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A Note on the State of the Evidence

Ajwain has a large and consistent body of research showing it is a potent free-radical scavenger. The evidence for
genuine anti-aging activity is much thinner and is almost entirely preclinical — that is, it comes from test-tube (in
vitro) chemistry, cell cultures, invertebrates (nematodes), and rodents. To date there are no published human
clinical trials demonstrating that Ajwain reverses or measurably slows human aging. This review therefore ranks
studies by their scientific rigor and relevance while being explicit about that ceiling: claims of “reversing the aging
process” in people are not supported by current data. Ajwain is best understood as a promising antioxidant food
and phytotherapeutic candidate whose anti-aging potential is biologically plausible but not yet clinically proven.

Rankings below weight, in order: (1) study design and rigor, (2) whether the effect was shown in a living system
versus a chemical assay, (3) size and reproducibility of the reported effect, and (4) direct relevance to “aging” rather
than a general antioxidant readout.

1. Introduction

| had noticed over the years that writing about natural dental health that many substances that help prevent
cavities and fight bad bacteria in the mouth also exhibited strong anti-aging abilities. Ajwain is one of the very best
for this. Ajwain is abundant in Thymol and research indicates it promotes cellular recovery, alters muscle fiber
types to enhance endurance, and prevents muscle wasting (atrophy).

Ajwain (Trachyspermum ammi L. Sprague), also called carom seed, ajowan, or bishop’s weed, is an aromatic
member of the Apiaceae (carrot/celery) family used for centuries in Ayurvedic, Unani, and Siddha medicine and as
a culinary spice across South Asia and the Middle East. Its essential oil is dominated by thymol — a monoterpenoid
phenol that typically makes up roughly 30-70% (and occasionally up to ~96%) of the oil depending on chemotype
and extraction — together with carvacrol, p-cymene, and y-terpinene. The seeds and leaves also supply flavonoids,
phenolic acids, and carotenoids such as B-carotene and lutein.

The free-radical / anti-aging rationale rests on the oxidative-stress theory of aging: reactive oxygen species (ROS)
damage lipids, proteins, and DNA, and this cumulative damage contributes to cellular senescence and age-related
disease. Thymol and carvacrol are phenolic hydrogen donors that quench radicals directly (reflected in DPPH, ABTS,
FRAP, and H,0; assays) and can also up-regulate the body’s own antioxidant defenses — superoxide dismutase
(SOD), catalase, and glutathione systems. It is this second, “indirect” mechanism, plus documented lifespan
extension in a model organism, that connects Ajwain’s chemistry to the biology of aging.

Key bioactive constituents at a glance

Constituent Typical share of oil Primary relevance to aging

Thymol ~30-70% (up to ~96%) Main radical scavenger; boosts SOD/catalase/GSH;
lifespan & ovarian-aging effects in models

Carvacrol ~1-3% (isomer of thymol) Phenolic antioxidant; additive with thymol

p-Cymene ~0.5-21% Precursor/carrier; weak direct antioxidant, may aid
activity

y-Terpinene ~0.2-18% Radical-chain-breaking terpene; regenerates phenol

antioxidants

Flavonoids / phenolic Seed & leaf extracts Contribute to DPPH/FRAP activity of non-oil extracts
acids
Carotenoids (B-carotene,  Leaves (esp. frozen) Lipid-phase antioxidant capacity
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Constituent Typical share of oil Primary relevance to aging

lutein)

2. Ranked Studies (most to least compelling)

The table gives the ranking at a glance; detailed summaries follow. “Level” denotes the biological system tested,

which is the single biggest driver of how much weight a result should carry for an aging claim.

Headline result Rigor for aging

1

10

Study (author, year, journal)

Ajwain oil in C. elegans — Prolongs
lifespan, alters SOD-3 & GST-4
(2016), Proc. Natl. Acad. Sci. India
Sect. B

Thymol restores steroidogenesis /
mitigates ovarian aging via JAK1—
STAT3 (2025)

Free-radical scavenging & oxidative
DNA-damage prevention, T. ammi vs
fennel (2014), BioMed Research
International (PMC4130144)

Anti-inflammatory & antioxidant
activity in collagen-induced arthritis
(Umar et al., 2012), J. Drug Dev. Res.

Protection against HCH-induced
hepatic lipid peroxidation
(Anilakumar et al., 2009)

Thymol from T. ammi in diabetic
neuropathy (2022), PMC9071892

Essential-oil antioxidant activity:
DPPH/FRAP/H,0, (Bairwa/Gaba et
al., 2013), Int. J. Green Pharm.

TLC-bioautography + GC-MS
pinpoints thymol as the antioxidant
(Trachyspermum copticum)
(PMC3985236)

Thymol screening across 14 Iranian
populations (2022), Sci. Rep.
(PM(C9485261)

Aerial-parts fractions: DPPH + anti-
osteosarcoma (Goswami &

System / design

In vivo (nematode); 3
doses; genetic
reporters; stress
mutant

In vivo (mouse) +
network
pharmacology +
validation

In vitro; multi-solvent;
DPPH+FRAP+DNA
protection

In vivo (rat); disease
model

In vivo (rat); pre-

treatment

In vivo (rat)

In vitro (oil)

In vitro; activity-
guided fractionation

In vitro; chemotype
survey

In vitro; fractionation
+ cell line

Lifespan +12.45% at 10
ppm; +9.53% in
oxidative-stress-
sensitive mev-1 mutant

Reduces oxidative
ovarian aging; restores
hormone synthesis

Protects calf-thymus
DNA from Fenton
damage; acetone extract
highest FRAP (2270
umol/L)

Restores GSH, SOD,
catalase; lowers lipid-
peroxidation (TBARS) in
joints

‘N GSH, GSH-Px, G6PDH,
SOD, catalase, GST;
hepatic lipid peroxides

Improves SOD, NO, LPO,
Na*/K*-ATPase, TNF-a

High FRAP, good DPPH,
moderate H,0,
scavenging; thymol
identified as active

Isolates thymol as
principal ABTS/DPPH-
active compound

Thymol 59.9-96.4%;
phenolics track
antioxidant/antibacterial
activity

Ethyl-acetate fraction
best DPPH (ICso 116.7
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High — only true
in-vivo longevity
study

High —
mammalian,
aging-specific
endpoint
(constituent, not
whole spice)

Medium—high —
DNA endpoint
adds mechanistic
weight

Medium-high —
in-vivo
endogenous-
enzyme rescue

Medium—high —
in-vivo organ
protection

Medium — in-
vivo but disease-,
not aging-,
focused

Medium —
rigorous
chemistry, no
living system

Medium — strong
mechanism, in
vitro

Medium —
explains
variability
between
products

Low—medium —
guides best



n Study (author, year, journal) System / design Headline result Rigor for aging

Chatterjee, 2014) pg/mL); highest fraction
phenolics
11  Frozen vs fresh leaf polyphenols In vitro (DPPH) Frozen leaves > fresh; Low — processing
(2015), J. Pharmacogn. Phytochem. higher lutein insight only
12 Essential-oil exfoliating / cosmetic Formulation, no Feasible topical vehicle;  Low — no efficacy
formulation (2025) clinical aging antioxidant rationale outcome
endpoint

Detailed summaries

#1 — Ajwain oil extends lifespan in Caenorhabditis elegans (2016)

Methodology: Whole T. ammi essential oil was fed to the nematode C. elegans — a workhorse model for aging
genetics — at 10, 100, and 1000 ppm. Lifespan was tracked, and the study used transgenic strains reporting the
antioxidant genes SOD-3 and GST-4 plus the oxidative-stress-sensitive mev-1 mutant.

Outcome: The 10 ppm dose gave maximal lifespan extension of 12.45% (P < 0.0001) and extended survival of the
mev-1 mutant by 9.53%, with modulation of SOD-3/GST-4 expression — evidence that the oil not only scavenges
radicals chemically but engages the animal’s own antioxidant machinery.

Why it ranks first: It is the only study to demonstrate an actual longevity outcome in a living organism, with a
dose-response and a mechanistic (gene-level) readout. A classic hormetic pattern appears — the lowest dose
worked best — which is a caution against “more is better” dosing.

#2 — Thymol mitigates oxidative ovarian aging (2025)

Using network pharmacology, molecular docking, and experimental validation, this study showed that thymol —
Ajwain’s dominant constituent — reduces oxidative-stress-induced ovarian aging and restores steroidogenesis
through the JAK1-STAT3 pathway in a mammalian model. It ranks highly because the endpoint is an aging
phenotype in mammalian tissue. The caveat: it tests purified thymol, not the whole spice, so it speaks to the
mechanism of Ajwain’s key molecule rather than to Ajwain preparations directly.

#3 — Free-radical scavenging + DNA-damage prevention vs fennel (2014)

Aqueous, methanolic, and acetonic seed extracts of Ajwain and fennel were prepared by Soxhlet extraction and
tested by DPPH, FRAP, and protection of calf-thymus DNA against Fenton-reaction damage. Acetonic Ajwain
extract had the highest phenolics and FRAP (2270.27 umol/L); all extracts reduced oxidative DNA damage.
Preventing oxidative DNA damage is mechanistically closer to “anti-aging” than a bare radical-scavenging number,
which lifts this above pure DPPH papers.

#4—-#6 — In-vivo rodent antioxidant rescue
¢ Collagen-induced arthritis (Umar et al., 2012): 100 mg/kg/day oral Ajwain extract for 21 days restored joint
GSH, SOD, and catalase and lowered lipid-peroxidation markers in arthritic rats.
¢ HCH-induced liver stress (Anilakumar et al., 2009): Pre-treatment raised GSH, GSH-peroxidase, G6PDH, SOD,

catalase, and GST while cutting hepatic lipid peroxides.

e Thymol in diabetic neuropathy (2022): Isolated thymol improved SOD, nitric-oxide, lipid-peroxidation,
Na*/K*-ATPase, and TNF-a in diabetic rats.
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These are strong in-vivo demonstrations that Ajwain up-regulates endogenous antioxidant defenses, but each uses
a disease model rather than an aging endpoint, so they support the mechanism more than the specific anti-aging
claim.

#7-#9 — In-vitro chemistry and chemotype work

The essential-oil DPPH/FRAP/H,0, study (2013) established high ferric-reducing power and good DPPH scavenging,
attributing activity to thymol. TLC-bioautography (on the closely related Trachyspermum copticum) confirmed
thymol as the principal antioxidant by activity-guided fractionation. The 14-population Iranian survey showed
thymol ranging from ~60% to ~96% of the oil — the single best explanation for why commercial Ajwain products
vary so much in potency. These are rigorous but confined to the test tube.

#10-#12 — Fraction-, processing-, and formulation-level insights

Aerial-parts fractionation identified the ethyl-acetate fraction as the most DPPH-active (ICso = 116.7 pg/mL),
tracking its phenolic/flavonoid load. A frozen-vs-fresh leaf comparison found frozen leaves higher in both
antioxidant activity and lutein. A 2025 exfoliating-cream paper shows topical feasibility but reports no aging
efficacy outcome. Useful for optimization, weak as evidence of anti-aging benefit.
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3. Synergistic Combinations

Synergy claims for Ajwain are strongest where combinations have been directly tested; some entries below are
mechanistically plausible extrapolations and are labeled as such. Rankings reflect how well each combination is
evidenced for antioxidant/anti-aging purposes specifically.

m Basis / evidence Strength of evidence

1 Thymol + carvacrol (intrinsicto =~ The two co-occurring phenolic isomers act Strong (mechanistic,
Ajwain oil) additively/synergistically as radical scavengers; intrinsic)
standardizing to preserve both maximizes activity

2 Ajwain + fennel (Foeniculum Co-tested seed extracts; complementary Moderate (directly
vulgare) phenolic/flavonoid profiles, both protect DNA from co-studied)
Fenton damage — fennel methanol extract topped
DPPH (96.2%), Ajwain acetone extract topped FRAP

3 Thymol/Ajwain + y-terpinene  y-Terpinene is a chain-breaking terpene that can Moderate
regenerate phenolic antioxidants, extending (mechanistic)
thymol’s action in lipid systems

4 Ajwain/thymol + piperine Thymol—piperine synergy is documented in Emerging /
(black pepper) antimicrobial/antibiofilm work; piperine is a well- extrapolated
known bioavailability enhancer, so co-dosing is
plausible to raise systemic thymol — but antioxidant
synergy is not yet directly proven

5 Ajwain + vitamin C or vitamin E = Classic aqueous + lipid-phase antioxidant pairing; Plausible (general
(a-tocopherol) vitamin E regenerated by co-antioxidants — general  principle)
principle, not Ajwain-specific data

6 Ajwain nano-encapsulation / Encapsulation stabilizes volatile thymol and improves Emerging
nanoemulsion (delivery solubility/retention, indirectly boosting delivered (formulation)
‘synergy’) antioxidant activity

Practical reading: the best-supported “synergy” is simply not stripping Ajwain oil down to a single molecule — the
natural thymol + carvacrol + y-terpinene matrix outperforms isolated fractions in several assays. The fennel pairing
is the best-evidenced botanical combination. Piperine is the most interesting untested lead: strong rationale for
boosting thymol’s bioavailability, but antioxidant synergy still needs to be demonstrated experimentally rather
than assumed.
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4. Preparation Methods, Ranked by Efficacy

“Efficacy” here balances two things that don’t always agree: how much active antioxidant a method captures
(potency/yield) and how usable/bioavailable the result is. A method can be chemically potent yet impractical to
dose orally (neat essential oil), or gentle and safe yet low-yield (tea).

m Antioxidant potency Notes on delivery & use

Essential oil
(hydrodistillation)

2 Acetone / ethyl-acetate
extract
3 Methanolic / ethanolic

(alcoholic) extract

4 Nano-encapsulated /
nanoemulsion oil

5 Aqueous extract / “Ajwain

tea” (optimized)

6 Raw ground powder

— Frozen vs fresh leaves
(processing note)

Highest — richest thymol; high FRAP;
extraction near 90 °C maximized thymol
(up to ~67%) and H,0, scavenging
(~95%)

Very high — acetone extract gave top
FRAP (2270 umol/L); ethyl-acetate
fraction best DPPH (ICso 116.7 pug/mL)

High — methanol extract richest in
flavonoids; alcoholic extracts generally
beat aqueous

High effective — protects volatile
thymol, improves solubility, stability &
retention

Moderate — optimized aqueous
extraction (seed:water 0.30 g/mL, ~52
°C, ~16 min) improves
thymol/antioxidant capture

Lowest available — actives locked in
matrix; poor extraction without
heat/solvent/fat

Frozen leaves > fresh in DPPH and lutein

Very concentrated; must be heavily
diluted; volatile & can irritate — not
for undiluted oral use

Best for standardized
lab/nutraceutical use; residual-
solvent removal required

Common tincture route; good
phenolic recovery; food-grade
ethanol preferred for consumption

Best trajectory for oral/topical
bioavailability; still emerging, needs
product-level validation

Safest & most accessible; lower
phenolic yield than solvents; the
traditional everyday form

Whole-food form; delivers fiber &
minerals; pair with fat/heat to
release thymol

If using leaves, freezing
preserves/concentrates antioxidant
capacity

Bottom line on preparation: for maximum antioxidant potency, solvent or oil extraction wins; for everyday safety
and accessibility, an optimized aqueous infusion (“tea”) is the sensible choice; and for future oral/topical products,
nano-encapsulation of the oil is the most promising direction because it addresses thymol’s two practical
weaknesses — volatility and poor water solubility. Extraction temperature, solvent polarity, and plant chemotype
each shift potency more than most consumers expect, which is why standardization to thymol content matters.

5. Conclusion

Ajwain is, on the evidence, a genuinely strong antioxidant: across DPPH, ABTS, FRAP, and H,0, assays it performs
well, its activity is convincingly attributed to thymol (with carvacrol and y-terpinene contributing), and —
importantly — rodent studies show it raises the body’s own SOD, catalase, and glutathione defenses rather than

acting only as a chemical sponge for radicals.

On anti-aging specifically, the honest summary is “promising but preclinical.” The strongest single result is a

12.45% lifespan extension in C. elegans at a low (10 ppm) dose, backed by up-regulation of antioxidant genes; the
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most mechanistically striking mammalian result is thymol mitigating oxidative ovarian aging via JAK1-STAT3. There
are, however, no human trials showing that Ajwain reverses aging, and claims to that effect go beyond the data.

For synergy, the natural thymol—carvacrol-terpinene matrix and the Ajwain—fennel pairing are best supported,
while Ajwain + piperine is a strong but still-untested lead for boosting bioavailability. For preparation, potency
favors oil and solvent extracts, safety and accessibility favor an optimized aqueous infusion, and nano-
encapsulation is the most promising route to usable, stable delivery. While Thymol acts as a natural metal chelator,
it may also be having air pollution detoxification effects like black cumin seed and schisandra berry.

Recommended next step for the field: standardized, thymol-quantified Ajwain preparations tested in human trials
with validated biomarkers of oxidative stress and skin/tissue aging. Until then, Ajwain is well justified as an
antioxidant-rich dietary and topical ingredient — and a legitimate anti-aging research candidate — but not a
proven anti-aging therapy.

A 12.45% extension applied to the
average human lifespan of 73.8
years would add about 9.19 years,
resulting in a total average lifespan
of roughly 83 years
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Executive Closing Summary

1. Executive Introduction & Theoretical Framework

e Oxidative Stress & Aging: Defines how free radicals drive lipid peroxidation, protein degradation, and DNA
strand breaks, which are major drivers of cellular senescence and tissue aging.

e Phytochemical Blueprint: Outlines the core active monoterpenoid phenols (predominantly thymol, which
ranges from 35% to 78% of the volatile fraction, and carvacrol) alongside a complex non-volatile matrix of
polyphenols and flavonoids (quercetin, catechin, rutin) responsible for its therapeutic properties.

2. Systematic Ranking of Peer-Reviewed Studies

Studies were evaluated and ranked based on their scientific rigor, quantitative results, and direct anti-aging
relevance (e.g., in vivo mammalian validation, multi-radical screening, and enzyme kinetics):

1. Rank 1: Sharma et al. (2023) [Score: 9.8/10]

o Core Finding: Found that ethyl acetate extracts of Ajwain competitively/mixed-inhibit
acetylcholinesterase (AChE), prevent amyloid-beta oligomerization/fibrilization, and block
advanced glycation end-products (AGEs). In vivo mouse models confirmed the reversal of
scopolamine-induced neuro-cognitive memory deficits and a major drop in brain ROS.

2. Rank 2: Mueed et al. (2023) [Score: 9.2/10]

o Core Finding: Profiled Ajwain polyphenols across four distinct radical species (DPPH, superoxide,
hydroxyl, and nitric oxide). Demonstrated exceptional baseline efficacy in neutralizing the highly
destructive hydroxyl radicals, which is responsible for DNA oxidation.

3. Rank 3: Ishtiaque et al. (2013) [Score: 8.7/10]

o Core Finding: Partitioned Ajwain into acidic, neutral, and pure oil fractions. Discovered that
neutral polyphenolic fractions have highly significant transition-metal-chelating power, capturing
iron ions before they can trigger radical generation via the Fenton reaction.

4. Rank 4: Haq et al. (2022) [Score: 8.3/10]

o Core Finding: Combined ethanoltic extraction with an in vivo avian model under physiological
stress. Proved that Ajwain downregulates pro-inflammatory cytokines and Inducible Nitric Oxide
Synthase at the transcriptomic level, directly targeting "inflammaging."

5. Rank 5: Khanum et al. (2011) [Score: 8.0/10]

o Core Finding: Compared aqueous and hydroalcoholic extractions. Documented that a tiny dose
(50 ppm) of water extract achieves 86.9% DPPH radical scavenging and physically delays coupled
lipid oxidation in a beta-carotene-linoleic acid matrix.

6. Rank 6: Musa et al. (2024) [Score: 7.5/10]

o Core Finding: Conducted structure-based in silico virtual screening of 150 unique Ajwain
metabolites against human AChE, mapping the exact hydrogen-bonding and hydrophobic
interactions inside the enzyme's catalytic gorge.

Note: A professionally formatted, zebra-striped Summary Table summarizing the above rankings is embedded
directly into the Word document.
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3. Ranking of Synergistic Combinations
Phytochemical synergy amplifies antioxidant pathways far beyond single-compound baselines:

e Synergy Rank 1: Ajwain + Oregano (Origanum vulgare) Extract

o Mechanism: The structural complementarity between Ajwain's dense thymol and Oregano's high
rosmarinic acid creates a multi-tiered chemical barrier that intercepts free radicals at multiple
consecutive stages of the oxidative propagation cascade (Khanum et al., 2011).

e Synergy Rank 2: Ajwain + Engineered Metallic Nanoparticles (Green Synthesis)

o Mechanism: Monoterpenes from Ajwain act as natural reducing/capping agents to synthesize
gold, silver, or iron oxide nanoparticles. This high-surface-area metal core massively accelerates
electron-transfer kinetics, rendering the bioactives effective at up to five times lower
concentrations.

e Synergy Rank 3: Ajwain + Targeted Probiotics

o Mechanism: Probiotics optimize the gut microbiome to upregulate endogenous host enzymes
(SOD, Catalase), while co-administered Ajwain provides immediate direct radical scavenging and
downregulates localized transcriptomic inflammation (Haq et al., 2022).

4. Evaluation and Ranking of Preparation Methods

The extraction mechanism directly dictates the bioavailability and chemical concentration of the plant's anti-aging
bioactives:

1. Rank 1: Pure Volatile Essential Oil (Hydrodistillation / CO2 Supercritical Extraction)

o Justification: Captures up to 78.08% pure thymol and carvacrol in a concentrated, lipid-soluble
phase. Offers the highest cell-membrane permeability and easily crosses the blood-brain barrier
to target neurodegenerative pathways.

2. Rank 2: Alcoholic / Hydroalcoholic Solvent Extract (Ethanol / Ethyl Acetate)

o Justification: Provides the broadest spectrum of extraction, concurrent pulling out both
hydrophobic volatile monoterpenes (thymol) and polar, non-volatile polyphenolic
polymers/flavonoids (quercetin).

3. Rank 3: Aqueous Extract / Traditional Infusion / Aromatic Water (Tea / Decoction)

o Justification: Highly efficient at extracting water-soluble polar flavonoids (yielding up to 86.9%
radical scavenging at 50 ppm). However, open-vessel boiling causes a massive percentage of the
premium hydrophobic, volatile anti-aging monoterpenes to evaporate.

4. Rank 4: Crude Raw Seed Powder

o Justification: While it retains 100% of the plant's raw matrix, the vital antioxidants remain locked

inside the rigid, lignified cellular seed coats, yielding very poor gastrointestinal bioavailability.
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Disclaimer: This document summarizes published research for informational purposes and is not medical advice.
Essential oils are highly concentrated — do not ingest undiluted. Consult a qualified professional before therapeutic
use, especially if pregnant, nursing, or taking medication.
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