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Hypericum perforatum L. (St. John’s Wort) is a reputed plant with a long service to
humankind. In the current study, antioxidant activity of the methanol extract of the aerial parts of H.
perforatum growing in Turkey along with hyperoside and hyperforin was evaluated by 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging, metal-chelation, and ferric-reducing antioxidant power
(FRAP) assays. The major components including chlorogenic acid, the flavonoid derivatives; rutin,
hyperoside, quercitrin, quercetin, and biapigenin, the naphthodianthrons; pseudohypericin and
hypericin, and the phloroglucinol derivatives; hyperforin and adhyperforin were quantified in the
extract by LC-DAD-MS. Hypericin (16 + 0.08 ug g™*) and hiperforin (1164 + 0.02 pg g™) contents in
H. perforatum were found to be in accordance with the amounts required by the European
Pharmacopeia. The extract and hyperoside exerted a remarkable antioxidant activity in DPPH radical
scavenging and FRAP assays, whereas they did not have metal-chelation capacity.
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Hypericum perforatum L.’da (St. John’s Wort) isaretleyici Maddelerin LC-DAD-MS ile
Miktar Tayini ve Antioksidan Aktivitesi

Hypericum perforatum L. (St. John’s Wort) insanogluna uzun siiredir faydali olan tinlii bir
bitkidir. Mevcut ¢alismada, Tiirkiye’de yetisen H. perforatum’un toprakiistii kisimlarindan elde edilen
metanol ekstresi ile hiperozit ve hiperforin’in antioksidan aktivitesi, 2,2-difenil-1-pikrilhidrazil
(DPPH) radikal siipiiriicii, metal-selasyon ve demir-indirgeme antioksidan giicii (FRAP) yontemleriyle
degerlendirilmistir. Ekstrede, klorojenik asit, flavonoit tiirevleri olan rutin, hiperozit, kersitrin, kersetin
ve biapigenin, naftodiantron tiirevleri olan psddohiperisin ve hiperisin ile floroglusinol tiirevleri olan
hiperforin ve adhiperforin miktarlart LC-DAD-MS ile tayin edilmistir. H. perforatum’daki hiperisin
(16 +0.08 ug g™) ve hiperforin (1164 + 0.02 ug g™) igerikleri, Avrupa Farmakopesi tarafindan istenen
miktarlara uygun bulunmustur. Ekstre ve hiperozit DPPH radikal siipiiriicii ve FRAP yontemlerinde
dikkate deger bir antioksidan aktivite gosterirken, metal-selasyon kapasiteye sahip olmadiklari
bulunmustur.

Anahtar kelimeler: Antioksidan aktivite, Hypericum perforatum, LC-DAD-MS, fenolik bilesikler,
hiperisin, hiperozit



INTRODUCTION

Hypericum perforatum L. (Hypericaceae), commonly known as “St. John's Wort, Klamath
weed, and goat weed”, is a perennial herb distributed predominantly in the temperate regions of the
world (1), while it is known as “sar1 kantaron, binbirdelik out, kan out, koyunkiran” in Turkish. The
Hypericum genus is represented by 89 species in the flora of Turkey (2) and among them; H.
perforatum, known by several local names such as “sari kantaron, binbirdelik otu, kilic otu, kan otu,
mayasil otu”, shows a wide distribution throughout the country (3). H. perforatum was described as a
remedy since the middle ages to the present day. It has been one of the best studied medicinal plants
throughout the world and its chemical constituents are well-characterized. The phytopharmaceuticals
based on standardized extracts obtained from the flowering tops of this plant have been approved to be
effective against mild to moderate depression (4,5). The bioactive compounds found in H. perforatum
are naphthodianthron derivatives; hypericin and pseudohypericin, acylated phloroglucinol derivatives;
hyperforin and adhyperforin, as well as several flavonoid derivatives such as quercetin, quercitrin,
hyperoside, rutin, kaempferol, biapigenin, and amentoflavon. Among its constituents, hyperforin has
been reported to exert antidepressant, antibiotic, and antitumoral activities (6). Besides, adhyperforin
has been also stated to contribute to the antidepressant effect of the plant (7).

H. perforatum and some other species of the genus are also economically important, and used
as edible, medicinal, fodder, fuel, dye, etc. The herb and the fruits are consumed as a tea substitute
(8,9). Besides, the plant has been recorded to have traditional utilizations internally and externally
against several disorders such as wounds, burns, cuts, hemorrhoids, gastric spasm, insomnia, and
muscular pain (3,10). In our ongoing research on Hypericum perforatum from Turkey (11,12), we
have now aimed to determine antioxidant capacity and to identify the individual characteristic
compounds of the methanol extract obtained from H. perforatum growing in Turkey in order to
provide additional scientific evidence.

EXPERIMENTAL

Plant material

The sample of H. perforatum was collected from the vicinity of Eskisehir province in June, 2007
and identified by Prof. Dr. Hayri Duman from Department of Biology, Faculty of Art and Science,
Gazi University, Ankara, Turkey. The voucher specimen (AEF 23971) is preserved at the Herbarium
of Faculty of Pharmacy, Ankara University, Ankara, Turkey.

Preparation of the extract and standards for LC-DAD-MS analysis

The aerial parts of H. perforatum (1.05 g) were extracted with 100 mL of methanol (MeOH) for 5
h on a magnetic stirrer. After filtrating the methanol phase, it was evaporated in vacuo at 40°C and the
residue obtained was dissolved completed up to 25 mL in a volumetric flask. The obtained solution
was filtered through a cartridge type sample filtration unit prior to LC analysis. The standards were
weighed accurately about 2 mg and dissolved with 10 mL of methanol; after vortexing for 2 minutes,
the methanol solutions were completed up to 10 mL in volumetric flask and filtered through a
cartridge type sample filtration unit prior to LC analysis.

Chemicals used in LC-DAD-MS analysis

Standards of rutin trihydrate (SR04-072-D), hyperoside (SR04-093-A), quercitrin (Bu04-015-
A) and hyperforin (SY04-047-A) were kindly provided by Dr. Willmar Schwabe Pharmaceuticals
(Germany). Quercetin hydrate (34120) was purchased from Serva Chemical Co. (NY, USA), while
hypericin (H9252), pseudohypericin (H9416), 13,118-biapigenin (73962), adhyperforin (APH-20012),
and chlorogenic acid (C-3878) were purchased from Sigma-Aldrich Co. (Taufkirchen, Germany).
Chromatographic grade-double distilled water, HPLC-grade acetonitrile (Merck; 1.00030), and
analytical grade formic acid 98% (Merck; 263) were employed in LC-DAD-MS analyses.



LC-DAD-MS apparatus and chromatographic conditions

Analyses were performed using an Agilent Technologies 1200 series high pressure liquid
chromatography (HPLC), including a binary pump, vacuum degasser, autosampler, diode array
detector, and coupled to an Agilent Technologies 1200 series Model VL single quadrupole mass
spectrometer (MS) equipped with an multimode ionization interface. Nitrogen drying gas was
generated using a Claind LC-MS 1 model nitrogen generator. Chromatographic separations were
achieved using Eclipse XDB-C18 column (15 cm % 4.6 mm, 5 pm) at room temperature. A mobile
phase consisted of two eluents; (solution A) acetonitrile and (solution B) 40 mM formic acid in water.

All solvents were filtered through a 0.45 um Milipore filter prior to use and degassed in an ultrasonic
bath. Separation of the compounds was carried out with gradient elution profile. A linear gradient
program was applied with a slight modification of Brolis et al.’s method (13). The flow rate of 1.0 mL
min™ and an injection volume of 10 pL were applied. Quantification was measured at 270 nm using
photo-diode array detector (DAD). The chromatographic run time was 60 min, while the column void
volume was 1.60 min. Retention times (min) for chlorogenic acid, rutin, hyperoside, quercitrin,
quercetin, biapigenin, pseudohypericin, hypericin, hyperforin, and adhyperforin were 9.31, 17.45,
18.01, 18.38, 21.07, 29.28, 34.77, 37.70, 39.05, 51.82, and 54.37, respectively. Quantitative analysis
parameters of the analysis is given in Table 1.

The system was controlled and data analysis was performed with Agilent ChemStation. All
the calculations concerning the guantitative analysis were performed with external standardization by
measurement of peak areas. The LC-MS instrumentation described here utilizes a quadrupole MS
system operating in selective ion mode (SIM) mode to achieve the requisite detection sensitivity.
Operating in SIM mode precludes the ability to simultaneously detect and identify non-target analytes.
The API-ES process was used for mass spectral measurements. The positive-ion mass spectra of
chlorogenic acid, rutin, hyperoside, quercitrin, quercetin, biapigenin, pseudohypericin, hypericin,
hyperforin, and adhyperforin were recorded in the total-ion monitoring mode using a series of
fragmentor potentials to establish their fragmentation patterns. The mass spectrum (MS) consisted of
the protonated molecular ion [M+H]" at m/z 355 for chlorogenic acid, m/z 303 for quercetin, m/z 611
for rutin, m/z 465 for hyperoside, m/z 449 for quercitrin, m/z 539 for biapigenin, m/z 537 for
hyperforin, m/z 551 for adhyperforin, m/z 521 for pseudohypericin, and m/z 505 for hypericin. The
fragmentor was set at 20 V for all compounds to observe the pseudomolecular ion. Spray chamber
parameters were as follows: 5.0 L min™ drying gas, 325°C drying gas temperature, 200°C vaporizer
temperature, 60 psig. nebulizer pressure, and 2000 V capillary voltage. The compounds were
identified by LC-DAD-MS analysis by comparing the retention time of the peaks in the extract with
those of the authentic reference samples. Purity of the peaks was checked by DAD. UV spectra of the
peaks were compared with those of the authentic reference samples.

Table 1. Quantitative analysis parameters for the calibration data for and the recovery analysis of the
standards via HPLC (Each value is mean of three experiments)

Quantitative analysis parameters for LC-DAD-MS

Retention Time (min) 7.928 12.616
Linearity Range (ppm) 0.05-1500 0.05-100
Slope (mMAu. ppm™) 16.861 22,914
Intercept (MAWU) -53.304 -6,372
Correlation Coefficient 0.999 0.999
SE of Slope

SE of Intercept

Limit of Detection (pg pL™) 0.019 0.002
Limit of Quantification (pg pL™) 0.056 0,005
Within-day Precision (RSD %) 4.586 4.520
Between-day Precision (RSD %) 5.152 4,452




Antioxidant activity assays
DPPH radical scavenging assay

The hydrogen atom or electron donation capacity of the samples was computed from the
bleaching property of the purple-colored methanol solution of 2,2-diphenyl-1-picrylhydrazyl (DPPH).
The stable DPPH radical scavenging activity of the samples was determined by the method of Blois
(14). The samples (2700 uL) dissolved in methanol were mixed with 300 puL. of DPPH solution (1.5 x
10" M). Remaining DPPH amount was measured at 520 nm using a Unico 4802 UV-visible double
beam spectrophotometer (Dayton, NJ, USA). The results were compared to that of gallic acid
employed as the reference. Inhibition of DPPH in percent (1%) was calculated as given below:

1% = [(Aptank-Asample) / Abiank] * 100, where Apiang 1S the absorbance of the control reaction (containing
all reagents except the test sample), and Agmpe IS the absorbance of the extracts/reference.
Experiments were run in triplicate and the results were conveyed as average values with S.E.M.
(Standard error mean).

Fe*?-ferrozine test system for metal-chelating

The ferrous ion-chelating effect of the test samples by Fe*’-ferrozine test system was
estimated by the method of Chua et al. (15). Accordingly, 740 pL of ethanol and 200 pL of the
samples dissolved in methanol were incubated with 2 mM FeCl, solution. The reaction was initiated
by the addition of 40 puL of 5 mM ferrozine solution into the mixture, shaken vigorously, and left
standing at ambient temperature for 10 min. The absorbance of the reaction mixture was measured at
562 nm. The ratio of inhibition of ferrozine-Fe?* complex formation was calculated as follows:

1%= [(Ablank-Asampie) / Apiank] % 100. The control contained only FeCl, and ferrozine. Analyses were run
in triplicate and expressed as average values with S.E.M. Ethylenediaminetetraacetic acid (EDTA) was
employed as the reference in this assay.

Ferric-reducing antioxidant power (FRAP)

FRAP of the samples was tested using the assay of Oyaizu (16) based on the chemical reaction
of Fe(lll) => Fe(ll). Different concentrations of the samples dissolved in methanol were added into
2500 pL of phosphate buffer (pH 6.6) and 2500 pL of potassium ferricyanide [KzFe(CN)g] (1%, wiv).
Later, the mixture was incubated at 50°C for 20 min and then 2500 pL of trichloroacetic acid (10%)
was added. After the mixture was shaken vigorously, this solution was mixed with 2500 pL of
distilled water and FeCl; (100 pL, 0.1%, w/v). After 30 min incubation, absorbance was read at 700
nm using a Unico 4802 UV-visible double beam spectrophotometer (Dayton, NJ, USA). Analyses
were achieved in triplicate. Increase in absorbance of the reaction indicated increase in reducing power
of the extracts. Chlorogenic acid was the reference in this assay.

Statistical analysis
Data obtained from the experiments are presented as the mean + the standard error.

RESULTS AND DISCUSSION

The methanol extract prepared from the aerial parts of H. perforatum was analyzed for its
phytochemical content in terms of chlorogenic acid, rutin, hyperoside, quercitrin, quercetin,
biapigenin, pseudohypericin, hypericin, hyperforin, and adhyperforin. As tabulated in Table 2, the
most abundant flavonoid derivative was found to be rutin (1124 + 0.09 ug g™*), while hyperforin was
another compound existed in major quantity in the extract (1164 + 0.02 pg g™). On the other hand, the
extract as well as hyperforin and hyperoside were tested for their antioxidant activity by three
methods. They (except for hyperforin) displayed high antioxidant activity in DPPH radical scavenging
activity assay (Fig. 1) comparable to that of gallic acid used as the reference compound and moderate



activity in FRAP assay (Fig. 2). Nevertheless, none of them exerted metal-chelation capacity in this
test.

Table 2. Amounts of the phenolic compounds in the aerial parts of H. perforatum analyzed by LC-
DAD-MS

Compounds analyzed Amount
(ug gt + S.EM.P)

Chlorogenic acid 374 +£0.02
Rutin 1124 +0.09
Hyperoside 805 +0.02
Quercitrin 144 +0.01
Quercetin 39+0.01
Biapigenin 189 £ 0.03
Pseudohypericin 14 +0.01
Hypericin 16 + 0.08
Hyperforin 1164 +0.02
Adhyperforin 156 + 0.08

Data are expressed as micrograms of each individual phenolic compound per gram of the methanol extract
PStandard error mean (n=3)
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Fig. 1. DPPH radical scavenging activity (Inhibition% + S.E.M.) of the MeOH extract of H.
perforatum (HP) and the compounds (hyperforin and hyperoside). Concentrations are given pug mL™.
For hyperforin and hyperoside, the concentrations are indicated in parentheses.

The St. John’s Wort extracts are classified under the registered medicines in Germany, where
psychovegetative disorders, moderate depression, nervous disturbances, and anxiety are listed in the
monograph of the German Commission E as indications of the aqueous and alcoholic Hypericum
extracts for the internal use (17). The European Pharmacopeia (Eur. Ph.) monograph on H. perforatum
requires standardization for the extract considering hypericin and hyperforin contents (18). In our
study, we showed that hypericin and hiperforin contents of the plant material of H. perforatum were in
accordance with the criteria of Eur. Ph. The preparations of St. John's Wort, sold in European
countries usually contain dry hydroalcoholic extracts, prepared either with 60% (w/w) ethanol or 80%
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methanol from the aerial parts of the plant (17). The extracts include a variety characteristic
compounds belonging to six foremost chemical classes; naphthodianthrones, phloroglucinols, flavonol
glycosides, biflavones, proanthocyanidins, and phenylpropanes. Consequently, a number of analytical
studies have been performed on H. perforatum samples from different countries in order to determine
flavonoid, phenolic acid, naphtodianthrone, and phloroglucinol contents using various methods (19-
23) in which the results varied more or less as compared to ours. Although a few studies have been
done to examine hypericin content of H. perforatum growing in Turkey, such a detailed analytical
study has not been reported on the plant of Turkish origin up to date. In another study similar to ours,
quantities of hypericin (440-2820 pg g™), chlorogenic acid (0-1860 ng g™), rutin (0-8770 pg g™,
hyperoside (5410-22280 ug g™), quercitrin (1640-3980 ug g™), and quercetin (1010-1760 pg g*) were
reported in the aerial parts of H. perforatum collected from the northern region of Turkey, which
seems to be quite different from our results. This might be due to the fact that several factors such as
genetic variation, environmental conditions, altitude, collection time, climate, and drying techniques
may influence hypericin variation as underlined by some researchers (24-26), whereas altitude
variation was concluded to have no effect on hypericin content of H. perforatum samples collected at
varying altitudes (125, 155, 300, 400, 500, 650, 700, 940, 1000, 1010, 1070, and 1100 m) from Bursa
province (27).
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Fig. 2. FRAP (Absorbance at 700 nm + S.E.M.) of the MeOH extract of H. perforatum (HP) and the

compounds (hyperforin and hyperoside). Concentrations are given pg mL™. For hyperforin and
hyperoside, the concentrations are indicated in parentheses.

Antioxidant activity of the ethanol extract from H. perforatum has been evaluated according to
several in vitro and in vivo methods and the H. perforatum extract containing rutin, hyperoside,
isoquercitrin, avicularin, quercitrin, and quercetin was revealed with high metal-chelating effect (28),
which is in disagreement with the relevant data obtained in the present work. Since we showed that
hyperoside and hyperforin did not possess metal-chelating capacity, some other components might be
considered to contribute to metal-chelating effect. In consistent with our data, Silva et al. concluded
that high DPPH radical scavenging activity of H. perforatum was stated to result from its flavonoids
along with caffeoyl quinic acid and hypericin and hyperforin did not contribute to antioxidant potential
of the plant (29). Accordingly, we also earlier reported that the ethyl acetate, MeOH, and water
extracts of H. perforatum growing in Turkey did not possess metal-chelation capacity (30).



As illustrated in Figures 1 and 2, hyperoside displayed approximately the same level of
antioxidant activity as the extract per se in the assays applied, flavonoids, hyperoside in particular,
might be the major contributors to antioxidant capacity of the extract.

CONCLUSION

Our findings from the current study point out to the fact that H. perforatum growing in Turkey
has a rich polyphenol and phloroglucinol content and meets the standardization criteria required by
Eur. Ph., which might be used in preparation of phytopharmaceuticals/nutraceuticals. Preliminarily, it
can be suggested that hyperoside seems to be more associated with the antioxidant activity of H.
perfortatum according to the experimental models studied herein. We herein describe the first detailed
analytical study evaluating H. perforatum from Turkey for its afore-mentioned compounds.
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