
Abstract
!

St. Johnʼs wort (Hypericum perforatum) has been
intensively investigated for its antidepressive ac-
tivity, but dermatological applications also have a
long tradition. Topical St. Johnʼs wort prepara-
tions such as oils or tinctures are used for the
treatment of minor wounds and burns, sunburns,
abrasions, bruises, contusions, ulcers, myalgia,
and many others. Pharmacological research sup-
ports the use in these fields. Of the constituents,
naphthodianthrones (e.g., hypericin) and phloro-
glucinols (e.g., hyperforin) have interesting phar-
macological profiles, including antioxidant, anti-
inflammatory, anticancer, and antimicrobial ac-
tivities. In addition, hyperforin stimulates growth

and differentiation of keratinocytes, and hyperi-
cin is a photosensitizer which can be used for se-
lective treatment of nonmelanoma skin cancer.
However, clinical research in this field is still
scarce. Recently, sporadic trials have been con-
ducted in wound healing, atopic dermatitis, pso-
riasis, and herpes simplex infections, partly with
purified single constituents and modern derma-
tological formulations. St. Johnʼs wort also has a
potential for use in medical skin care. Composi-
tion and stability of pharmaceutical formulations
vary greatly depending on origin of the plant ma-
terial, production method, lipophilicity of sol-
vents, and storage conditions, and this must be
regarded with respect to practical as well as sci-
entific purposes.
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Introduction
!

Hypericum perforatum L. (St. Johnʼs wort, SJW)
(Hypericaceae) has made a career as one of the
most prominent and best investigated medical
plants during the last two decades, the focus of
interest clearly being on its potential as an herbal
antidepressant. Traditional use, however, was also
characterized by external applications from the
beginning, mainly in the form of oils and tinc-
tures. One of the earliest known mentions of SJW
as amedical plant is found in the Naturalis Histor-
iae by Pliny the Elder (23–79 A.D.) [1] as a treat-
ment for burns, but also internally as an astrin-
gent which arrests diarrhea, and as a diuretic.
Many other external applications of SJWare listed
in popular and in scientific literature: smaller
wounds, sunburns, blunt traumata, ulcers, vari-
cose, hemorrhoids, myalgia, sciatica, rheumatism,
lumbago, cramps, decubitus, keloid scars, and
tooth extraction, based on folk tradition, medical
experience, or even on the doctrine of signatures,
which suggested that a “wounded” (perforated)
plant is intended by nature to cure wounds [2,3].
Wölfle U e
Modern clinical research on the role of SJW in this
field has been scarce compared to the numerous
trials with oral forms in depression and other psy-
chiatric indications. Consequently, the official
2009 HMPC monograph of the European Medi-
cines Agency regards none of these applications
as scientifically well established but accepts the
use of topical SJW preparations for “symptomatic
treatment of minor inflammations of the skin
(such as sunburn) and as an aid in the healing of
minor wounds” in the context of traditional med-
icine [4].
Increasing knowledge about pharmacological ac-
tivities of SJW and its characteristic ingredients,
such as hypericin and hyperforin, has given new
impetus to investigate the potential of topical
SJW preparations in dermatological problems of
current interest. Anti-inflammatory, antimicro-
bial, and anticancer mechanisms as well as stimu-
lation of tissue growth and differentiation have
been reported for these compounds and suggest
a potential benefit of using this old medicinal
plant in skin diseases like atopic dermatitis, pso-
riasis, herpes infections, and white skin cancer,
t al. Topical Application of… Planta Med 2014; 80: 109–120



Fig. 1 Structural for-
mulas of the most im-
portant constituents of
SJW.

Table 1 Constituents of SJW with
relevance for pharmacological ac-
tivities.

Constituents of St. Johnʼs Wort

Very lipophilic " phloroglucinols (0.2–4%): hyperforin and its homologue adhyperforin

Lipophilic " naphthodianthrones (0.06–0.4%): hypericin, pseudohypericin, protohypericin, protopseudohypericin
" xanthones in trace amounts
" essential oil (0.1–0.25%) with 2-methyloctane, α-pinene and others terpenes
" biflavones: biapigenin and amentoflavone

Lipophilic/
hydrophilic

" flavonoids (2–4%): glycosides of quercetin-like hyperoside, rutin, isoquercitrin, quercitrin

Hydrophilic " procyanidines (6–15%) like procyanidine B2, and tannins with a catechin skeleton
" small amounts of chlorogenic acid and related substances

Concentrations in brackets refer to the content in dried flowering tops; data from [12]

110 Reviews
and last not least in skin care. This review will focus on pharma-
cological mechanisms which are of special importance for der-
matological indications, and on clinical data in the various fields
of application.
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l.
Traditional and Modern Topical Formulations,
Content and Stability of Active Compounds
!

Constituents of SJW with pharmacological relevance are listed in
l" Table 1, and the structural formulas of the most important
compounds are depicted in l" Fig. 1. The actual concentrations of
these constituents in topical preparations depend on many fac-
tors: geographic origin of the plant, harvest of wild cultivated
plants, harvest time (there is a decrease in naphthodianthrones
and an increase in phloroglucinols from flowering to fructifica-
tion [5]), processing of fresh or dried plant material, lipophilicity
and temperature of the extraction solvent and final formulation,
exposure to sunlight, time and conditions of storing. Therefore,
information on the specific preparation used in experiments or
clinical trials is crucial for interpretation and reproducibility of
data. This includes the method of production and, wherever pos-
sible, analytical data on the content and stability of the main ac-
tive compounds.
The most commonly used topical preparation is Hypericum oil
made from fresh or dried flowers or flowering aerial parts of the
plant. For preparation of Oleum Hyperici [6], the plant material is
doused (1:4) in vegetable oil (from olives, sunflowers, or others)
in awhite glass and kept in awarmplace for fermentation. There-
after the plant material is crushed, the oil filtered, and the aque-
ous phase removed with sodium sulfate, the glass sealed and ex-
posed to sunlight for about 4–6 weeks; during this time, the oil
takes on an intense ruby red color. The product is filled in a
brown glass bottle for light protection but is, however, of limited
stability.
While short exposure to visible light converts protohypericin to
hypericin [7], this is degraded to further products when the ex-
posure lasts for several weeks, and hypericin itself is contained
in the finished oil at very low concentrations. The ruby red color
of the finished oil is due to lipophilic breakdown products of hy-
pericin [8].
The highly lipophilic phloroglucinol hyperforin is present at a
concentration of 0.6% in freshHypericum oil produced in the light
or dark but degrades to inactive compounds (furohyperforin,
oxyhyperforin) within days under light exposure and within
weeks under light protection; its stability can be increased to
about 6months by the addition of 2-octyldodecanol-1 to the veg-
etable oil and under exclusion of oxygen [5,8,9].
Wölfle U et al. Topical Application of… Planta Med 2014; 80: 109–120
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In order to obtain high concentrations of hyperforin, a potent
antimicrobial and anti-inflammatory agent, Hypericum oil may
be prepared from fruit capsules under light exclusion at room
temperature and thereafter be stored in the dark at low temper-
atures. Alternatively, special stabilized hyperforin formulations
may be used (see below).
The flavonoids quercetin, I3II8-biapigenin, kaempferol, und
1,3,6,7-tetrahydroxyxanthon were also reported for Hypericum
oil [2,8], while Arsić et al. [10] found only quercetin and Isacchi
et al. [5] merely the more lipophilic biflavone biapigenin, and this
only when fresh flowers were extracted.
Orhan et al. [11] analyzed twenty-one samples of traditionally-
prepared (homemade) and ready-made (commercial) SJW olive
oil macerates by LC‑DAD‑MS. Pseudohypericin (0.1–3.3 μg/g)
and hypericin (0.3–6.6 μg/g) were present in all the oils, whereas
chlorogenic acid (1.1 μg/g) was detected only in one oil sample.
Hyperforin was detected in four (1–2.4 μg/g) and adhyperforin
in six samples (0.005–3.2 μg/g). All these concentrations are very
low, in the range of 10−5 to 10−3%. However, the authors correlated
the antimicrobial activity against Staphylococcus aureus and Try-
panosoma brucei with oil composition: hypericin and pseudohy-
pericinwere common in active oils whereas hyperforin, adhyper-
forin, and chlorogenic acid were absent.
Tinctures extracted with ethanol (45–50%, drug:extract ratios
1:5–10) are mentioned in the literature as traditional topical
medicines, but details on their contents in active constituents as
well as experimental data are missing [12]. Analyses of hydro-
alcoholic extracts from SJW revealed that at least 60% of ethanol
concentrations are needed to obtain high yields of the very lipo-
philic hyperforin; with absolute ethanol, hyperforin extraction is
maximal but hydrophilic components like flavonoids are greatly
reduced [13].
More recently, various Hypericum formulations have been devel-
oped as gels, ointments, creams, lotions, sprays, and bath oils
which may provide easier handling and higher stability than oils.
Some were clinically tested and eventually marketed. However,
declarations of marketed products are incomplete because they
are not registered medical products, and relevant information
about the composition, content of active components, and stabil-
ity of investigational products is only given in a few publications.
Kacerovská et al. [14] investigated the efficacy of SJW extract in
photodynamic therapy (PDT) of nonmelanoma skin cancer with
a viscous formulation consisting of 36% glycerol, 17% water, and
47% dry material of an ethanolic extract from dried material. The
relevant compounds absorbing light at the wavelengths of the
light source used were quantified in the final product as 0.15–
0.25% hypericin and pseudohypericin in a ratio of 1:2. According
to the authors, the hypericins were stable under light protection
at room temperature over 12 months. Tardivo et al. [15] used a
10% extract solution in ethylene glycol with 1% hypericin and
0.5% chlorophyll for phototreatment of herpes simplex. A lipo-
philic ointment with only 0.003% hypericin and 0.0024% hyper-
forin was able to protect human skin from solar-induced inflam-
mation [16]. Extraction with liquid CO2 has been used to obtain
very high (up to 30%) concentrations of hyperforin; a cream con-
taining an extract free of hypericin and flavonoids, but rich in hy-
perforin (1.5% in the final product) was used by Schempp et al.
[17] for the treatment of atopic dermatitis.
Taken together, there is awide range of SJW formulations for top-
ical treatment whichmay be adapted to the specific purpose, e.g.,
enriched in hypericin for PDTor in hyperforin for anti-inflamma-
tory action. However, the production of formulations with repro-
ducible and controlled contents of active compounds derived
from plant material is still difficult. Synthetic components are
sometimes used for better control, and modern nanoparticle
and microvesicle formulations of SJW are under development.
Pharmacological Mechanisms with Relevance for
Topical Application
!

Antimicrobial activity
Methanol-acetone extracts from aerial parts of seven entities of
the genus Hypericum growing in central Italy were tested in vitro
for their antimicrobial activity. Two H. perforatum subspecies
were particularly active against gram-positive and gram-nega-
tive bacteria. The results suggested that hypericin and hyperforin
are the main components responsible for antimicrobial activity,
but not the only ones [18]. Chloroform extracts of 34 Hypericum
species and varieties were screened for activity against a clinical
isolate of methicillin-resistant Staphylococcus aureus (MRSA),
which in addition possessed a multidrug efflux mechanism con-
ferring a high level of resistance to therapeutically useful antibi-
otics. Five extracts had minimum inhibitory concentrations of
64 μg/mL indicating potent activity against multidrug-resistant
bacteria [19].
An antibacterial principle was isolated from Hypericum and
named hyperforin [20]. Hyperforin inhibited growth in all tested
gram-positive bacteria including MRSA and P(penicillin)RSA,
with threshold concentrations from 0.1 μg/mL (Corynebacterium
diphtheriae) to 1 μg/mL, but not in gram-negative [21].
Antibacterial activity could also be attributed to hypericin.
Growth of S. aureus but not E. coliwas effectively stopped in vitro
when incubated with hypericin concentrations from 40 μM and
below for 30min and then irradiatedwith 5–30 J/cm² visible light
of 600–800 nmwavelength; sensitivity of different bacterial spe-
cies correlated with hypericin uptake, possibly reflecting the dif-
ferences in membrane structure between gram-positive and
gram-negative bacteria [22]. Gram-positive bacteria are gener-
ally more susceptible to Hypericum, but not all gram-negative
species are resistant to hypericin plus light.
The antibacterial activity of SJWwas higher when the herbs were
collected in August compared to July [23], reflecting the increase
in hyperforin content with fructification. Phloroglucinols and
naphthodianthrones are the most important antibacterial com-
ponents while flavonoids seem to be inactive [24]. Hence, lipo-
philic formulations are more effective than hydrophilic ones [25,
26]. The exact composition of oils and creams does, however, not
seem to be very critical [10], and activity against gram-positive
bacteria was even reported for hydrous SJW teas [27]. A compar-
ison of SJW extract with its purified fractions containing hyper-
forin, hypericin, and pseudohypericin revealed that the extract
inhibited growth of mycobacteria more effectively than the iso-
lated components, indicating synergistic effects [28].
According to Peeva-Naumovska et al. [29] a lipophilic Hypericum
ointment for vaginal application was active against a number of
bacteria but not Lactobacillus acidophiluswhich is part of the nat-
ural vaginal flora. A detailed account of antibacterial activities of
various Hypericum preparations is given by Saddiqe et al. [30] in-
cluding ethnobotanical data on other species than H. perforatum.
Antiviral activity of several Hypericum constituents against many
forms of viruses in vitro has been demonstrated over the last 40
years, including herpes simplex virus types 1 and 2 [12]. Hyper-
icin and some of its derivatives (“hypericins”), particularly when
Wölfle U et al. Topical Application of… Planta Med 2014; 80: 109–120
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activated by light, are effective against enveloped viruses but not
non-enveloped, probably by inhibiting budding of new virions,
cross-linking of capsids preventing uncoating, inhibition of pro-
tein kinase required for viral replication, and inhibition of their
ability to fuse with cell membranes [31,32].
Inhibition of protein kinase C during the viral infection of cells
was also regarded as the mechanism underlying antiretroviral
activity of hypericin and pseudohypericin [33]. Especially with
regard to HIV, SJW and hypericins were intensively studied in
systemic treatment, but concentrations needed clinically were
so high that phototoxic effects became prohibitory [34]. Only re-
cently, another SJWconstituent, 3-hydroxy-lauric acid, was iden-
tified as a potent anti-HIVagent [21,35], whichmay give new im-
petus to this field of research.
There is limited knowledge about the antifungal capacities of
SJW in a dermatological context. While Schempp et al. [21] found
no effect of hyperforin on Candida albicans in concentrations up
to 100 μg/mL, Arsić et al. [10] reported growth inhibition by SJW
extract at 2.5mg/mL. It depends on the species-specific intracel-
lular distribution of hypericin whether apoptotic pathways are
triggered or not in different Candida species by irradiation with
visible light [36]. Water extracts from Hypericum stopped the
growth of Microsporum gypseum and Trichophyton rubrum at
10mg/mL [37].

Antioxidative activity
Antioxidative properties of standardized hydroalcoholic SJW ex-
tracts have been found in vitro. In a cell free model and human
vascular tissue, the effect of SJW on superoxide production by
xanthine/xanthine oxidase was tested [38]. Both models demon-
strated pro-oxidative effects at very high concentrations, and
antioxidant effects inversely related to dose in a dilution series.
At lower concentrations, standardized SJW extracts scavenged
DPPH radicals in a dose-dependent manner; concentrations be-
tween 1 and 50 μg/mL effectively inhibited lipid peroxidation of
rat brain cortex mitochondria induced by Fe2+/ascorbate or the
NADPH system, and preincubation of human PC12 phaeochro-
mocytoma cells with 1–100 μg/mL before exposure to superoxide
attenuated caspase activity and reactive oxygen species genera-
tion, increasing cell survival [39]. Similarly, human neuroblasto-
ma cells were protected from superoxide toxic action by preincu-
bation with SJW extract [40].
The antioxidant effects of hydroalcoholic SJW extracts are not
surprising since they contain up to 10% flavonoids which are
well-known antioxidants. Polyphenol-rich Hypericum species all
display pronounced antioxidant properties [41,42]. An SJW ex-
tract specifically enriched in flavonoids (quercetin and its deriva-
tives) quenched DPPH with an IC50 = 10.6 μg/mL and superoxide
radical with an IC50 = 54.3 μg/mL in a concentration-dependent
manner. However, when higher amounts than 150 μg of extract
were added, the protective effect on lipid peroxidation was lost
[43]. After all, the antioxidative capacities of SJW extract may
switch to pro-oxidative at very high concentrations.
Besides the flavonoids, hyperforin has shown antioxidant prop-
erties in an H2DCFDA assay in vitrowith human HaCaT keratino-
cytes irradiated with solar-simulated radiation. The free radical
scavenging capacity of hyperforin was higher with an
EC50 = 0.7 μM (0.42 μg/mL) than that of Trolox (12 μg/mL) and N-
acetylcysteine (847 μg/mL); a cream containing hyperforin signif-
icantly protected porcine ear skin from reduced radical formation
after solar radiation [44].
Wölfle U et al. Topical Application of… Planta Med 2014; 80: 109–120
Photosensitization
While SJWexerts antioxidant action, it also contains components
which can cause phototoxic cell damage. Onoue et al. [45] inves-
tigated 19 constituents from SJW and found that many of them
are able to undergo photochemical reactions and produce reac-
tive oxygen species, but only hypericin, pseudohypericin, and hy-
perforin caused lipid peroxidation, and none caused DNA strand
breaks. Photoirritant potential of SJW is mainly attributable to
the hypericins which absorb UVA at 300 nm and visible light in
the range from 550 to 590 nm. Treatment with hypericin and
light irradiation produces singlet oxygen from the triplet state
and superoxide from both the triplet state and semiquinone rad-
ical anion, followed by downstream formation of hydrogen per-
oxide.
Hypericins may cause severe photoxicity, e.g., in cattle grazing on
SJW. It has however been shown that therapeutic oral doses of
SJW extracts taken for treatment of mild to moderate depression
do not cause photosensitization to a clinically relevant degree
[46]. Traynor et al. [47] found only a very small effect on the gen-
otoxic burden in HaCaT cells when hypericin treatment was com-
bined with UVA irradiation in vitro and concluded that Hyperi-
cum intake, although reducing the minimal erythema dose mea-
surably, would not constitute a problem in patients undergoing
UVA phototherapy. Moreover, the phototoxic effects of hypericin
on irradiated HaCaT keratinocytes are reduced by 25–50% when
it is combined with other constituents of the SJW extract, e.g.,
chlorogenic acid, flavonoids, or pyropheophorbide [48].
Topical application of SJW extracts or isolated hypericin may
cause photoirritation or phototoxicity depending on concentra-
tion and radiation intensity. This is an undesirable effect in
wound healing or inflammation treatment but opens a new op-
tion in photodynamic therapy (PDT) of skin cancer or psoriasis,
for example. Hypericin applied on mouse ears in concentrations
from 0.1–1% resulted in limited phototoxicity only, probably due
to confined penetration into the epidermal layers. However, hy-
pericin acetate as a precursor penetrates easier and can cause
more severe phototoxic damages than methyl aminolevulinic ac-
id; phototoxicity of hypericin acetate declined within a few days
after application, and induced wounds healed within 14 days
[49].
Topical treatment with usual SJW formulations does not seem to
have potential for severe photosensitization; the use of hyperi-
cins in PDT may be improved by specific formulations or deriva-
tives increasing penetration into skin.

Anti-inflammatory activity
Anti-inflammatory effects of different SJW extracts and isolated
constituents were investigated in the mouse ear model [50]. A
lipophilic extract produced by supercritical carbon dioxide ex-
traction from flowering SJW tops inhibited croton oil-induced
swelling of the mouse ear more effectively than a hydroalcoholic
extract and an ethylacetic fraction; of the pharmacologically ac-
tive constituents, the lipophilic extract contained only hyperforin
(27%) and adhyperforin (5%), while the other extracts displayed a
variety of all relevant compounds but with lower concentrations
of hyperforin (4.5% and 10.3%, resp.). Among the isolated com-
pounds tested, amentoflavone had the lowest 50% inhibitory
dose (ID50 = 0.16 μmol/cm−2), but this compound was not found
in any of the extracts. Hypericin (ID50 = 0.25 μmol/cm−2), hyper-
forin in the form of its DHCA salt (0.25 μM/cm−2), and adhyperfor-
in (0.30 μmol/cm−2) were also comparable to indomethacin
(0.26 μmol/cm−2), while the flavonoids hyperoside and isoquer-
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cetin were less effective (1 μmol/cm−2). Given the high concentra-
tions of the hyperforins in all extracts and their strong anti-in-
flammatory potency, they must be regarded as the most impor-
tant anti-inflammatory components in SJW.
Hypericin significantly inhibited IL-12 production in lipopolysac-
charide-activated mouse macrophages in a dose-dependent
manner (IC50 = 1.45 μg/mL) and the activation of the IL-12 gene
promoter, suggesting that hypericin negatively regulated IL-12
production at the transcription level [51].
Anti-inflammatory mechanisms of hyperforin have been de-
scribed as inhibition of cyclooxygenase-1 (but not COX-2) and 5-
lipoxygenase at low concentrations of 0.3 μmol/L and 1.2 μmol/L,
respectively [52], and of PGE2 production in vitro [53] and in vivo
with superior efficiency (ED50 = 1mg/kg) compared to indometh-
acin (5mg/kg) [54]. Hyperforin turned out to be a novel type of 5-
lipoxygenase inhibitor with high effectivity in vivo [55] and sup-
pressed oxidative bursts in polymorphonuclear cells at 1.8 μmol/
L in vitro [56]. Inhibition of IFN-γ production, strong downregula-
tion of CXCR3 expression on activated T cells, and downregula-
tion of matrix metalloproteinase 9 expression caused Cabrelle et
al. [57] to test the effectivity of hyperforin in a rat model of exper-
imental allergic encephalomyelitis (EAE). Hyperforin attenuated
the symptoms significantly, and the authors discussed hyperforin
as a putative therapeutic molecule for the treatment of autoim-
mune inflammatory diseases sustained by Th1 cells.
With specific reference to dermatological applications, Schempp
et al. [58] investigated the alloantigen-presenting function of hu-
man epidermal cells (EC) exposed to Hypericum ointment con-
taining 30 μg/mL hypericin and 24 μg/mL hyperforin in vivo in a
mixed EC lymphocyte reaction (MECLR). Compared with un-
treated skin, treatment with Hypericum ointment resulted in a
significant suppression of the MECLR (p < 0.001) that was compa-
rable to the effect of solar-simulated radiation. A similar effect
was obtained when using an ointment with the same hyperforin
content but devoid of hypericin. Epidermal cells isolated from hy-
perforin-treated skin showed a reduced capacity to stimulate the
proliferation of allogeneic T cells (p < 0.001), and in vitro incuba-
tion of EC with hyperforin suppressed the proliferation of allo-
reactive T cells (p < 0.001). Furthermore, hyperforin inhibited
the proliferation of peripheral blood mononuclear cells in a
dose-dependent manner, without displaying pronounced toxic
effects as determined by Trypan blue staining. The results pro-
vide a rationale for the traditional treatment of inflammatory
skin disorders with Hypericum extracts containing hyperforin.

Anticancer effects
Pharmacological research has revealed two different fields in
anticancer effects of SJW: light-dependent mechanisms related
to photoactivation of the hypericins and light-independent
mechanisms attributable to hyperforin.
Schempp et al. [59] investigated phototoxic and apoptose-induc-
ing effects of pseudohypericin and hypericin in human leukemic
lymphoma (Jurkat) cells and found dose-dependent inhibition of
cell proliferation combined with DNA fragmentation under radi-
ation with visible light from 520–750 nm wavelength, but not in
dark. Hypericin was more effective than pseudohypericin (IC50
100 ng/mL vs. 200 ng/mL). In the same model, photoactivated hy-
pericin (0.25–1 μg/mL) was compared to 1 μg of the cytostatic
drug paclitaxel to elucidate the underlying mechanisms. Both
photoactivated hypericins and paclitaxel similarly increased the
activity of caspase-8 and caspase-3, and drug-induced apoptosis
of Jurkat cells was completely blocked by inhibitors of caspase-8
and caspase-3. TRAIL antibody blocked TRAIL-induced and pho-
to-induced hypericin, but not paclitaxel-induced apoptosis of
Jurkat cells. In contrast, paclitaxel-induced but not hypericin-in-
duced apoptosis was blocked by SM1/23 and NOK-2 antibodies.
Anti-TNF‑R1 antibody had no effect. These findings suggest that
photo-induced hypericin apoptosis of Jurkat cells is mediated in
part by the TRAIL/TRAIL-receptor system and subsequent activa-
tion of upstream caspases [60]. Sharma et al. [61] treated human
squamous cell carcinoma cells in vitro with 1–7 μM hypericin
photoactivated with 320–400 nm twice at 24 h intervals, result-
ing in greatly increased rates of cell death; the authors postulated
a caspase-independent, rather necrotic than apoptotic mecha-
nism of cell death. The same authors also treated humanmelano-
ma cell lines successfully with PDT in vitro when the cells had
been incubated with kojic acid to inhibit melanin synthesis [62].
However, Menichini et al. [63] reported significant phototoxicity
with 50% cell destruction in A375 human melanoma keratino-
cyte cells at a concentration of 78 μg/mL of a hydroalcoholic SJW
extract and UV light even without pretreatment for melatonin
destruction.
The lipophilic hypericin can enter cells by passive diffusion but is
transported as LDL-hypericin complex when applied systemical-
ly. In glioma cells, photo-induced cell death processes are
strongly influenced by the dynamics of hypericin subcellular re-
distribution processes involving monomer-aggregate equilibri-
um. Pharmaceutical formulations may potentially increase the
efficacy of hypericin-PDT [64].
Cytotoxicity of photoactivated hypericin is higher than that of 5-
aminolevulinic acid, as its LD50 in medullablastoma cells was 8–
13 times lower, with 0.47 J/cm² after 2 h exposure to 2.5 μM hy-
pericin [65]. The effect of photoactivated hypericin treatment in
HT-29 colon adenoma cells was boosted by the addition of 5 μM
hyperforin or adhyperforin, resulting in apoptosis induction, in-
hibition of cell cycle progression, and expression of MMP-/-9 to-
gether with cell adhesivity, thereby affecting the clonogenic po-
tential of the cells [66].
Currently, hypericin-PDT is intensively studied as a diagnostic
and therapeutic tool for dermal and for internal cancer species.
Light-independent anticancer mechanisms of hyperforin were
reported by Schempp et al. [67]. Hyperforin inhibited growth of
tumor cells by induction of apoptosis. Hyperforin inhibited the
growth of various rat and human (including squamous and mela-
noma) tumor cell lines in vitro, with IC50 values between
3 ± 15mM. In vivo, 2mM hyperforin inhibited the growth of au-
tologous MT-450 breast carcinoma in immunocompetent Wistar
rats to a similar extent as an equimolar dose of the cytotoxic drug
paclitaxel, without any signs of acute toxicity. Treatment of tumor
cells with hyperforin resulted in a dose-dependent generation of
apoptosis-specific morphological changes and increased activity
of caspase-9 and caspase-3. In MT-450 cells, hyperforin, but not
paclitaxel, induced a rapid loss of the mitochondrial transmem-
brane potential and subsequent morphological changes such as
homogenization and vacuolization of mitochondria. Moreover,
hyperforin was capable of releasing cytochrome c from isolated
mitochondria, suggesting that hyperforin activates a mitochon-
dria-mediated apoptosis pathway. This was confirmed by Merhi
et al. [68] in acute myeloid leukemia (AML) cell lines defining dis-
tinct AML subfamilies and primary AML cells cultured ex vivo,
demonstrating inhibition of Akt1 signaling, mitochondria, and
Bcl-2 members dysfunctions, and activation of procaspases-9/-3
by hyperforin. In a further study, hyperforin induced apoptosis by
Wölfle U et al. Topical Application of… Planta Med 2014; 80: 109–120
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triggering activation of caspases and hypericin synergistically ex-
erted cytotoxicity towards human malignant cell lines [69].
Hyperforin also acts as an angiogenesis inhibitor by a direct, non-
toxic effect on endothelial cells. In vitro, hyperforin blocked mi-
crovessel formation of human dermal microvascular endothelial
cells on a complex extracellular matrix and reduced their prolif-
eration in a dose-dependent manner, without displaying toxic ef-
fects or inducing apoptosis of the cells. In vivo, Wistar rats with
subcutaneously injectedMT-450mammary carcinoma cells were
treated with peritumoral injections of hyperforin or solvent. Hy-
perforin significantly inhibited tumor growth, induced apoptosis
of tumor cells and reduced tumor vascularization [70].
The role of flavonoids, especially of quercetin and its derivatives,
in the prevention and treatment of cancer has been extensively
investigated [71,72]. However, they are more ubiquitous than
the naphthodianthrones and phloroglucinols of Hypericum and
play a minor role in lipophilic Hypericum formulations for dermal
application.

Wound repair and keratinocyte differentiation
Mukherjee et al. [73] studied the effects of a methanolic leaf ex-
tract fromHypericum patulum in different rat woundmodels and
found faster closure of excision wounds (comparable to 0.2% ni-
trofurazone) and higher tensile strength in incision wounds with
the H. patulum extract, compared to control. Accordingly, Süntar
et al. [74] confirmed significant acceleration of healing of exci-
sion, circular and linear incision wounds in rats when treated
with H. perforatum oil extract and with ethanol extract applied
in a mixture of glycol stearate, propylene glycol, and liquid paraf-
fine (3:6 :1). When the ethanol extract was fractionated, the
fraction containing hypericin as a major component wasmore ef-
fective than a flavonoid fraction. Castro et al. [75] found no differ-
ence in wound healing charateristics in rat models between mi-
crocurrent application alone and in combination with a homeo-
pathic 10% (Hypericum D3) preparation; the SJW preparation
alone was not effective, probably due to the low concentration.
Öztürk et al. [76] investigated the effect of 1–100 μg/mL ethanolic
SJW extract on embryonic chicken fibroblast cultures in compar-
isonwith dexpanthenol and Centella asiatica extract. The SJWex-
tract contained small amounts of hypericin and pseudohypericin
(0.1% each).With increasing SJWconcentration, the total number
of fibroblasts and the number of cells proliferating by mitosis in-
creased, except for the highest concentration. The percentage of
polygonal cells, indicating high motility, increased from 31% to
80%, while the percentage of ageing, quiescent, and nonviable
cells decreased, correspondingly. The number of collagen gran-
ules in the fibroblasts also increased. Quantitative comparison of
the effects of the 3 test substances showed that both herbal ex-
tracts could promotewound repair rather by stimulation of colla-
gen production and fibroblasts migration than by increasing mi-
totic cell proliferation, as is characteristic for dexpanthenol. Hos-
tanska et al. [77] reported similar results for a homeopathic prep-
aration containing SJW, but alsomarigold, arnica, and comfrey, so
that the contribution of SJW cannot be determined.
The effect of SJW is not restricted to the proliferative phase of
wound healing but also improves functional organization of the
epidermis when newly established after injury or when func-
tionally impaired by diseases like atopic dermatitis and psoriasis
[78]. Incomplete formation of the upper epidermal layers leads to
increased trans-epidermal water loss, microbial infections, in-
flammation, and itching. Besides its antimicrobial and anti-in-
flammatory activity, hyperforin is able to restore impaired epi-
Wölfle U et al. Topical Application of… Planta Med 2014; 80: 109–120
dermal organization by stimulating keratinocyte differentiation
and formation of the “cornified envelop”. Differentiation of kera-
tinocytes is promoted by activation of the specific transient re-
ceptor potential channel (TRPC6, an effect also involved in the
antidepressive activity of hyperforin) in much the same way as
an increase of the physiological stimulus, extracellular calcium
concentration [79]. Since TRP receptors seem also to be related
to itching, hyperforin might be a multitarget dermatological
pharmacon (l" Fig. 2).
A 1% chlorogenic acid ointment had a similar effectiveness in rat
full-thickness excision wound healing as a 1% silver sulfadiazine
ointment when applied topically once a day for 15 days. Chloro-
genic acid increased rates of epithelialization, cellular prolifera-
tion, TNF-α levels during the inflammatory phase of wound heal-
ing, TGF-β1, and collagen IV synthesis, and had potent antioxi-
dant activity by increasing superoxide dismutase, catalase, and
glutathione, and decreasing lipid peroxidation [80]. Thus, a num-
ber of different SJW constituents are involved in wound healing,
but the amounts of chlorogenic acid may be too low to contribute
substantially.
Clinical Experience
!

A short reference is made at the beginning of each section to the
pharmacological mechanisms justifying clinical research in the
respective indication. Clinical data are classified for the level of
evidence (= LOE) [81] wherever this seemed meaningful to do.

Wound healing
The clinical rationale for SJW treatment of wounds results from
its antimicrobial and anti-inflammatory activities, and from
stimulation of fibroblast motility, collagen production, and kera-
tinocyte differentiation. Oils and other formulations containing
hyperforin and hypericin or their derivatives are appropriate for
application on scratches, abrasions, burns, and ulcers. Although
blunt traumata like contusions andmyalgia arementioned as tra-
ditional indications [2], no studies have been performed in these
indications with topical formulations, but some data is available
for burns, decubitus, and surgical wounds.
A burn ointment prepared by extracting 5 g of fresh flowers with
100 g of olive oil for 10 days at 20°C was used in the treatment of
1st, 2nd, and 3rd degree burns. First degree burns healed within
48 hours. Second and third degree burns healed at least 3 times
as rapidly as burns treated with conventional methods, and ke-
loid formation was inhibited ([82] LOE: 4).
SJW oil made from plants collected in Italy in June and July was
tested for its effect on lower back bedsores (decubitus) in 30 pa-
tients. 350 g of crashed flowering tops were extracted for 1 hour
in 1000mL olive oil until taking on a red color, filtrated and steri-
lized at 120min for 1 hour. Fifteen patients were treated twice a
day with disinfection with oxygenized water, a layer of sterile
gaze impregnated with Hypericum oil directly applied on the
wound, another sterile gaze layer and occlusive Leukoflex foil.
The other half of the patients was treated the same way but with
pure olive oil for control. The treatment continued for 15 days.
Total (weeping) wound areawas determined by applying blotting
paper soaked with 5% potassium permanganate, the area of deep
wounds were depicted by using a metallic probe and a metric
frame allowing to localize spots with > 5mm deepness, which
were connected on a chart. In the treatment group, the total
wound area was reduced by 37.6% from 109 ± 29 cm−2 to



Fig. 2 Hyperforin actions on the skin.
(Color figure available online only.)
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69 ± 23 cm−2, while in the control group the reduction was only
17% (123 ± 29 cm−2 to 94 ± 24 cm−2). The deep area was reduced
by 37% with SJWoil, in contrast to only 12% in the control group.
Differences between groups were p < 0.001 for both efficacy cri-
teria ([83] LOE: 2b).
The effects of an ointment containing extracts of garlic, calendula
and SJW (70% ethanol, DER 5:1, 0.1% hypericin, 3.1% flavonoids)
on venous ulcers (ulcus cruris venosum) were tested over a 7-
week period in 25 patients with ulceration of the lower leg no
longer than 2 months, or recurrent ulceration during the last 6
months. The patients did not use any other phytomedicines or
supportive therapies. The total treatment response was eval-
uated on the basis of epithelialization, granulation, fibrin depos-
its, exudation, and edema. Reporting of results is somewhat con-
tradictory; however, epithelialization improved with a mean re-
duction of the ulcer area by 55%. No significant effects on the mi-
crobial flora were found. Since there was no control and the oint-
ment contained a fix combination of herbs, the effect of SJW on
ulcers cannot be estimated from these data [84].
Similarly, a clinical study on wound closure in 12 patients after
cesarean section who were treated with a combination of calen-
dula and SJW in wheat germ oil (the SJW oil prepared as de-
scribed by Lomagno and Lomagno [83], see above) twice a day
for 15 days cannot be interpreted with respect to the contribu-
tion by SJW; the preparation accelerated wound healing com-
pared to control treatment with wheat germ oil, with 38% vs.
16% reduction of the wound area [85].
A randomized, double-blind clinical trial on the effect of an oily
SJW ointment in cesarean section wound healing and hyper-
trophic scar included 144 women randomly assigned to three
groups. The treatment and placebo groups applied SJW (V) or
placebo (P) ointment 3 times a day for 16 days, the control (C)
group remained without any intervention postoperatively. The
SJW formulation was prepared by drying and crushing of flower-
ing SJW tops and maceration in grape seed oil (1 :3), heating in a
microwave oven for 15min, filtrationwith a 0.45-mmmembrane
filter, and mixing (1:4) with sterilized petroleum jelly. Wound
healing was assessed on the 10th day post-cesarean using the
REEDA (redness, edema, ecchymosis, discharge, and approxima-
tion) scale. On the 40th day, the degree of scarring was assessed
using the Vancouver scar scale including pigmentation, height,
pliability, and vascularity. The subjects were also asked some
questions about pain by using the visual analogue scale and pru-
ritus of scar. The mean age of all the study subjects was 23.5 ± 4.0
years andmean parity was 1.2 ± 0.5. Therewere significant differ-
ences in wound healing on the 10th day with REEDA scores of
0.19 (V), 0.75 (P), and 0.79 (C), respectively (p < 0.005), and scar
formation on the 40th day postpartum with Vancouver scores of
3.3 (V), 5.0 (P), and 5.5 (C) (p < 0.0001) between the treatment
group compared with placebo and control groups. However, the
placebo group had no differences in wound healing (p = 0.93)
and scar formation (p = 0.11) from the control group. In addition,
significantly lower pain and pruritus were reported by the treat-
ment group compared with the placebo and control groups on
the 40th day postpartum. This study confirms practical experi-
ence that cicatrization of surgical wounds is positively influenced
by SJW treatment ([86] LOE: 1b).
Awound dressing with a mixture of SJW oil and neem oil was in-
vestigated for wound healing effects in a retrospective review of
9 patients presenting with scalp wounds with exposed bone fol-
lowing the excision of skin tumors and treated with the commer-
cial plant-derived wound dressing at a dermatology department
of a university hospital in Switzerland. Time to healing, wound
size, area of exposed bone, ease of handling, pain, and complica-
tions were evaluated. The patientsʼmean agewas 81 years, with a
mean wound size of 13.2 cm−2 and 6.8 cm−2 of exposed bone. The
time to complete healing by secondary intention was 4–20
weeks. A rapid induction of granulation tissue was observed,
which covered the entire exposed bone surface in six out of nine
cases (67%) after 4 weeks, and showed a reduction in the mean
area of exposed bone of 95%. Dressing changewas easy andwith-
out pain, and there were no complications. Composition of the
formulation is not described in detail, and the efficacy of SJWcan-
not be assessed due to the use of a combination product and
missing control [87].
Wölfle U et al. Topical Application of… Planta Med 2014; 80: 109–120
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Atopic dermatitis
Atopic skin is characterized by inflammation, hypersensitivity to
irritant stimuli, itching and consequently scratching and smaller
epidermal lesions, impaired skin barrier associated with trans-
dermalwater loss, weeping, and bacterial infection. Helpful phar-
macological mechanisms are therefore anti-inflammatory and
antibacterial activity, stimulation of keratinocyte differentiation,
and soothing of itches. SJW extract seems quite appropriate to
match these requests; however, application of herbal extracts
with numerous constituents onto atopic skin also involves a risk
of further sensitization.
Hyperforin was shown to fulfill the listed requirements directly
(or indirectly with regard to itching) as demonstrated above,
without potential photosensitization; this gave the idea to con-
duct a clinical study on the effect of a cream containing flavo-
noids and hypericin below the detection level but enriched in hy-
perforin, in patients with atopic dermatitis. In the prospective,
randomized, placebo-controlled, double-blind, monocentric
half-side comparison study, the efficacy of a cream containing
1.5% hyperforin (verum) was assessed in comparison to the cor-
responding vehicle (placebo) for the treatment of subacute atopic
dermatitis. Vehicle composition (INCI) was aqua, petrolatum,
propylene glycol, caprylic/capric triglyceride, PEG-20 glyceryl
stearate, panthenol, phenoxyethanol, Hypericum perforatum ex-
tract, tocopherol, tocopheryl acetate, and allantoin. In twenty-
one patients suffering from mild to moderate atopic dermatitis
(mean SCORAD 44.5), the treatment with verum or placebo was
randomly allocated to the left or right side of the body, respec-
tively. The patients were treated twice daily over a period of four
weeks. Eighteen patients completed the study. The severity of the
skin lesions on the left and right side was determined by means
of a modified SCORAD index (primary endpoint). The intensity of
the eczematous lesions improved on both sites of treatment.
However, the Hypericum cream was significantly superior to the
vehicle at all clinical visits (days 7, 14, 28) (p < 0.05). Skin coloni-
zation with Staphylococcus aureus was reduced by both verum
and placebo, showing a trend to better antibacterial activity of
the Hypericum cream (p = 0.064). Skin tolerance and cosmetic ac-
ceptability was good or excellent with both the Hypericum cream
and the vehicle (secondary endpoints).
Taken together, the study showed a significant superiority of the
Hypericum cream compared to the vehicle in the topical treat-
ment of mild to moderate atopic dermatitis. The therapeutic effi-
cacy of theHypericum cream, however, has to be evaluated in fur-
ther studies with larger patient cohorts, in comparison to thera-
peutic standards, i.e., glucocorticoids ([17] LOE: 2b).

Psoriasis
From the histological point of view, psoriatic plaques have three
key charateristics: the extravagant growth of keratinocytes; the
presence of prominent, dilated dermal blood vessels and an in-
flammatory infiltrate, featuring T cells of several subtypes, along
with neutrophils and macrophages. As has become clear in re-
cent years, this T cell-driven inflammation is responsible for the
keratinocyte growth and the angiogenesis seen in psoriatic
plaques [88].
SJW, and especially hyperforin, displays anti-inflammatory activ-
ity on T cells and stimulation of keratinocyte differentiation. In a
case series, ten patients with plaque-type psoriasis were treated
with SJW ointment; unfortunately, no specifics are reported on
the nature of the extract except that it was quite pure. TheHyper-
icum ointment was applied to one side of each patientʼs body and
Wölfle U et al. Topical Application of… Planta Med 2014; 80: 109–120
the vehicle to the opposite side twice daily for 4weeks in a single-
blinded manner. Modified psoriasis area severity index (PASI)
scores were significantly lowered where the formulated oint-
ment had been applied. In determining PASI scores, three factors,
erythema, scaling, and thickness, were evaluated; all were signif-
icantly lower where the formulated ointment had been applied
(p = 0.01, p = 0.004, p = 0.04), with initial scores from 2.1–2.6 and
final scores from 1.8–2.1 for placebo and 0.7–1.1 for verum. SJW
ointment applied twice daily may be effective in reducing PASI
scores in mild plaque-type psoriasis, however, further larger
studies need be conducted to achieve a more conclusive result
([88] LOE: 4).
Since photodynamic therapy (PDT) is also used as a treatment for
psoriasis, a combination with SJW or purified/synthetic hyperi-
cins might also be an option, but clinical evidence is still missing.

Herpes simplex
Treatment of herpes simplex with SJWmakes use of the ability of
hypericins to inhibit protein kinase C and thus suppress viral rep-
lication, especially when combinedwith UVor visible light. How-
ever, clinical efficacy against herpes simplex 1 and 2 (herpes labi-
alis and genitalis) has also been reported for oral administration
of 900–1800mg of a 70% ethanolic SJW extract as used in treat-
ment of depression. Two independent double-blind, randomized,
placebo-controlled studies with 94 and 110 patients, respective-
ly, demonstrated highly significant differences in symptom
scores (subjective symptoms like pain and itching, number of
blisters, and size of affected area). Unfortunately, the results have
only been published in abstract form ([89] LOE: 2b).
A topical formulation combining SJW (“0.1% Hypericum perfora-
tum”, no further details provided) with 5% copper sulfate, Calen-
dula, and Aloe was compared to a 5% aciclovir preparation in a
randomized, open-label multicenter study with 149 patients suf-
fering from herpes simplex 1 or 2. Under 14-day treatment, the
odds for being affected by a burning and stinging sensation were
1.9 times greater in the aciclovir group, with similar results for
acute pain (1.8), erythema (2.4), and vesiculation (4.4). The con-
tribution of SJW to the effect of the formulation remains unclear
[90]. Topical photodynamic treatment of herpes infections is
being investigated in an ambulatory clinic in São Paulo, Brazil,
since several years, by local injection either of methylene blue or
SJW (10% in ethylene glycol, containing 1% hypericin and 0.5%
chlorophyll) as a photosensitizer for radiation with visible light,
maximum at 650 nm. Both photosensitizers reduced the recur-
rence rate of herpes exacerbations from about 10 to 5 per year;
no exact numbers or details are reported with reference to the
ongoing study; post-treatment cosmesis was excellent ([15]
LOE: 5).

Solar keratoses and non-melanoma skin cancer
Photodynamic therapy (PDT) makes use of the fact that tumor
cells have much higher metabolic activity and may enrich certain
phototoxic substances which then are irradiated with an appro-
priate wavelength to kill the cells. Like 5-aminolevulinic acid, a
standard photosensitizer for treatment of nonmelanoma skin
cancer, hypericin is enriched in tumor cells and activated by visi-
ble light which is harmless to normal cells, but hypericin is much
more cytotoxic in vitro than 5-aminolevulinic acid.
In a clinical study, 8 patients with squamous cell carcinoma (SCC)
and 11 patients with basal cell carcinoma (BCC) were treated by
local injection of hypericin and irradiation with visible light. Pa-
tients with SCC were given 40–100 μg hypericin intralesionally,
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3–5 times per week for 2–4 weeks; patients with BCC 40–200 μg
hypericin 3–5 times per week for 2–6 weeks. Hypericin displayed
selective tumor-targeting: penetration in the surrounding tissues
did not induce necrosis or cell loss and even the generation of a
new epithelium at the surface of the malignancy was noticed.
Clinical remissions were found after 6–8 weeks ([91] LOE: 4).
A prospective study on the efficacy of PDT with topical applica-
tion of a SJW extract in actinic keratoses (AK), basal cell carcino-
ma (BCC), and Morbus Bowen (carcinoma in situ) was carried out
on 34 patients – 8 with AK, 21 with BCC, and 5 with Bowenʼs dis-
ease [14]. A viscous formulation consisting of 36% glycerol, 17%
water, and 47% dry ethanolic extract with 0.15–0.25% hypericin
and pseudohypericin in a ratio of 1:2 was applied on the skin le-
sions under occlusion for 2 h and then irradiated with 75 J · cm−2

of red light. The treatment was performed weekly for 6 weeks
on average. The percentage of complete clinical response was
50% for AK, 28% in patients with superficial BCC, and 40% in pa-
tients with Bowenʼs disease. There was only a partial remission
seen in patients with nodular BCCs. A complete disappearance of
tumor cells was found in the histologic preparation of 11% of pa-
tients with superficial BCCs and 80% in the patients with Bowenʼs
disease. All patients complained of burning and pain sensations
during irradiation, which is, however, normal in PDT. Although
the results of this first clinical trial could be regarded as disap-
pointing – recent studies with 5-aminolevulinic acid, a precursor
of protoporphyrin IX and standard sensitizer PDT of AK, showed
complete clearance rates up to 80% after 1 to 2 treatments only
[92] – there are still possibilities for improvement. Better prepa-
ration of the lesions, enhancement of hypericin delivery, use of
better penetrating derivatives such as hypericin acetate and oth-
er types of light exposure procedures could significantly improve
the clinical outcomes of this relatively inexpensive treatment
modality ([14] LOE: 2b).

Skin care
Dry skin and or skin stressed by professional exposition to deter-
gents often is substrate for microbial infections, inflammation,
and itching. An important function of skin care products is to re-
inforce the skin barrier against water loss. Hyperforin with its ef-
fect of keratinocyte differentiation may help to reduce transepi-
dermal water loss, and several constituents of SJW have antimi-
crobial and anti-inflammatory activities.
Arsić et al. [10] formulated three O/W creams containing 15% (w/
v) of SJW oil extract, produced according to traditional prescrip-
tions, as an active ingredient, however with different vegetable
(olive, palm, and sunflower) oils. The investigated O/W creams
demonstrated significant anti-inflammatory effects in a double-
blind randomized study with 20 healthy volunteers, using a sodi-
um lauryl sulphate test. Both skin parameters assessed in the
study (electrical capacitance and erythema index) were restored
to the baseline value after a seven-day treatment with the tested
creams.
In a 4-week use trial with 15 adult atopic patients after treatment
with hyperforin cream, an increase in hydration, as well as a re-
duction of TEWL and scaliness, was observed as opposed to the
vehicle control [93].
The formation of radicals plays an important role in the develop-
ment of atopic eczema or barrier-disrupted skin. Arndt et al. [94,
95] evaluated the radical scavenging effect of a cream containing
an SJW extract rich in hyperforin in a double-blind placebo-con-
trolled study on 11 healthy volunteers. Electron paramagnetic
resonance spectroscopy was applied to determine radical forma-
tion during VIS/NIR irradiation of the inner forearm. The results
were compared to ex vivo investigations on excised porcine ear
skin after a single application of the creams. The non-treated skin
was measured as a control. The absolute values and the kinetics
were not comparable for ex vivo and in vivo radical formation.
Whereas in in vivo, the radical production decreased with time,
it remained stable ex vivo over the investigated timescale. Never-
theless, ex vivo methods could be developed to estimate the pro-
tection efficiency of creams. In in vivo as well as ex vivo, the radi-
cal formation could be reduced by almost 80% when applying the
hyperforin-rich cream onto the skin, whereas placebo resulted in
about 60%. In in vivo, a daylong protection effect could be validat-
ed after a 4-week application time of the cream indicating that a
regular application is necessary to obtain the full effect. Clinically,
the skin lipids in both verum and placebo groups increased di-
rectly after a single cream application but only significantly for
ceramide [AP], [NP1], and squalene.

Safety and tolerability of dermal application
SJW is one of the best investigated herbal medicines, with respect
to efficacy as well as toxicology and safety. Acute toxicity studies
using rats, guinea pigs, and mice indicate that the extract is rela-
tively nontoxic and does not present a risk to patients. A weak
positive outcome of tests on mutagenicity of ethanolic extracts
in the AMES test can be explained with the presence of quercetin
which is not genotoxic in vivo in the extracts. In several in vivo
(mammalian spot test in mice, chromosome aberration test in
Chinese hamsters) and in vitro test systems (HGPRT test, UDS un-
scheduled DNA synthesis test, cell transformation test), no signs
of a mutagenic potential could be detected [12,96]. Clinically rel-
evant interactions of hyperforin with other drugs can be ex-
cluded when topically applied, due to the very low plasma con-
centrations.
Potential adverse effects of dermal application may be irritation/
sensitization and unwanted photosensitization, although clinical
data available suggests that the risk is relatively low. In an irrita-
tion test, 50 μL per test area of a bath oil containing SJW extract
was administered to the volar surface of the arm in 18 volunteers
under occlusion for 24 h. After an hour, the test areas were eval-
uated; the test substance was readministered for another 24 h,
and the skin areas were evaluated again for transepidermal water
loss (TEWL), photometric measurements of skin erythema, and
visual scoring. The bath oil did not cause irritation and was simi-
lar to the control of distilled water [97]. Topical application of
SJW oil (with 110 μg/mL hypericin) or SJW ointment (30 μg/mL)
on the forearms of volunteers and solar simulated radiation re-
sulted in no or only mild photosensitization, respectively [16].
Despite the low phototoxic potential of topical hypericin treat-
ment, cautious application of traditional SJW extracts seems to
be necessary since higher penetration rates of hypericin may oc-
cur in lesional skin. Furthermore, in fair-skinned individuals and
after extended solar irradiation, increased susceptibility to the
photosensitizing properties of hypericin-containing preparations
may occur.
Conclusions
!

Although SJW contains a broad spectrum of pharmacologically
active substances, two chemical classes appear as the most inter-
esting for dermatological applications: the phloroglucinols (hy-
perforins) and the naphthodianthrones (hypericins). Hyperforins
Wölfle U et al. Topical Application of… Planta Med 2014; 80: 109–120
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have potent antimicrobial, antioxidant, anti-inflammatory, and
anticancer effects and stimulate growth and differentiation of
keratinocytes. Hypericins also show antimicrobial, anti-inflam-
matory, and anticancer activities, especially when irradiatedwith
visible light, and their photo-induced cytotoxicity can be used for
photodynamic treatment of non-melanoma skin cancer but also
for diagnostic purposes. There are some indications for synergis-
tic activity of hyperforins and hypericins, as well as other constit-
uents such as flavonoids and biflavones, which may explain why
traditional preparations seem to have robust effectivity in spite of
their variable composition. For specific therapeutic purposes,
however, it may be favorable to use purified special extracts with
one or two of the major components. Most important is, in any
case, to conduct all pharmacological and clinical investigations
with well-defined and stable formulations and to describe their
preparation and composition in detail in the publications.
A plethora of pharmacological investigations presents a rationale
for the use of SJW in the traditional indications, and Hypericum
oil can still be recommended as an integral part of the medicine
chest for treatment of abrasions, burns, and sunburns. However,
only a few clinical trials have been conducted which allow an es-
timation of its therapeutic value in nontrivial applications rela-
tive to other treatments, for example, in wound healing, atopic
dermatitis psoriasis, and nonmelanoma skin cancer. Hyperforin
may have potential for treatment of inflammatory skin diseases
with autoimmune deficiencies. Hypericin could be further devel-
oped into a potent and valuable sensitizer for PDT of skin cancer.
Other indications where inflammation and microbial infection
present problems to sensitive skin should be explored.
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