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Abstract:  Skin inflammation and redness (erythema) are common dermatological conditions
characterized by vascular dilation, cytokine release, and oxidative stress. Conventional topical therapies
often face limitations such as poor skin penetration, instability, and the need for frequent application. In
recent years, nanosponge-based delivery systems have gained prominence due to their high drug-loading
capacity, enhanced stability, controlled release, and improved dermal retention. Thuja occidentalis, a
well-known medicinal plant, exhibits potent anti-inflammatory, antimicrobial, and antioxidant activities
attributed to its bioactive constituents including thujone, flavonoids, and terpenoids. Incorporating Thuja
extract into nanosponges offers a promising strategy to improve therapeutic efficiency while minimizing
irritation and systemic exposure.

This review summarizes current advancements in the formulation strategies, optimization approaches,
and characterization techniques for Thuja-loaded nanosponges and their incorporation into a topical gel
base. The therapeutic potential of such nanosponge gel systems in alleviating skin inflammation and
redness is examined through available in-vitro, ex-vivo, and in-vivo findings. Overall, Thuja-loaded
nanosponge gel represent an innovative herbal nanotechnological platform with significant promise for
safe, effective, and sustained management of inflammatory skin conditions. Further clinical studies are
needed to validate their efficacy and pave the way for commercial development..
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L. INTRODUCTION

Erythema, or skin inflammation and redness, is one of the most prevalent dermatological problems. Numerous reasons,
including as microbial infections, allergic reactions, environmental irritants, and immune-mediated illnesses, can cause
it[1]. Vasodilation, increased vascular permeability, and the release of inflammatory mediators are the hallmarks of
these diseases, which together cause erythema, pain, and swelling[2]. Although there are several synthetic topical drugs
available to treat skin inflammation, prolonged use of these drugs is often associated with side effects such as skin
thinning, discomfort, and diminished effectiveness[3]. As a result, natural, plant-based medications that offer safer,
more biocompatible alternatives for long-term use are growing in popularity[4].

The well-known medicinal plant Thuja occidentalis has long been utilised for its keratolytic, anti-inflammatory,
antibacterial, and antioxidant properties[5].Thujone, flavonoids, tannins, and volatile oils are among the bioactive
components of Thuja that have shown great promise in lowering erythema and skin irritation[6]. However, the medical
application of Thuja extract is limited by its low water solubility, poor stability, and rapid disintegration when exposed
to external conditions. These limitations reduce its availability at the target site and compromise its overall therapeutic
efficacy when used in conventional topical preparations[5].
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By enhancing solubility, safeguarding the active ingredients, and guaranteeing regulated and prolonged medication
release, nanotechnology-based drug delivery systems present a viable solution to these problems. Nanosponges porous,
three-dimensional colloidal structures have drawn the most interest among different nanocarriers because of their high
loading capacity, chemical stability, biocompatibility, and capacity to improve cutaneous penetration. Both hydrophilic
and lipophilic substances can be encapsulated by nanosponges, allowing for regulated release while reducing systemic
absorption and skin irritation. By increasing stability and concentrating medication activity at the site of inflammation,
adding plant extracts to nanosponges increases their therapeutic potential[7].

In this regard, creating Thuja-loaded nanosponges is an innovative and successful way to improve Thuja extract topical
distribution for the treatment of redness and inflammation of the skin. The formulation seeks to outperform traditional
preparations in terms of spreadability, skin retention, and anti-inflammatory efficacy by incorporating nanosponges into
an appropriate gel foundation. In order to improve the therapeutic management of inflammatory skin disorders, the
current work focusses on the synthesis, optimisation, and thorough evaluation of Thuja-loaded nanosponges before
incorporating them into a topical gel. It is anticipated that this research will aid in the creation of a natural, safe, and
efficient topical nanosponge-based system that can provide improved anti-inflammatory and anti-redness effects[8].

II. METHODS AND MATERIALS
Botanical Description:

Fig: 1

Thuja occidentalis Linn. Thuja occidentalis (Arbor vitae or white cedar) is native to Eastern North America and in
Europe is used as a tree for ornamental purposes . Its common names are Northern white-cedar and eastern white cedar.
White cedar is an evergreen monoecious tree that reaches high up to 25 m tall with 100 cm trunk diameter[9]. The plant
is usually with a single straight stem and a conical crown. On the other hand, it may yield multiple stems as it can
reproduce by layering. The bark is red brown which turns gray with age. Branchlets are flattened, bearing foliage in
flattened, fan-shaped sprays. Leaves are scale-like, 1-4 mm long and 1-2 mm wide, pointed. Leaves’ color is dull
yellow-green on both top and bottom. Pollen cones are 1-2 mm long and reddish. Meanwhile, seed cones are ovoid, 9-
14 mm long, green turning into brown, with two pairs of woody fertile scales yielding a total of 8 seeds. Seeds are
winged, redbrown and 4-7 mm long[9,10].

II1. PHYTOCHEMISTRY OF THUJA OCCIDENTALIS:

Alkaloids-

Among the wide variety of secondary metabolites found in Thuja occidentalis, alkaloids play a significant biological
role despite being present in smaller quantities than essential oils and phenolics. Thuopsine, thuja berberine-like
compounds, trace quinoline, and isoquinoline derivatives are among the alkaloids found in Thuja extracts[11]. The use
of these nitrogen-containing compounds in topical preparations for skin irritation is supported by their strong anti-
inflammatory, antibacterial, and antioxidant qualities.Thuja's alkaloids exhibit a lipophilic—hydrophilic equilibrium
phytochemically, which permits modest skin penetration and contact with inflammatory cellular targets. They reduce
erythema, swelling, and oxidative stress by inhibiting pro-inflammatory cytokines (TNF -a, IL-6, and IL-1B),
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suppressing COX-2 and LOX pathways, and modulating NF-xB signalling[12]. Furthermore, certain alkaloids have
antibacterial properties against common skin pathogens including Candida albicans and Staphylococcus aureus, which
helps stop secondary infections that exacerbate inflammatory reactions.All things considered, the alkaloid fraction of
Thuja extract works in concert with its phenolic compounds and essential oils (like thujone) to offer a variety of
dermatological advantages, making it a useful phytochemical ingredient for gel or nanosponge-based formulations
meant to control skin redness and inflammation[11,12].

Flavonoids-

Flavonoids act as potent free radical scavengers, neutralizing reactive oxygen species (ROS) that trigger inflammatory
pathways in the skin[13]. They aid in the restoration of the skin barrier and lessen redness by reducing oxidative
damage and lipid peroxidation. Furthermore, flavonoids reduce vasodilation, oedema, and cytokine-induced irritation
by downregulating COX-2, LOX, TNF-a, IL-6, and IL-1f, which are important inflammatory mediators. Additionally,
their UV-protective qualities prevent additional oxidative damage to irritated skin[14].

Additionally, flavonoids increase collagen stabilisation, improve skin microcirculation, and lower capillary
permeability—all of which are critical for reducing inflammatory redness. Flavonoids have good compatibility and
stability in topical formulations like gels or nanosponges, enabling prolonged release and improved skin retention[15].
Phenols-

Thuja occidentalis is rich in phenolic compounds, which form one of its most biologically significant phytochemical
groups[16]. The primary phenols in Thuja include tannins, phenolic acids (such as gallic acid, caffeic acid, and ferulic
acid), lignans, and simple phenols. Its essential oils also contain phenolic derivatives. These compounds are highly
important for dermatological applications, particularly in the treatment of skin irritation and redness, due to their potent
antioxidant, anti-inflammatory, antibacterial, and astringent qualities.Phenolic compounds primarily function as strong
antioxidants, scavenging reactive oxygen species (ROS) and preventing oxidative stress, a primary contributor to
inflammatory skin reactions.By reducing ROS levels, phenols protect the epidermal barrier by preventing DNA
damage, protein oxidation, and lipid peroxidation in skin cells. Furthermore, phenols decrease inflammatory mediators
by downregulating NF-kB activation and blocking the COX and LOX pathways. This lessens the production of
cytokines (TNF-a, IL-1f, and IL-6) and the vasodilation associated with redness[17].

Tannins-

Thuja occidentalis contains both hydrolyzable and condensed tannins, which contribute significantly to its
dermatological benefits[ 18] Strong astringent, antioxidant, anti-inflammatory, and antibacterial qualities are displayed
by these high-molecular-weight polyphenols. Tannins reduce capillary permeability, exudation, and tissue swelling in
skin inflammation by forming a protective protein—tannin complex on the skin's surface. This helps lessen redness and
irritation. Their capacity to scavenge reactive oxygen species further reduces inflammation brought on by oxidative
stress. Furthermore, tannins reduce the inflammatory cascade by downregulating important inflammatory mediators as
TNF-a, IL-1B, and COX enzymes. Tannins are useful bioactive ingredients in Thuja extracts for topical formulations
that target erythema and skin irritation because of these qualities[18,19].

IV. BIOLOGICAL ACTIVITIES OF THUJA OCCIDENTALIS:
Thuja occidentalis is very beneficial for dermatological applications since it has a number of significant biological
properties. By blocking pro-inflammatory cytokines including TNF-a, IL-1p, and IL-6 as well as the COX and LOX
pathways, its potent anti-inflammatory qualities help lessen skin redness, swelling, and irritation. Antioxidant
substances found in the plant, such as flavonoids, phenolics, and tannins, neutralise reactive oxygen species, stop
oxidative damage, and shield the epidermal barrier from environmental stress[20] Through essential oil components
that damage microbial cell membranes, Thuja exhibits significant antibacterial activity, especially against bacteria,
fungi, and viruses frequently linked to skin illnesses. Its wound-healing and astringent qualities also aid in tissue repair,
minimise extra oil, tighten pores, and promote skin renewal. When combined, these biological processes make Thuja
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occidentalis a useful natural component for topical formulations including gels, lotions, and nanosponges that treat
inflammation, erythema, infections, and overall skin health[20,21].

4.1 Anti-inflammatory activity-

Thuja occidentalis's impact on airway inflammation was evaluated in RAW264.7 murine macrophage cells and
ovalbumin (OVA)-induced allergic asthma. In LPS-stimulated RAW264.7 cells, the plant demonstrated an inhibitory
effect on the generation of pro-inflammatory mediators[22] Topical application of Thuja occidentalis's (syn,
Platycladus orientalis L. Franco, and Biota occidentalis (L.) Endl) extracts reduced proinflammatory mediator activity
and suppressed over-activated immune responses, thereby alleviating atopic dermatitis symptoms. These indicated that
a different approach to treating atopic dermatitis would be to adopt such a combination[23] A pre-inflammatory human
dermal fibroblast culture model was used to evaluate the impact of T. plicata essential oil on seventeen
proinflammatory markers and tissue remodelling. The results demonstrated that the tested oil has positive effects on
human skin cells and anti-inflammatory activity by blocking pro-inflammatory indicators[24]. These findings
demonstrated the anti-inflammatory potential of Thuja plants and highlighted the need for more clinical trials to
develop evidence-based medications and identify the phytoconstituents responsible for this activity[25].

4.2 Antioxidant Activity -

Thuja occidentalis possesses significant antioxidant potential attributed to its abundant phytochemicals, particularly
phenolics, flavonoids, tannins, and terpenoids[26].Through hydrogen-donating and electron-transfer processes, these
bioactive components efficiently scavenge reactive oxygen species (ROS), thereby inhibiting oxidative chain reactions.
Additionally, the extract has potent metal-chelating qualities that lessen the availability of pro-oxidant transition metals
that catalyse the production of free radicals[27].Thuja has also been shown to improve endogenous antioxidant
defences, such as glutathione peroxidase, catalase, and superoxide dismutase, and to prevent lipid peroxidation. The
phenolic and flavonoid content of Thuja extracts is correlated with their high radical-scavenging capacity and reducing
power, as demonstrated by antioxidant tests including DPPH, ABTS, and FRAP[28]. Thuja occidentalis is a promising
natural medicinal agent for topical formulations intended to manage inflammation and redness because of its strong
antioxidant activity, which is essential in reducing oxidative stress-mediated skin inflammation, erythema, and tissue
damage[29].

4.3 Antimicrobial activity

Numerous investigations were carried out to assess the antibacterial properties of Thuja plant extracts and essential oils
against various bacterial and fungal strains with the goal of discovering novel antimicrobial agents with novel
mechanisms of action to address the issue of bacterial resistance. When Thuja occidentalis leaves' methanol extract was
tested against MRSA (methicillin-resistant staphylococcus aureus), it demonstrated promise in managing MRSA that
was acquired in both hospitals and the community[30].The disc-diffusion susceptibility assay was used to assess Thuja
occidentalis leaf extracts both by themselves and in conjunction with ciprofloxacin against Pseudomonas aeruginosa.
The combination of methanolic crude extract, chloroform, and butanol fractions demonstrated strong antibacterial
activity against Pseudomonas aeruginosa at all tested levels, according to the results, while ethyl acetate and aqueous
fractions demonstrated a synergistic effect against P. aeruginosa (Kirby Bauer method)[31]. The antibacterial activity
of wild and planted Thuja orientalis essential oils exhibited that both tested essential oil possessed activity [32].
Pseudomonas aeruginosa infections can be decreased by the test extract, according to findings from an in vitro and in
vivo evaluation of T. occidentalis extract's activity against the pathogen[33].

4.4 Antibacterial Activity -
Thuja occidentalis exhibits strong antibacterial activity due to its rich composition of bioactive compounds, particularly
essential oils (a-thujone, B-thujone, borneol, camphene), flavonoids, tannins, and phenolic acids. These constituents act
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through multiple mechanisms to inhibit bacterial growth and prevent infection[34].Particularly against Gram-positive
organisms like Staphylococcus aureus and Streptococcus pyogenes, the essential oils have membrane-disrupting
qualities that result in cellular contents leaking, membrane integrity loss, and ultimately bacterial cell death.

[35] By blocking bacterial enzymes, interfering with nucleic acid function, and interfering with protein synthesis,
flavonoids and phenolics further strengthen antibacterial effect[36] By precipitating proteins, tannins increase
antibacterial potency and lessen bacterial adherence and biofilm formation on the skin's surface[37]. When combined,
these benefits aid in preventing secondary bacterial infections, which frequently accompany skin injury or
inflammation[35,36]. Thuja occidentalis is a useful natural antimicrobial agent in dermatological applications because
of its diverse antibacterial qualities, which are utilised in topical formulations for the treatment of acne, dermatitis,
wound infections, and inflammatory skin disorders[34].

4.5 Antifungal Activity -

Thujone-rich essential oils, flavonoids, tannins, phenolic acids, and lignans are among the several phytoconstituents of
Thuja occidentalis that have strong antifungal action[34]. Strong fungicidal effects are produced by the essential oil
components, especially o-thujone and p-thujone, which damage fungal cell membranes, increase membrane
permeability, and cause intracellular components to seep out, finally resulting in cell lysis.[38].By preventing ergosterol
synthesis, damaging mitochondrial function, and interfering with fungal enzyme systems essential for survival,
flavonoids and phenolic substances further suppress fungal development.

[39]. By precipitating fungal proteins and preventing spore germination, tannins provide further antifungal activity[34].
Thuja is effective against a variety of dermatophytes and yeasts, such as Candida albicans, Aspergillus species, and
Trichophyton species, which are frequently linked to skin diseases, thanks to these combined methods[40]. Thuja
occidentalis is often used in topical formulations to treat fungal dermatitis, ringworm, athlete's foot, and secondary
fungal infections linked to inflamed or injured skin because of its strong antifungal action[41].

V. OTHER ACTIVITIES OF THUJA OCCIDENTALIS-

5.1 Astringent Activity-

Thuja occidentalis exhibits notable astringent activity due to its high content of tannins, phenolic acids, and flavonoids,
which exert a tightening and contracting effect on skin tissues[34]. Tannins inhibit capillary permeability, exudation,
and fluid loss from inflammatory or irritated sites by binding to skin proteins and creating a thin protective barrier[42].
Thuja is helpful in treating sensitive and acne-prone skin because it contracts superficial tissues to minimise pore size,
regulate excess oil (sebum) production, and lessen surface redness[43]. Because the protein—tannin combination creates
a barrier that shields injured tissue from external irritants and microbial invasion, the astringent action also aids in
improved wound healing. Additionally, Thuja inhibits the growth of germs and fungus that like humid environments by
lowering moisture on the skin's surface. Overall, Thuja occidentalis's potent astringent qualities encourage its
application in topical preparations meant to improve skin tone, lower inflammation, calm irritated skin, and hasten the
healing of small wounds and lesions[44].

5.2 Wound Healing Activity-

Because of its abundance of bioactive substances, such as flavonoids, tannins, phenolic acids, essential oils, and
polysaccharides, Thuja occidentalis exhibits notable wound-healing action. Together, these components speed up the
various stages of wound healing[34]. Strong antioxidant action is demonstrated by flavonoids and phenolics, which
lower oxidative stress at the wound site and shield healing tissues from harm from free radicals. By inhibiting
inflammatory mediators like TNF-a, IL-18, and COX enzymes, the plant's anti-inflammatory properties reduce
swelling, erythema, and discomfort while fostering tissue regeneration[45]. In order to decrease exudation, tighten
tissues, and stop microbial penetration, tannins produce a protective protein—tannin complex[46].Thujone and borneol
are two essential oil constituents that provide antibacterial protection, preventing secondary infections that frequently
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impede wound healing. Furthermore, polysaccharide fractions increase collagen synthesis, stimulate fibroblast
proliferation, and encourage re-epithelialization, all of which improve structural integrity and hasten wound closure.
When taken as a whole, these mechanisms make Thuja occidentalis a potent natural remedy for wound healing and
sustaining healthy skin healing[47].

5.3 Keratolytic Activity-

Thuja occidentalis has significant keratolytic action, which is mainly due to its organic acids, flavonoids, phenolic
compounds, and essential oils (particularly thujone), which aid in the breakdown and removal of extra keratin from the
skin's outer layer. These bioactive components encourage regulated exfoliation of hyperkeratotic tissue, lessen
intercellular cohesiveness, and soften the stratum corneum . Thuja is especially useful for treating warts, calluses,
corns, and rough or thickened skin because of its activity. The plant's antiviral and antibacterial properties, which aid in
the removal of pathogens frequently linked to keratinised lesions, particularly the human papillomavirus (HPV) in
warts, support the keratolytic effect. Furthermore, the presence of anti-inflammatory and antioxidant chemicals
promotes healthy skin regeneration and lessens discomfort during exfoliation. Thuja occidentalis is a useful natural
component of topical treatments for thickened, damaged, or hyperkeratotic skin because it helps remove dead skin
layers and promotes smoother tissue renewal[48].

5.4 Photo Protective Activity-

Thuja occidentalis exhibits significant photoprotective activity due to its rich content of flavonoids, tannins, phenolic
acids, and essential oils, which help protect the skin from UV-induced damage[49]. By acting as natural UV-absorbing
agents, these phytochemicals lessen the harmful UVA and UVB rays' ability to penetrate the skin's deeper layers.
Strong antioxidant qualities found in flavonoids and phenolics prevent oxidative stress-induced lipid peroxidation,
DNA damage, and collagen degradation by neutralising reactive oxygen species (ROS) produced by UV radiation.
Thuja helps lessen erythema, photo-inflammation, and early indications of ageing by inhibiting UV-triggered
inflammatory pathways such TNF-a, IL-6, COX-2, and NF-xB[50]. Its essential oil components calm and soothe
irritated skin, while its tannins tighten skin tissues and enhance barrier integrity to further improve photoprotection
[49,50]. Overall, Thuja occidentalis's combination antioxidant, anti-inflammatory, and barrier-strengthening qualities
contribute to its potent photoprotective action, making it a helpful component of topical formulations meant to maintain
skin health and prevent sun-induced skin damage[22,24].

5.5 Neurocosmetic (Aromatherapeutic) Effect-

Thuja occidentalis exhibits notable Neurocosmetic or aromatherapeutic effects primarily due to its essential oil
constituents, including o-thujone, B-thujone, borneol, fenchone, and camphene, which interact with the olfactory
system and influence neurophysiological pathways linked to emotional well-being and skin health[51]. The limbic
system, the part of the brain in charge of mood, stress management, and emotional equilibrium, receives neural signals
from these volatile substances that activate olfactory receptors[52]. The fragrant components of Thuja have been linked
to mild anxiolytic, soothing, and mood-enhancing benefits. These effects may indirectly alleviate stress-related skin
problems such acne, dermatitis, and chronic inflammation[51]. Aromatherapy can lower these neuroendocrine
reactions, promoting healthier skin function. Psychological stress raises cortisol levels and oxidative stress in the skin.
Thuja's calming aroma also improves topical treatments' sensory comfort and user experience, which adds to the overall
neurocosmetic advantages. Thuja occidentalis functions as a potent botanical component with holistic aromatherapeutic
value in skincare formulations through the combined effects of olfactory stimulation, emotional calm, and decreased
stress-mediated skin irritation[52].
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VI. DETAILED MECHANISM OF ANTI-INFLAMMATORY ACTION OF THUJA OCCIDENTALIS
Inhibition of NF-kB Pathway-
One important transcription factor that controls the production of numerous inflammatory genes, such as cytokines,
chemokines, and adhesion molecules, is nuclear factor-kappa B (NF-kB). NF-kB activation and nuclear translocation
are inhibited by compounds found in Thuja, including thujone, flavonoids, and phenolic acids. Thuja efficiently
suppresses the start and spread of inflammation in skin cells by reducing the transcription of pro-inflammatory genes by
blocking NF-kB from attaching to DNA[53].
Cytokines suppression-
By attracting immune cells, boosting vascular permeability, and encouraging redness and oedema, pro-inflammatory
cytokines including TNF-o, IL-1B, and IL-6 are crucial in causing inflammation. Thuja occidentalis helps lessen
oedema, erythema, and pain in inflammatory skin by reducing the production and release of these cytokines[54].
Enzymelnhibition[cox-2&Lox]-
Pro-inflammatory mediators including prostaglandins and leukotrienes, which increase inflammation and induce
vasodilation, are produced by the enzymes cyclooxygenase-2 (COX-2) and lipoxygenase (LOX). Thuja contains
bioactive substances that inhibit these enzymes, lowering the amounts of these mediators and reducing inflammation-
related redness, heat, and swelling[55].
Antioxidant Activity-
Reactive oxygen species (ROS)-induced oxidative stress can worsen inflammation by harming cellular components and
triggering inflammatory pathways. Thuja's flavonoids, phenolic acids, and tannins are powerful antioxidants that
scavenge reactive oxygen species (ROS), shield skin cells, and stop oxidative stress from amplifying inflammatory
reactions[56].
Tissue stabilization (astringent effect of tannins)-
Thuja's tannins stabilise cell membranes and lessen capillary permeability by forming protein—tannin complexes on the
surface of inflammatory tissues. This reduces oedema and swelling by minimising fluid leaking into surrounding
tissues. Additionally, the astringent impact lessens surface redness, tightens skin tissues, and guards against additional
irritation[57].
Histamine Release Inhibition -
Mast cells release histamine during inflammation, which causes swelling, itching, and vasodilation. Thujone and
borneol, two of Thuja's essential oils, stabilise immune cell membranes to stop excessive histamine release and lessen
related inflammatory symptoms including redness, itching, and irritation[54]
Overalleffect:
Thuja occidentalis successfully lowers skin inflammation by inhibiting NF-«xB, suppressing cytokines, inhibiting
enzymes, protecting against oxidative stress, stabilising tissue, and modulating histamine. It is very useful in topical
formulations for inflammatory skin disorders because it reduces erythema, oedema, and irritation, encourages tissue
healing, and has a calming effect[53,54].

Table 1 : Main Pharmacological Actions of Thuja occidentalis in Dermatology[58]

Mechanism Key compounds/Extracts Effects relevant to skin
Anti-inflammatory Polysaccharides ,flavonoids Reduces edema,cytokines
Antiproliferative Diterpenes ,thujone Inhibits abnormal cell growth
Antioxidant Flavonoids ,tannins Protects from oxidative stress
Antimicrobial Essential oils ,flavonoids Fights skin pathogens

VII. NANOFORMULATIONS AND ADVANCED DELIVERY SYSTEMS
Nanoformulations and sophisticated drug delivery systems can greatly increase Thuja occidentalis medicinal potential
for controlling skin redness and inflammation. which enhance the bioactive chemicals' skin penetration, stability,
regulated release, and bioavailability. Encapsulation in nanocarriers helps phytochemicals like thujone, flavonoids,
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tannins, and phenolics overcome obstacles such poor solubility, volatility, and limited cutaneous absorption.[60]. Thuja
extract delivery methods that are frequently investigated include liposomes, solid lipid nanoparticles (SLNs),
nanosponge and nanogels[61]. For instance, nanosponge-based gels improve anti-inflammatory, antioxidant, and
antibacterial efficacy for skin conditions, increase retention in the epidermis, decrease systemic absorption, and offer
sustained release of active ingredients[60,53]. In order to maximise therapeutic effect while reducing discomfort,
nanoformulations can also be created for targeted delivery to inflammatory or damaged tissues. These cutting-edge
solutions can also be incorporated into cosmeceutical products, providing multipurpose advantages like antimicrobial
protection, photoprotection, anti-aging, and skin regeneration. Overall, Thuja occidentalis's effectiveness, stability, and
adaptability in dermatological and cosmeceutical applications are greatly improved by nanoformulations and
sophisticated delivery methods[60].

Conventional topical formulations frequently have drawbacks such inadequate skin penetration, quick bioactive
ingredient breakdown, and short skin residence times. By delivering its anti-inflammatory, antioxidant, and
antibacterial components—such as thujone, flavonoids, tannins, and phenolics—directly at the site of inflammation,
Thuja extract incorporated into nanosponges offers a viable remedy.[60,53]. Because of their porous polymeric
structure, nanosponges can encapsulate lipophilic and hydrophilic phytochemicals, shield them from deterioration, and
improve cutaneous retention. Furthermore, Thuja's bioactives' skin penetration, stability, and bioavailability are further
enhanced by other cutting-edge delivery methods like liposomes, nanoemulsions, and polymeric nanoparticles[61].
These nano-based methods improve patient compliance, minimise systemic absorption, lower dosage frequency, and
boost therapeutic efficacy. As a result, Thuja-loaded nanosponges and associated nanoformulations offer a novel
approach to the targeted, secure, and efficient treatment of erythema, redness, and inflammatory skin diseases[60].

VIII. TOXICOLOGICAL AND SAFETY DATA

Thuja occidentalis is a medicinal plant known for its therapeutic potential, including anti-inflammatory properties, but
its safety profile, particularly for topical application, requires careful consideration[5]. Thujone, a monoterpene that has
been shown to have neurotoxic and gastrointestinal effects at high systemic dosages, is the main bioactive and
potentially poisonous component of 7. occidentalis[62]. Concentrated Thuja essential oils are categorised as skin
irritants (GHS Category 2) according to safety data sheets, and direct cutaneous exposure may result in erythema,
irritation, or dermatitis[7]. There is little clinical data assessing cutaneous safety in humans, despite preclinical research
suggesting anti-inflammatory benefits in animal models. For topical formulations, patch testing and careful dosing are
therefore advised to reduce irritation or sensitisation, especially in youngsters, pregnant women, and those with
sensitive skin types. Overall, more controlled research is required to establish safe and efficient topical treatments, even
if T. occidentalis shows promise for controlling skin inflammation[24,25].

IX. FUTURE ASPECTS

Thuja occidentalis holds promising potential for the management of skin inflammation and redness due to its bioactive
constituents, particularly thujone, flavonoids, and essential oils, which exhibit anti-inflammatory, antioxidant, and
immunomodulatory activities. In order to minimise skin irritation and maximise therapeutic efficacy, future research
can concentrate on creating sophisticated delivery systems, such as nanosponge gels, liposomes, or nanoemulsions, to
improve dermal penetration, stability, and controlled release of active chemicals. Furthermore, standardised doses,
safety, and efficacy for topical treatments must be established through clinical trials. Investigating combo treatments
with additional herbal anti-inflammatories or bioactive substances may improve treatment results even more. T.
occidentalis may become a safe, effective, and natural substitute for traditional anti-inflammatory drugs in the treatment
of dermatitis, erythema, and other skin inflammatory conditions with careful formulation and thorough scientific
validation.
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X. CONCLUSION
Thuja occidentalis-loaded nanosponge gel represents a promising novel topical system for the management of skin
inflammation and redness. By combining the anti-inflammatory and antioxidant properties of Thuja with the controlled
release and enhanced dermal retention of nanosponges, the formulation overcomes limitations of conventional topical
therapies. The developed gel shows potential for improved efficacy, reduced irritation, and sustained action, making it a
safe and effective herbal nanotechnological approach. Further clinical studies are required to confirm its therapeutic
applicability and support commercialization.
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