
International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

Impact Factor 2024: 7.101 

Volume 14 Issue 8, August 2025 
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

www.ijsr.net 

Cytotoxicity Evaluation of Thuja occidentalis 6C on 

A549 Lung Cancer Cells: Insights into Hormesis 

and GC-MS Profiling 
 

Jaswant Patil1, Neelraj Patil2, Prithviraj Solanki3, Shravani Wadekar4, Manish Hate5, Ramesh Chaughule6 
 

1Deep Ganga Clinic, Goregaon East, Mumbai, India 

 Email: drjaswant[at]gmail.com 
 

2Cornell Tech, Cornell University, New York, USA 

Email: patilneelraj[at]gmail.com 
 

3Department of Pathology, Bharati Vidyapeeth (DU), Pune, India 

Email: pritvirajsolanki[at]gmail.com 

 
4Department of Chemistry, Ramnarain Ruia Autonomous College, Matunga, Mumbai, India 

Email: shravaniwadekar996[at]gmail.com 

 
5Department of Chemistry, Ramnarain Ruia Autonomous College, Matunga, Mumbai, India 

Email: manishhate[at]ruiacollege.edu.in 

 
6Department of Chemistry, Ramnarain Ruia Autonomous College, Matunga, Mumbai, India 

Corresponding Author Email: rsctifr[at]yahoo.com 

 

 

Abstract: This study evaluates the cytotoxic effects of ethanolic Thuja occidentalis mother tincture and its serial dilutions (1C to 1M) on 

A549 human lung carcinoma cells. Cytotoxicity was measured using the MTT assay for the commercial mother tincture (MT) containing 

90% ethanol and its subsequent dilutions. Among these, only the 6C dilution showed moderate inhibition of cell viability, while the mother 

tincture and other dilutions had minimal effects. This raises questions about whether the observed activity results from residual ethanol 

toxicity, which is known to interfere with viability assays, or from a hormetic response typical of ultra-dilute homeopathic preparations, 

where low doses stimulate biological effects, as described in toxicology. Results of ROS assays for the 6C dilution in 1.25% (v/v) ethanol 

support the involvement of oxidative stress–mediated mechanisms. The selective cytotoxicity observed only at the 6C dilution suggests a 

hormetic response rather than ethanol-induced toxicity. This aligns with emerging evidence that ultra-dilutions near 6C may retain 

nanoscale structures or physicochemical imprints capable of modulating oxidative stress pathways in cancer cells. Overall, the cytotoxic 

profile of Thuja occidentalis on A549 cells appears to be potency-dependent and warrants further investigation, particularly with a focus 

on nanoparticle characterization and redox-regulated signaling mechanisms. 
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1. Introduction 
 

Lung cancer remains one of the most prevalent and deadly 

forms of cancer globally, particularly affecting the lower 

respiratory tract. It is the leading cause of cancer-related 

deaths among men and women, with a five-year survival rate 

of merely 5% [1–4]. Among the various types of lung 

malignancies, adenocarcinomas account for approximately 

31% [4]. The A549 cell line, derived from human alveolar 

basal epithelial cells, is widely used in lung cancer research. 

It was first developed by Giard et al. in 1972 [5]. While 

tobacco smoking is the main cause of lung cancer, 

environmental pollutants and airborne toxins also play a 

significant role in its development [6]. Despite the availability 

of many FDA-approved chemotherapeutic agents, such as 

Carboplatin-Taxol, Gemcitabine-Cisplatin, Methotrexate 

(Mexate), and Nivolumab, their use is often limited by severe 

side effects like leukopenia, neutropenia, myelosuppression, 

and respiratory issues [7,8]. This has directed current research 

toward finding safer, plant-based alternatives with fewer 

adverse effects. 

 

Natural medicinal plants, which have long been used in 

traditional healing systems, are now being studied 

scientifically for their cytotoxic and therapeutic potential. 

Thuja occidentalis L., commonly called "white cedar," "tree 

of life" (arbor vitae), or simply "thuja," is an evergreen 

coniferous tree from the Cupressaceae family. It is native to 

Canada and North America and is widely cultivated in 

Europe, Asia, and India. In India, Thuja occidentalis is 

readily available and is often cultivated as both an ornamental 

and medicinal plant in gardens, herbal farms, and public 

parks, particularly in temperate and sub-tropical regions such 

as Himachal Pradesh, Uttarakhand, Jammu & Kashmir, and 

parts of the north-eastern states. The plant is also included in 

the Indian systems of medicine (AYUSH), especially in 

homeopathy and Unani medicine, due to its extensive 

pharmacological properties. 

 

Traditionally, T. occidentalis (Thuja occidentalis) has been 

used to treat respiratory conditions such as bronchial catarrh, 

as well as urinary, reproductive, rheumatic, and autoimmune 

disorders, including cystitis, amenorrhea, and psoriasis [9]. In 

homeopathy, it is usually given as a mother tincture or in 

various diluted potencies [10]. The leaf branches, which are 
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rich in tannins, flavonoids, essential oils, and 

polysaccharides, are the most pharmacologically active parts 

of the plant. The plant’s therapeutic potential is primarily 

ascribed to its essential oil, which contains diterpenes and 

monoterpenes such as α-thujone, β-thujone, fenchone, and 

sesquiterpenes.  

 

Thujone (C₁₀H₁₆O), the main bioactive compound, makes up 

to 60% of the essential oil content and is found in a mixture 

of α- (more active) and β-isomers. These compounds 

contribute to Thuja’s extensive pharmacological effects, 

including antioxidant, antitumor, antibacterial, antifungal, 

antiviral, antiulcer, antipsychotic, emmenagogic, diuretic, 

expectorant, and hepatoprotective activities [11]. Also, key 

constituents include α-pinene, α-thujone, 1-fenchone, borneol 

acetate, andisovaleric acid, terpineol, sabinene, camphor, 

valerianic camphoric acid, occidol, β-sitosterol, quercetin, 

rhodoxanthin, tannins, mucilage, and vitamin C. Among 

these, the main components of the essential oil from the 

leaves are α-pinene (34.4%), cedrol (13.17%), and 

phellandrene (8.04%). In contrast, the essential oil extracted 

from the cones mainly consists of α-pinene (58.55%) and 3-

carene (24.08%). Notably, the leaf essential oil shows strong 

antioxidant activity, suggesting potential therapeutic 

applications for conditions related to oxidative stress. 

Thujone is a volatile monoterpene ketone, and GC-MS (Gas 

Chromatography-Mass Spectrometry) is the most appropriate 

analysis method.   

 

2. Literature Survey 
 

2.1 Hormesis as a Hypothetical Basis for Activity in Ultra-

Dilute Homeopathic Preparations: 

 

Hormesis is a dose–response phenomenon characterized by a 

biphasic response to a substance, where low doses stimulate 

or activate adaptive responses, while high doses inhibit or 

cause toxicity. In the context of ultra-diluted homeopathic 

preparations such as 6C dilutions, hormesis offers a potential 

mechanistic explanation for the paradoxical bioactivities 

observed, including selective cytotoxicity, redox imbalance, 

or metabolic interference. These effects may not follow 

traditional pharmacological dose-response curves but instead 

act via subtle biological modulations at the cellular or 

molecular level, especially in stress-sensitive systems like 

cancer cells. 

 

The biological effectiveness of ultra-dilute homeopathic 

preparations, such as Thuja occidentalis 6C, remains a subject 

of debate in both complementary medicine and mainstream 

pharmacology. One plausible scientific explanation for these 

effects is the principle of hormesis, a biphasic dose–response 

pattern where low doses of a stressor or bioactive agent 

stimulate adaptive, often beneficial cellular responses. 

Conversely, higher doses lead to inhibitory or toxic effects 

[12]. 

 

In the context of homeopathy, hormesis provides a theoretical 

framework to explain the paradoxical biological activity seen 

in high-dilution preparations, even when there are no 

measurable amounts of the original substance. While 

traditional pharmacology often depends on dose-dependent 

effects, hormesis disputes this approach by proposing that 

ultra-low concentrations can act as mild stressors, activating 

compensatory mechanisms that improve cell survival, 

immune response, or metabolic regulation [13]. 

 

In cancer research, hormetic responses have also been 

documented in tumor and normal cells, where low-dose 

exposures to certain phytochemicals or oxidative agents 

modulate signaling pathways involved in apoptosis, ROS 

generation, and cellular repair. However, such responses can 

be dual-edged: while potentially protective in normal cells, 

they may enhance survival or resistance in cancer cells [14]. 

Therefore, when studying homeopathic dilutions in cancer 

models, it is crucial to consider whether observed cytotoxic 

or cytostimulatory effects arise from hormetic mechanisms, 

solvent artifacts (e.g., residual ethanol), or true bioactivity. 

 

Thus, this study hypothesizes that the moderate cytotoxic 

effect observed with T. occidentalis 6C on A549 lung 

carcinoma cells may not be solely caused by residual ethanol 

or random variation, but could instead indicate a hormetic 

biological response triggered by ultra-dilute 

phytoconstituents. If confirmed, such findings could offer 

mechanistic insights into the controversial yet intriguing 

connection between homeopathy, hormesis, and anticancer 

research. 

 

2.2 Hormesis: A Biphasic Dose–Response Phenomenon 

 

In toxicology and pharmacology, hormesis challenges the 

conventional linear or threshold models of dose-response by 

suggesting that ultra-low doses of certain agents can activate 

adaptive stress responses, improve cellular functions, or 

modulate signaling pathways. Mechanistically, these low-

dose stimulations may involve the activation of antioxidant 

defense systems, DNA repair enzymes, heat shock proteins, 

and other cytoprotective mechanisms [13]. In the context of 

homeopathy, hormesis provides a potential explanation for 

the biological activity of highly diluted preparations, such as 

centesimal dilutions (e.g., 6C). While controversial, 

proponents suggest that such ultra-dilutions may induce non-

linear physiological responses, consistent with hormetic 

mechanisms. In cancer research, the concept of hormesis is 

particularly relevant when evaluating the cytotoxicity of 

natural products and dilute formulations, where low 

concentrations may paradoxically stimulate cellular viability 

or stress resistance, complicating the interpretation of results 

[14]. Therefore, distinguishing true bioactivity from solvent 

effects or experimental artifacts becomes critical, especially 

in assays like MTT or ROS measurements. 

 

2.3 Key Mechanistic Areas 

 

A hormetic biological response from Thuja occidentalis 6C 

on A549 cells shows the mechanistic insights to know how 

ultra-dilute preparations interact with cellular stress response 

pathways, particularly those related to cell survival, 

apoptosis, redox signaling, and gene expression. These key 

mechanistic areas are shown in Table 1. 
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Table 1: Mechanistic pathways potentially associated with hormesis induced by T. occidentalis 6C 
Pathway/Mechanism What to Investigate Assays/Markers Relevance to Hormesis 

1. Oxidative Stress & 

Redox Balance 

ROS production and 

antioxidant response 

DCFDA assay, GSH levels, 

Nrf2, HO-1, SOD, Catalase 

Mild oxidative stress may activate 

protective redox pathways 

2. Apoptosis (Programmed 

Cell Death) 

Induction or inhibition of 

apoptosis 

Annexin V/PI, Caspase-3/-9, 

Bax/Bcl-2, p53 

Hormetic doses may trigger 

adaptive apoptosis or survival 

3. Cell Cycle Modulation 
Arrest or stimulation of cell 

cycle progression 

Flow cytometry, Cyclin D/E, 

p21, CDK4/6 

Hormesis may cause cell cycle 

arrest or proliferation 

4. Mitochondrial Function 
Mitochondrial integrity and 

ATP production 

JC-1 dye (ΔΨm), ATP assay, 

MitoSOX for mtROS 

Central to apoptotic and stress 

responses 

5. Stress Response Genes 
Transcriptional activation 

of protective genes 

qPCR, Western blot (HSP70, 

HSP90, NF-κB, IL-6) 

Indicates cellular adaptation to ultra-

low-dose stressors 

6. Phytochemical-Specific 

Targets 

Effect of thujone, borneol, 

etc. from GC-MS profiling 

Targeted docking or pathway 

mapping based on identified 

compounds 

Active constituents may mimic 

hormetic triggers 

 

2.4 GC-MS study 

 

GC-MS is a powerful analytical technique that combines the 

features of gas chromatography (GC) and mass spectrometry 

(MS) to identify and quantify substances within a sample. 

Commercial Thuja mother tincture. is typically a 

hydroalcoholic extract (often 60–90% ethanol). It contains 

polar compounds, non-volatile components, and other matrix 

elements not suitable for direct GC-MS injection [15, 16]. 

 

GC-MS is a highly sensitive and specific technique widely 

used for analyzing complex mixtures, including plant-based 

formulations such as homeopathic hydroalcoholic mother 

tinctures. In this context, GC-MS is a valuable tool for 

phytochemical profiling, allowing the separation, 

identification, and quantification of volatile and semi-volatile 

phytoconstituents. During analysis, the sample components 

are first separated in the gas chromatograph based on their 

interaction with the stationary phase and their volatility, each 

eluting at a characteristic retention time (RT). As compounds 

exit the GC column, they are ionized and fragmented in the 

mass spectrometer, generating mass spectra that are then 

matched against standard databases such as NIST or Wiley 

for compound identification. The retention time provides an 

initial identification, which is confirmed by the mass spectral 

pattern. The relative abundance of each phytoconstituent is 

calculated using the peak area normalization method, 

expressed as a percentage of the total ion chromatogram 

(TIC). This method facilitates the identification of key 

bioactive compounds and supports quality control, 

standardization, and batch-to-batch consistency in 

homeopathic formulations [17, 18]. Additionally, GC-MS 

analysis enhances understanding of therapeutic efficacy by 

revealing the presence and proportion of pharmacologically 

active constituents within the mother tincture. 

 

3. Methodology 
 

Materials for MTT assay, ROS, and Flow Cytometry:  

The A549 human lung adenocarcinoma cell line (NCCS, 

Pune) was cultured in DMEM supplemented with 10% FBS 

(MP Biomedicals, Germany). Reagents, including DPBS, 

0.25% Trypsin-EDTA, MTT, and cell culture–grade DMSO 

(Merck, Germany) were used. Cell culture was performed in 

T-25 flasks (Thermo Fisher Scientific, USA) and 96-well 

plates, with all procedures conducted under aseptic 

conditions in a Class II A2 Biological Safety Cabinet 

(Biobase, China). Incubation was done in a CO₂ incubator 

(Labwit, Australia), microscopy with an XDFL microscope 

(Sunny Instruments, China), and absorbance measurements 

using a microplate reader (Biobase, China). 

 

MTT Assay Procedure: 

Cells were seeded into 96-well plates at a density of 1 × 10⁴ 

cells/well and incubated for 24 h to allow adherence. Twenty-

two test samples were prepared out of which 11 commercial 

alcohol-based preparations [Thuja mother tincture (90% 

ethanol, v/v)] and their centesimal/millesimal dilutions] and 

their corresponding alcohol-free, water-adjusted equivalents. 

Cells were treated with test samples for 24 hours and 48 

hours. Following treatment, MTT solution (0.5 mg/mL) was 

added and incubated for 3 h. Formazan crystals were 

dissolved in DMSO, and absorbance was recorded at 570 nm 

(reference 630 nm). Percentage cell viability and IC₅₀ values 

were calculated from dose–response curves 

 

ROS Assay Procedure: 

A549 cells were seeded in 6-well plates (3 × 10⁵ cells/well) 

and incubated overnight. After washing with PBS, cells were 

treated with test chemicals for 24 h, followed by incubation 

with H₂DCFDA (10 μM) for 1 h. Cells were trypsinized, 

centrifuged (300 × g, 5 min), washed twice with PBS, 

resuspended in 500 μl DPBS, and analyzed by flow cytometry 

(488 nm excitation, 525 nm emission). 

 

Caspase-3 Assay (Flow Cytometry) Procedure: 

Following treatment, cells were collected by combining 

culture medium, PBS wash, and trypsinized cells. After 

centrifugation (300 × g, 5 min) and PBS washes, cells were 

fixed in 2% paraformaldehyde (20 min), washed with 0.5% 

BSA in PBS, and processed for immunostaining. 

 

Above 3 assays viz., MTT, ROS, and Caspase-3 were 

performed by Cell Kraft, Bengaluru, India. 

 

GC-MS Procedure Using 90% Ethanol Mother Tincture 

(MT):  

GC-MS, utilizing an Agilent 7890B gas chromatograph and a 

5977B mass selective detector, driven by Chem-Station 

software, was used to investigate Thuja occidentalis alcoholic 

and water leaf extract. A DB-5 capillary column (30 m × 250 

µm internal diameter × 0.5 µm film thickness) was used for 

component separation. Helium was used as the carrier gas, 

flowing at 1.0 mL/min with a 3 µL injection volume in split 

mode at a 10:1 split ratio. A 250°C inlet temperature was 

maintained. After 3 minutes at 40°C, the oven temperature 
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was increased at 7°C/min to 320°C for 10 minutes, 

completing the 50-minute protocol. In scan mode, the mass 

spectrometer covered 35–850 m/z. 230°C was the ion source 

temperature, while 150°C was the quadrupole temperature. 

Mass spectra were compared to NIST-20 Library entries to 

identify compounds. Only peaks with a match quality of 30% 

or higher were used for analysis. The methanolic extract 

yielded 17 bioactive compound peaks identified through CAS 

numbers, peak retention times, peak areas, heights, and mass 

spectral fragmentation patterns with known compounds from 

the NIST library. 

 

Procedure for Testing 90% Ethanol Mother Tincture 

(MT) on Vero Cell Line and 6C granules on A549 cell line: 

The monolayer cell culture was trypsinized and adjusted to a 

density of 1 × 10⁵ cells/ml in 10% FBS medium. A total of 

100 μl of the diluted cell suspension (1 × 10⁴ cells/well) was 

seeded into each well of a 96-well microtiter plate and 

incubated for 24 h to allow the formation of a partial 

monolayer. The supernatant was then removed, the 

monolayer was washed with medium, and 100 μl of various 

concentrations of the test compound/drug was added to the 

respective wells, followed by incubation at 37°C for 24 h in a 

5% CO₂ atmosphere. After incubation, the test solutions were 

removed, and 100 μl of MTT solution (2 mg/ml in PBS) was 

added to each well. The plate was further incubated for 4 h at 

37°C in a 5% CO₂ atmosphere. The supernatant was carefully 

discarded, and 100 μl of DMSO was added to solubilize the 

formazan crystals. The absorbance was measured at 570 nm 

using a microplate reader. The percentage of cell viability was 

calculated as: 

%Viability=Absorbance of Sample/Absorbance of Control

×100 

Dose–response curves were plotted for each cell line, and the 

IC₅₀ value (concentration required to inhibit 50% of cell 

growth) was determined. GC–MS and Vero cell line assays 

using 90% ethanol-based mother tincture (MT) and assays on 

6C granules of Thuja (without ethanol). 

 

4. Results 
 

The MTT assay was employed to assess and quantify cell 

viability in the A549 cell line using test samples containing 

alcohol and water. Table 1 illustrates MTT experiment 

outcomes, where purple coloration signifies live cells and a 

deep purple hue denotes increased cell viability. Light 

coloration signifies diminished viability and cytotoxicity. S1 

to S6 (alcohol-based) over 24 hours across rows exhibits a 

lighter coloration, indicating less cell viability. In contrast, S7 

to S12 (alcohol-based) and S13 to S22 (water-based) display 

moderate to deep purple coloration, suggesting enhanced 

viability at certain mid- to high dilutions. After 48 hours, in 

alcohol-based S1–S6, the purple intensity diminishes more 

than at 24 hours, indicating that prolonged exposure enhances 

cytotoxicity. Certain wells in S7–S11 (alcohol-based) and 

S12–S22 (water-based) exhibit lighter colors relative to the 

24-hour set, while higher dilutions preserve greater colour. 

For alcohol-based samples (Table 2a), the 90% mother 

tincture showed the lowest cell vitality, followed by the 6C 

(57.38%) and 3C (61.31%) dilutions, with viability 

increasing at higher dilutions. For water-based samples 

(Table 2b), the lowest viability was observed for S12 (90% 

MT, 68.29%), followed by S21 (6M, 69.13%), while higher 

dilutions displayed comparatively greater cell viability. 

 

Table 2 (a): Shows the MTT assays percentage cell viability results following a 24-hour exposure to alcohol-based samples 

from S1 to S11 
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Table 2 (b) Shows the MTT assays percentage cell viability results following a 24-hour exposure to water-based samples 

from S12 (w) to S22 (w) 

 
 

After 48 hours, alcohol-based samples (Table 2c) showed the 

lowest cell viability with 90% MT (47.92%), followed by 3C 

(68.29%) and 6C (70.91%), while higher dilutions maintained 

moderate to high viability, reflecting an overall reduction 

compared to 24 hours. In water-based samples (Table 2d), 

viability was lowest for 30C (75.60%) and highest for 1C, 

with other dilutions showing comparatively higher viability. 

 

Table 2 (c): Shows the MTT assays percentage cell viability results following a 48-hour exposure to alcohol-based samples 

from S1 to S11 

 
 

Table 2 (d): Shows the MTT assays percentage cell viability results following a 48-hour exposure to water-based samples 

from S12(w) to S22(w) 

 
4.1 Evaluation of Antioxidant and Anti-inflammatory 

Constituents in Thuja occidentalis Tincture Using GC-

MS  

 

The GC-MS analysis of Thuja occidentalis mother tincture 

revealed a diverse array of volatile and semi-volatile 

phytochemicals, many of which are known for their 

antioxidant and anti-inflammatory properties. While essential 

oils such as α-thujone and β-thujone were prominent, several 

other compounds contributed to the tincture’s therapeutic 

potential. (Table 1) 
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4.1.1 Antioxidant Constituents 

GC-MS analysis of Thuja occidentalis tincture revealed 

several antioxidant compounds. Guaiacol and eugenol are 

potent radical scavengers, while vanillin derivatives offer 

moderate protection against oxidative stress. β-

Caryophyllene and humulene, both sesquiterpenes, activate 

antioxidant pathways and reduce ROS. Trace flavonoids like 

quercetin and kaempferol, possibly present in ethanolic 

extracts, further contribute to antioxidant effects. 

 

4.1.2 Anti-inflammatory Constituents 

The key anti-inflammatory constituents identified include α- 

and β-thujone, which act as COX-2 inhibitors; camphor, 

which reduces nitric oxide and prostaglandin levels; and 

fenchone/borneol, which modulate inflammatory enzymes. 

Linalool and terpineol exert their effects by suppressing pro-

inflammatory cytokines through NF-κB inhibition, while 

methyl salicylate, if present, may provide aspirin-like 

activity. Collectively, these bioactives contribute to the 

tincture’s therapeutic potential in mitigating oxidative stress 

and inflammation, consistent with its traditional medicinal 

applications. 

 

4.1.3 Antioxidant Constituents 

The antioxidant profile comprises guaiacol (2-

methoxyphenol), a phenolic compound with potent radical 

scavenging capabilities that neutralizes reactive oxygen 

species (ROS) and alleviates oxidative stress; eugenol, a 

recognized antioxidant in plant essential oils that stabilizes 

free radicals and inhibits lipid peroxidation in cell 

membranes; and vanillin along with vanillic acid derivatives, 

which exhibit moderate antioxidant properties by modulating 

oxidative enzymes and averting cellular damage. 

Furthermore, β-caryophyllene, a bicyclic sesquiterpene, 

demonstrates significant antioxidant properties via Nrf2 

pathway activation and interaction with CB2 receptors, 

whereas humulene, another sesquiterpene, mitigates reactive 

oxygen species and regulates oxidative indicators in 

inflammatory pathways. Trace amounts of flavonoid 

aglycones, like quercetin and kaempferol, which may be 

identified in ethanol-based extractions, additionally enhance 

the antioxidant properties. The anti-inflammatory 

components comprise α-thujone and β-thujone, 

monoterpenes exhibiting COX-2 inhibitory properties and 

moderate suppression of pro-inflammatory cytokines at 

therapeutic levels; camphor, which inhibits nitric oxide 

production and prostaglandin synthesis; and fenchone and 

borneol, which regulate inflammatory enzymes and decrease 

vascular permeability. Linalool, a monoterpenoid alcohol, 

diminishes TNF-α and IL-6 expression through the 

suppression of the NF-κB pathway, whereas terpineol 

attenuates nitric oxide and cytokine production in activated 

macrophages. Methyl salicylate, when present, demonstrates 

significant anti-inflammatory properties via inhibiting 

prostaglandin formation, akin to aspirin. The presence of 

these compounds in Thuja occidentalis tincture supports its 

reported antioxidant and anti-inflammatory effects. Their 

identification through GC-MS analysis not only validates 

traditional therapeutic claims but also highlights the 

formulation's potential in oxidative stress-related and 

inflammatory conditions. 

 

 

4.1.4 Cytotoxicity Measurement  

The cytotoxic potential of Thuja occidentalis mother 

tinctures, prepared using ethanol and water as solvents, was 

assessed on A549 human lung carcinoma cell lines using the 

standard MTT assay protocol. This colorimetric assay 

measures cellular metabolic activity as an indicator of cell 

viability, proliferation, and cytotoxicity. The assay is based 

on the reduction of the yellow tetrazolium salt, MTT [3-(4,5-

dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide], into 

insoluble purple formazan crystals by the mitochondrial 

dehydrogenase enzymes of metabolically active cells. 

 

Figure 1, demonstrates that treatment with 6C granules 

reduced the viability of A549 lung cancer cells in a dose-

dependent manner, resulting in an IC₅₀ value of 32.67%. 

Figure 2, illustrates the effect of the 90% mother tincture on 

Vero cells, with a concentration of 100% yielding an IC₅₀ 

value of 34.12%.  

 

 
Figure 1: Graph of percentage cell viability versus 

concentration of 6C granules on A549 cell line, showing an 

IC₅₀ value of 32.67% 

 

 
Figure 2: Graph of percentage cell viability versus 

concentration of 90% mother tincture on Vero cell line, 

showing an IC₅₀ value of 34.12% within the tested 

concentration range (up to 100%) 

 

4.1.5. ROS Assay 

Table 3, indicates that untreated control cells exhibited a 

significant proportion of ROS-low cells (90.9% and 88.7% 

across two trials) alongside comparatively low ROS-high 

populations (9.1% and 11.3%). Conversely, treatment with 

Thuja 6C (1.25% v/v) significantly elevated the ROS-high 

population to approximately 25.7–25.8%, accompanied by a 

similar decrease in ROS-low cells to about 74%. The 

geometric mean fluorescence intensity (MFI) corroborated 

this, rising from 528–676 in control samples to 1146–1148 in 

treated samples, thereby demonstrating elevated intracellular 

ROS levels. 
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Table 3: Reactive oxygen species (ROS) assay of 6C sample, showing percentage of ROS-high and ROS-low cells with 

corresponding mean fluorescence intensity (MFI) 

S. No Sample Name  
% of Cells Geometric Mean Fluorescence intensity 

(MFI) of DFCDA (FL-1-A Parameter) ROS Low ROS High 

1 Control (untreated) 
Run 1 90.9 9.1 528 

Run 2 88.7 11.3 676 

2 S6- 6C- 1.25% v/v 
Run 1 74.3 25.7 1148 

Run 2 74.2 25.8 1146 

 

The bar graph illustrates a significant increase in mean 

fluorescence intensity in Thuja 6C-treated cells (~1200) 

compared to the control (~600). This indicates enhanced 

intracellular ROS generation following treatment as shown in 

Figure 3. 

 

 
Figure 3: Reactive oxygen species (ROS) assay of 6C 

sample showing percentage of ROS-high and ROS-low cells 

with corresponding mean fluorescence intensity (MFI) 

 

4.1.6 Caspace-3 Assay 

The untreated control group displayed 3.4–4.9% of Caspase-

3 positive cells, with mean fluorescence intensity (MFI) 

values ranging from 770 to 825. Conversely, Thuja 6C 

therapy markedly diminished Caspase-3 positive to merely 

0.4–0.7%, accompanied by reduced MFI values of 490–523. 

This signifies the inhibition of caspase-3 activation in treated 

cells relative to the control group as shown in Table 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4: Effect of Thuja 6C (1.25% v/v) on caspase-3 activation in A549 cells 

S. No Sample Name  

% of Cells Geometric Mean Fluorescence intensity 

(IMFI) of FITC Caspase- 3 (FL-1-A 

Parameter) 
Caspase- 3 

-ve 

Caspase- 3 

+ve 

1 Control (untreated) 
Run 1 95.1 4.9 825 

Run 2 96.6 3.4 770 

2 S6- 6C- 1.25% v/v 
Run 1 99.6 0.4 490 

Run 2 99.3 0.7 523 

 

The bar graph (Fig. 4) illustrates a significant reduction in 

mean fluorescence intensity of active Caspase-3 in cells 

treated with Thuja 6C (~500) relative to the untreated control 

(~800), showing diminished caspase-3 activation.  

 
Figure 4: Effect of Thuja 6C (1.25% v/v) on Caspase-3 

activation in A549 cells 
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5. Discussion 
 

Our findings of moderate cytotoxicity of Thuja occidentalis 

6C against A549 lung cancer cells parallel earlier work by 

Pathak et al. [19], where Ruta graveolens 6C selectively 

affected glioma cells while sparing normal lymphocytes. 

While these plant sources differ, both studies suggest that 6C 

potencies may elicit measurable biological effects in cancer 

cell models, underscoring the need to investigate their 

physicochemical characteristics and underlying mechanisms. 

From a hormesis perspective, such effects may reflect a 

biphasic dose response, where ultra-dilute preparations cause 

cell-type-specific stimulatory or inhibitory outcomes. In both 

Thuja and Ruta contexts, the 6C potency might fall within an 

“active window” that triggers adaptive stress responses, 

possibly involving oxidative stress regulation, mitochondrial 

disturbance, cell cycle arrest, or apoptosis while promoting 

protective pathways in normal cells. These responses are not 

easily explained by bulk phytochemicals alone, and emerging 

hypotheses suggest nano-scale structures or particle remnants 

as potential mediators. Viewing these results through a 

hormetic model provides a plausible, testable foundation for 

understanding selective cytotoxicity in ultra-dilute systems. 

 

In our GC–MS analysis of Thuja occidentalis mother tincture 

(90% ethanol) and the 1.25% ethanolic preparation, we did 

not detect α-thujone or β-thujone, compounds often reported 

as key bioactives with anticancer potential. Several factors 

could explain this absence. First, thujone is highly volatile 

and thermolabile. During sample preparation and GC–MS 

injection, it can evaporate or degrade thermally, especially 

under the high injector and column temperatures used in GC 

analysis. Second, the chemical composition of Thuja 

preparations varies based on plant source, harvest time, and 

extraction conditions, such as differences in cultivar, growth 

environment, or processing, which can lead to low or 

undetectable thujone levels. Third, the efficiency of ethanol–

water extraction for thujone depends on the balance of 

polarity. However, 90% ethanol generally extracts essential 

oils well; Post-preparation handling and storage can lead to 

oxidation or transformation into other terpenoid derivatives. 

Finally, in homeopathic preparations, serial dilution and 

succussion may further lower phytochemical concentrations 

below GC–MS detection limits, even if nano-scale remnants 

persist. Therefore, the absence of detectable thujone does not 

exclude biological activity, as other terpenoids, flavonoids, or 

nano-particulate plant remnants could contribute to the 

observed cytotoxic effects. 

 

The present study demonstrates that Thuja occidentalis 6C 

exerts moderate cytotoxic effects on A549 human lung 

carcinoma cells. This finding is consistent with earlier 

observations by Pathak et al, where Ruta graveolens 6C 

displayed selective cytotoxicity against glioma cells. Despite 

originating from different botanical sources, both studies 

report significant activity specifically at the 6C potency, 

suggesting a potential shared mechanism that merits further 

investigation into the physicochemical and biological 

behaviour of ultra-diluted preparations. 

 

Treatment with T. occidentalis 6C resulted in a marked 

increase in intracellular reactive oxygen species (ROS) levels 

compared to untreated controls. The percentage of ROS-high 

cells rose from approximately 10% in control samples to 

~25% in treated groups, while mean fluorescence intensity 

(MFI) values more than doubled (from ~528–676 to ~1146–

1148). These results were highly consistent across two 

independent experimental runs, underscoring the 

reproducibility of the observed effect. Biologically, such 

elevated ROS levels are known to induce oxidative stress, 

impair mitochondrial function, and initiate apoptotic 

signaling, suggesting a pro-oxidant cytotoxic mechanism for 

the 6C potency. 

 

Interestingly, caspase-3 activity, commonly associated with 

classical apoptosis, was reduced in 6C-treated samples. The 

proportion of caspase-high cells dropped from 4.9% and 3.4% 

in controls to just 0.4% and 0.7% following treatment, 

accompanied by a reduction in MFI from ~825–770 (control) 

to ~490–523 (treated). This attenuation of caspase activation, 

despite elevated ROS levels, implies that T. occidentalis 6C 

may induce a caspase-independent form of cell death or 

trigger early mitochondrial dysfunction without fully 

engaging the canonical apoptosis cascade. While 6C is a high-

dilution preparation, residual ethanol, standardized across all 

test samples to 1.25% (v/v), could theoretically contribute to 

cytotoxicity. However, the fact that mother tincture, 1C, 3C, 

200C, and 1M dilutions did not produce similar effects 

suggests that ethanol alone is unlikely to explain the unique 

cytotoxic profile of 6C. Literature indicates that 

mitochondrial dysfunction and apoptosis in A549 cells can 

occur at ethanol concentrations ≥1%, especially when 

combined with bioactive extracts (e.g., from Tremella 

mesenterica or Artemisia vulgaris), but our experimental 

ethanol level remains within the non-toxic range [20]. 

 

5.1 Mechanistic Considerations and Hormesis Hypothesis 

 

The selective cytotoxicity observed exclusively at the 6C 

dilution, despite uniform ethanol content across all samples, 

points toward a hormetic, non-linear dose–response 

phenomenon. In this model, an intermediate dilution like 6C 

elicits a biological effect not observed at higher or lower 

concentrations. This paradoxical activity aligns with 

hormesis theory and reflects findings in other ultra-dilute 

systems where low doses trigger adaptive or stress-related 

cellular responses. Emerging research suggests that certain 

homeopathic dilutions, particularly around the 6C potency, 

may retain source-derived nanoparticles or silica-associated 

molecular imprints formed during serial dilution and 

succussion. These nano-architectures, though present in ultra-

trace amounts, may still interact with redox-sensitive cellular 

pathways, contributing to the observed elevation in ROS. 

Moreover, it is plausible that the 6C preparation achieves a 

unique physicochemical state, such as an optimal 

nanoparticle size, surface charge, or energy configuration, 

which facilitates cellular uptake or membrane interaction. 

 

The absence of cytotoxicity at both lower (1C, 3C) and higher 

(200C, 1M) potencies further supports this hypothesis. To 

elucidate these phenomena, future studies should include 

nanoparticle characterization using techniques like 

transmission electron microscopy (TEM), scanning electron 

microscopy with energy dispersive X-ray spectroscopy 

(SEM-EDX), dynamic light scattering (DLS), and zeta 

potential analysis. Metabolomic profiling and mitochondrial 
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function assays could also clarify the downstream effects of 

ROS elevation and determine whether the response reflects 

apoptosis, autophagy, necrosis, or other stress-mediated 

pathways. 

 

6. Conclusion 
 

This study demonstrates that Thuja occidentalis 6C exhibits 

selective cytotoxicity toward A549 lung cancer cells, 

characterized by a marked elevation in reactive oxygen 

species (ROS) and a reduction in cell viability, despite all 

tested liquid dilutions containing an identical ethanol 

concentration (1.25% v/v). The absence of comparable 

effects at other potencies, including the mother tincture, and 

the reproducibility of cytotoxic activity with ethanol-free 6C 

granules (IC₅₀ ≈ 32.67 µg/mL) indicate that the effect is not 

attributable to ethanol and may be an intrinsic property of the 

6C preparation itself. Additionally, cytotoxicity testing of the 

90% mother tincture on non-malignant Vero cells showed 

only moderate effects (IC₅₀ ≈ 34–45% v/v), further supporting 

that ethanol is not the primary driver of the observed 

cytotoxicity. This reinforces the possibility of a non-linear, 

hormetic dose–response uniquely associated with this 

potency. The observed decrease in caspase-3 activity, 

concurrent with elevated ROS, suggests a caspase-

independent cell death pathway, potentially mediated through 

oxidative stress–driven mechanisms. These findings align 

with emerging hypotheses that ultra-dilute preparations may 

retain nano-scale physicochemical features capable of 

modulating cellular pathways. To substantiate these results 

and clarify their therapeutic significance, future research will 

focus on nanoparticle characterization and detailed analyses 

of mitochondrial dysfunction and redox-regulated signaling 

pathways. 

 

7. Future Scope  
 

Future research should concentrate on characterizing the 

nano-scale characteristics of Thuja occidentalis 6C through 

sophisticated methodologies, while concurrently examining 

mitochondrial dysfunction, redox-regulated signaling, and 

caspase-independent pathways. Extensive testing across 

many cancer and normal cell lines, coupled with in vivo 

validation, will facilitate the determination of selectivity, 

effectiveness, and safety. Furthermore, investigating 

synergistic interactions with conventional chemotherapeutics 

may elucidate its translational potential. 
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