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Calendula, commonly known as marigold, is a plant of the Asteraceae family with a rich history of medicinal use.
This plant possesses a variety of bioactive compounds, including steroids, terpenoids, triterpenoids, phenolic
acids, flavonoids, carotenoids, and essential oils. These compounds confer significant anti-inflammatory, anti-
oxidant, antimicrobial, and anticancer properties to Calendula, making it a promising candidate for treating
various skin conditions, particularly skin wounds. Calendula extracts hold potential applications in the phar-
maceutical, food, and cosmetic industries. Notably, these extracts can be utilized in drug delivery systems as
natural biomaterials, offering benefits for various health conditions. This review aims to provide an updated
synthesis of the medical and pharmacological uses of Calendula, with a focus on its role in wound healing and
drug delivery systems. It addresses the limitations of using Calendula’s active compounds, offering insights for
future research and application.

1. Introduction

The Asteraceae family includes the blooming plant known as Calen-
dula officinalis, sometimes referred to as pot marigold, with character-
istics of bright and yellow flowers. Since ancient times, it has been used
medicinally to treat many conditions, including wounds and skin irri-
tations [1]. Fig. 1 below is a graphical representation of Calendula, its
pharmacological properties, and its application. Generally, the number
is placed between 10 and 25 species [2]. Calendula arvensis, also known
as field marigold, is a wild variety of calendula that is either native or
cultivated in North Africa, Asia, and Europe [3]. Other species include
the taxa Calendula suffruticosa, with a vast diversity of morphologies
being one of the reasons for Calendula’s complexity, resulting in its poor
classification [2].

Calendula officinalis is a highly diverse species with various genetic
variations that enable it to adapt to different environmental conditions.
As polyploid species, they have multiple copies of each gene, which
means they possess numerous alleles of the genes, leading to a high

genetic diversity within the species. In a study, colchicine, oryzalin, and
trifluralin induced chromosome doubling. A chromosome set of two was
detected, indicating that Calendula officinalis is an allotetraploid [4]. In
another study, colchicine induced mutations in the Calendula plant. The
result was high heritability, which positively improved yield, quality,
and detection of molecular similarities among different species [5].
Calendula flos is an aromatic herb with light green leaves and yellow or
orange oblong-spatulate petals. The plant produces curved achenes and
has ligulate florets with a tube and protruding style [6]. The World
Health Organization monograph on selected medicinal plants provides a
detailed description of the plant material, which includes composite
flowers and dried ligulate florets. The plant also contains various types
of trichomes and oil droplets.

The Committee on Herbal Medicinal Products (HMPC) of the Euro-
pean Medical Agency (EMA) recommends using calendula flower med-
icines for skin inflammations, minor wounds, and mouth or throat
inflammation based on their traditional use [7]. This is because, despite
insufficient clinical evidence, medicines containing calendula have been
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used safely for at least 30 years. Clinical studies for skin conditions were
taken into consideration. However, conclusions could not be ascertained
due to issues with the study design. The British Herbal Pharmacopoeia
also contains indications for calendula’s use as herbal medicine. It in-
cludes swollen or inflamed lymphatic nodes, sebaceous cysts, duodenal
ulcers, and acute and chronic inflammatory skin lesions [8]. The Euro-
pean Union herbal monograph on Calendula officinalis L., flos stipulates
that, to get a licence for calendula flower medicines, national authorities
must assess an application and consider the HMPC’s scientific conclu-
sions [7]. According to the European Scientific Cooperative on Phyto-
therapy (ESCOP) and EMA monographs, calendula’s preferred mode of
administration is the oral or cutaneous route. Applicable dosage forms
include gels, creams, liquids, ointment, solutions, and spray [9]. Ac-
cording to WHO monograph on medicinal plants, the recommended
methods of using an infusion or tincture of 1-2g/150 mL for topical
application, a 40 % alcohol extract for external use, and a 2-5% oint-
ment for treatment of wounds and compresses [6]. Various preparation
methods for topical application are contained in Calendula monograph
by Health Canada [9] and other available monographs. These include
decoction, infusion, and oil infusion, containing 90-100 % of extract
[7]. Tincture, fluid extract (1-100 % of extract) [7]. Semi-solid (dry
powder, cream, gel, ointment, and salve) should contain 2-20 % of dried
flower [8,10], and semi-solid (tincture and fluid) should contain 5-10 %
of extract [8].

2. Active compounds of Calendula

Terpenoids such as triterpenoids (steroids which is its major natu-
rally occurring group [11], triterpene alcohols, and triterpene saponins),
polyphenols (phenolic acids and flavonoids), carotenoids, and poly-
saccharides are among the main active compounds in Calendula offici-
nalis [12-14] which contributes to its medicinal properties and wide
application in pharmaceutical, food, and cosmetic industry. The mo-
lecular structure of some of the main active compounds is shown in
Fig. 1 below.

Terpenoids are a group of metabolites that exhibit a wide range of
chemical structures [15]. Terpenoids are derived from the assembly of
the five-carbon precursor isoprene [16] and can be classified into sub-
groups, including monoterpenes, sesquiterpenes, diterpenes, tri-
terpenes, and tetraterpenes [17,18]. Triterpenoids, specifically
triterpene alcohols and triterpene saponins, are a subgroup of terpenoids
characterised by their triterpene backbone, consisting of six isoprene
units [18-20]. Among the terpenoids in Calendula, are sitosterols,
stigmasterols, diesters of diols, 3-monoesters of taraxasterol, lupeol,
erythrodiol, brein, ursadiol, faradiol-3-O-palmitate, faradiol-3-O-myr-
istate, faradiol-3-O-laurate, arnidiol-3-O-palmitate, arnidiol-3-O-
myristate, arnidiol-3-O-laurate, calenduladiol-3-O-palmitate,
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calenduladiol-3-O-myristate, oleanolic acid saponins, oleanane tri-
terpene glycosides, glucuronides, and one new triterpenic ester of ole-
anane series, cornulacic acid acetate [21].

Steroids also belong to this group. Sterols such as ergosterol and
cholesterol are important for plant growth and development and syn-
thetic biology studies [20,22]. Steroids have a characteristic four-ring
structure consisting of three cyclohexane rings and one cyclopentane
ring. These compounds are derived from cholesterol and are essential
signaling molecules in the body [23,24]. They regulate physiological
functions like metabolism, immune response, and reproductive pro-
cesses [25-27].

Polyphenols or phenolic compounds are highly diverse and naturally
occurring compounds in various plants, including Calendula. Phenolic
acid and flavonoid are polyphenols and structurally similar [28], with
an aromatic ring attached to at least one complex compound. Phenolic
acids contain an aromatic ring with one or more hydroxyl groups
attached [29]. Flavonoids have a flavone backbone consisting of two
aromatic rings connected by a three-carbon bridge [30-32]. The most
notable flavonoids found in Calandula are quercetin, isorhamnetin,
isoquercetin, narcissin, calendoflaside, calendoflavoside, calendo-
flavobioside, rutin, isoquercetin neohesperidoside,
isorhamnetin-3-Oneohesperidoside, isorhamnetin-3-O-2G-rhamnosyl
rutinoside, isorhamnetin-3-Orutinoside, quercetin-3-O-glucoside, and
quercetin-3-O-rutinoside [21].

Polyphenol’s antioxidant and anti-inflammatory properties can
assist in shielding cells from harm and lessen inflammatory responses in
the body. Polyphenols are believed to exert anti-oxidative, anti-inflam-
matory, and anti-cancer effects by modifying cellular, molecular sig-
nalling pathways [33]. Polyphenols can impede cancer development
and control its progression through their interaction with
tumour-intrinsic factors and whole-body effects [34]. In a study, poly-
phenols displayed chemo-preventive activity through the control of
various molecular events, including apoptosis, autophagy, cell cycle
progression, inflammation, invasion, and metastasis, and act synergis-
tically with clinically approved drugs, making them promising for
clinical applications against many human cancers [35]. In another
study, polyphenolic compounds; curcumin, hesperidin, and quercetin
had potential inhibitory action on SARS-CoV-2, with a mechanism of
action targeting viral maturation cycle, as opposed to penetration [36].
Polyphenols can have a positive impact on probiotic bacteria such as
Lactobacilli and Bifidobacteria, and can promote their growth by
providing carbon sources and generating proton motive forces during
metabolization [37]. The review by Rodiriguez-Daza et al. (2021)
summarises the impact of polyphenols on gut microbiota and the
mechanisms used [37]. According to this review, polyphenols can
interact with bacterial proteins to change the structure and fluidity of
the cell membrane, alter the integrity and production of the cell wall, the
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Fig. 1. Structure of key active compounds found in calendula.
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metabolism of the cells, and inhibit the development of biofilms [38].
Additionally, they can chelate vital metals like iron, copper, and zinc,
which are necessary for bacteria metabolism. Polyphenols’ ability to
chelate metal ions can effectively lessen pathogen colonization in the gut
by diminishing the activity of metalloenzymes and interfering with the
oxidative phosphorylation required for the formation of cytochrome’s
heme to lessen pathogen colonization in the gut [39]. Generally, poly-
phenols have the potential to impact gut health by altering gut micro-
biota, intestinal barrier function, innate and adaptive immunological
responses, and signalling pathways [33].

Carotenoids are another class of metabolites with a long conjugated
double bond system, giving them their characteristic color [40-42].
They have a C40 backbone and eight isoprene units and are divided into
carotenes and xanthophylls. They are rich in vitamin A, crucial for good
vision, exhibit antioxidant activity, and play a vital role in disease
resistance and prevention [43-45]. Carotenoids from Calendula are
gotten from the petals, leaves, and stem and include neoxanthin, 9Z-neo-
xanthin, violaxanthin, luteoxanthin, auroxanthin, 9Z-violaxanthin, fla-
voxanthin, mutatoxanthin, 9Z-anthroxanthin, lutein, 9/9"A-lutein,
13/13"Z-lutein, a-cryptoxanthin, p-cryptoxanthin, z-cryptoxanthin,
lycopene, a-carotene, p-carotene, antheraxanthin, mutatoxanthin epi-
mers, and 9/9"2-lutein [21,46].

Polysaccharides, the most prevalent carbohydrates, can be catego-
rized based on their chemical composition. They comprise mono-
saccharides linked by glycosidic bonds or covalently bonded to other
molecules like peptides, amino acids, and lipids. Moreover, they are
divided into homopolysaccharides, consisting of the same mono-
saccharides, and heteropolysaccharides, comprising diverse mono-
saccharide types [47]. Although more research is needed to elucidate
the exact mechanism of pectic polysaccharides (pectins) found in
Calendula and its therapeutic application, it has been applied in bio-
pharmaceutical preparations. In cultured cancer cells, pectin prepara-
tions demonstrated cytotoxicity and anti-migration properties [48]. The
anticancer effects of pectic polysaccharides include indirect effects such
as immune system, gut microbiota, and metabolic regulation in addition
to direct reduction of cancer cell growth or activation of apoptosis [49].

Calendula’s active compounds can have a synergistic impact when
they cooperate, which is a situation in which the total of their actions
exceeds the sum of their individual effects. For example, studies have
demonstrated that the combination of active compounds in calendula
can aid in boosting these substances activity in the body. Calendula
extract in a hydrophilic cream demonstrated high antioxidant activity
and appropriate chemical and microbiological stability due to the
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presence of carotenoids, polyphenols and flavonoids [50]. In another
study, the extract of Calendula exhibits greater potential for neph-
roprotection than the aqueous floral extract, potentially attributed to a
higher polyphenolic and p-carotene content [51].

Generally, the combination of the different active compounds of
Calendula may be responsible for its broader health benefits and
application. For instance, triterpenoids are known to have antibacterial
and anti-inflammatory actions, which can help treat infections and
reduce inflammation in the body, whereas polyphenols are recognized
for their antioxidant and anti-inflammatory characteristics.

Overall, evidence points to the promise of Calendula as a natural
remedy for various disorders. Calendula is currently the subject of sci-
entific research that assesses its active compounds and their therapeutic
applications. Therefore, this review aims to compile and provide
updated information on Calendula’s medical and pharmacological use
and safety profile, including its use in drug delivery systems.

3. Pharmacological activities of Calendula

According to research, Calendula is beneficial for treating various
skin diseases since it has anti-inflammatory, antioxidant, and antimi-
crobial qualities. Fig. 2 is a summary illustration of the pharmacological
effects of Calendula officinalis [52]. High levels of polyphenolic sub-
stances, such as flavonoids and phenolic acids, found in Calendula offi-
cinalis have been linked to anti-inflammatory and antioxidant properties
[53]. Additionally, it includes carotenoids, which have been demon-
strated to have anti-UV radiation and anti-ageing properties [54]. It has
been demonstrated to control the activity of wound-healing enzymes,
including matrix metalloproteinases, which are crucial for tissue
remodelling [55]. In a study on mice model, calendula extract affected
the activity and secretion of matrix metalloproteinases (MMP) 2 and 9
induced by UVB radiation [56].

3.1. Antioxidant properties

Antioxidant properties of Calendula are the major and most
researched mechanism by which it exhibits anti-inflammatory effects.
This usually occurs in combination with its immune-modulating prop-
erties. By limiting the activity of immune cells, it can aid in the reduction
of inflammation. Calendula contains flavonoids, carotenoids, and tri-
terpenoids, among other antioxidants. These antioxidants are thought to
have immune-stimulating and anti-inflammatory properties. Its antiox-
idant activity provides cellular protection against damage induced by
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Fig. 2. The pharmacological activity of Calendula showing plant parts and their pharmacological properties [52].
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free radicals [57,58]. This means it can guard against oxidative stress, a
process that aids in the onset of many chronic illnesses, including heart
disease, cancer, and Alzheimer’s. Strong antioxidant activity has been
found in Calendula Officinalis, which may help to defend the body
against harm from free radicals. Since it has significant amounts of an-
tioxidants, its extract may be utilized as a natural antioxidant in phar-
maceutical products [59].

Another study examined the antioxidant capabilities of Calendula
extracts using three different techniques, including total antioxidant
capacity, DPPH scavenging activity, and ferric-reducing activity power
(FRAP). The results indicate that the antioxidant properties of calendula
are mainly attributed to its phenolic and flavonoid content. In the
methanol extract of Calendula aegyptiaca fruits, 35 chemicals were
identified, including 6 phenolic acids, flavonoids (apigenin derivatives,
quercetin derivatives, and isorhamnetin derivatives), 4 fatty acids, and
15 saponins. Oleanolic acid derivatives and hedragenin derivatives were
the most commonly reported saponins, and some of the compounds were
identified for the first time in this species. Oleanolic acid saponins have
anti-inflammatory, anticancer, antihepatotoxic, antidiabetic, and cyto-
toxic properties [60]. In another study, ABTS, PFRAP, and DPPH were
used to measure the in vitro antioxidant activity of the alcoholic extracts
from different Calendula arvensis organs. The extracts from bracts, flo-
rets, and fruits had the maximum activity in the ABTS and PFRAP tests.
The DPPH test revealed that fruit extracts and bracts had the highest
activity levels. The evidence implies that depending on the test utilized
and the qualitative and quantitative makeup of the extracts, different
metabolites are likely responsible for the reported antioxidant activity.
The presence of hydroxycinnamoyl chemicals most likely caused the
maximum activity in the bracts and fruit [61].

A study on the antioxidant response of Calendula officinalis grown in
fly ash looked at the effect of different treatments of fly ash (a fertilizer
containing heavy metals such as Ni, Cr, Co, and Cd) on the antioxidant
enzyme activities of the Calendula officinalis plant. Results showed an
increased production of antioxidant enzymes; catalase (CAT), superox-
ide dismutase (SOD), ascorbate peroxidase (APX), and peroxidase (POD)
with higher levels of heavy metals in the fly ash. The antioxidant en-
zymes inhibited stress caused by the heavy metals and maintained the
growth of the plant [62]. This study shows one of the mechanisms by
which Calendula can reduce oxidative stress, which can be explored
further. In another study, calendula extract had the potential to protect
against UV-induced skin damage by exhibiting antioxidant activity,
preventing glutathione (GSH) depletion and increasing gelatinase ac-
tivity [56]. In a study, a combination of Calendula officinalis, Ribes nig-
rum, and Vaccinium myrtillus showed reduced muscle damage caused by
exercise due to their antioxidant properties. Their synergistic mecha-
nism of action enhanced glucose concentration, enhanced energy stor-
age, boosted lactate metabolite concentration, protected the muscle
tissue and decreased the concentrations of NH3, BUN, and CK activity
[63]. An implication of this is an improvement of physiological adap-
tation during exercise or exercise-like activities.

3.2. Anti-inflammatory properties

One of Calendula’s most sought-after pharmacological activities is its
anti-inflammatory properties, which are connected to its anticancer
activity. The anti-inflammatory properties of Calendula have been
demonstrated through various studies that suggest that it lowers the
production of pro-inflammatory cytokines [64] and other mediators of
inflammation. Calendula officinalis extract was reported in one research
to dramatically decrease inflammation in rats with induced paw edema
[65]. In human keratinocyte cells, it has been shown that Calendula
officinalis alters gene expression, upregulating the expression of genes
related to wound healing and downregulating the expression of genes
related to inflammation [66].

Using an in vitro inflammation model called lipopolysaccharide
(LPS)-stimulated macrophages, a study evaluated the anti-inflammatory
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properties of calendula. The outcomes demonstrated a dose-dependent
reduction in nitrite generation, an indication of inflammation, in the
presence of calendula oil, with a 50 % reduction at 147 L/mL of the oil.
The Calendula oil’s safety profile was demonstrated by its measured
quantities did not affect the vitality of macrophages. Calendula extract
was discovered to have a stronger capacity to suppress nitric oxide
synthase (iNOS) than Centella asiatica L. and Matricaria chamomila L.
flower extracts. These findings suggest new treatments for inflammatory
skin disorders may be developed by inhibiting nitric oxide generation
[67]. A study tested the anti-inflammatory effect of Calendula officinalis
using the peripheral opioid mechanism. According to this study, a single
application of calendula cream at a 10 % or 30 % concentration reduced
behavioural reactions to pain caused by formalin in a way that relied on
the opioid system. A decrease in oxidative stress and edema in the
afflicted paw went hand in hand with this effect. With repeated ad-
ministrations, calendula cream significantly decreased histopathological
alterations, mechanical sensitivity, and spontaneous pain behaviour in a
model of chronic inflammation and paw edema, heat sensitivity, and
chronic inflammation in a model of acute inflammation. The
pro-inflammatory cytokine TNF-a decreased locally along with these
effects [68]. In summary, there was a reduction in pain and inflamma-
tion, including acute and chronic inflammation, associated with a
decrease in oxidative stress and the cytokine TNF-a. In another study,
Patients with type II diabetes were shown to benefit from using chitosan
hydrogels loaded with silver nanoparticles (AgNPs) and calendula
extract to repair vascular lesions [69]. The system promoted the healing
of vascular injuries by creating a moist environment that mimics the
lower epidermis tissues. The controlled release of the system also
facilitated fibrinolysis activation (fibrin in blood clots is broken down
enzymatically to stop it from spreading and posing health risks) and
ultimately prevented the possibility of infection.

Another mechanism by which calendula exhibits anti-inflammatory
properties is by inhibiting the production of prostaglandins. Prosta-
glandins are substances that cause pain and swelling in response to
injury. According to the review by Givol et al. (2019), calendula inhibits
cyclooxygenase-2, which plays a significant role in prostaglandins pro-
duction [53].

3.3. Antimicrobial properties

Reduced side effects are one of the benefits of using plant extracts as
antimicrobial agents [70]. Calendula extracts have proven effective
against gram-positive and gram-negative bacteria [71]. Studies have
attributed its antimicrobial activity to the presence of terpenes found in
its essential oils [72]. According to Figueiredo et al. (2022), Calendula’s
antimicrobial action is not readily available and poorly documented
[73]. However, substantial research still exists that shows its antimi-
crobial activity. Several research studies have shown the efficacy of
Calendula in the growth inhibition of Klebsiella pneumoniae, Bacillus
subtilis, Enterococcus faecalis, Enterococcus faecium, Propionibacterium
acnes, Salmonella sp, Aspergillus sp among others [3,74]. In one study,
Calendula extracts exhibit significant antibacterial activity against
Escherichia  coli, Pseudomonas aeruginosa, Enterococcus  sp.,
coagulase-positive and negative Staphylococcus sp and antifungal prop-
erties against Candida albicans and Candida parapsilosis equivalent to
those of fluconazole [75]. Another study found a reduction in the growth
of Streptococcus mutans in tooth root canals using Calendula officinalis
[72].

Not only does Calendula exhibit antimicrobial activity, it also con-
tains beneficial endophytic bacteria such as Pseudomonas and Agro-
bacterium that are effective against plant fungi [76]. The mechanism
involves the synthesis of chitinase, protease, 3-1,3-glucanase, lipase,
hydrogen cyanide, Indole-3-acetic acid, and 1-aminocyclopropane-1--
carboxylic acid (ACC) deaminase [76] and there is a possibility that
this mechanism contributes to Calendula’s antifungal activity. These
findings imply that Calendula can be applied to similar human fungi
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infections.

The general implication of using Calendula extracts as antimicrobial
agents is their effectiveness against various bacteria and fungi, with
potential benefits for reducing side effects and treating human
infections.

3.4. Anti-cancer properties

Much research has proven that Calendula has anti-cancer properties
[77]. With an IC50 of 70 g/mL and 78 g/mL, respectively, Calendula
arvensis flower ethyl acetate extract had cytotoxic activity against both
estrogen-positive and triple-negative breast cancer cell lines in the study
by Abutaha et al. (2019) [78]. The mechanism involved the induction of
apoptosis in MCF-7 and MDA-MB-231 cancer cells through caspase
signalling. This involves DNA fragmentation, Bax/Bcl-2 ratio elevation,
detaching and shrinking of cells with compressed nuclei, and activation
of caspase 3 and 7. It also prevented the migration of MCF-7 cells at
non-cytotoxic doses. A similar study using Calendula officinalis flower
extracts showed superior cytotoxicity on breast cancer cell lines [79].
Besides the Calendula flower, the leaf also exhibits anticancer proper-
ties. One study concluded that Iron (Fe) nanoparticles containing
Calendula arvensis leaf extract could effectively treat chol-
angiocarcinoma, as it showed cytotoxic properties against malignant
cell lines and high antioxidant activity [80]. The specificity of Calendula
to target only cancer cells without any adverse effect on healthy cells is
also its desirable quality. The methanolic leaf extract of Calendula offi-
cinalis is an effective inhibitor of the proliferation of breast cancer cells
while not affecting normal cells [81]. The study suggests that Calendula
is a natural source of broad-spectrum anticancer drug effective in breast
cancer therapy due to its flavonoid content.

Sometimes, Calendula is not directly effective on the cancer cells but
is active on cancer-associated or related issues. One current study used
Calendula officinalis cream to successfully treat radiation-induced
dermatitis in breast cancer patients [82]. The study aimed to evaluate
the effectiveness of 3 herbal combinations that included calendula oil in
preventing radiation dermatitis in patients with breast and head/neck
cancer. The study included 59 patients, 53 of which had invasive breast
cancer and 6 had head and neck cancer. The study’s results showed that
the prophylactic use of the herbal treatments was statistically significant
in reducing the intensity of radiation-induced skin toxicity during
radiotherapy and up to 4 weeks post-irradiation. None of the patients
experienced grade III skin toxicity, and the severity of skin toxicity
depended on various factors, such as treatment-specific parameters and
patient-related factors.

Calendula has demonstrated potential as an effective anticancer drug
that can induce apoptosis in cancer cells inhibit proliferation, prevent
migration, and target cancer-associated issues, all while exhibiting
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specificity towards cancer cells and not harming healthy cells. Novel
drug delivery systems used to efficiently deliver therapeutic agents, such
as those found in Calendula, can improve breast cancer treatment. Fig. 3
shows possible breast cancer delivery systems which could incorporate
Calendula and its extracts.

4. Delivery systems containing Calendula

Due to their anti-inflammatory, antioxidant, and anti-tumour prop-
erties, drug delivery systems containing Calendula have shown prom-
ising results in various studies for treating diseases, including cancer,
skin infections, inflammation, and wound healing. Fig. 4 shows the
mechanism of action of Calendula in wound healing [52].

In one study, calendula extract was added to a polyacrylamide
hydrogel and tested for its efficacy in topical wound healing. The
polyacrylamide hydrogel created with calendula extract promoted tissue
regeneration, speeding up the healing process by positively regulating
growth factor expression, lowering pro-inflammatory factors, and
increasing collagen fibre production without dermal toxicity [84]. This
indicates that calendula extract could be released in a controlled manner
to encourage cicatrisation. Fig. 5 shows the preparation of Calendula
extract with polyvinyl alcohol for wound management in the study by
Rathod et al., 2022 [85].

In a similar study, chitosan with sodium alginate and polyvinyl
alcohol hydrogel containing Ag>0 and SiO, nanoparticles and Calendula
officinalis extract as the active ingredient were fabricated and showed
improved wound healing properties [86]. Another study aimed to create
a safe and effective wound dressing using collagen film and calendula
flower extract. The formulation was tested on Wister rats for various
properties, and in vitro and in vivo experiments showed that the dres-
sing was non-cytotoxic and promoted faster wound healing compared to
control and placebo-treated groups [87]. The calendula flower extract
loaded collagen film increased wound contraction rate on day 21
compared to control, placebo, and marketed product groups. The study
provides evidence that using calendula can improve wound healing in
animal models, which could translate to benefits for human wound
healing. A study introduces a green method of synthesising titanium
oxide nanoparticles using Calendula officinalis extract. The nanoparticles
were then tested for their cytotoxic and antioxidant properties against
colorectal cancer cell lines [88]. The result was a reduction in the
viability of malignant colorectal cell lines in a dose-dependent manner.
In another study, collagen scaffolds were loaded with microparticles to
provide a standardised delivery method for Calendula officinalis extract
that enhanced stability, loading capacity, and release performance while
lowering cytotoxicity and may be used to treat chronic wounds [89].Ina
different study, solid lipid nanoparticles were created using Calendula
officinalis extract, long-chain fatty acids, purified phosphatidylcholine,
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Fig. 3. Therapeutic nanomaterial delivery system of Calendula for potential cancer usage. Adapted from the study by Hani et al., 2020 [83].
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Fig. 4. Pathways and mechanism of action employed by Calendula in wound healin

g [52]. (A) Mechanism of action of Calendula Officinalis on Interleukin 6 (IL-6);

(B) Mechanism of action of epidermal growth factor (EGF) on wound healing. NF-kB, nuclear factor kappa-light-chain-enhancer of activated B cells; MPO, mye-
loperoxidase; IL-6, interleukin-6; TNF-a, tumour necrosis factor alpha; IL-1f, interleukin-1-beta; BAX, BCL-2 associated x protein; Pol y, DNA polymerase y; SMAD,

suppressor of mothers against decapentaplegic; VEGF-c, vascular endothelial growth
P2YR, purinergic G protein-coupled receptors; HB-EGF, heparin-binding EGF-like gro

factor C; TGF-, transforming growth factor-beta; ATP, adenosine triphosphate;
wth factor; EGFR, epidermal growth factor receptor; RAS, rat sarcoma; ERK1/2,

extracellular signal-regulated kinase; Src, steroid receptor coactivator; Akt, protein kinase B; PI3K, phosphoinositide 3-kinase.

and bile salts. These particles were discovered to be a secure and
solvent-free delivery system with potential therapeutic advantages for
ocular surface repair [90]. An effective delivery system that had
increased antibacterial activity and encouraged cellular proliferation
and adhesion to promote wound healing in rat models with 87.5 %
wound closed at day 14 was fabricated using electrospun nanofiber
containing chitosan and polyethylene glycol and encapsulated with
Calendula officinalis extracts [91]. This finding is comparable with a
similar study that fabricated a delivery system that had a full-thickness
wound closure at days 7, 14, and 21 on mouse fibroblast. The system
with electrospun polyvinyl alcohol (PVA) and sodium alginate

encapsulated with Calendula also encouraged cell proliferation and
adhesion [92].

5. Mechanism of action of Calendula in wound healing

Calendula promotes wound healing, possibly through mechanisms
such as reduced inflammation, improved blood flow, and antimicrobial
activity. Flavonoids, like quercetin, in Calendula possess anti-
inflammatory properties that help minimise inflammation and
swelling, allowing the wound to focus on healing [52]. Calendula might
improve blood flow to the wound area, delivering essential nutrients and
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oxygen for tissue repair [93]. It may also have some direct antimicrobial
effects by disrupting the cell membrane of microbes (bacteria and fungi),
helping prevent wound infections that can delay healing [94]. This
disruption increases permeability, allowing essential elements to leak
out, ultimately leading to cell death. However, the exact blood flow and
antimicrobial activity mechanism are not well understood and are still
being investigated.

Upon injury, platelets are activated and release various pro-
inflammatory cytokines, notably NF-xB, which play a crucial role in
the inflammatory response [95]. Calendula officinalis exerts its effects by
inhibiting the activation of these cytokines, thereby reducing the
recruitment of neutrophils and halting the subsequent release of mye-
loperoxidase (MPO). This reduction in neutrophil activity diminishes
the oxidative stress and tissue damage typically associated with the
initial inflammatory phase of wound healing [96]. In addition to this,
Calendula may also influence macrophage activity by decreasing the
production of pro-inflammatory cytokines such as IL-6, TNF-a and IL-1p.
This modulation leads to reduced oxidative stress and a lower incidence
of apoptosis (programmed cell death) via downregulation of bcl-2-like
protein 4 (BAX), a pro-apoptotic protein [97] which is a key player in
apoptosis. Consequently, this creates a more conducive environment for
healing by limiting excessive inflammation and cell death. The down-
regulation of oxidative stress consequently leads to enhanced stimula-
tion of the proliferative and migratory capacity of keratinocytes and
fibroblasts, essential for re-epithelialisation and granulation tissue for-
mation [98]. Enhanced keratinocyte activity and the subsequent epi-
thelialisation of the wound mediated by cues received from IL-6, as well
as fibroblast proliferation and migration, are further supported by the
increased production of vascular endothelial growth factor (VEGF-c)
and Transforming growth factor-p (TGF-B) [66], which are critical for
the formation of new granulation tissue and the overall structural
integrity of the healing wound.

Another potential mechanism for Calendula officinalis action is the
promotes angiogenesis through the upregulation of mothers against
decapentaplegic homolog 3 (Smad-3) protein [99] and collagen-1 pro-
duction, both of which are vital for new blood vessel formation and
tissue remodelling. The increase in hydroxyproline, a major component
of collagen, underscores Calendula’s role in enhancing the structural
framework of the wound, facilitating more efficient and robust healing.
The balance between Smad-3 and mothers against decapentaplegic ho-
molog 7 (Smad-7) pathways is crucial in wound healing, where Smad-3

promotes fibrosis and collagen deposition [99], and Smad-7 is a negative
feedback regulator. Calendula’s ability to modulate these pathways
ensures a balanced deposition of extracellular matrix components, pre-
venting excessive fibrosis and promoting optimal wound repair. It’s
important to note that more research is needed to understand the
mechanism of action of Calendula in wound healing fully.

6. Clinical trials involving the use of Calendula

Calendula has been investigated in numerous clinical trials, which
have looked at its potential therapeutic benefits for various health
conditions. Fig. 6 presents an overview of the anticancer potential of
Calendula officinalis [100]. Overall, clinical trials suggest that calendula
may effectively promote wound healing, reduce inflammation, and
improve symptoms of various health conditions. For example, human
clinical trials have been used to assess the effectiveness of calendula in
breast cancer patients. In a clinical study that compared calendula’s
effectiveness with trolamine, calendula was found to be more effective
in reducing acute dermatitis and radiation-induced pain during radio-
therapy despite being harder to apply than trolamine [101]. Calendula is
effective in reducing inflammation and improving dermatitis symptoms.
Calendula-containing cream can be as effective as a standard topical
corticosteroid cream in treating mild-to-moderate dermatitis and its
potential to prevent and treat radiation-induced skin damage in cancer
patients [102]. This can improve the quality of life in cancer patients
undergoing radiation therapy.

In a study, 240 patients between the ages of 20 and 40 who had
gingivitis and complained of bleeding gums were enrolled in a study
[103]. They were then randomly assigned to either the test group, which
used a tincture of calendula mouthwash, or the control group, which
used a placebo mouthwash. Clinical parameters were recorded at
baseline, third month, and sixth month visits by the same operator. The
calendula mouthwash showed in insubstantially reduced plaque and
gingivitis scores compared to the control placebo. Even without scaling,
calendula directly impacted lowering plaque and gingivitis throughout
the course of six months. In a similar study, 16 volunteers participated in
a double-blind clinical study where they used mouth rinse containing
calendula and brushed their teeth for three days, followed by a plaque
index measurement on the fourth day, then they repeated the same steps
with the alternate mouth rinse and evaluated the taste using a Visual
Analogue Scale (VAS) [104]. The study’s objective was to assess how
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leave, root) and their anticancer properties in-vitro, in-vivo, and in palliative care.

well a herbal mouth rinse with Calendula officinalis controlled dental
plaque compared to chlorhexidine, and it discovered that the
calendula-based preparation was more effective at controlling plaque
and had a more pleasing taste. Similarly, in another study, Calendula
Officinalis extract mouthwash helped reduce radiation-induced
oropharyngeal mucositis in patients with head-and-neck cancer [105].

In a clinical trial, calendula ointment was shown to speed up
caesarean wound healing [106]. The REEDA scale (redness, edema,
ecchymosis, discharge, and approximation) was used to evaluate the
effectiveness of calendula ointment on wound healing following a
caesarean section in 72 first-time moms, with half of the participants
using the ointment and the other half receiving standard hospital

treatment.

Calendula can be investigated for its potential to reduce menstrual
pain. Dysmenorrhea (painful menstruation) is usually treated with anti-
inflammatory medications and can inhibit prostaglandins [107], making
calendula extract a worthy candidate. In a clinical study that aims to
evaluate curcumin’s effectiveness, side effects, and tolerance in
providing pain relief to women with primary dysmenorrhea, the authors
hypothesise that curcumin may be an effective therapy to reduce
dysmenorrhea symptoms [108]. Curcumin is one of the major active
substances of calendula, which points to calendula’s promising use for
menstrual pain. Another issue related to women’s health where Calen-
dula has been shown to be effective is in episiotomy. In a clinical trial,

group randomized trial

pain due to episiotomy

Table 1
Selected Calendula use in human clinical trials published since 2019 upwards.
Study type Study Number of Agent Outcome Reference
published year  participants
1  triple-blind clinical trial 2023 60 Oral Calendula officinalis Accelerated the healing of [111]
burn-wounds
2 Open-label 2020 59 Radiation dermatitis cream, ointment, shower gel (Aloe Reduction in the severity of [82]

vera gel, Calandula officinalis and Hypericum perforatum oil ~ radiation dermatitis
extract)

triple-blind randomized 2022 54 Topical cream Low prevalence and severity [112]

clinical trial Calendula, Anthemis nobilis (Chamomile), Pelargonium of Striae gravidarum
Graveolens (Rose Geranium), Theobroma oil (Cocoa Butter)
and Soybean

randomized, double-blind 2022 66 facial serum (snail secretion filtrate, Calendula officinalis, Treatment of face acne due to [113]

study and Glycyrrhiza glaba root extract) face masks

Randomized clinical trial 2020 90 Aloe vera gel, Calendula officinalis ointment and Prevention of pressure injury [114]
prophylactic dressing in intensive care patients

Controlled randomized 2021 20 Calendula officinalis extract Healing of acute hand wound [115]

clinical trial

Randomized controlled 2020 82 Topical Calendula officinalis Efficacy against radiation- [116]

trial induced dermatitis

Randomized controlled 2021 15 Calendula based topical formula Improvement of palatal [117]

trial wound healing

Single-centre parallel 2020 100 Calendula ointment Improved wound healing and [109]
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Calendula ointment helps lessen postpartum discomfort, bleeding, and
dyspareunia in women who had singletons pregnancy and went into
spontaneous labour at term [109].

It is also possible that Calendula can improve symptoms of gastro-
intestinal disorders, such as inflammatory bowel disease (IBD), gastric
ulcers [110], and peptic ulcers. Calendula-containing preparations can
reduce inflammation and promote healing in the gastrointestinal tract.

Based on observations and limitations during clinical studies, more
research is, however, needed to determine the optimal dosages, for-
mulations, and duration of treatment for different health conditions.
Table 1 below summarises some selected human clinical studies using
calendula published from 2019 till date.

7. Safety, regulatory, and potential adverse effects of Calendula

The clinical endpoint of any topical agent for wound healing is to
achieve complete wound closure and effective epithelialisation; the
potency and efficacy in achieving these clinical endpoints are well-
documented for Calendula officinalis [118]. While there is no doubt of
its excellent wound healing properties, as any medicament used either
topically or systemically in humans, its safety and potential adverse
reactions must be ascertained. There is ample clinical and experimental

Table 2
Toxicity analysis of Calendula constituents [126,127] adapted from Ref. [126].
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evidence supporting its overall safety profile, particularly for cutaneous
applications, while addressing concerns about its potential adverse re-
actions [118,119].

Generally considered a safe herb, Calendula has a low incidence of
adverse reactions, and no potentially fatal consequences associated with
its use or consumption have been reported [118]. This safety is partic-
ularly notable for its topical applications, which are the most common
route of administration. The safety profile has been substantiated by
multiple studies that demonstrated minimal contact sensitivity, dermal
irritation or systemic toxicity [120-125]. In a more recent study by
Andersen et al., 2010 on the use of Calendula-derived substances for
cosmetic use, they found these substances to be non-genotoxic, not
irritating, sensitising, or photosensitising in animal or clinical tests with
mild ocular irritation [126]. Table 2 [126,127] below presents the
toxicity analysis of Calendula constituents. According to Andersen et al.,
2010, while Table 2 shows that the systemic exposures of some con-
stituents like quercetin and isorhamnetin slightly exceeded the Cramer
class III threshold for toxicity (>90), they agree with Re et al., 2009 that
the conservative estimation methods and high no observable adverse
effect levels (NOAELSs) for example of about 400 mg/kg per d for quer-
cetin suggest minimal concern [126].

Contact sensitivity, characterised by an itchy rash or allergic reaction

Constituent CAS No Molecular Calculated Estimated Default % Cramer Toxicity Systemic Exposure
Weight logP Jmax Absorption Class (mg/d)
Flavonoids <1.5 %
Astragalin 480-10-4 448.378 0.49 + 1.11 <0.1 10 11 <27
Hyperoside 482-38-0 484.377 0.30 + 1.34 <0.1 10 111 <27
Isoquercitrin 21637-25- 484 -0.1 <0.1 10 111 <27
2
Isorhamnetin 480-19-3 316.264 2.39 + 0.54 >0.1-<1.0 40 111 <108
Neohesperidin (surrogate 13241-33- 610.518 0.05 + 1.60 <0.1 10 111 <27
forneoliesperoside) 3
Narcissin 604-80-8 624.546 0.45 + 1.35 <0.1 10 I <27
Quercetin 117-39-5 302.237 1.48 >0.1-<1.0 40 111 <108
Rutin 153-18-4 610.518 —2.02 <0.1 10 111 <27
Syringenin (surrogate for 118-34-3 372.368 —0.45 +1.35 <0.1 10 111 <27
syringentin)
Typhaneoside 104472- 770.686 7.57 +1.23 <0.1 10 11 <27
68-6
Tannins 6%-10 %
Pyrogallol and catechol types N/A >500 Various <0.1 10 III 180
Free and esterified triterpenic alcohols < 5 %
Arnidiol 6750-30-7 442.723 7.57 +1.23 <0.1 10 1 <90
Calenduladiol 10070-48- 442.723 7.65 + 1.17 <0.1 10 I <90
1
Erythrodiol 545-48-2 442.723 7.71 + 0.76 <0.1 10 1 <90
Faradiol 2054-95-4 442.723 7.53 + 0.87 <0.1 10 1 <90
Longispinogenin 465-94-1 472.7486 8.91 + 0.76 <0.1 10 I <90
Lupeol 545-47-1 426.724 9.23 <0.1 10 I <90
Maniladiol 595-17-5 442.723 7.65 + 0.62 <0.1 10 1 <90
Pseudotaraxasterol or psi- 464-98-2 426.724 8.91 +1.31 <0.1 10 I <90
taraxasterol
Taraxasterol 1059-14-9 426.724 8.69 + 1.46 <0.1 10 1 <90
Ursasiol 128-13-2 382.576 3.00 >0.1-<1.0 40 I <350
a-Amyrin 636-95-9 426.724 9.16 <0.1 10 I <90
b-Amyrin 559-70-6 426.73 9.19 <0.1 10 1 <90
Triterpenic
Glycosides 2%-10 %
Calenduloside 34381-96- 943.125 2.49 + 2.46 <0.1 10 I 180
1
Carotenes
b-carotene 7236-40-7 536.87 17.62 <0.1 10 1I <90
z-carotene N/A 540.92 15.7 <0.1 10 I <90
Lycopene 502-55-8 536.87 17.64 <0.1 10 I <90
Lutein 127-40-2 568.87 14.82 <0.1 10 I <90
Citroxanthin 515-06-0 552.87 9.2 <0.1 10 il <90
Flavoxanthin 512-29-8 584.87 13.22 <0.1 10 111 <90
Violaxanthin 126-29-4 600.87 11.98 <0.1 10 111 <90
Antheraxanthin 640-03-8 584.87 9.46 <0.1 10 11 <90
Rubixanthin 3763-55-1 552.87 11.45 <0.1 10 11 <90
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due to direct contact with a substance, is a critical safety measure for
topical agents. Several studies have assessed the sensitisation potential
of Calendula officinalis in patients with contact allergic dermatitis. In a
multicentre study by de Groot et al. involving 119 subjects using the
European standard series and a 10 % alcoholic extract of Calendula, only
one positive reaction was reported, indicating a low sensitisation po-
tential [121]. Similarly, Bruynzeel et al., 1992 examined 1032 subjects
across six clinics, where Calendula tincture caused positive reactions in
two subjects [120]. The study noted challenges in evaluating the rele-
vance of these reactions due to possible prior use of the ointments and
the suitability of the ointment base for testing. When Wrangsjo et al.,
1990 conducted a patch test with 15 subjects using 10 % Calendula
formulated in petrolatum, just like in other studies, only one subject
reacted positively [125]. A commercial-grade Calendula performed
excellently also with no observed positive reactions in a very old study
by Rodriguez and Mitchell 1977 [124]. However, contrary to these
studies, Paulsen et al., 1993 observed a record number of 79 positive
reactions in their study where a sesquiterpene-lactone mix of Calendula
was tested in 686 patients [123]. These findings demonstrate a very low
incidence of allergic reactions to Calendula officinalis, affirming its safety
for topical use. However, as can be observed, newer and continuous
studies are required to ascertain the safety profile of Calendula.

Apart from the available human data, animal studies also support the
safety of Calendula officinalis in topical applications. Studies involving
rabbits and guinea pigs have reported no dermal irritation, ocular
sensitisation, or photosensitivity reactions [118]. Rabbits showed no
ocular sensitisation or dermal irritation from topical applications of
Calendula. Guinea pigs exhibited no sensitisation or photosensitivity
reactions, highlighting the herb’s safety across different animal models.
These further buttresses the minimal risk associated with the topical use
of Calendula officinalis in both humans and animals.

Despite its generally safe profile, certain precautions are advised to
mitigate potential adverse effects of Calendula officinalis. These pre-
cautions primarily concern individuals with sensitivities to other
members of the Compositae family, such as ragweed, chrysanthemums,
and daisies. Although cross-reactivity is rare, individuals with known
allergies to these plants should exercise caution when using Calendula
products. Cross-reactivity refers to an allergic reaction to one substance
due to its similarity to another substance the individual is already sen-
sitised [128]. For Calendula officinalis, individuals with established
sensitivities to other Compositae family members may experience
allergic reactions [118,119]. However, data supporting this precaution
are limited.

Potential drug interactions, particularly with sedative medications,
warrant caution. Calendula may interact with central nervous system
depressants, potentially leading to prolonged sleeping times and
breathing difficulties when co-administered [129]. In pregnant women
and breastfeeding mothers, there is no clinical data to support the safety
of use in these populations, and as such, care has to be taken in con-
sumption. This is because pregnant and breastfeeding mothers are
usually excluded from clinical trials [130]. This emphasises the impor-
tance of consulting healthcare providers before combining Calendula
with other medications, especially for specific populations.

The safety of Calendula officinalis is further validated by its approval
for clinical use in various applications. The German Health Commission
has approved Calendula for topical administration in treating oral and
pharyngeal mucosal inflammation, poorly healing wounds, and leg ul-
ceration [131]. Calendula is also recommended by ESCOP for wound
healing and to reduce inflammation of the skin and mucous membranes
[132]. This approval is based on extensive clinical data affirming its
efficacy and safety. While it is not approved by the US Food and Drug
Administration (FDA) for any medical condition, it is widely available in
various over-the-counter products such as ointments, creams, and di-
etary supplements [133]. The conditions supporting its use as supple-
ments are the same as any other and covered under the Dietary
Supplement Health and Education Act (DSHEA) [134], where the
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manufacturers are responsible for the safety and efficacy, as well as
adhering strictly to regulations for labelling and manufacturing
standards.

The regulatory landscape for Calendula-encapsulated nanomaterials
is complex and multifaceted. It requires adherence to rigorous safety,
efficacy, and quality standards to ensure the safe and effective use of
these products in medicine. Regulatory agencies across the world have
developed specific guidelines to address the unique challenges associ-
ated with herbal medicines and nanomaterials, aiming to protect public
health while fostering innovation.

Calendula-encapsulated nanomaterials represent a novel application
of nanotechnology in medicine. Regulatory agencies such as the FDA,
EMA, and the French National Agency for the Safety of Medicines and
Health Products (ANSM) have specific guidelines for nanomaterials,
considering their unique properties and potential risks. These regulatory
guidelines for nanomaterials in medicine focus on global harmonisation,
rigorous risk-benefit assessment, public engagement, and specific
criteria by agencies like the FDA considering unique characteristics such
as size and EMA applying general medicinal legislation, supported by
specialised expertise and specific guidance for nanomedicines, facili-
tated by the European Nanomedicines Expert Group to ensure safety and
efficacy [135-137].

Comprehensive risk assessments, including extensive preclinical in
vitro and in vivo studies, are essential to evaluate the health and envi-
ronmental risks of nanomaterials. Detailed characterisation of nano-
materials’ size, surface properties, stability, and biological behaviour of
Calendula-encapsulated nanomaterials is crucial. Also, adherence to
Good Manufacturing Practices (GMP) standards will ensure Calendula
product quality and consistency. Post-market surveillance, including
adverse event reporting and periodic safety updates, will also be vital for
tracking long-term safety and effectiveness, with ongoing compliance
through periodic inspections and audits.

8. Conclusions and future perspectives

Calendula has various pharmacological activities, including anti-
inflammatory, antioxidant, and antimicrobial properties, making it
useful in treating skin diseases, protecting against oxidative stress, and
reducing inflammation. Due to its anti-inflammatory, antioxidant, and
anti-tumour properties, calendula extract has shown potential as a
therapeutic agent in drug delivery systems for treating various diseases,
including wound healing and cancer. It can be incorporated into various
hydrogels, nanoparticles, and scaffolds to improve their efficacy and
safety. Calendula has also been studied in various clinical trials. It has
shown potential therapeutic benefits for wound healing, reducing
inflammation, and improving symptoms of various health conditions,
including radiation-induced skin damage, gingivitis, caesarean wound
healing, dysmenorrhea, and gastrointestinal disorders, but further
research is needed to determine the optimal dosages, formulations, and
duration of treatment. This review has also demonstrated its current and
future beneficial pleiotropic effects, such as its antifungal activity using
endophytic bacteria, gut microbiome support, cancer care, and physio-
logical adaptation.

This review highlights that various monographs and medicine
agencies have certified Calendula as safe. This review has also provided
evidence that Calendula’s use is well established, and therefore, its
application as an alternative medicine and in drug delivery systems is
highly encouraged.

The safety of products from Calendula during pregnancy and lacta-
tion remains undetermined, thus, it is not recommended for use during
these periods due to insufficient data [7]. According to the EMA
monograph, its use has also yet to be established in children under 6 or
12 due to insufficient data. In case of observed signs of skin infection or
worsening symptoms during use, consulting a doctor or qualified
healthcare practitioner is recommended. There is the possibility of
developing allergies to the active ingredient and other plants in the same
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family. Therefore, consultation with a qualified medical doctor is
necessary before use in such situations as above. Despite these concerns,
however, the adverse side effects of Calendula are not severe hence,
there is no limitation to its application.

Calendula extracts have been demonstrated to contain bioactive
chemicals that have potential uses in drug delivery systems. Drug de-
livery systems are essential in modern medicine because they enable the
targeted administration of medications to specific tissues or cells,
boosting effectiveness and lowering adverse effects. This review of Ca-
lendula’s possible pharmaceutical uses might also provide fresh di-
rections for research and development in these industries. Overall, this
review on Calendula and its potential usage in pharmaceuticals and drug
delivery systems can give important insights into the therapeutic po-
tential of this plant and its current and future applications in medicine.

Future scientific research on Calendula could focus on identifying
and isolating specific bioactive compounds responsible for its various
pharmacological activities and optimizing the dosages and formulations
for different applications. Further clinical trials could evaluate its effi-
cacy and safety in treating various health conditions, particularly in
vulnerable populations such as children and pregnant or lactating
women. Toxicity studies should also be conducted to assess its preclin-
ical safety. Calendula’s potential as a natural source for drug delivery
systems could also be further explored, focusing on developing inno-
vative and effective delivery methods for targeted drug administration.
Finally, research into Calendula’s potential uses in treating other dis-
eases and health conditions beyond those currently studied could open
up new avenues for exploration and discovery.
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