Flos Calendulae

Definition

Flos Calendulae consists of the dried ligulate florets or composite flowers of
Calendula officinalis L. (Asteraceae) (1-3).

Synonyms

Asteraceae are also known as Compositae.

Selected vernacular names

Atunjaq, calendula, Chinese safflower, cuc kim tién, djamir, djomaira, feminell,
flamenquilla, fleur de calandule, fleur de souci, fleur de souci officinal, fleurs
de tous les mois, garden marigold, gold-bloom, Goldblume, gole hamisheh
bahar, hen and chickens, Kérémvirag, lellousha, maravilla, marigold, mary-bud,
ok-hhawan, pot marigold, qaraqus, qawghan, quaqahan, ringflower,
Ringelbliiten, saialill, sciure’e Sant’antonio, souci, souci des jardins, tabsoult,
toukinsenka, tousslat, uchu Kaspa, virreina, xu xi, zergul zerzira, zobeida,

zubaydah (4-7).

Geographical distribution

Indigenous to central, eastern and southern Europe. Cultivated commercially
in North America, the Balkans, Eastern Europe and Germany (6, 8).

Description

An annual herb, much branched from the base, very aromatic, up to 0.3-0.6m
high; stem angular, hairy and solid. Leaves sessile, light green, with semi-
amplexicaul base; entire, undulate or remotely denticulate; glandular hairs on
both surfaces; lower leaves spatulate, obtuse, sometimes acute at the apex,
10-20cm long and 1-4cm wide; higher leaves oblong and mucronate, 4-7 cm
long. Involucral bracts 7-15 mm long, covered with long, glandular hairs; inner
involucral bracts with pellucid, scarious margin; marginal flowers in cultivated
plants often multi-seriate; corolla oblong-spatulate, bright yellow or orange,
15-25mm long and 3mm wide, 1-3-toothed with 4 or 5 veins, marginally
entire, covered at the base with patent, long, thick hairs; corolla of disc flowers
rounded, 3-dentate top, 1.5-2.5cm long and 4-7mm in diameter, 5mm long
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tube and moderately widened limb. Stigma short, thick, hairy; ovary oblong,
0.5mm in length, pubescent, shrivelling after anthesis. Achenes narrowly
oblong, strongly curved, faintly ribbed, thinly pubescent or glabrous, 10-12 mm
long, outer achenes warty-ribbed outside, inner achenes prickly-warty, often
with broad, thick margins (2, 7, 9).

Plant material of interest: dried ligulate florets and
composite flowers

General appearance

Ligulate florets consist of a yellow, orange or orange-yellow ligule, 3-5mm
wide and about 7 mm in the middle part, with 3-toothed apex and hairy, partly
sickle-shaped, yellowish-brown to orange-brown tube with projecting
style and 2-lobed stigma; occasionally with a partly bent yellowish-brown to
orange-brown ovary. Tubular florets about S5mm long, consist of yellow,
orange-red or red-violet 5-lobed corolla and yellowish-brown or orange-brown
tube, hairy in its lower part, mostly with a bent yellowish-brown to orange-
brown ovary (1).

Organoleptic properties
Odour: faint, pleasantly aromatic (10, 11); taste: bitter (2).

Microscopic characteristics

Inner epidermal cells of ray floret elongated, rectangular and almost straight-
walled, cuticle faintly striated; stomata absent; outer epidermal cells similar, but
with 3 or 4 anomocytic stomata; trichomes very numerous on the tube, bi-
seriate; stigma epidermal cells straight-walled, polygonal. In disc floret, outer
epidermal cells elongated, straight or slightly sinuous-walled, stomata absent;
abundant trichomes on area below point of insertion of the stamens, mainly
glandular, uniseriate or biseriate. Within the upper part of the anthers, a layer
of isodiametric to elongated, moderately thick-walled, lignified and pitted cells;
pollen grains spherical, up to 45um in diameter, with 3 germinal pores, exine
finely granular with numerous short spines; apex of stigma covered by short,

bulbous papillae (2).

Powdered plant matetial

Yellow-green; fragments of corollas containing light yellow oil droplets; some
corollas with fairly large anomocytic stomata, others containing prismatic and
very small clusters of calcium oxalate crystals. Covering trichomes biseriate,
multicellular and conical; glandular trichomes with a uniseriate or biseriate,
multicellular stalk and a large, ovoid, biseriate, multicellular head. Spherical
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pollen grains up to 45um in diameter, exine finely granular with numerous
short spines and with 3 germinal pores; occasional fragments of stigmas with
short, bulbous papillae (7).

General identity tests

Macroscopic and microscopic examinations, and thin-layer chromatography for
flavonoid content (7, 2).

Purity tests
Microbiological

Tests for specific microorganisms and microbial contamination limits are as
described in the WHO guidelines on quality control methods for medicinal
plants (12).

Foreign organic matter
Not more than 5% bracts and not more than 2% other foreign matter (7, 2).

Total ash
Not more than 10% (1, 2).

Acid-insoluble ash
Not more than 2% (2).

Water-soluble extractive
Not less than 20% (2).

Loss on drying
Not more than 10% (7).

Pesticide residues

The recommended maximum limit of aldrin and dieldrin is not more than
0.05mg/kg (13). For other pesticides, see the European pharmacopoeia (13), and
the WHO guidelines on quality control methods for medicinal plants (72) and
pesticide residues (14).

Heavy metals

For maximum limits and analysis of heavy metals, consult the WHO guidelines
on quality control methods for medicinal plants (12).
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Radioactive residues

Where applicable, consult the WHO guidelines on quality control methods for
medicinal plants (72) for the analysis of radioactive isotopes.

Other purity tests

Chemical, sulfated ash and alcohol-soluble extractive tests to be established in
accordance with national requirements.

Chemical assays

Contains not less than 0.4% flavonoids, calculated as hyperoside, by spectro-
photometry (7). A high-performance liquid chromatography method is also
available (75).

Major chemical constituents

The major constituents are triterpene saponins (2-10%) based on oleanolic
acid (i.e. calendulosides) and flavonoids (3-O-glycosides of isorhamnetin and
quercetin), including astragalin, hyperoside, isoquercitrin and rutin. Other con-
stituents include essential oil, sesquiterpenes (e.g. caryophyllene) and triter-
penes (e.g. a- and B-amyrins, lupeol and lupenone) (5, 6, 16). Polysaccharides
have also been reported (77). The structures of the characteristic triterpene
saponins and flavonoids are presented below.

calendulosides

R R® R* R®
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Medicinal uses
Uses supported by clinical data
None.

Uses described in pharmacopoeias and in traditional systems

of medicine

External treatment of superficial cuts, minor inflammations of the skin and oral
mucosa, wounds and ulcus cruris (2, 18, 19).

Uses described in folk medicine, not supported by experimental
or clinical data

Treatment of amenorrhoea, angina, fevers, gastritis, hypotension, jaundice,
rheumatism and vomiting (2, 5, 6).

Pharmacology

Experimental pharmacology

Phagocytosis

Three polysaccharides isolated from an aqueous extract of Flos Calendulae
enhanced phagocytosis in human granulocytes in vitro in the colloidal car-
bon clearance test (77). Intraperitoneal injection of a polysaccharide fraction iso-
lated from an aqueous extract of the flowers to mice (10mg/kg body weight)
enhanced phagocytosis (20). Intraperitoneal administration of an unsaponifiable
fraction (0.5ml) of a hydroalcoholic extract of the flowers weakly stimulated
phagocytosis in mice inoculated with Escherichia coli. However, the hydroalco-
holic extract was not active (21).
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Antimicrobial activity

The essential oil of the flowers inhibited the growth in vitro of Bacillus subtilis,
Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa and Candida albi-
cans (22). A flavonoid fraction isolated from the flowers inhibited the growth
in vitro of S. aureus, Sarcina lutea, E. coli, Klebsiella pneumoniae and Candida
monosa (23). However, chloroform, ethanol, methanol or water extracts of the
flowers did not inhibit bacterial growth in vitro (24-26). Acetone, ethanol or
water extracts inhibited the growth in vitro of the fungus Neurospora crassa (27).
Extracts of the flowers inhibited the growth in vitro of Trichomonas vaginalis (28).
Oxygenated terpenes appear to be responsible for the antimicrobial activity

(29).

Antiviral activity

A tincture of the flowers suppressed the replication of herpes simplex, influenza
A2 and influenza APR-8 viruses in vitro (30). However, an aqueous extract of
the flowers was not active (31). A chloroform extract of the flowers inhibited
the replication of HIV-1 in acutely infected lymphocytic MOLT-4 cells in vitro
(ICsp 0.4mg/ml) (32). A chloroform extract also inhibited HIV-1 reverse tran-
scriptase activity in a dose-dependent manner (EDs, 51.0ug/ml) (32). A 5% hot
aqueous extract of the flowers (2ml) inhibited the replication of encephalitis
virus after intraperitoneal administration to mice (33).

Anti-inflammatory activity

Topical application of a 70% ethanol extract of the flowers to mice at a dose
of 1.2 mg/ear (corresponding to 4.16 mg crude drug) reduced croton oil-induced
ear oedema by 20% (34). External application of a carbon dioxide extract of the
flowers (300pug/cm®) suppressed croton oil-induced ear oedema in mice
(34). The triterpene fraction of an extract of the flowers had marked anti-
inflammatory activity in mice (1 pg/ear) against ear oedema induced by 12-O-
tetradecanoylphorbol-13-acetate (35). Faradiol esters isolated from the flowers
(240 ug/cm?) inhibited croton oil-induced ear oedema in mice (36). Intragastric
administration of an aqueous extract of the flowers (100mg/kg body weight)
inhibited carrageenan-induced footpad oedema in rats (37). However, an 80%
ethanol extract of the flowers was weakly active (11% inhibition) at a con-
centration of 100mg/kg body weight administered orally 1 hour prior to induc-
tion of oedema (38). Isorhamnetin glycosides isolated from the flowers
inhibited rat lung lipoxygenase in vitro (39).

Wound-healing activity

External application of a hydroalcoholic extract accelerated the rate of con-
traction and epithelialization of excision wounds in rats (40). A 3% freeze-dried
aqueous extract of the flowers induced vascularization in the chick chorio-
allantoic membrane assay. Histological sections of the treated chorioallantoic
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membranes also indicated the presence of hyaluronan, a tissue glycosamino-
glycan associated with neovascularization (41).

Clinical pharmacology

Although no randomized, controlled clinical trials have been performed, two
case reports in the early medical literature support the traditional use of Flos
Calendulae. The reports describe the use of a strong tincture of the flowers
applied on compresses to reduce inflammation and suppuration, and to acceler-
ate the healing of wounds (42, 43). These reports may be of historical value only.

Contraindications

Flos Calendulae is contraindicated in cases of known allergy to plants of the
Asteraceae (Compositae) family (78).

Warnings
No information available.

Precautions
Carcinogenesis, mutagenesis, impairment of fertility

Saponins isolated from Flos Calendulae were not mutagenic at a concentration
of 400ug/ml in the Salmonella/microsome assay using S. typhimutium strain
TA98, with or without S9 metabolic activation (44). Extracts of the flowers were
not carcinogenic after daily intragastric administration of 0.15 g/kg body weight
to rats (for 22 months) or hamsters (for 18 months) (45). Mutagenicity testing of
the fluidextract in the Salmonella/microsome assay (using S. typhimutium strains
TA98, TA100, TA1535 and TA1537) was negative at concentrations of up to
Smg/plate. The mouse bone marrow micronucleus test was also negative after
daily administration of up to 1g/kg body weight for 2 days (46). A fluidextract
of the flowers (100mg/ml, 60% ethanol) was genotoxic in both mitotic
crossing-over and chromosome segregation when assayed for mitotic segrega-
tion in the heterozygous diploid D-30 of Aspergillus nidulans (46).

Other precautions

No information available on general precautions or precautions concerning
drug interactions; drug and laboratory test interactions; teratogenic and non-
teratogenic effects in pregnancy; nursing mothers; or paediatric use. Therefore,
Flos Calendulae should not be administered during pregnancy or lactation or
to children without medical supervision.

Adverse reactions

Weak skin-sensitization has been reported (47).
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Dosage forms

Infusion for topical use; aqueous and alcohol extracts, tinctures and ointment
for external use (2, 18, 19). Store in a well-closed container, protected from light

().

Posology

(Unless otherwise indicated)

Topical application: an infusion of 1-2g/150ml (78). External use: a 40%
alcohol extract (1:1), or tincture (1:5) in 90% alcohol (2). For the treatment of
wounds, the tincture is applied undiluted; for compresses, the tincture is usually
diluted at least 1:3 with sterile water (18, 48, 49). Ointment: 2-5% (48, 50).
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