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Abstract

Oxidative stress (OS) plays a central role in the pathogenesis of several cutaneous disor-
ders, including inflammatory dermatoses, photoaging, and carcinogenesis. The imbalance
between reactive oxygen species (ROS) production and endogenous antioxidant defenses
contributes to inflammation, cellular senescence, and barrier dysfunction. Phytochemicals
with antioxidant and anti-inflammatory properties have therefore gained attention as poten-
tial therapeutic agents in dermatology. Calendula officinalis (CO) and Matricaria chamomilla
(MC) contain bioactive compounds, including carotenoids, flavonoids, terpenoids, and
phenolic acids, that modulate redox homeostasis and inflammatory pathways. Evidence
from preclinical and clinical studies indicates that CO and MC exert photoprotective effects
by reducing UV-induced ROS generation and preserving dermal collagen. Both extracts
promote wound healing through fibroblast stimulation, collagen deposition, and antimicro-
bial activity. In chronic inflammatory dermatoses, including atopic dermatitis (AD) and
psoriasis (Pso), CO and MC downregulate pro-inflammatory cytokines, thereby restoring
immune balance. Emerging delivery systems have enhanced their skin bioavailability and

clinical effectiveness. Collectively, current data support the antioxidant, anti-inflammatory,
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and regenerative properties of CO and MC, underscoring their potential in maintaining skin
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1. Introduction

Skin diseases represent a growing global burden, affecting patients’ quality of life and
often requiring long-term management strategies [1]. The complexity of these conditions,
frequently associated with oxidative stress (OS), inflammation, and impaired skin barrier
function, highlights the need for safe and effective therapeutic options [2]. In recent years,
attention towards OS has increasingly grown, opening up new potential therapeutic av-
enues, with fewer side effects and greater efficacy. Persistent Th2 inflammation, as well
as exposure to solar radiation, infections, pollution, and stress, contributes to the over-
production of reactive oxygen species (ROS), including superoxide (O?*~) and hydrogen
peroxide (HyO,). Normally, systems exist that counteract the production of ROS, namely
the antioxidant system (AOS) [3]. Enzymatic and non-enzymatic defenses characterize
AQOS. Enzymatic antioxidants, such as superoxide dismutase (SOD), catalase (CAT), and
glutathione peroxidase (GPx), are synthesized intracellularly. These antioxidants act by
directly neutralizing ROS through catalytic conversion. For instance, SOD catalyzes the
dismutation of superoxide radicals into hydrogen peroxide, which is then further reduced
to water by CAT or GPx. Non-enzymatic antioxidants include low-molecular-weight
compounds such as glutathione (GSH), as well as exogenous nutrients such as vitamins
C and E and carotenoids. These factors protect the skin by acting as “scavengers” that
donate electrons to stabilize free radicals, thereby preventing chain reactions that lead to
cellular damage [3,4].

The imbalance between ROS production and the activity of this system determines
the onset of OS. OS contributes to the perpetuation and worsening of inflammation and is,
in turn, maintained by cellular aging, thus contributing to the phenomenon now known
as inflammaging [4]. In chronic inflammatory skin diseases such as atopic dermatitis
(AD) or psoriasis (Pso), an increase in OS biomarkers and a reduction in AOS biomarkers
are observed [5]. Dermatological conditions vary significantly across the lifespan and in
clinical severity. For example, AD is primarily a pediatric concern, often characterized
by a prevalent Th2 immune profile and an impaired skin barrier, which can persist into
adulthood as chronic, severe lesions [5]. Instead, Pso typically presents in adults as a
chronic autoimmune condition involving keratinocyte hyperproliferation and systemic
inflammation. Furthermore, the aging process produces pro-inflammatory cytokines and
ROS, leading to heightened susceptibility to skin cancer and environmental damage in el-
derly populations [4]. The severity of these conditions is often assessed using standardized
scales that reflect the degree of erythema, infiltration, and desquamation.

One of the primary mechanisms by which OS exerts its harmful effects on the body
is lipid peroxidation (LPO). LPO is a primary driver of skin damage because it targets
the polyunsaturated fatty acids (PUFAs) within cell membranes and is a biochemical pro-
cess through which these lipids are peroxidized in the presence of free radicals, causing
alterations in biological membranes and the formation of harmful substances such as mal-
ondialdehyde (MDA) and 4-hydroxynonenal (4-HNE). These compounds possess cytotoxic
and genotoxic properties and have been identified as playing a role in the pathogenesis of
various diseases, neoplasms [6], and skin diseases like Pso, vitiligo, and alopecia. Further-
more, LPO may also play a role in the pathogenesis of other skin diseases (AD, urticaria,
pemphigus, and skin cancer) [7]. MDA is primarily used as a biomarker of systemic oxida-
tive damage. At the same time, 4-HNE is particularly cytotoxic, capable of forming covalent
adducts with proteins and DNA, which disrupt signal transduction and lead to apoptosis
or malignant transformation. In the skin, this process degrades the lipid barrier, increasing
transepidermal water loss and facilitating the entry of environmental allergens [7].

The role of antioxidants is to counteract OS, which can be mediated by endogenous
enzyme systems or exogenous substances ingested through diet. Plant-based foods in
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particular have strong antioxidant effects. Many varieties of fruits and vegetables contain
powerful antioxidants, including alkaloids, polyphenols, and terpenoids. Today, it is widely
demonstrated that the administration of these substances through the use of derivatives
or food supplements can be effective in combating many inflammatory diseases [8]. The
branch that deals with this is phytotherapy [9], which has been the basis of traditional
medicine for centuries. The use of phytotherapeutics is particularly employed in the
treatment of skin conditions, often with remarkable results [10].

Standard management of inflammatory dermatoses (such as AD and Pso) is based on
emollients and topical anti-inflammatory agents (topical corticosteroids and calcineurin
inhibitors), with phototherapy or systemic therapies for more severe disease. Wounds
and radiodermatitis are usually addressed through supportive care, including cleansing,
dressings, and barrier creams/emollients (e.g., aqueous moisturizers, urea-based products,
or trolamine). In this context, Calendula officinalis (CO) and Matricaria chamomilla (MC)
have predominantly been investigated as adjunctive topical options or supportive-care
alternatives, primarily for their anti-inflammatory and antioxidant properties. CO has been
used for its pharmacological properties since the 12th century [11]. Today, it is recognized
for its important therapeutic properties, including anti-inflammatory, antimicrobial, and
hepatoprotective effects, while also promoting wound healing [12]. CO also has significant
antioxidant activity, especially due to its high content of carotenoids, flavonoids, terpenoids,
coumarins, and phenolic acids [12].

MC is another plant found worldwide and widely used in traditional medicine to treat
various conditions, including infections and respiratory, gastrointestinal, and neuropsychi-
atric disorders. This plant has also demonstrated several biological properties: antioxidant,
antimicrobial, antidiabetic, anticancer, and anti-inflammatory effects [13]. Its traditional
use in poultices, infusions, and topical formulations is supported by reports of beneficial
effects on irritated and fragile skin [14].

The scientific literature increasingly suggests that the antioxidant potential of these
plants is a key mechanism underlying their skin benefits [14]. By modulating redox balance
and mitigating OS, both MC and CO may help to protect the skin from external aggressors,
including ultraviolet (UV) radiation and environmental pollutants [1]. In addition, their
anti-inflammatory and soothing properties contribute to maintaining skin homeostasis
and health [2].

Beyond their individual actions, there is growing interest in the synergistic effects
when MC and CO are used in combination [15]. Their complementary phytochemical
compositions suggest that joint formulations could provide broader protection and en-
hanced activity compared to single-plant preparations [14]. This perspective is particularly
relevant in the context of modern cosmeceutical and dermatological research, which seeks
to integrate natural compounds into innovative strategies for skin care and treatment [2].

In light of these considerations, this work aims to explore the beneficial actions of
MC and CO in the field of skin diseases, with particular attention to their antioxidant
and skin-protective properties [1]. By reviewing current evidence, we will discuss how
these two plants, individually and in combination, may contribute to the prevention and
management of OS-related skin conditions [15].

2. Calendula officinalis (CO)

Calendula officinalis is a medicinal plant belonging to the Asteraceae family, also known
as English marigold and pot marigold [16]. The primary and most widespread varieties of
CO are C. officinalis, C. arvensis, C. tripterocarpa, C. stellata, and C. suffruticosa, but there are
currently about 25 species [17]. Its extracts have long been used in traditional medicine and
are now utilized in the pharmaceutical industry due to the plant’s numerous properties.
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These pharmacological activities are guaranteed by the rich chemical composition of CO
extracts: flavonoids, terpenoids, triterpene esters, triterpenoids, phenolic compounds,
carotenes, quinones, tocopherol, steroids, essential oils, fatty acids, minerals, saponins,
carbohydrates, and sterols [12].

CO extracts have demonstrated not only anti-inflammatory, antioxidant, and antimi-
crobial activity, but also antidiabetic, hepatoprotective, and antitumorigenic effects [12].

The anti-inflammatory effects of CO could be attributed to the extracts” ability to
inhibit the production of proinflammatory cytokines and the cyclooxygenase Cox-2 [18].
Furthermore, CO appears to have a dose-dependent inhibitory effect on the nitric oxide
(NO) cascade [19].

The antioxidant activity of CO extracts is closely linked to their polyphenolic content,
particularly flavonoids. These compounds are among those with the most active antioxidant
properties due to their high content of hydroxyl groups [12].

These effects, combined with its ability to promote wound healing, make this plant
very useful in the treatment of many skin disorders.

3. Matricaria chamomilla L. (MC)

Matricaria chamomilla L. is one of the most widely used medicinal plants in dermatol-
ogy, traditionally valued for its soothing and anti-inflammatory properties. MC extracts
contain over 120 pharmacologically active compounds, of which terpenoids represent the
most significant group. Other constituents include phenolic compounds, such as phenolic
acids, flavonoids, coumarins, and amino acids [13]. MC and its extracts exert various
biological activities and pharmacological effects. This plant contains compounds with
high antioxidant potential [20] and has been shown to have significant antimicrobial ef-
fects, especially against Gram-positive and Gram-negative bacteria [21]. Flavonoids are
major immunomodulators and, as such, also exert anti-inflammatory effects, as well as
the ability to promote Th1/Th2 balance through upregulation of Th1 [22]. Contemporary
research has begun to clarify how flavonoids, such as apigenin and luteolin, together with
sesquiterpenes, like a-bisabolol and chamazulene, modulate inflammation and restore cu-
taneous homeostasis [23]. Plant oils containing these constituents have been demonstrated
to repair the skin barrier, reduce transepidermal water loss, and attenuate cytokine-driven
inflammation, thereby providing a rationale for their use in inflammatory dermatoses [24].

4. Potential Use of Calendula officinalis and Matricaria chamomilla in
Skin Diseases

4.1. Prevention of UV-Induced Damage and Potential Implications for Skin Cancer

UV radiation acts by stimulating ROS production, leading to DNA damage, OS, and
an increase in inflammatory cytokines, thus triggering various signaling pathways [25].
Antioxidants, such as flavonoids and phenolic acids, present in extracts of medicinal
plants like CO and MC, have the ability to reduce the damage resulting from exposure to
this radiation.

In clinical practice, various topical phytotherapeutic preparations based on natural
substances that shield against UV radiation and have an antioxidant effect are currently
used for radiation protection. These preparations reduce the incidence of skin diseases
related to photoexposure, such as skin cancer, to varying degrees of effectiveness. Among
the various extracts used to prepare topical shielding formulations, several commercially
available formulations based on CO or MC are available, and several studies in the literature
have demonstrated their effectiveness.

The first studies on the photoprotective effect of CO date back to 2010. Fonseca et al. [26]
examined the efficacy of orally administered CO extract in preventing UVB-induced OS on

https:/ /doi.org/10.3390/app16041965


https://doi.org/10.3390/app16041965

Appl. Sci. 2026, 16, 1965

50f24

the skin. This study demonstrated not only the in vitro antioxidant efficacy of the extract
but also its photoprotective effect in murine models. Oral treatment with CO extract, at the
dose of 150 or 300 mg/kg in irradiated glabrous mice, maintained GSH levels close to those
of non-irradiated controls. Indeed, GSH levels are a good early sensor of UVB-induced
epidermal OS. However, using higher doses of CO extract (600 mg/kg), a depletion of
approximately 43% in GSH levels was observed [26].

In light of the therapeutic potential demonstrated by this study, the same authors sub-
sequently evaluated the possible efficacy of topical formulations containing CO extract [27].
This in vivo study on glabrous mouse models demonstrated that all tested formulations
had good efficacy and optimal stability. Specifically, the gel (F3) appeared to be the most
effective formulation in maintaining GSH levels similar to those of the control cases. The
same study demonstrates that the therapeutic effect is not linked to the possible impact
of the gel on the activity of UVB-induced enzymes (gelatinase-9 or myeloperoxidase), but
rather to a potential positive action on collagen synthesis [27].

The sunscreen effect, measured as sun protection factor (SPF), was subsequently eval-
uated. Mishra et al. [28] studied the in vitro SPF of CO oil using ultraviolet spectrometry.
The CO oil-based cream formulation showed a good SPF (14.84 + 0.16), thus demonstrat-
ing a valid photoprotective effect. Several cosmetic preparations use CO essential oil in
combination with geranium essential oil. Indeed, the two oils appear to enhance their
respective antioxidant and photoprotective effects, also providing an anti-aging benefit for
the skin. In 2019, Lohani and her team [29] studied the antioxidant effect and SPF of these
two oils. The study demonstrated the antioxidant efficacy of the combination of CO oil and
geranium oil, which had SPF values of 8.36 and 6.45, respectively.

The anti-photoaging effect of a blend of CO and rosemary extracts was subsequently
studied [30]. This study, on mouse models of UV-induced photoaging, demonstrated
how this blend induced a reduction in photoaging-related biomarkers such as MMPs,
cytokines, tumor necrosis factor-alpha, type I procollagen, 8-hydroxydeoxyguanosine,
SOD, GPx, and catalase. In the same study, the photoprotective effects were also
demonstrated histologically.

Exposure to UV radiation is a significant risk factor for the development of skin
cancers, primarily melanoma [31]. Therefore, skin protection mechanisms and strategies to
enhance photoprotection are essential for reducing the risk of skin cancer. Ukiya et al. [32]
in 2006 highlighted that some bioactive compounds extracted from CO exhibited marked
anti-inflammatory and antitumor effects. This study on tumor cell models showed that
two triterpene glycosides extracted from CO flowers exhibited potent cytotoxic activity
against melanoma cells. In the same year, several authors evaluated the in vitro cytotoxic,
antitumor, and immunomodulatory activities, as well as the in vivo antitumor effect, of the
CO extract, with encouraging results. The extract inhibited tumor cell proliferation in vitro
by blocking the cell cycle in the GO/G1 phase and inducing apoptosis. The same extract in
murine models inhibited tumor growth of Ando-2 melanoma cells [33]. Matic et al. [34] in
their 2013 study observed that CO tea exerted a highly selective antitumor effect against
Fem-x melanoma cells.

CO derivatives also appear to have an effect on tumor spread. Studies using mouse
models of lung metastasis induced by B16F-10 melanoma cells have demonstrated that
treatment with CO extracts exerts anti-metastatic effects. Administration of the extract
reduced lung tumor nodules by 74% thanks to its inhibitory effect on key enzymes involved
in metastasis and the reduction of proinflammatory cytokines [35]. Recently, Xuan et al. [36]
studied the antimelanogenic and antimigratory activities of ethyl acetate fraction (EFC)
from CO flowers. EFC reduced «-MSH-induced melanin production and inhibited the cell
migration ability of melanoma cells in a dose-dependent manner.
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MC is increasingly studied for its potential to contribute to skin photoprotection, with
its beneficial properties primarily deriving from a rich blend of flavonoids and volatile
terpenoids, especially apigenin, bisabolol compounds, and chamazulene. Together, they
offer antioxidant, anti-inflammatory, and UV-absorbing activities. In particular, apigenin is
the most intensively studied flavonoid in MC extracts for UV protection [37].

Apigenin’s protective activity relies on the ability to inhibit multiple biological pro-
cesses activated by UV radiation. By reducing OS and limiting DNA damage, apigenin
prevents the accumulation of photoproducts that underlie mutagenesis and photoaging [38].
In keratinocytes, it has been shown to restore autophagic activity and maintain protein
homeostasis following UVB exposure, thereby preserving cell viability under conditions of
environmental stress [39]. These effects are complemented by its antioxidant properties,
which counteract ROS generation and mitigate downstream inflammatory signaling [40].
Importantly, apigenin exerts these actions without phototoxicity, with experimental mod-
els confirming its capacity to attenuate erythema in UV-exposed skin, linking molecular
mechanisms to tangible clinical protection [41,42].

Beyond isolated compounds, the essential oils of MC have been evaluated for intrinsic
UV-absorbing capacity. A recent study comparing German chamomile (M. recutita) and
Roman chamomile (Chamaemelum nobile) revealed that the former’s essential oils, when
tested in vitro, achieved SPF estimates in the range of ~26-27, while Roman chamomile oils
produced lower SPF values (~9-16) under the same assay [43]. This result suggested that
species, chemotype, and cultivation practices influence photoprotective potential.

The photostability of MC’s volatile components remains a relevant concern. Chamazu-
lene, an aromatic chemical compound of MC, is known to degrade under UVA/UVB
exposure, particularly in pro-oxidant conditions. Stabilizing agents—such as antioxidants
or UV filters—are thus critical in formulation to preserve MC'’s efficacy over time. The
species and processing also affect antioxidant content, influencing the resilience of the
extract under light stress [43]. However, the available data are limited to preclinical models,
and no large-scale human trials have yet demonstrated that MC-containing formulations
effectively prevent erythema or actinic skin damage in vivo. Table 1 reports the data on the
photoprotective effect of the bioactive compounds found in CO and MC.

Table 1. Main clinical studies regarding the potential photoprotective effect of bioactive compounds
contained in CO and MC.

Author Study Model Aim Results
In vivo To investigate the potential use of Oral treatment with 150 and
Fonseca et al. [26], 2010 (mice) CO extract to prevent UV-induced ~ 300 mg/kg of CO extract maintained
cutaneous OS GSH levels similar to those in controls
To investigate the potential use of ~ The topical formulation can maintain
Fonseca et al. [27], 2011 In vivo topical formulations containing CO  GSH levels close to control levels and
' ! (mice) extract against UVB reduces histological skin changes
irradiation-induced skin damage induced by UVB rays
To evaluate the sunscreen activity The SPF of CO oil, measured by
Mishra et al. [28], 2012 In vitro of a formulation based on the spectrophotometer, showed
essential oil of marigold flowers good activity
To find out the SPF and antioxidant The SPF of both essential oils was
Lohani et al. [29], 2019 In vitro potential of geranium essential oil found to be 6.45 (geranium)

and CO essential oil

and 8.36 (CO)

Aubh et al. [30], 2021

In vivo (mice)

To evaluate the anti-photoaging
effects of CO and rosemary extracts

A reduction of various biomarkers
related to photoaging was observed
due to the suppression of the
inflammatory response.
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Table 1. Cont.

Author Study Model Aim Results
. Triterpene glycosides have shown
Ukija et al. [32], 2006 In vitro To evaluate' the anti-inflammatory potent cytotoxic effects against colon
and cytotoxic effects of CO extracts .
cancer, leukemia, and melanoma cells
To evaluate the cytotoxic anti-tumor The aqueous extract of LACE
Jimenez-Medina et al. In vitro, y exhibited cytotoxic activity on tumor

[33], 2006

In vivo (mice)

and immunomodulatory activities
of LACE

cells and stimulated
lymphocyte activation

Matic et al. [34], 2013

In vitro

To evaluate the antitumor action
and the cytotoxic activity of CO and
MC tea against various malignant
cell lines and against healthy
immunocompetent PBMC

CO infusion exerts a highly selective
antitumor effect through the activity
of phenolic compound

Preethi et al. [35], 2010

In vivo (mice)

To determine the effect of a CO
flower extract on lung metastasis by
B16F-10 melanoma cells in
C57BL/6 mice

Administration of CO reduced lung
tumor nodules by 74%, with a 43.3%
increase in lifespan.

To investigate the chemical
characterization, antimelanogenic

EFC decreased o-MSH-induced
melanin production and the cell

Xuan etal. [36], 2019 In vitro and antimigration activities of the =~ migration ability of melanoma cells in
EFC of CO flowers a dose-dependent manner
To evaluate the photoprotective and
Forero et al. [38], 2019 In vitro antigenotoxic effects of. the' These clompourilds acted as UV fll’ters
flavonoid compounds apigenin, reducing UV-induced genotoxicity
naringenin, and pinocembrin
Apigenin treatment induces cell
death in the COLO-16 cutaneous
. . To study the function of apigenin in squamous cell carcinoma cell line,
Lietal. [39],2019 In vitro UV-damaged keratinocytes reduces microtubule-associated
protein 1 LC3-II turnover, and
inhibits autophagy
To compare the absorption and Apigenins protected cell viability by
Sanchez-Marzo et al. In vitro biological activity of apigenin and approximately 50% at 5]/ m?2 UVA
[40], 2019 apigenin-K in terms of antioxidant radiation and by 90% at 500 J/m?
and photoprotective activity UVB radiation
To evaluate the photostability,
Freitas et al. [41], 2016 In vitro photoreactivity and phototoxicity of The products were found to be stable

apigenin, chrysin and beta-carotene

under UVA/VIS and VIS light

Villamizar-Mantilla et al.

[42], 2025

In vivo (mice)

To study the protective activity of
plant compounds against
UVB-induced skin erythema in
BALB/c albino mice

Apigenin inhibited UVB-induced
skin erythema in mice

CO: Calendula officinalis; EFC: Ethyl Acetate Fraction; GSH: Reduced Glutathione; LACE: Laser Activated Cal-
endula Extract; LC3-II: Light Chain 3; MC: Matricaria chamomilla; PBMC: Peripheral Blood Mononuclear Cells;
SPF: Sun Protection Factor.

4.2. Effects on Wound Healing

A narrative review of the use of CO in wound healing in human clinical trials was pub-

lished in 2008 [44], demonstrating that extracts of this flower possessed several beneficial

properties for wound healing, including anti-inflammatory, antibacterial, antioxidant, and

analgesic activity. In 2019, Givol et al. [45] published a new systematic review evaluating

the healing efficacy of CO extract as monotherapy, analyzing all in vivo studies in animal

and human models. The authors highlighted how, in animal models, treating acute wounds

with CO extract led to faster healing from the inflammatory phase and increased produc-

tion of granulation tissue. These phenomena are likely related to the anti-inflammatory
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properties of CO and its ability to activate and promote fibroblast migration [45]. The
extract is also effective in treating chronic wounds (such as chronic venous ulcers) due to
the same effects mentioned above.

Furthermore, the review shows that CO extract can promote skin healing after burns
and provide protective effects against radiation damage, likely due to its antioxidant and
proangiogenic effects. Since 2019, several authors have confirmed the role of CO extract in
accelerating wound healing.

Giostri et al. [46] published a randomized controlled clinical trial in 2022 analyzing
the progression of secondary intention healing in acute hand wounds treated with CO
extract. The study in human models demonstrated that the time to epithelialization in the
treated group was shorter, with faster healing rates, compared to the control group. In
a recent study, the authors investigated the efficacy of topical 5% aqueous CO extract on
full-thickness skin wound healing in male BALB/c mice.

The authors observed that topical use of the extract significantly reduced wound size
as early as day seven, also resulting in increased levels of fibroblasts, fibroblast growth
factor, and hydroxyproline. Simultaneously, reduced levels of macrophages and inflam-
matory biomarkers, including MMP-2 and MMP-9, were observed in the wounds of
treated mice [47].

One of the main problems with the application of CO extracts in treating chronic skin
wounds is the lack of adhesive properties, which prevents the extract from remaining in
place for prolonged periods. For this reason, some authors have considered extract-loaded
scaffolds that could overcome this problem. In 2020, a hydrogel delivery system loaded
with lyophilized CO extract was developed for the treatment of chronic wounds [48]. The
authors of the study used chitosan as the carrier. This carrier enabled the better diffu-
sion of the active principles in the extract. The combination also facilitated a synergistic
action, allowing the creation of formulations with 3% CO and 80/500 chitosan in a 1:1
weight ratio, as well as 2% or 3% hypromellose [48]. In 2021, Kharat et al. [49] studied
devices loaded with CO extract by electrospinning onto chitosan/polyethylene oxide
(CS/PEO) scaffolds. The study of these devices demonstrated that the incorporation of CO
extract improved the mechanical properties of the CS/PEO nanofibers while also display-
ing strong antibacterial properties (96% and 94% reduction in Gram-positive and Gram-
negative bacteria, respectively). In vitro studies performed by Kharat’s group confirmed
that the nanofibers induced increased cell proliferation, growth, and adhesion. In vivo
studies in murine models have also demonstrated the excellent wound-healing ability of
CS/PEO/CO dressings [49].

In 2022, Naseriyeh and his team developed and studied a chitosan/aloe vera hydrogel
loaded with high-CO nanoliposomes (83% encapsulation rate). The hydrogel’s efficacy in
releasing CO was both tested and demonstrated in vitro, using the French diffusion cell and
rat abdominal skin as a biological membrane. The authors showed that within 24 h, 90% of
the total CO was absorbed into the skin [50]. Over the years, several authors have continued
to use hydrogel as a biomaterial. Recently, a polyacrylamide hydrogel containing CO extract
was synthesized. In vivo tests conducted on male Wistar rats demonstrated increased
collagen fiber production and enhanced skin repair, without dermal toxicity [51]. In
recent years, nanoscience and the development of nanoparticles have become increasingly
relevant in the pharmaceutical and cosmetic industries. Zinc oxide nanoparticles have
potent antimicrobial and antioxidant properties. Recently, some authors developed a cream
containing zinc oxide nanoparticles loaded with CO extract and evaluated its efficacy in
healing skin burns. The study demonstrated that the nanoparticles increased fibroblast
proliferation, promoting (in vivo in animal models) granulation and epithelialization of
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tissues without signs of hemorrhage or infectious complications. This effect is thought to
be linked to increased Bcl-2 gene expression and decreased Bax expression [52].

MC has been used for centuries in traditional medicine, and recent studies have also
highlighted its efficacy in wound healing through several mechanisms. The dried flowers
contain terpenoids, flavonoids, coumarins, and phenolic acids, which have been shown to
exert antioxidant, antimicrobial, and immunomodulatory effects, all of which are essential
for repair processes [53]. One of the earliest observations in experimental models was that
MC promoted faster ulcer healing than corticosteroids, with mice treated with MC showing
complete repair up to nine days earlier and even full closure within five days, thus showing
its superior regenerative potential [54]. Clinical data corroborate these findings, as patients
treated topically after dermabrasion experienced significantly accelerated wound drying
and re-epithelialization when compared with controls [53].

At the mechanistic level, MC modulates several biological targets relevant to tissue
repair. Antagonistic effects on histamine H2 receptors contribute to barrier restoration,
while action on 5-hydroxytryptamine-2 (5-HT2) receptors promotes re-epithelialization [55].
In addition, opioid-like properties have been reported, consistent with the observa-
tion that topical opioids stimulate platelet aggregation and activate the cascade of
wound healing [56].

MC has also shown notable potential in wound-healing applications when integrated
into nanofibrous scaffolds. Motealleh et al. [57] reported that chamomile-loaded electro-
spun fibers enhanced cell viability and achieved almost complete wound closure in vivo
within 14 days, with well-formed epithelial tissue. Similarly, Nezhadmokhtari et al. [58]
demonstrated that MC essential oil incorporated into hybrid nanofibers improved scaffold
hydrophilicity and stability, promoted fibroblast compatibility, and provided vigorous
antibacterial activity. This evidence suggests that MC may contribute to wound repair by
supporting tissue regeneration while also providing antimicrobial protection and favorable
scaffold properties.

Building on this approach, more recent studies developed innovative wound dress-
ings by incorporating MC essential oil into electrospun nanofibers together with zeolite
imidazolate framework nanoparticles. These composite dressings demonstrated excellent
compatibility with human fibroblasts, strong mechanical and thermal stability, and potent
antibacterial activity against both Staphylococcus aureus and Escherichia coli, highlighting
their potential as advanced biomaterials for clinical wound management [58].

In fact, another crucial aspect of MC in wound healing is its antimicrobial prop-
erties, which prevent infection and promote tissue regeneration. Extracts of C. nobile
demonstrated significant antibacterial activity against Pseudomonas aeruginosa in infected
wounds, with healing outcomes superior to tetracycline ointment, supporting its poten-
tial use either alone or in synergy with antibiotics [59]. Beyond bacteria, MC extracts
incorporated into polymeric nanofibers inhibited Candida albicans, further expanding their
application spectrum [57].

Finally, MC’s wound-healing potential can be amplified through combination with
other natural remedies. In experimental models, methanolic extracts of Punica granatum
flowers (phenolic-rich) and MC (flavonoid-rich) showed potent antioxidant activity and
promoted faster wound contraction. The combined formulation outperformed single
extracts, especially at early stages, with histology confirming enhanced collagen deposition
and re-epithelialization, underscoring the promise of polyherbal approaches for effective
healing at lower doses [60] (Figure 1). All the data are reported in Table 2.
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Figure 1. Effects of Calendula officinalis and chamomile extracts on wound healing. CO compounds
promote fibroblast proliferation, increase skin regeneration biomarkers (hydroxyproline, FGF), and
reduce proinflammatory cytokines. MC has antioxidant and antimicrobial properties, which reduce
symptoms such as itching, thanks to its antihistaminic and antiserotonergic effects. Furthermore, MC
appears to have opioid-like effects, stimulating platelet aggregation.

Table 2. Main clinical studies regarding the potential use of CO and MC extract in wound healing.

Author

Study Model

Aim

Results

Silveira-Giostri et al.
[46], 2022

Randomized controlled trial

To analyze by photoplanimetry the
progress of the healing process by
secondary intention in acute
wounds of the hand using the
standardized CO extract

Epithelialization time was
shorter and healing rate was
faster in subjects treated with
CO extracts

Ozturan et al. [47], 2025

In vivo (mice)

To evaluate the efficacy of topically
administered 5% aqueous CO
extract on full-thickness skin
wound healing in male
BALB/c mice

5% aqueous CO extract
enhances wound healing

Chanaj-Kaczmarek et al.

[48], 2020

In vitro

To evaluate the efficacy of a
combination of CO extract and
chitosan used as a carrier for
wound healing

The combination of
freeze-dried CO extract
and chitosan
inhibits hyaluronidase

Kharat et al. [49], 2021

In vivo (mice)

To investigate the efficacy of a
CS/PEOQ scaffold loaded with CO
extract by electrospinning on
wound healing

In vivo and histological
analysis showed that
CS/PEO/CO dressings
improved collagen synthesis,
re-epithelialization, and
tissue remodeling

Naseriyeh et al.
[50], 2022

In vitro, In vivo (mice)

To study the efficacy and security of
a liposomal hydrogel containing
CO extracts

In vitro studies have shown
no cytotoxicity in
nanoliposomes. In vivo, the
addition of liposomes to the
hydrogel increased its
absorption capacity

de Meneses Costa
Ferreira et al. [51], 2023

In vivo (mice)

To demonstrate the efficacy of a
polyacrylamide hydrogel
containing CO extract used as a
wound healing dressing

The hydrogel showed an
efficient collagen fiber
production and an improved
skin repair without
skin toxicity
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Table 2. Cont.

Author

Study Model

Aim

Results

Hashemi et al. [52], 2023

In vitro, In vivo (mice)

To study the efficacy of CO
extract-loaded zinc oxide
nanoparticles on burn healing

Zinc oxide nanoparticles
loaded with CO extract
demonstrated a practical
effect in healing burn wounds

Martins et al. [54], 2009

Comparative study

To compare the efficacy of MC
versus corticosteroids in the topical
treatment of skin ulcers

Animals treated with
chamomile presented
significantly faster wound
healing in comparison to
those treated
with corticosteroids

Nayak et al. [55], 2007

In vivo (mice)

To evaluate the wound healing
activity of MC in rats

The test group exhibited a
greater reduction in the
wound area when compared
with the controls

Motealleh et al.
[57],2014

In vitro, In vivo (mice)

To study the efficacy of electrospun

nanofibrous mats based on PCL/PS

(65/35) and loaded with MC for use
as wound dressings)

In vitro studies showed that
MC-based drugs exhibited
exceptional properties as a cell
growth agent. In vivo studies
on rat wounds, MC-loaded
dressings demonstrated
efficacy in inducing an
increase in the rate of
re-epithelialization

Nezhad-Mokhtari et al.
[58], 2023

In vitro

To evaluate the efficacy of
eco-friendly and biodegradable
nanofibers based on
N-(3-sulfopropyl)chitosan/poly(e-
caprolactone) incorporated by
zeolite imidazolate framework-8
nanoparticles (ZIF-8 NPs) and MC
essential oil

The novel nanofibers showed
improved cytocompatibility,
proliferation, and
physicochemical properties

Kazemian et al.
[59], 2018

In vivo (mice)

To investigate the antimicrobial and
wound healing properties of C.
nobile against Pseudomonas
aeruginosa using in vivo conditions

The antibacterial and healing

activity of C. nobile ointment is

significantly higher than that
of tetracycline ointment

Niknam et al. [60], 2021

In vitro, In vivo (mice)

to evaluate the individual and
combined wound healing activity
of the methanol extracts of
pomegranate and MC flowers

Phytochemical studies have
shown that both fractions,
exhibit potent antioxidant
activity. The demonstrated

improved wound
healing properties.

4.3. Anti-Inflammatory Activity

CO was and still is widely used in the preparation of phytotherapeutic creams with
anti-inflammatory action. However, there is a lack of studies in the literature. As early
as 1994, an in vitro study demonstrated the anti-inflammatory properties of CO extracts,
which were attributed to the triterpenoid content and, in particular, to faradiol esters [61].
An Indian study on mouse models suggested that the anti-inflammatory effects of CO
could be attributed to the extracts” ability to inhibit the production of TNF-« and other
proinflammatory cytokines such as IL-1-3, IL-6, and IFN-y, as well as to CO’s ability to
inhibit the cyclooxygenase Cox-2 [18]. Furthermore, CO appears to have a dose-dependent
inhibitory effect on the NO cascade, a potent proinflammatory agent produced by induced
nitric oxide synthase (iNOS) [19].
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Given the potential effects of CO and the lack of evidence in the literature, Fuchs et al. [62]
investigated the use of CO and rosemary preparations for treating irritant contact dermatitis
(ICD) in 2005. Seven different types of extracts were tested on healthy volunteers with
ICD induced by sodium lauryl sulfate. The extracts, applied during the same period as the
induction of ICD, demonstrated a statistically significant protective effect.

CO ointment has also been used to treat diaper dermatitis (DD). This formulation has
even been compared to other topical products, such as aloe vera creams, with superior
results. In a randomized, double-blind clinical study of sixty-six infants with DD, the group
treated with CO ointment experienced significantly fewer rashes than the group treated
with aloe [63].

Wu et al. [64] conducted in vitro and in vivo studies to evaluate the efficacy of
CO, combined with two other herbs (Herba Menthae and Cortex Moutan), in the treat-
ment of skin lesions in AD. The in vitro study evaluated the effects of the individual
herbs and the mixture, demonstrating that the anti-inflammatory effects of the mix
were primarily attributed to Herba Menthae and Cortex Moutan. These two herbs in-
duced the reduction of IL-6 and TNF-o in HMC-1 cells; inhibited the expression of IL-6,
IL-8, and CCL2 in TNF-a/IFN-y-stimulated HaCaT cells; and suppressed NO production in
RAW 264.7 cells. Conversely, CO affected skin wound healing processes more than the
inflammatory microenvironment. However, the combination of these three herbs also
proved effective in mouse models of AD, thanks to the synergistic effect between the
three herbs [64]. A recent study developed and evaluated the efficacy of an emulsifying gel
containing hyaluronic acid, glycerol, CO, aloe vera, polyphenols, and epidermal growth
factor (EGF) for the treatment of AD. The study, conducted on human subjects over 14 years
of age with AD, assessed the response to topical therapy by evaluating objective parameters
of skin barrier function (transepidermal water loss, skin temperature, pH, stratum corneum
hydration, skin elasticity, and degree of erythema) and subjective parameters. The product
not only induced an improvement in objective parameters but also achieved 100% positive
response among patients [65].

MC has been highlighted to interfere with key signaling pathways that orchestrate skin
inflammation. Comparative studies of different plant fractions—whole extracts, flowers,
and roots—demonstrated differential activity on human T cells, suggesting that MC’s broad
immunomodulatory effects can be refined by selecting specific fractions or compounds [66].
The role of MC in AD, characterized by impaired barrier function, itch, xerosis, and im-
mune imbalance, illustrates how these molecular properties translate into therapeutic
benefits. Innovative formulations have demonstrated that nanoemulsions of MC volatile
oil, combined with Bletilla striata polysaccharides, can significantly reduce dermatitis-like
lesions, thereby improving skin hydration and reducing inflammatory mediators [67].
Likewise, MC nanoemulgels restored skin architecture and reduced inflammatory infil-
trates in preclinical models, highlighting the importance of delivery systems in enhancing
efficacy [68]. Earlier studies with German chamomile oil also confirmed immunological
benefits, normalizing Th1/Th2 imbalance and lowering IgE levels in murine models [69],
while aqueous extracts improved dermatitis-like lesions and erythema in animals. These
preclinical observations are complemented by clinical reports that consistently list MC
among the most effective and best-tolerated botanicals for AD, particularly when patients
seek steroid-sparing alternatives [70].

Pso represents another field in which MC'’s anti-inflammatory effects have gained
attention. The chronic nature of pso, with its combination of keratinocyte hyperproliferation
and sustained immune activation, aligns well with the pathways inhibited by MC [71].
MC essential oil managed to alleviate psoriatic-like skin inflammation by inhibiting the
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PIBK/Akt/mTOR and p38 MAPK pathways, both of which are central to keratinocyte
hyperproliferation and inflammatory cytokine production [72].

A randomized, double-blind, placebo-controlled clinical trial compared the efficacy
of a topical oleogel containing MC oil and Cucurbita pepo seed oil to that of a placebo
formulation in 40 adults with plaque pso. At the end of the treatment period, the lesions
treated with the MC—pumpkin oleogel showed a significantly greater reduction in Psoriasis
Severity Index scores compared with those treated with placebo [73].

Nanoformulations can substantially modify the pharmacodynamic profile of botanical
extracts by increasing local cutaneous exposure and optimizing deposition across skin
compartments, thereby amplifying and prolonging anti-inflammatory /antioxidant effects
compared with conventional vehicles. However, the magnitude of pharmacodynamic
modulation is formulation- and extract-dependent, and enhanced penetration may affect
tolerability; therefore, vehicle-controlled, dose-equivalent comparisons with skin deposi-
tion/retention characterization are warranted. Together, these findings suggest that MC is a
botanically derived, multi-target anti-inflammatory agent with applications across various
chronic inflammatory skin diseases (Figure 2). Table 3 summarizes the main clinical studies
on the potential antinflammatory effects of CO and MC extracts.
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/l\ / \

X -
IL-I S G2 - NO A’Ii";
N 1 COX-2 iINOS -
- < MAPK. a4
Proinflammatory COX-2 activity iNOS activity and PI3K/AKT/mTOR and Th1/Th2 IgE production
cytokines NO production p38/MAPK pathways balance
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Antinflammatory effect

Figure 2. Antinflammatory Effects of Calendula officinalis and chamomile. CO exerts an anti-
inflammatory effect by reducing key cytokines associated with inflammation (IL-1-3, TNF-«, IFN-y,
IL-6) and inhibiting enzymes implicated in inflammatory processes, such as COX-2 and iNOS. MC,
on the other hand, inhibits key pathways involved in skin inflammatory processes (e.g., Pso) and
exerts immunomodulatory effects.

Table 3. Main clinical studies regarding the potential antinflammatory effects of CO and MC extracts.

Author

Fuchs et al. [62], 2005

Panahi et al. [63], 2012

Study Model Aim Results
To evaluate the protective action of
cream preparations containing CO A statistically significant
In vivo (Human) and rosemary extracts in healthy =~ protective effect was observed
volunteers with experimentally for all cream preparations.
induced ICD
To compare the therapeutic
efficacies of aloe vera cream and CO Patients treated with CO
Randomized controlled trial ointment on the frequency and ointment had significantly
severity of diaper dermatitis fewer flare-ups

in children

https:/ /doi.org/10.3390/app16041965


https://doi.org/10.3390/app16041965

Appl. Sci. 2026, 16, 1965

14 of 24

Table 3. Cont.

Author

Study Model

Aim

Results

Wu et al. [64], 2021

In vitro, In vivo (mice)

To study the efficacy in the
treatment of atopic dermatitis of a
three-herb formula comprising
Cortex Moutan, Herba Menthae
and CO in a weight ratio of 1:1:1

The herbal blend showed
anti-inflammatory effect,
promoting cell migration
in vitro and alleviating
dermatitis symptoms in
mouse models

Gomez-Farto et al.
[65], 2024

In vivo (human)

To develop and evaluate the efficacy
of a topical emulgel containing
hyaluronic acid, glycerol, CO, and
Aloe vera for the treatment of AD

An improvement in
transepidermal water loss,
erythema and skin hydration
was observed

Lairikyengbam et al.
[66], 2024

In vitro

To compare the effects of extracts of
various MCs on the redox
environment of T cells, as well as on
the migration, activation,
proliferation and cytokine
production of primary
human T cells

Apigenin significantly
reduced granzyme B
induction and cytotoxic
T cell activity

Xu et al. [67], 2024

In vivo (mice)

To demonstrate the therapeutic
effects of CVO-NEGs for the
treatment of AD

CVO-NEGs reduce skin
damage, epidermal thickness,
and mast cell infiltration by
suppressing the production of
IgG and cytokines, including
TNF-«, IL-4, and IFN-y.
Furthermore, CVO-NEGs may
regulate the differentiation of
CD4+ T cell subsets

El-Salamouni et al.
[68], 2020

In vivo (mice)

To evaluate the efficacy of MC oil
and nanoemulgel formulations as a
natural alternative therapeutic
option for AD

Treatment with MC
nanoemulgel resulted in a
shorter duration of skin
healing and no spongiosis.
Biomarker levels were
reduced after topical
application of both the
nanoemulgel and MC oil

Lee et al. [69], 2010

In vivo (mice)

To evaluate the effect of MC oil on
alleviating AD-like
immune alterations

Application of MC oil for
4 weeks resulted in a significant
reduction in serum IgG1 and
histamine levels compared to
the control group as early as
2 weeks after application

Chen et al. [72], 2024

In vitro, In vivo (mice)

To evaluate the efficacy and
mechanisms of action of MC
essential oils on psoriatic-like

skin inflammation

MC oils improve skin lesions
in psoriatic inflammation in
mouse models by reducing

inflammatory cytokine levels

Kolahdooz et al.
[73], 2018

In vivo (human)

To evaluate the efficacy and safety
of topical chamomile-pumpkin
oleogel (ChP) in treating
plaque psoriasis

Mean decreases in PSI score in
the ChP group were
significantly (p = 0.000) greater
than in the placebo group.
Thirty-five percent of plaques
treated with ChP improved in
the treatment group (0% in the
control group).

AD: Atopic Dermatitis; CO: Calendula officinalis; CVO-NEG: Chamomile Volatile Oil Nanoemulsion Gels;
ICD: Irritant Contact Dermatitis; MC: Matricaria chamomilla; PSI: Psoriasis Symptom Inventory.
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4.4. Radioprotection

The search for effective, safe, and affordable agents to mitigate cutaneous radiation-
induced toxicities remains a significant priority in oncology. A substantial body of both
clinical and preclinical evidence supports the use of CO and MC as radioprotective agents,
either alone or in combination with other natural compounds.

The first studies on the efficacy of topical CO preparations in treating acute radioder-
matitis date back to the early 2000s. Pommier et al. [74], in a phase III study, demonstrated
that CO was effective in preventing acute radiodermatitis of grade 2 or higher compared
to trolamine, considered the reference topical treatment. The study showed that the use
of CO cream reduced the onset of radiodermatitis to a greater extent than trolamine (41%
versus 63%; p < 0.001). In a subsequent study dating back to 2013, the ineffectiveness of
topical CO preparation compared to placebo was observed [75]. The incidence of severe
acute radiodermatitis between the two groups was almost identical (23% in the CO group
vs. 19% among controls). However, a review by Simoes et al. [76] in 2020 confirmed the
efficacy of CO in the prevention and treatment of acute radiodermatitis. Subsequently,
Siddiquee et al. [77] in a randomized controlled clinical trial compared the efficacy of topical
CO with Sorbolene (10% glycerin in cetomacrogol cream), the standard of care drug for the
prevention of radiodermatitis. In their study, the authors screened 271 women, recruiting
81 participants (n = 40 Calendula; n = 41 Sorbolene). They found no substantial differences
in the prevalence of radiation-induced dermatitis between the two groups. CO was there-
fore not shown to be inferior to Sorbolene in terms of efficacy. Still, the study was limited
by difficulties in recruiting patients.

Regarding MC, one of the earliest clinical investigations was conducted by
Maiche et al. [78], who compared MC cream with almond ointment in patients under-
going radiotherapy. Their findings showed that MC reduced the severity of acute radiation
skin reactions, laying the groundwork for later controlled trials. More recent studies
have refined these early observations, adopting improved trial designs and developing
innovative formulations.

The clinical relevance of MC has been particularly explored in head and neck cancer,
where radiation dermatitis and mucositis represent significant therapeutic challenges. A
randomized trial comparing MC gel with urea cream demonstrated that MC was more
effective in reducing both the incidence and severity of acute radiation dermatitis [79]. A
subsequent preliminary trial confirmed these findings, reporting improved tolerability and
lower skin toxicity in the MC arm compared to urea [80]. More recently, MC infusion was
evaluated as a topical approach to mitigate radiotherapy-induced dry desquamation, with
promising results in reducing both the extent and intensity of skin peeling in patients with
head and neck cancers [81].

Parallel progress has been made in optimizing MC delivery through advances in
formulation technology. A phase II clinical trial testing a chitosan-coated MC microparticle
gel in breast cancer patients showed significant prophylactic effects against radiodermatitis,
highlighting the potential of bioengineered carriers to enhance MC’s therapeutic activ-
ity [82]. Similarly, recent randomized trials have reinforced the value of advanced delivery
systems in maximizing MC’s clinical activity. In patients with head and neck cancer, a
liposomal gel containing MC proved superior to the liposomal base alone, particularly in re-
ducing erythema and desquamation [83]. A parallel investigation in breast cancer patients
yielded consistent results, demonstrating that MC-enriched liposomal gels outperformed
controls in preventing radiation dermatitis [33].

Combination strategies have also been investigated to enhance the radioprotective po-
tential of MC through its association with other botanical extracts. A cream containing aloe
vera, MC, and thyme demonstrated efficacy in breast cancer patients, showing benefits in

https:/ /doi.org/10.3390/app16041965


https://doi.org/10.3390/app16041965

Appl. Sci. 2026, 16, 1965

16 of 24

both the prevention and treatment of mild radiation dermatitis [84] as well as in improving
patient-reported outcomes [85]. Conversely, Gomes de Meneses and his group found no
statistically significant differences between MC-based liposomal gel and MC-free gel with
regard to the incidence of radiodermatitis [86].

The protective effects of MC extend beyond the skin. Preclinical studies have
shown that MC extracts may attenuate radiation-induced intestinal mucositis through
anti-inflammatory and antioxidant mechanisms [87]. Mixtures of natural agents, including
MC, have also been evaluated in patients undergoing chemoradiotherapy for head and
neck cancer. However, not all endpoints achieved statistical significance; trends suggested
a potential benefit in reducing the severity of mucositis [88].

Mechanistic studies provide further support for these clinical findings. The radiopro-
tective effects of MC are linked to its phytochemical composition. Experimental evidence
has shown that radiation exposure induces the production of antioxidant compounds in
the plant itself—particularly flavonoids and phenolic derivatives—which are known to
counteract genomic instability. These bioactive metabolites are preserved in MC-based
preparations used clinically, thereby offering a biological rationale for their protective
activity [89] (Figure 3). Detailed study characteristics are reported in Table 4.
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Figure 3. Radioprotective effects of Calendula officinalis and chamomile extracts. Topical application
of creams containing extracts of these two plants has been shown to reduce the severity of radioder-
matitis and speed healing. These effects are linked to the previously described abilities of CO and
MC to promote wound healing and reduce inflammation.

Table 4. Main clinical studies regarding the potential use of CO and MC extracts to treating
radiation dermatitis.

Author

Pommier et al.
[74], 2004

Sharp et al. [75], 2013

Study Model Aim Results
The incidence of acute
To compare the efficacy of CO dermatitis of grade 2 or
Clinical trial with that of trolamine in the higher was significantly
treatment of RD lower in patients treated
with CO.
To compare the efficacy of two
topical CO-based agents Both formulations were
Randomized controlled trial (aqqeous cream or cream) in shqwn to be feff'ectlve,
reducing the risk of severe acute with no statistically
skin radiation reactions significant differences

secondary to adjuvant RT
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Table 4. Cont.

Author

Study Model

Aim

Results

Siddiquee et al.
[77],2021

Randomized controlled trial

To compare the efficacy of topical
CO versus standard of care
(Sorbolene: 10% glycerine in
cetomacrogol cream) in reducing
the prevalence of radiation-induced
dermatitis in women undergoing
breast cancer RT

No differences were observed
between CO and Sorbolene in
the prevention of
radiation-induced dermatitis.

Maiche et al. [78], 1991

Clinical trial

To evaluate the effects of MC cream
and almond ointment in the
treatment of acute RD

Neither formulation
prevented the onset of
dermatitis. However, a

reduction in grade
2 dermatitis was observed

Ferreira et al. [80], 2020

Randomized controlled trial

To compare a gel made with MC
with a cream of urea as an
intervention to delay the occurrence
of RD

Preliminary results
demonstrate a delayed onset
of dermatitis, with Grade
2 dermatitis occurring at
5.1 weeks in the MC group
and 4.5 weeks in the
urea group.

Menéses et al. [81], 2022

Clinical trial

To evaluate the effect of MC
infusion in the regression of dry
desquamation and in the
prevention of moist desquamation
in head and neck cancer patients
undergoing RT

All participants experienced
regression of dry
desquamation, with a total
regression of 65.1% and a
mean regression time of
9 days.

Garbuio et al. [82], 2022

Clinical trial

To evaluate the effect of a topical
formulation containing
chitosan-coated MC rauschert
microparticles on the incidence and
grade of RD in women with
breast cancer

No significant difference was
observed between the groups
in the incidence or time to
development of any grade
of dermatitis.

Menéses et al. [83], 2024

Randomized controlled trial

To compare liposomal gel with and
without MC extract for the
prevention and management of RD
in head and neck cancer patients
undergoing RT

The group treated with MC

liposomal gel showed lower
levels of RD than the group
treated with liposomal gel

Villegas-Becerril et al.
[85], 2024

Clinical trial

To evaluate the efficacy of a
NPs-based cream (Alantel®) to
reduce the incidence of RD in
women with breast cancer
undergoing RT treatment

The incidence of RD was
lower in the treated group
(71.4%) than in the control

group (91.4%) after 4 weeks
of follow-up

Meneses et al. [86], 2025

Randomized controlled trial

To compare a liposomal gel with
and without MC extract for the
prevention of radiation dermatitis
in breast cancer patients
undergoing RT

No statistically significant
differences between the two
gels were found in
RD occurrence

Marucci et al. [88], 2017

Clinical trial

To evaluate the potential use of
propolis, aloe vera, CO and MC for
the prevention of acute mucositis
during chemoradiotherapy for head
and neck cancer

The four natural agents do not
show ability to
prevent mucositis

CO: Calendula officinalis; MC: Matricaria chamomilla; NPs: Natural Products; RD: Radiation Dermatitis;

RT: Radiotherapy.

Overall, the reported radioprotection trials are heterogeneous in sample size, radio-
therapy regimens, comparators, and dermatitis grading/endpoints, which may limit power

https:/ /doi.org/10.3390/app16041965


https://doi.org/10.3390/app16041965

Appl. Sci. 2026, 16, 1965

18 of 24

and precision and complicate cross-study synthesis. As a result, apparent benefits may
be imprecisely estimated, whereas negative findings may reflect insufficient power rather
than a true lack of efficacy. Therefore, current evidence is encouraging but not uniformly
sufficient for firm conclusions, supporting the need for adequately powered, multi-center
RCTs with standardized outcomes.

5. Discussion

The current findings underscore the therapeutic promise of CO and MC in derma-
tology, with a particular emphasis on their antioxidant mechanisms. Both plants have a
long history of traditional use, yet modern research is beginning to elucidate the molecular
and clinical underpinnings of their cutaneous effects. A critical emerging point is that OS
represents a unifying pathogenic mechanism across several cutaneous diseases, including
inflammatory ones such as AD, Pso, and DD; photodamage; and carcinogenesis. The im-
balance between ROS generation and the skin’s endogenous antioxidant defenses sustains
chronic inflammation, accelerates cellular senescence, and disrupts barrier function, thereby
contributing to the chronicity of dermatoses [3-5]. The phytochemicals of CO and MC—
principally carotenoids, flavonoids, terpenoids, coumarins, and phenolic acids—appear
strongly involved in modulating redox homeostasis and mitigating OS [12,13].

One of the most compelling applications of these botanicals is in photoprotection, a
field where antioxidant activity intersects with skin cancer prevention. CO extracts exert
photoprotective effects against UVB-induced oxidative damage, primarily by preserving
intracellular antioxidant defenses, while also promoting structural support through en-
hanced collagen metabolism. These dual antioxidant and dermo-regenerative properties
highlight its potential in counteracting photoaging and UV-mediated skin injury [26,27].
Similarly, MC’s flavonoid apigenin has been shown to reduce ROS generation, attenuate
DNA photoproduct formation, and restore autophagy in keratinocytes following UVB
exposure, thereby preventing photoaging and mutagenesis, which can ultimately lead to
carcinogenesis [38,39]. These mechanistic data provide biological plausibility for clinical
photoprotection; however, translation into human trials remains incomplete. While in vitro
SPF evaluation for MC and CO oils is promising, the absence of large-scale controlled trials
limits firm conclusions about their role in preventing actinic damage in vivo [43].

Beyond photoprotection, both CO and MC appear to accelerate wound healing by
orchestrating a redox-sensitive interplay between inflammatory resolution and tissue
regeneration. CO extract facilitated the transition from the inflammatory to the prolifera-
tive phase, enhanced fibroblast migration, and improved collagen synthesis [45,47]. MC
likewise accelerated wound contraction and re-epithelialization, in some models even
outperforming corticosteroids and promoting earlier ulcer closure [53,54]. Advances in nan-
otechnology have enabled the incorporation of these extracts into electrospun nanofibers
and hydrogel-based scaffolds, which significantly improved antioxidant stability, cellular
proliferation, and antimicrobial protection, leading to enhanced healing outcomes [49,57,58].
This body of evidence highlights how antioxidant activity is not an isolated property but
rather embedded within a broader regenerative and antimicrobial framework.

Chronic inflammatory dermatoses such as AD and Pso represent another relevant field
for phytotherapeutic exploration. CO’s triterpenoid fraction has demonstrated efficacy
against irritant contact dermatitis, while ointments showed superiority over aloe vera
formulations in reducing DD severity [61,63]. Recent formulations combining CO with
other natural agents, such as hyaluronic acid or aloe vera, have further enhanced hydration,
reduced erythema, and improved patient-reported outcomes, suggesting synergistic effects
beyond single-plant preparations [33]. MC, by contrast, has demonstrated deeper molecu-
lar immunomodulation. By targeting PI3K/Akt/mTOR and MAPK signaling, MC extracts
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effectively reduced keratinocyte hyperproliferation and cytokine production, central fea-
tures of Pso and AD [71,72]. Clinical trials using MC—pumpkin oil oleogels in Pso further
support these mechanistic insights, reporting significant reductions in Psoriasis Severity
Index (PASI) scores [73]. Together, these findings suggest that the antioxidant activity of
CO and MC serves as a gateway to broader immunological and barrier-restorative benefits.

Radioprotection studies provide a further dimension to CO and MC effects on the skin.
CO has shown variable efficacy in clinical trials, sometimes outperforming conventional
treatments yet demonstrating outcomes equivalent to placebo in other studies, raising
questions about formulation, dose, and trial design [74,75]. MC, however, has shown more
consistent benefits in mitigating radiation dermatitis, with liposomal or chitosan-coated
formulations reducing erythema and desquamation in breast and head and neck cancer
patients [83,86]. These data support the pivotal role of delivery systems, as flavonoids and
terpenoids are prone to oxidative degradation, and their stabilization appears to be critical
for clinical efficacy [82].

6. Major Open Questions

While encouraging, the current evidence also underscores significant limitations. First,
heterogeneity in extraction methods, plant chemotypes, and formulations complicates
cross-study comparisons and limits standardization. The antioxidant potential of CO and
MC is highly dependent on species, cultivation practices, and processing, which can lead to
variability in both efficacy and reproducibility [43]. Second, attributing clinical outcomes
solely to antioxidant activity may lead to oversimplification, given that both plants contain
complex mixtures of bioactive compounds with overlapping effects. Finally, safety data
for long-term use remain limited, particularly in chronic dermatoses where patients often
require prolonged therapy. Collectively, these limitations define clear translational priori-
ties for future research, spanning extract standardization, mechanism-linked endpoints,
formulation-dependent pharmacodynamics, trial robustness, and long-term safety.

Looking forward, advances in nanotechnology, bioengineered scaffolds, and poly-
herbal formulations appear to offer promising solutions for enhancing the clinical utility
of CO and MC. Nanocarriers not only stabilize antioxidants but also improve dermal
penetration and bioavailability, as demonstrated in preclinical models of wound healing
and radioprotection [49,82]. Polyherbal approaches, leveraging synergistic antioxidant
and anti-inflammatory actions, have already shown superior outcomes in wound heal-
ing compared with single extracts, suggesting a future path for combination therapies
in dermatology [60]. To support robust clinical implementation, future research should
prioritize: (i) standardized, reproducible extracts (botanical authentication, chemotype
control, quantified marker compounds); (ii) mechanism-to-clinic linkage using redox/LPO
biomarkers alongside validated severity outcomes; (iii) vehicle-controlled comparisons of
conventional formulations versus nano/advanced carriers, with evidence of skin depo-
sition/retention and release behavior; (iv) adequately powered, multi-center RCTs with
prespecified primary endpoints and standard-of-care comparators; and (v) systematic safety
evaluation for repeated/chronic use (irritancy, sensitization, phototoxicity, and interactions
with concomitant therapies).

7. Conclusions and Perspectives

Calendula and chamomile exemplify the promise of phytotherapy in the manage-
ment of skin diseases. Their antioxidant properties not only counteract OS but also
integrate into complex biological networks that modulate inflammation, tissue repair,
and barrier function. While preclinical and early clinical data are compelling, rigorous
large-scale randomized trials remain essential to confirm efficacy, define standardized
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preparations, and ensure safety in long-term use. Only through well-designed transla-
tional studies can these phytotherapeutic agents be fully integrated into evidence-based
dermatological practice.
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