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The genus Hypericum (Hypericaceae) is represented by nearly 100 taxa grouped under 19 sections in
Turkey. Among them, 45 species are endemic. All members of the genus may be referred to as St.
John's wort in the world. The genus is known as “sari kantaron, kantaron, binbirdelik otu, mayasil otu”
and most of them, especially H. perforatum, have been used for the treatment of burns, wounds,
haemorroids, diarrhorea and ulcers in Turkish traditional medicine. The pharmacological studies
showed that this species has several activities: anti-depressant, anti-inflammatory, anti-microbial, anti-
viral, anti-nociceptive and wound healing. The chemical composition of the Hypericum species is
composed of naphthodianthrones (especially hypericin and pseudohypericin), acylphloroglucinol
derivatives (especially hyperforin and adhyperforin), flavonoids (especially quercetin, quercitrin,
hyperoside and biapigenin), tannins and volatile oils. Investigations on the chemical composition and
biological activities, as well as hypericin content of Turkish Hypericum species, have been carried out
for about 25 years. The aim of this study was to review and summarise important studies about Turkish
Hypericum species. Endemic species are indicated with (e) in the text.
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traditional use.

INTRODUCTION
Traditional uses of Hypericum species in Turkey

Hypericum species have been used in traditional
medicine in Anatolia for centuries. The existence of four
species including; H.crispum, H. perforatum, H.
perfoliatum and H. coris as medicinal plants was reported
in Dioscorides’ Materia Medica. Various traditional uses
have been reported for H. atomarium, H. aviculariifolium,
H. cerastoides, H. calycinum, H. confertum subsp.
confertum, H. confertum var. stenobotrys, H.
heterophyllum, H. hyssopifolium, H. hyssopifolium subsp.
elongatum var. elongatum, H. lydium, H. montbretii, H.
olympicum, H. orientale, H. scabrum, H. ternatum, H.
thymifolium, H. triquetrifolium and mainly H. perforatum
(Yesilada et al., 1993; Yesilada et al., 1995; Honda et al.,
1996; Tuzlaci and Tolon, 2000; Tuzlaci and Aymaz, 2001;
Keskin and Alpinar, 2002; Ezer and Avci, 2004; Bulut, 2006;
Buyukgebiz, 2006; Ecevit and Ozhatay, 2006; Ezer and
Mumcu, 2006; Mart, 2006; Cimen, 2007; Akgul, 2008;
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Demirci, 2010; Aktan, 2011; Kizilarslan, 2008) in the form
of infusion, decoction, ointment and oleat (dried herbs
with flowers are kept in olive oil for 1 month and filtered
through muslin) in Turkey. Table 1 shows species having
traditional uses.

AGRICULTURAL STUDIES

A study was undertaken to enhance the germination rate
of H. aviculariifolium subsp. depilatum var. depilatum (e)
seeds. Results revealed that the seeds have exogenous
dormancy and light is required for germination (Cirak et
al., 2007a). The ontogenetic and morphogenetic variation
of hypericin, chlorogenic acid and flavonoids was
determined in H. origanifolium. Hypericin, quercetin and
quercitrin content in whole plant increased during the
course of ontogenesis, and the highest level was reached
in blooming stage whereas, hyperoside content of whole
plant decreased linearly with advancing of development
stages, and the highest level was observed at vegetative
stage. Among different tissues, reproductive parts
accumulated the highest level of hypericin, quercetin and



Table 1. The traditional uses of Hypericum species in Turkey.
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Hypericum species

Traditional uses

Administration

References

H. atomarium Stomach diseases, enteritis, sedative Inf. (int) Vural (2008)

H. aviculariifolium Urethra diseases Inf. (int) Keskin and Alpinar (2002)

H. cerastoides To against diarrhea Inf. (int) Kizilarslan (2008)

H. calycinum To abolish spasm, anti-asthmatic Dec. (int) Aktan (2011)

H. confertum subsp confertum Anti-asthmatic, wound healing I(r;it)(mt), Oleat Buyukgebiz (2006)

H. confertum var. stenobotrys To abolish spasm, stomach diseases Inf. (int) Buyukgebiz (2006), Bulut (2006) and Mart (2006)
H. heterophyllum Anti-inflammatory Oleat (ext) Unal et al. (2008)

H. hyssopifolium and H.
hyssopifolium subsp. elongatum
var. elongatum

To abolish spasm, against diarrhea, hemorrhoid,
and as a sedative, anti-helmintic, antiseptic against
eczema and as an anti-fungal for various fungal
disorders, psoriasis

Inf. (int), Oleat
(ext)

Unal et al. (2008)

To treat indigestions and stomach diseases,

Yesilada et al. (1995), Sezik et al. (2001) and Yesil

H. lydium hemorrhoid Int. (int) (2007)
H. montbretii Eczema Dec. (int) Keskin and Alpinar (2002)
Dec., int.
H. olympicum For stomach ache, inflamed wounds, cuts. D:z ’ I:):t Tuzlaci et al. (2001)
H. orientale Stomach diseases, sedative Inf. (int) Ezer (2006) and Tath et al. (2009)
Kidney stones, urinary diseases, diabetes,
antihypertensive, cold, stomachache, enteritis, Dec. (int)
eczema, antifungal, cardiac diseases, ;
arteriosclerosis, antihemorrhagic
Asthma, insomnia, ”FOf'epS‘f‘(fPrbab‘es.): gall Yesilada et al. (1993), Yesilada et al. (1995), Tuzlaci
bladder ailments, facial paralysis, gastritis, Inf. (int) et al. (2000), Sezik et al. (2001), Tuzlaci et al.

H. perforatum

chestdiseases, internal hemorrhage, bronchitis, anti-
inflammatory, tuberculosis, pharyngitis

Wounds

Ointment (ext)

Wounds, burns, cuts, herpes labialis, lip chap

Ointment (ext)

Stomach diseases, diabetes, enteritis, ulcers

Ointment (ext)

Stomach disease

Dec. (int)

(2001), Ezer (2004), Ecevit and Ozhatay (2006),
Kultur (2007), Cimen Oral (2007) and Demirci (2010)

Inf. (int), Oleat

Yesilada et al. (1996), Ezer and Mumcu-Arisan

H. scabrum Hemmorroid, constipation, peptic ulcer (int) (2006) and Unal et al. (2008)
H. ternatum Antiasthmatic, wound healing '(git)('”t)’ Oleat g1t (2006) and Mart (2006)
H. thymifolium Stomach diseases Inf. (int) Mart (2006)

H. triquetrifolium Cardiac diseases, diabetes Inf. (int) Akgul (2008)

Dec. = decoction, Inf. = infusion, int. = internal, ext. = external.
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quercitrin, however, leaves produced substantially higher
amount of chlorogenic acid and hyperoside. Rutin and
apigenin-7-O-glucoside were detectable in all tissues only
during fruit maturation (Cirak, 2007b).

Chemical and morphological variability was studied in
H. perforatum samples collected from different locations
of Northern Turkey. Hypericin content was found to be
correlated positively with leaf dark gland density, how-
ever, negatively with leaf area and no correlation was
detected between the other morphological traits and
bioactive substances examined (Cirak et al., 2007¢).

Ontogenetic, morphogenetic and diurnal variation of the
total hypericins content was determined in H.
aviculariifolium subsp. depilatum var. depilatum (e), H.
perforatum and H. pruinatum. The hypericin content of
leaves and whole plant was higher in H. aviculariifolium
subsp. depilatum var. depilatum (e) whose leaves had
more numerous dark glands than those of the two other
species (Cirak et al., 2006a). Ontogenetic, morpho-
genetic and diurnal variations in total phenolic contents
was investigated in H. aviculariifolium subsp. depilatum
var. depilatum (e), H. perforatum and H. pruinatum.
Phenolic contents of H. perforatum and H. pruinatum
were the highest during flowering stage, although no
diurnal fluctuations were observed in those species (Ayan
et al., 2006).

The ability to predict the number of days for seeds of
four Hypericum species (H. perforatum, H. bupleuroides,
H. nummularioides and H. pruinatum) to germinate was
investigated by using mathematical models based on
temperature. Optimum seed germination temperature in
the tested species was determined and germination time
was calculated using coefficients obtained from regres-
sion models (Cirak et al., 2006b). The possibilities of
domesticating H. crenulatum (e) collected from the
Nigde-Demirkazik (Camardi) mountains were
investigated. It was observed that the H. crenulatum (e)
seeds did not germinate, thus did not adapt to the region
(Inan and Kirici, 2003).

CHEMICAL COMPOSITION

The chemical composition of the Hypericum species is
composed of naphthodianthrones (especially hypericin
and pseudohypericin), acylphloroglucinol derivatives
(especially hyperforin and adhyperforin), flavonoids
(especially quercetin, quercitrin, hyperoside and
biapigenin), tannins, n-alkanes, xanthones and essential
oils (Bombardelli and Morazzoni, 1995; Bruneton, 1995).

Naphthodianthrones and
derivatives

acylphloroglucinol

Table 2 shows quantitative determination of hypericin,
pseudohypericin and hyperforin in Turkish Hypericum
species.

Volatile compounds

The volatle compounds of ten taxa have been
investigated by using Gas chromatography (GC) and Gas
chromatography/Mass spectrometry (GC/MS).
Caryophyllene oxide was found as a major component in
H.  hyssopifolium var. microcalycinum and H.
lysimachioides var. lysimachioides (Toker et al., 2006).
Thirty components representing 92% of the total volatiles
were characterized in H. Bupleuroides, and
sesquiterpenes such as B-sesquiphellandrene (33.2%)
and B-caryophyllene (20.2%) were assigned as major
compounds (Demirci and Baser, 2006).

The essential oil of H. linarioides was found to contain
74 compounds, mainly &-cadinene (6.9%), (Z2)-B-
farnesene (5.2%), y-muurolene (5.5%), spathulenol
(4.8%), hexahydrofarnesyl acetone (4.5%) and selinene
(4.0%). The oil was also characterized by high content of
sesquiterpenes (64.2% of total oil) (Cakir et al., 2005). H.
adenotrichum (e), H. calycinum, H. cerastoides, H.
montbretii, and H. perforatum have been investigated and
their major volatile compounds were determined as
follows:

Germacrene D (38%) in H. adenotrichum; a-pinene
(24%) and B-pinene (14%) in H. calycinum; a-pinene
(58%), undecane (5%) and B-pinene (3%) in H.
cerastoides; a-pinene (26%), B-pinene (19%) and
undecane (5%) in H. montbretii; a-pinene (50%) and
carvacrol (22%) in H. perforatum (Erken et al., 2001). The
volatile oil of H. hircinum was obtained with an efficiency
of 0.73%. The main components of the oil were
determined as follows, a-pinene (88.3%), mircene (3%),
B-pinene (2.8%), PB-caryophyllene (1.5%) and (E)-B-
ocimene (1.4%) (Demirci et al., 2008).

Phenolic compounds

H. hyssopifolium, H. pamphylicum (e), H. calycinum and
H. perforatum have been investigated for their phenolic
compounds. Five flavonoids (I3, 118-biapigenin, quercetin,
quercetin-3-O-a-arabinofuranoside,  quercetin-3-O-3-D-
galactopyranoside, quercetin-3-O-3-D-galactopyranoside-
7-O-B-D-glucopyranoside) and a napthodianthrone
(hypericin) were isolated, and their structures were
determined by Ultar violet (UV), Infra red (IR), Nuclear
magnetic resonance (NMR) and Mass spectrometry (MS)
spectroscopic methods in H. hyssopifolium (Cakir et al.,
20083).

Quercetin, quercetin 3-glucoside, and quercetin 3-
galactoside were isolated from H. pamphylicum (e)
(Eroglu, 2007). A capillary zone electrophoretic (CZE)
method for the determination of rutin in an ethanolic
extract of the aerial parts of H. perforatum is described
and the amount of rutin in the total plant material was
found to be 0.21% (Dogrukol-Ak et al., 2001).

Two caffeoylquinic acid derivatives (chlorogenic acid



Table 2. Quantitative determination of hypericin, pseudohypericin and hyperforin.
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Hypericin Pseudohypericin Hyperforin

Species Method (mg/a) (mg/g) (mg/a) Reference
H. androsaemum LC/MS <0.01 <0.01 0.09
H. aviculariifolium LC/MS 0.66 0.58 0.02
H. bithynicum LC/MS 1.05 2.03 0.15 .
H. heterophyllum  LC/MS 0.51 0.32 00s  omelcerovicetal. (2008)
H. hirsitum LC/MS 0.54 0.38 0.20
H. hyssopifolium LC/MS 0.52 0.46 0.04
HPLC 0.03 0.051 - Ayan et al. (2004)
H. linarioides LC/MS 0.34 0.56 < 0.01 Smelcerovic et al. (2008)
H. lydium uv 1.21 - - Cirak (2006)
H. montanum LC/MS 1.13 1.56 < 0.01 .
. LC/MS 0.74 510 3.45 Smelcerovic et al. (2008)
HPLC 2.52 3.58 - Ayan et al. (2008)
H. nummularioides  LC/MS 0.20 0.18 0.25
H. orientale LC/MS 0.02 0.04 0.03 Smelcerovic et al. (2008)
H. origanifolium LC/MS < 0.01 0.01 < 0.01
HPLC - 0.93 1.63 Cirak et al. (2008)
H. pamphylicum (e) HPLC 0.00016 - trace Eroglu (2007)
H. perfoliatum LC/MS 0.29 0.23 0.14 Smelcerovic et al. (2008)
HPLC - 2.62 1.84 Ayan et al. (2008)
LC/MS 3.47 3.54 5.46 Smelcerovic et al. (2008)
H. perforatum HPLC 2.9 - - Oktayoglu (2003)
HPTLC 2.7 - - Kirmizibekmez et al. (2008)
H. pruinatum ::gmz 83?1 (1);2; 882 Smelcerovic et al. (2008)
H. scabrum -
HPLC 0.0046 0.0035 - Yesilada et al. (1995)
H. triquetrifolium LC/MS 4.56 3.49 0.05 Smelcerovic et al. (2008)

H. venustum HPLC 0.03

Ayan et al. (2004)
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and butyl chlorogenate), seven flavonoids (quercetin,
quercitrin, hyperoside, isoquercitrin, miquelianin, rutin
and 13, l18-biapigenin) and two flavanols [(+)-catechin and
(-)-epicatechin] were isolated from H. calycinum
(Kirmizibekmez et al., 2008a). Four major quercetin
glycosides (rutin, miquelianin, hyperoside and quercitrin)
were separated and quantitatively determined in
methanolic extracts of H. perforatum by employing High
performance thin layer chromatography (HPTLC)-
densitometry (Kirmizibekmez et al., 2008b).

BIOLOGICAL ACTIVITIES

Antioxidant activity

Antioxidant activity of ethanol and water extracts of the
flowers of H. venustum was investigated. They were

found to possess strong reducing power, free radicals
and hydrogen peroxide scavenging activity, as well as

metal chelating ability (Spiteller et al., 2008). H.
lysimachioides var. lysimachioides was investigated for in
vitro antioxidant activity. It was observed that
antioxidative activiies of ethanol extracts of H.
lysimachioides are comparable with vitamin E, and it was
concluded that the use of this extract could be useful in
the management of cardiovascular disease in which
atherosclerosis is important (Hakimoglu et al., 2007). 2,2-
Diphenyl-1-picrylnydrazyl (DPPH) radical-scavenging
activities of fruiting and flowering samples of H.
pamphylicum (e) have been investigated. Both plant
samples were active in DPPH radical-scavenging
activities assay which was carried out in comparison with
ascorbic acid (Eroglu, 2007). Fruiting and flowering
samples of H. montbretii and H. perforatum have been
investigated for DPPH radical-scavenging activities and
all plant samples were active, compared with ascorbic
acid and a-tocopherol (Oktayoglu, 2003). Antioxidant
activity of phenolic compounds isolated from H.
hyssopifolium subsp. elongatum var. elongatum was
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determined, and all the compounds were found to be
active (Cakir et al., 2003). The free radical scavenging
activities of the compounds isolated from H. calycinum
were determined. Compounds showed strong DPPH and
nitric oxide (NO) scavenging activities in a concentration
dependent manner. (+)-Catechin and (-)-epicatechin were
found to be the most active compounds (Kirmizibekmez
et al., 2008a).

Analgesic activity

The mechanism of the analgesic activity caused by H.
perforatum was investigated. The authors reported that
endogenous opioid mechanisms related to OP1-
receptors play an important role in H. perforatum induced
analgesia (Ozturk, 2001).

Wound-healing activity

Wound-healing effect of St. John’s wort extract was
investigated on cultured chicken embryonic fibroblasts. It
was reported that H. perforatum extract exhibits a wound-
healing activity whose mechanism of action is similar to
that of titrate extract of Centella asiatica (Ozturk et al.,
2007).

Hepatoprotective activity

The hepatoprotective activity of H. perforatum was
investigated in vivo. The authors suggested that H.
perforatum has a protective effect on the liver (Ozturk et
al., 1992).

Anti-inflammatory activity

The probable anti-inflammatory effect of H. triquetrifolium
was explored in a rat model of carrageenan induced
inflammation. It was concluded that H. triquetrifolium
extract may exert an antiinflammatory effect in rats
(Ozturk et al., 2002).

Anti-nociceptive activity

Total extract of H. triquetrifolium exibited anti-nociceptive
activity in the mouse (Apaydin et al., 1999).

Anti-Helicobacter pylori activity

The anti-Helicobacter pylori effect of the extracts and
fractions obtained from H. perforatum was studied by
using agar dilution method. H. perforatum extract showed
inhibitory activity against the microorganism (Yesilada et

al., 1999).

Human leukocyte myeloperoxidase activity

In vitro effects of H. perforatum, H. empetrifolium and H.
triquetrifolium were investigated on human polymorphonu-
clear leukocyte myleloperoxidase (MPO) activity.

Each extract of Hypericum species reduced the
peroxidative and chlorinating activity of human leukocyte
MPO in concentration-dependent manner. The anti-
inflammatory activity of these species may be related with
inhibition of MPO activity (Pabuccupglu et al., 2003).

Antidepressant activity

Anti-depressant effect of certain Hypericum species on
animal models was summarized. It was observed that
anti-depressant activity with the alcoholic extract of H.
Calycinum, whose effects on the central nervous system
of mice are almost equal to the extract prepared from H.
perforatum. H. hyssopifolium ssp. elongatum var.
elongatum, seems to have no anti-depressant activity
(Ozturk, 1997). The effects of H. perforatum and H.
calycinum on the central nervous system were investi-
gated using various behavioural models, including swim-
ming time, locomotor activity, tail-flick and hole-board
experiments.

According to the results, it was found that the extracts
prepared from H. perforatum and H. calycinum were as
effective as anti-depressant drugs, desipramine and
trimipramine used as reference. This conclusion
suggested that the anti-depressant effect of H. calycinum
may be as potent as that of H. perforatum and may be
used for therapeutic purposes in depression (Ozturk et
al., 1996).

Substance dependence

In a review study on H. perforatum and substance
dependence, Uzbay (2008) discussed the effects of H.
perforatum on substance dependence and its possible
benefit. The results suggest that an extract of H.
perforatum (HPE) has some beneficial effects on ethanol
withdrawal syndrome and that HPE blocks caffeine-
induced locomotor hyperactivity in mice. Furthermore, it
was reported that HPE may be useful for the treatment of
alcoholism in clinical trials (Uzbay et al., 2007; Coskun et
al., 2006; Uzbay, 2008).

DISCUSSION

Among 100 Hypericum taxa growing widely in Turkey,
some of them were investigated and many articles were
published. Table 3 shows published articles about Turkish



Table 3. Investigation on the Hypericum spp. of Turkey.
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Investigation References
S|, REE
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H. adenotrichum (e) + Erken et al. (2001)
H. androsaemum + + Kultur (2007) and Smelcerovic et al. (2008)
H. atomarium + Kultur (2007)
H. aviculariifolium + + Smelcerovic et al. (2008)
H. aviculariifolium subsp. depilatum var. ooy Cirak et al. (2006a), Cirak et al. (2007c) and Ayan et al.
depilatum (e) (2004)
H. bithynicum + Smelcerovic et al. (2008)
H. bupleuroides + + Cirak et al. (2006b) and Demirci et al. (2006)
, Erken et al. (2001), Kirmizibekmez et al. (2008), Ozturk et al.
H. calycinum u I I I s *| *| (1996) and (gzturk)(1997) (2008)
H. capitatum + Sokmen et al. (1999)
H. cerastoides + + Erken et al. (2001)
H. crenulatum (e) + Inan et al. (2003)
H. empetrifolium + + Pabuccuoglu et al. (2003) and Kultur (2007)
H. heterophyllum + + Cirak et al. (2008)
H. hircinum + Demirci et al. (2008)
H. hirsitum + Smelcerovic et al. (2008)
H. hyssopifolium + + | + Cakir et al. (2003) and Cakir et al. (2005)
H. hyssopifolium subsp. elongatum var. | | + +| | Ozturk (1997) and Cakir et al. (2003)
elongatum
H. hyssopifolium var. microcalycinum + + Toker et al. (2006)
H. imbricatum + Dulger (2005a)
H. kazdaghensis (e) + Dulger and Gonuz (2005b)
H. kotschyanun (e) + |+ + |+ Unsal et al. (2008, 2009)
H. linarioi Cakir et al. (2005), Smelcerovic et al. (2008) and Ayan et al.
. linarioides + |+ + (2008)
H. lydium + Cirak (2006c)
H. lysimachioides var. lysimachioides + + | + Toker et al. (2006) and Hakimoglu et al. (2007)
H. montanum + Smelcerovic et al. (2008)
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Table 3. Contd.

. montbretii

. nummularioides
. olympicum +
. orientale +

. origanifolium

pamphylicum (e)
. perfoliatum

perforatum +

pruinatum
rupestre
salsugineum (e)
. scabroides (e)

scabrum +
. thymopsis (€)
. triquetrifolium +

. uniglandulosum (e)
. vaccinifolium

. venustum

H. xylostrifolium +

ITII I I T IIII I II I IITIXT

Erken et al. (2001) and Oktayoglu (2003)

Cirak et al. (2006b) and Smelcerovic et al. (2008)

Kultur (2007)

Ayan et al. (2008)

Cirak et al. (2007c), Smelcerovic et al. (2008) and Ayan et al.
(2008)

Eroglu (2007)

Smelcerovic et al. (2008) and Cirak et al. (2008)

Cirak et al. (2006a, b, 2007c), Ayan et al. (2006), Ozturk et
al. (2007), Kirmizibekmez et al. (2008) and Uzbay (2008)
Cirak et al. (2006a) and Ayan et al. (2004)

Dulger (2005a)

Unsal et al. (2008, 2009)

Smelcerovic et al. (2008), Kultur (2007) and Ayan et al.
(2008)

Unsal et al. (2008, 2009)

Ozturk et al. (2002), Apaydin (1999), Pabuccuoglu et al.
(2003) and Kultur (2007)

Unsal et al. (2008, 2009)

Dulger (2005a)

Spiteller et al. (2008) and Ayan et al. (2004)

Kultur (2007)

Turkish Hypericum species. Sixteen Hypericum
have traditional uses. Hypericin, pseudohypericin
and hyperforin percentages were determined in
20 species. The highest content of hypericin was
found in H. triquetrifolium (4.56 mg/g) and H.
perforatum (3.47 mg/g). Hyperforin was the
highest in H. perforatum (546 mg/g)
(Smelcerovic, et al., 2008). Volatile compounds
were isolated and identified in 10 species, and
phenolic compounds in only 4 species. Twenty-
one species were investigated for their activities in
wound healing, hepatoprotective, anti-inflamma-
tory, anti-ulcerogenic, analgesic, anti-oxidant, anti-
nociceptive, anti-depressant, anti-microbial
activities.

H. triquetrifolium showed anti-inflammatory and
anti-nociceptive activities (Ozturk et al., 2002;
Apaydin et al., 1999). The anti-depressant effect
of H. calycinum was as potent as that of H.
Perforatum, therefore it may be used for
therapeutic purposes in depression (Smelcerovic
et al., 2008). H. hyssopifolium subsp. elongatum
var. elongatum, H. lysimachioides var.
lysimachioides, H. montbretii, H. pamphylicum, H.
venustum and H. perforatum were all found to
have antioxidant properties (Cakir et al., 2003;
Eroglu, 2007). All Hypericum extracts investigated
were found to have anti-bacterial activity against
Staphylococcus aureus. The essential oils of H.
linarioides and H. capitatum showed anti-fungal

and slight anti-retroviral activity against human
immunodeficiency virus | (HIV-l), respectively
(Cakir et al., 2005; Sokmen et al., 1999).

Although several Hypericum species have been
used in folk medicine, only H. perforatum exists as
its pharmaceuticals in the market. Studies on
Turkish Hypericum species continued with an
increasing trend and we hope that these species
will become valuable in the future.
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