help
produce eicosanoids that reduce inflammation.”

Cholesterol carried by High-Density Lipoprotein (HDL)
exhibits anti-inflammatory properties. Functional HDL reduces
inflammation by inhibiting the expression of endothelial
adhesion molecules and pro-inflammatory cytokines such
as TNF-a and IL-1P. It promotes cholesterol efflux from
macrophages, reducing foam cell formation and atherosclerosis.
Additionally, HDL supports endothelial health by stimulating
nitric oxide production and preventing oxidative stress. During
acute inflammatory responses, HDL often retains or even
enhances its anti-inflammatory and antioxidant functions,
contributing to protective physiological changes. While chronic
inflammation can challenge HDL's functionality, understanding
these mechanisms opens opportunities to restore or optimize its
beneficial properties., and may even become pro-inflammatory,
contributing to disease progression.”” Thus, Bhadrikadi
Ghrita contains numerous bioactive constituents with proven
anti-inflammatory, analgesic, antioxidant, and antimicrobial
properties. These phytocompounds act through mechanisms such
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as NF-kB inhibition, cytokine suppression, COX-2 modulation,
and oxidative stress reduction, supporting their potential role in
pain management and inflammatory disorders.

CONCLUSION

The phytochemical and GCMS analysis of Bhadrikadi Ghrita
highlights the presence of various bioactive compounds, including
alkaloids, flavonoids, carbohydrates, and cardiac glycosides.
the compounds discussed in this study, including Turmerone,
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Nootkatone, Caryophyllene Oxide, Asarone, and others, show
significant potential in managing inflammation-related pain
through their anti-inflammatory, analgesic, and energizing
properties. These compounds, by targeting specific pathways
involved in pain and inflammation, offer promising alternatives
to traditional pain treatments. Furthermore, natural compounds
like Squalene, Tributyrin, and Bhadrikadi Ghrita support both
pain relief and the promotion of gut health, enhancing their
therapeutic potential.
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SUMMARY

Bhadrikadi Ghrita has been traditionally used as a natural
treatment for various health problems. With advances in science,
these treatments are now developed safely and effectively. This
study looked at the ingredients in Bhadrikadi Ghrita using
tests like phytochemical screening and GC-MS analysis. The
results showed that Bhadrikadi Ghrita contains compounds
with anti-inflammatory, pain-relieving (analgesic effects). These
findings suggest that Bhadrikadi Ghrita can be a helpful natural
treatment for inflammation, pain, and infections in humans.

REFERENCES

1.

Wang H, Chen Y, Wang L, Liu Q, Yang S, Wang C. Advancing herbal medicine:
enhancing product quality and safety through robust quality control practices. Front
Pharmacol. 2023; 14: 1265178. doi: 10.3389/fphar.2023.1265178, PMID 37818188,
PMCID PMC10561302.

. Sushruta, Samhita S, Part |, Hindi ATS. Commentary. Sutrasthana. 13th ed Sharma PV,

editor. Vol. 45(96). Varanasi: Chaukhamba Sanskrit Sansthan; 2010. p. 228.

. Agnivesh, Charak Samhita SS; edited by dayal parmar Sutrasthana 13/41. Sarasvati

pustaka bhandar: ahemedabad. 2nd ed. p. 248.

. Vagbhatta, Hridaya A. with Nirmala Hindi commentary Sutrasthana 5/39 reprinted

2015. Varanasi: Chaukhambha Sanskrit Pratishthan; year Tripathi B, editor. p. 73.

. Jivaka V, Samhita K, revised by Vatsya, Chapter 22. Vidyotini Hindi commentary of

Shri Satyapaala Bhishagacharya, Chawkhamba Sanskrit Sansthan: Varanasi/25. In:
Sutra sthana; 2019.p. 112.

. Sahasrayoga KMS (with Dhara Kalpa). English translation. Varanasi: Chaukhambha

Prakashan. p. 380.

. Mohammad H, Prabhu K, Rao MR, Sundram RL, Dinakar Kumar MS, et al. The GC MS

study of one ayurvedic pain relieving oil “Karpooradi thailam”. Drug Invent Today.
2019; 12: 1542-6.

. Mohammad H, Prabhu K, Rao MR, Sundram RL, Dinakar S, Kumar MS, et al. The GC MS

study of one ayurvedic pain relieving oil “Mahamasha thailam”. Drug Invent Today.
2019; 12: 1524-7.

. Sivakumaran G, Prabhu K, Rao MR, Jones S, Sundaram RL, Ulhas VR, et al. Gas

chromatography mass spectrometry analysis of one ayurvedic oil, Ksheerabala
Thailam. Drug Invent Today. 2019; 11: 2661-5.

. Sivakumaran G, Prabhu K, Rao MR, Jones S, Sundaram RL, Ulhas VR, et al. Gas

chromatography mass spectrometry analysis of one ayurvedic oil, Anu Thailam. Drug
Invent Today. 2019; 11: 2675-8.

. Sivakumaran G, Prabhu K, Rao MR, Jones S, Sundaram RL, Ulhas VR, et al. Gas

chromatography mass spectrometry analysis of one ayurvedic oil, Ksheerabala
Thailam. Drug Invent Today. 2019; 11: 2661-5.

. Forbes M, Kempa R, Mastrobuoni G, Rayman L, Pietzke M, Bayram S, et al.

L-glyceraldehyde inhibits neuroblastoma cell growth via a multi-modal mechanism
on metabolism and signaling. Cancers. 2024; 16(9): 1664. doi: 10.3390/cancers16091
664.PubChem. Compound summary for CID 751. PMID 38730615.

. Palaniyappan S, Sridhar A, Arumugam M, Ramasamy T. Bioactive analysis of

antibacterial efficacy and antioxidant potential of Aloe barbadensis Miller leaf
extracts and exploration of secondary metabolites using GC-MS profiling. Appl
Biochem Biotechnol. 2024; 196(2): 729-73. doi: 10.1007/512010-023-04565-z. PMID
37184725.

Pharmacognosy Research, Vol 17, Issue 4, Oct-Dec, 2025

14.

15.

20.

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

Rajesha G, Mahadevan K, Satyanarayan ND, Naik HS. Synthesis, antibacterial, and
analgesic activity of novel 4-Hydroxy-3- (phenylthio)-2H-chromen-2-ones and
4-Hydroxy-3-[imidazol/tetrazolo-2-yl)thio]-2H-chromen-2-ones. Phosphorus Sulfur
Silicon Relat Elem. 2011; 186: 1733-43.

Alam MS, Ahmed JU, Lee DU. Synthesis, antibacterial, antioxidant activity and QSAR
studies of novel 2-arylidenehydrazinyl-4-arylthiazole analogues. Chem Pharm Bull
(Tokyo). 2014; 62(12): 1259-68. doi: 10.1248/cpb.c14-00616, PMID 25450634.

. Kuyooro S, Ololade Z, Oluranti O, Oyelesi OJ. Physicochemical, volatile organic

composition, phenolic, flavonoid, and anti-arthritic and anti-inflammatory properties
of Cocos nucifera juice.

. Wilkinson JM, Hipwell M, Ryan T, Cavanagh HM. Bioactivity of Backhousia citriodora:

antibacterial and antifungal activity. J Agric Food Chem. 2003; 51(1): 76-81. doi: 10.1
021/jf0258003, PMID 12502388.

. Brady N, Molan P, Bang L. A survey of non-manuka New Zealand honeys for

antibacterial and antifungal activities. J Apic Res. 2004; 43: 47-52.

. Foudah Al, Algarni MH, Alam A, Ayman Salkini M, Ibnouf Ahmed EO, Yusufoglu

HS. Evaluation of the composition and in vitro antimicrobial, antioxidant, and
anti-inflammatory activities of Cilantro (Coriandrum sativum L. leaves) cultivated in
Saudi Arabia (Al-Kharj). Saudi J Biol Sci. 2021; 28(6): 3461-8. doi: 10.1016/j.5jbs.2021.0
3.011 [ePub]. PMID 34121885, PMCID PMC8176008.

Ishikawa NK, FukushiY, Yamaji K, Tahara S, Takahashi K. Antimicrobial cuparene-type
sesquiterpenes, enokipodins C and D, from a mycelial culture of Flammulina velutipes.
J Nat Prod. 2001; 64(7): 932-4. doi: 10.1021/np000593r, PMID 11473426.

Niu S, Yang L, Zhang G, Chen T, Hong B, Pei S, et al. Phenolic bisabolane and cuparene
sesquiterpenoids with anti-inflammatory activities from the deep-sea-derived
Aspergillus sydowii MCCC 3A00324 fungus. Bioorg Chem. 2020; 105: 104420. doi: 10.1
016/j.bioorg.2020.104420 [ePub]. PMID 33152648.

Wang Y, Bao L, Yang X, Dai H, Guo H, Yao X, et al. Four new cuparene-type
sesquiterpenes from Flammulina velutipes. Helv Chim Acta. 2012; 95: 261-7.

Rzhevskiy SA, Minaeva LI, Topchiy MA, Melnikov IN, Kiselev VG, Pivkina AN, et al.
Synthesis, characterization, and properties of high-energy fillers derived from
nitroisobutylglycerol. Int J Mol Sci. 2023; 24(10): 8541. doi: 10.3390/ijms24108541,
PMID 37239887.

Fernandes ES, Passos GF, Medeiros R, da Cunha FM, Ferreira J, Campos MM, et al.
Anti-inflammatory effects of compounds a-humulene and (-)-trans-caryophyllene
isolated from the essential oil of Cordia Verbenacea. Eur J Pharmacol. 2007; 569(3):
228-36. doi: 10.1016/j.ejphar.2007.04.059, PMID 17559833.

Viveiros M, Silva MG, Costa JD. Oliveira d. A.G. d., Rubio, C., Padovani, C,, Rainho, C.,and
Schellini, S. (2022). Anti-inflammatory effects of a-humulene and B-caryophyllene on
pterygium fibroblasts. International journal of ophthalmology, 15(12), 1903-1907.

Dalavaye N, Nicholas M, Pillai M, Erridge S, Sodergren MH. The Clinical Translation
of a -humulene- A Scoping Review. Planta Med. 2024; 90(9): 664-74. doi: 10.1055/
a-2307-8183, PMID 38626911.

Jeong D, Dong GZ, Lee HJ, Ryu JH. Anti-inflammatory compounds from Atractylodes
macrocephala. Molecules. 2019; 24(10): 1859. doi: 10.3390/molecules24101859,
PMID 31091823.

Pereira RB, Pereira DM, Jiménez C, Rodriguez J, Nieto RM, Videira RA, et al.
Anti-inflammatory effects of 5a,8a-Epidioxycholest-6-en-33-ol, a steroidal
endoperoxide isolated from Aplysia depilans, based on bioguided fractionation
and NMR analysis. Mar Drugs. 2019; 17(6): 330. doi: 10.3390/md17060330, PMID
31163615.

Xiu Z, Zhu Y, Han J, Li Y, Yang X, Yang G, et al. Caryophyllene oxide induces
ferritinophagy by regulating the NCOA4/FTH1/LC3 pathway in hepatocellular
carcinoma. Front Pharmacol. 2022; 13: 930958. doi: 10.3389/fphar.2022.930958,
PMID 35899120.

Espinosa-Judrez JV, Arrieta J, Briones-Aranda A, Cruz-Antonio L, Lépez-Lorenzo
Y, Sanchez-Mendoza ME. Synergistic antinociceptive effect of (-caryophyllene
oxide in combination with paracetamol, and the corresponding gastroprotective
activity. Biomedicines. 2024; 12(5): 1037. doi: 10.3390/biomedicines12051037, PMID
38790999.

Kumar GS, SholapuriP,K, D, Enugonda MS, P, et al. In vivo and in silico anti-inflammatory
activity of Artemisia vulgaris and B-caryophyllene oxide in carrageenan-induced paw
edema in Wistar rats. Drug Chem Toxicol. 2024: 1-14.

Balakrishnan R, Cho DY, Kim IS, Seol SH, Choi DK. Molecular mechanisms and
therapeutic potential of a- and B-asarone in the treatment of neurological disorders.
Antioxidants (Basel). 2022; 11(2): 281. doi: 10.3390/antiox 11020281, PMID 35204164.

Saldanha AA, Vieira L, de Oliveira FM, Lopes DO, Ribeiro Rl, Thomé RG, et al.
Anti-inflammatory and central and peripheral anti-nociceptive activities of
a-asarone through the inhibition of TNF-a production, leukocyte recruitment and
iNOS expression, and participation of the adenosinergic and opioidergic systems.
Inflammopharmacology. 2020; 28(4): 1039-52. doi: 10.1007/s10787-019-00679-1
[ePub] 2019 Dec 21. PMID 31865494.

Neyrinck AM, Alligier M, Memvanga PB, Névraumont E, Larondelle Y, Préat V, et al.
Curcuma longa extract associated with White pepper lessens high fat diet-induced
inflammation in subcutaneous adipose tissue. PLOS One. 2013; 8(11): e81252. doi: 1
0.1371/journal.pone.0081252, PMID 24260564.

Rana M, Maurya P, Reddy SS, Singh V, Ahmad H, Dwivedi AK, et al. A standardized
chemically modified Curcuma longa extract modulates IRAK-MAPK signaling in

1251



Joshi, et al.: Bioactive Metabolites in Bhadrikadi Ghrita: GC-MS and Phytochemical Analysis

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

inflammation and potentiates cytotoxicity. Front Pharmacol. 2016; 7: 223. doi: 10.3
389/fphar.2016.00223, PMID 27504095.

YangS$, LiuJ,JiaoJ, JiaoL. Ar-Turmerone exerts anti-proliferative and anti-inflammatory
activities in HaCaT keratinocytes by inactivating hedgehog pathway. Inflammation.
2020; 43(2): 478-86. doi: 10.1007/510753-019-01131-w, PMID 31773440.

Siyumbwa SN, Ekeuku SO, Amini F, Emerald NM, Sharma D, Okechukwu P. Wound
healing and antibacterial activities of 2-Pentadecanone in streptozotocin-induced
Type 2 diabetic rats. Pharmacogn Mag. 2019; 15: 71-7.

Edwards RL, Luis PB, Varuzza PV, Joseph Al, Presley SH, Chaturvedi R, et al. The
anti-inflammatory activity of curcumin is mediated by its oxidative metabolites. J
Biol Chem. 2017; 292(52): 21243-52. doi: 10.1074/jbc.RA117.000123 [ePub]. PMID
29097552, PMCID PMC5766941.

Riaz|, Bibi Y, Arshad M, Ahmad MS, Siddiqui MH, Zeng Y, et al. Unravelling anti-cancer
properties of solanaceous extracts using GC-MS and HPLC. Sci Rep. 2025; 15(1):
4192. doi: 10.1038/541598-025-87654-9, PMID 39905146.

Memarzia A, Khazdair MR, Behrouz S, Gholamnezhad Z, Jafarnezhad M, Saadat
S, et al. Experimental and clinical reports on anti-inflammatory, antioxidant, and
immunomodulatory effects of Curcuma longa and curcumin, an updated and
comprehensive review. BioFactors. 2021; 47(3): 311-50. doi: 10.1002/biof.1716, PMID
33606322.

Liju VB, Jeena K, Kuttan R. An evaluation of antioxidant, anti-inflammatory, and
antinociceptive activities of essential oil from Curcuma longa. L. Indian J Pharmacol.
2011 Sep; 43(5): 526-31. doi: 10.4103/0253-7613.84961, PMID 22021994, PMCID
PMC3195121.

Zhang P, Liu N, Xue M, Zhang M, Liu W, Xu C, et al. Anti-inflammatory and antioxidant
properties of B-sitosterol in copper sulfate-induced inflammation in Zebrafish (Danio
rerio). Antioxidants (Basel). 2023; 12(2): 391. doi: 10.3390/antiox12020391, PMID
36829951, PMCID PMC9952786.

Xu W, Lu H, Yuan Y, Deng Z, Zheng L, Li H. The antioxidant and anti-inflammatory
effects of flavonoids from propolis via Nrf2 and NF-kB pathways. Foods. 2022; 11(16):
2439. doi: 10.3390/foods 11162439, PMID 36010439.

Caci¢ M, Trkovnik M, Caci¢ F, Has-Schon E. Synthesis and antimicrobial activity of
some derivatives of (7-hydroxy-2-oxo-2H-chromen-4-yl)-acetic acid hydrazide.
Molecules. 2006; 11(2): 134-47. doi: 10.3390/11010134, PMID 17962784.

Al-Mutairi AA, Al-Alshaikh MA, Al-Omary FA, Hassan HM, El-Mahdy AM, EI-Emam AA.
Synthesis, antimicrobial, and anti-proliferative activities of novel 4-(Adamantan-1-
yl)-1-arylidene-3-thiosemicarbazides, 4-arylmethyl N’-(Adamantan-1-yl)
piperidine-1-carbothioimidates, and related derivatives. Molecules. 2019; 24(23):
4308. doi: 10.3390/molecules24234308, PMID 31779091.

Kumar S, Radhakrishnan S, Balasubramanian A, Radha P, Hariprasath CN. Metabolite
profiling in heartwood of farm-grown Pterocarpus santalinus using GC-MS.

Kalemba D, Kunicka A. Antibacterial and antifungal properties of essential oils. Curr
Med Chem. 2003; 10(10): 813-29. doi: 10.2174/0929867033457719, PMID 12678685.
Karpinski TM. Marine macrolides with antibacterial and/or antifungal activity. Mar
Drugs. 2019; 17(4): 241. doi: 10.3390/md17040241.

Nejjari R, Raji H, Yamari |, Laghmari M, Touhtouh J, Bakhouch M, et al. Semisynthesis of
new isoxazolines from (E)-a-atlantone: antibacterial, antifungal activities, ADME-Tox,
molecular docking, and molecular dynamics simulations investigations. J Mol Struct.
2024.

Arora S, Meena S. GC-MS profiling of Ceropegia bulbosa Roxb. var. bulbosa, an
endangered plant from Thar Desert, Rajasthan. J Pharm Innov J. 2017; 6(11): 568-73.
Shehu A, Issa SB, Lawal AZ, Egharevba GO, Bale MI, Ojo JB, et al. Chemical constituents,
antibacterial, antifungal and antioxidant activities from the leaf extracts of Drynaria
laurentii. J Phytomed Ther. 2022; 20(2): 690-701.

Bezerra Rodrigues Dantas L, Silva AL, da Silva Junior CP, Alcantara IS, Correia de
Oliveira MR, Oliveira Brito Pereira Bezerra Martins A, et al. Nootkatone inhibits acute
and chronic inflammatory responses in mice. Molecules. 2020; 25(9): 2181. doi: 10.33
90/molecules25092181, PMID 32392744.

Pradhan S, Dubey RC. GC-MS analysis and molecular docking of bioactive compounds
of Camellia sinensis and Camellia assamica. Arch Microbiol. 2021; 203(5): 2501-10. doi:
10.1007/500203-021-02209-6 [ePub]. PMID 33677633.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Egbewande FA, Nilsson N, White JM, Coster MJ, Davis RA. The design, synthesis, and
anti-inflammatory evaluation of a drug-like library based on the natural product
valerenic acid. Bioorg Med Chem Lett. 2017; 27(14): 3185-9. doi: 10.1016/j.omcl.20
17.05.021, PMID 28558967.

Becker A, Felgentreff F, Schroder H, Meier B, Brattstrom A. The anxiolytic effects of a
Valerian extract is based on valerenic acid. BMC Complement Altern Med. 2014; 14:
267.doi: 10.1186/1472-6882-14-267, PMID 25066015, PMCID PMC4122768.

Susunaga-Notario AD, Pérez-Gutiérrez S, Zavala-Sdnchez MA, Almanza-Pérez
JC, Gutiérrez-Carrillo A, Arrieta-Baez D, et al. Bioassay-guided chemical study
of the anti-inflammatory effect of Senna villosa (Miller) H.S. Irwin and Barneby
(Leguminosae) in TPA-induced ear edema. Molecules. 2014; 19(7): 10261-78. doi: 10.
3390/molecules190710261, PMID 25029073.

Yang$, LiuJ,JiaoJ, Jiao L. Ar-Turmerone exerts anti-proliferative and anti-inflammatory
activities in HaCaT keratinocytes by inactivating hedgehog pathway. Inflammation.
2020; 43(2): 478-86. doi: 10.1007/510753-019-01131-w, PMID 31773440.
Okuda-Hanafusa C, Uchio R, Fuwa A, Kawasaki K, Muroyama K, Yamamoto Y, et al.
Turmeronol A and turmeronol B from Curcuma longa prevent inflammatory mediator
production by lipopolysaccharide-stimulated RAW264.7 macrophages, partially via
reduced NF-kB signaling. Food Funct. 2019; 10(9): 5779-88. doi: 10.1039/C9FO0033
6C, PMID 31454011.

Castro GN, de Souza RD, da Silva AC, Laureano-Melo R, da Silva Cortes W, Capim SL, et
al. Analgesic and anti-inflammatory potential of the new tetrahydropyran derivative
((2S,65)-6-ethyl-tetrahydro-2H-pyran-2-yl)methanol. Antiinflamm Antiallergy Agents
Med Chem. 2024; 23(2): 105-17. doi: 10.2174/0118715230282982240202052127,
PMID 38409717.

Rahman MM, Garvey M, Piddock LJ, Gibbons S. Antibacterial activities of fatty acids
and fatty acid methyl esters against multidrug-resistant Staphylococcus aureus and
Escherichia coli. Braz J Microbiol. 2018; 49(3): 404-11.

Negro-Vilar A, Lapetina EG. 1,2-Didecanoylglycerol and phorbol 12,13-dibutyrate
enhance anterior pituitary hormone secretionin vitro. Endocrinology. Oct 1 1985;
117(4): 1559-64. doi: 10.1210/endo-117-4-1559, PMID 2992914.

Hyukjin S, Kwon CW, Lee MW, Yu H, Chang PS. Antibacterial characterization of
erythorbyl laurate against Geobacillus stearothermophilus spores. LWT. 2022; 155:
112824. doi: 10.1016/j.lwt.2021.112824.

Kim JW, Park HS, Chang PS. Antimicrobial characterization of erythorbyl laurate for
practical applications in food and cosmetics. J Chem. 2020;2020:5073508.
Mohammed S, Habeeb HM. Phytochemical and cytotoxic study in Quisqualis indica
volatile oil cultivation in Iraq. Int J Health Sci. 2022; 6(S4):8572-84. doi: 10.53730/ijh
5.v6nS4.10618.

Rafiei H, Yeung M, Kowalski S, Li MY, Harris D, Chang J, et al. Butyrate and tributyrin
reduce LPS-induced inflammatory cytokine production from human visceral fat. Int
J Obes (Lond). 2024; 48(11): 1559-67. doi: 10.1038/541366-024-01581-9 [ePub]. PMID
38987636.

Lou-Bonafonte JM, Martinez-Beamonte R, Sanclemente T, Surra JC, Herrera-Marcos
LV, Sanchez-Marco J, et al. Current insights into the biological action of squalene.
Mol Nutr Food Res. 2018; 62(15): e1800136. doi: 10.1002/mnfr.201800136, PMID
29883523.

Aldakheel RK, Rehman S, Almessiere MA, Khan FA, Gondal MA, Mostafa A, et al.
Bactericidal and cytotoxicity of Moringa oleifera seed extract. Pharmaceuticals
(Basel). 2020; 13(8): 193. doi: 10.3390/ph13080193, PMID 32823699.

Elnosary ME, Aboelmagd HA, Sofy AR, et al. Uncovering and evaluating coconut
oil-loaded silica nanoemulsion as anti-viral, bacterial, and fungal: synthesis,
fabrication, characterization, and biosafety profiles. Beni Suef Univ J Basic Appl Sci.
2024; 13: 56. doi: 10.1186/543088-024-00513-w.

Omoigui S. The biochemical origin of pain: the origin of all pain is inflammation and
the inflammatory response. Part 2 of 3 - inflammatory profile of pain syndromes.
Med Hypotheses. 2007; 69(6): 1169-78. doi: 10.1016/j.mehy.2007.06.033 [ePub].
PMID 17728071, PMCID PMC2771434.

G HB, Rao VS, Kakkar VV. Friend turns foe: transformation of anti-inflammatory HDL
to proinflammatory HDL during acute-phase response. Cholesterol. 2011; 2011:
274629. doi: 10.1155/2011/274629 [ePub] 2010 Nov 25. PMID 21490770, PMCID
PMC3065911.

Cite this article: Joshi R, Mudakappagol S, Anil A. Identification of Bioactive Metabolites in Bhadrikadi Ghrita: A Phytochemical and GC-MS
Approach to Investigating Analgesic and Anti-inflammatory Properties. Pharmacog Res. 2025;17(4):1241-52.

1252

Pharmacognosy Research, Vol 17, Issue 4, Oct-Dec, 2025



