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Abstract

The paper goal was to measure the content of bioactive substances, such as hypericins, some flavonoids and
hydroxycinnamic acids, and concentrations of chemical elements, including essential macro- (K, Mg, and Na),
microelements (Zn, Mn, Cu, Fe, Cr, Ni, and Co), as well as toxic metals (Pb and Cd), in samples of St. John's wort herbs
of four different producers. High-performance liquid chromatography and atomic absorption spectroscopy were
used; sample preparation was based on the procedures described in the State Pharmacopoeia of Ukraine. Significant
variation in the content of organic compounds was detected: the difference between the maximum and minimum
concentrations reaches a factor of 5 for hypericins, 10 for rutin and 2 for hyperoside. The concentration of quercetin
was more stable than those of other flavonoids, and its fluctuations did not exceed 30%. The measured
concentrations of hypericin and hyperoside regulated by the Pharmacopoeia, were found to be lower than the norms.
Elemental composition is also characterised by variability. Changes in the concentration of essential macroelements
(K, Mg and Na) and some of the microelements (Zn, Cu and Ni) do not exceed 30-40%. The concentration of other
essential microelements (Fe, Mn, Co and Cr) varies in much wider limits - from a factor of 2 (Mn) to 6 (Fe).

In most cases, the measured concentrations of Pb and Cd fluctuate in the ranges of 0.15-0.25 pg/g and 0.25-0.35 pg/,
respectively. However, some samples are enriched to 0.7-0.75 ug/g with both toxic metals. The measured
concentrations are lower than the WHO norm for Pb (10 pg/g) in all samples and exceed the norm for Cd (0.3 pg/g)
in three out of four studied samples. Statistically significant positive or negative correlations were found between the
concentrations of certain elements (K, Mg, Fe, Mn and Cd) and the content of organic substances (rutin, hyperoside,
hypericin and rosemary and chlorogenic acids). From a practical viewpoint, the most important are positive
correlations of Fe with rutin, as well as negative correlations between Mn and hyperosid, and Cd and chlorogenic
acid. Existing requirements and norms for medicinal plants in Ukraine do not guarantee the stability of the chemical
composition of plants that are sold in the pharmacy network and, accordingly, the stability of their therapeutic
properties.

Keywords: Hypericum perforatum, herb, St.John's wort, elemental composition, hypericin, rutin, hyperoside, atomic
absorption spectroscopy, high-performance liquid chromatography

BAPIAIIA XIMIYHOT'O CKJIAAY JIIKAPCBbKHX TPAB PI3BHUX BUPOBHHUKIB

Tetsana M. Jlepkaul, Osiena O. CtapikoBa?
1 Kuiscbkull HayioHa1bHull yHigepcumem mexHos02ill ma dusality, 8ys. Hemuposuua-/lanuenka 2, Kuie, 01011, Ykpaina
2 lepacasHa ycmanoea "[Hcmumym apmakoio2ii ma mokcukoozii HayioHaabHoi akademii meduuHux Hayk Ykpainu”,
eys. AumoHa Lledika, 14, Kuis, 03057, Ykpaina

AHoTarniq
MeTo10 cTaTTi 6y/10 BU3HAYUTH BMICT 610/10riYHO aKTMBHUX PEYOBUH, TAKUX SK rinepunuHy, Aesaki ¢p1aBoHOIgHN Ta
riApOKCUKOPUYHI KMCJIOTH, a TAKOXK KOHLIeHTpauii XiMiyHNX esleMeHTiB, BK/II0Yal0yl OCHOBHiI Makpo- (K, Mg, Na),
mikpoesieMeHTH (Zn, Mn, Cu, Fe, Cr, Ni, Co), a Takox Tokcu4yHi meTtanu (Pb i Cd) y 3pa3kax TpaBHU 3Bip06010 4OTUPbOX
pi3HUX BUPOGHMKIB. BUKOopucTaHo MeTOoAM BUCOKOedeKTUBHOI piAUHHOI XpoMmaTorpadii Ta aToMHOI aGcopOLiiHOL
CNEeKTPOCKoMii, Npo6oniAroToBKa NpoBoA1Jjiacs Ha OCHOBI npoueayp, onucaHux y Jlep:xaBHiii ®apmakonei Ykpainu.
BusB/ieHO 3HA4YHY BapiaTMBHICTh BMICTy OpraHiyHMX CHOJYK: pPi3HMIA MK MaKCHMMaJbHOK Ta MiHiMaJbHOIO
KOHLeHTpaLifgMu cArae B 5 pasiB A4 rinepunyHis, 10 A1a pyTuHy Ta 2 A4 rinepo3uay. KoHeHTpanis KBepueTuHy
OyJ1a GisibLI CTiHKOMW, HDXK y iHIIMX ¢1aBOHOIAIB, a ii Ko/IMBaHHS He nepeBuilnyBaau 30%. Bumipsani koHuneHTpanii
rinepunyHy Ta rinepo3uay, fAKi peryaolTbcsa PapmMakoneeo, BUABHINCA HIXKYMMHU 32 HOpMH. EneMeHTHHIT ckiaj,
TaKOXX XapaKTepHU3yeThCA MiHJMBicTIO. 3MiHM KOHIeHTpauLii ocHOBHUX MakpoeseMeHTiB (K, Mg, Na) Ta gesakux
mikpoesieMeHTiB (Zn, Cu, Ni) He nepeBuy0Th 30-40%. KoHneHTpanis iHIIMX BaXKJIMBUX MikpoesiemeHTiB (Fe, Mn,
Co, Cr) BapiloeTbca y HabaraTo Gi/JblI IIMPOKUX MexXKax - Bif koedinienty 2 (Mn) go 6 (Fe). Y 6inbmocTi Bunajgkis
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BUMipsHi KoHIeHTpaLii Pb Ta Cd kostuBaoThCs B Mexkax 0.15-0.25 mkr/ri 0.25-0.35 Mkr/r, BignoBigHo. [IpoTe geski
3pa3ku 36aradeHi 70 0.7-0.75 MKr/r 3a 060Ma TOKCHYHMMH MeTa/IaMu. BuHaiieHi KOHUeHTpanii Hux4ye Hopm BOO3
Aast Pb (10 MKr/r) y Bcix 3pa3kax Ta nepeBuiyoTb HopMy Ajs Cd (0.3 MKr/r) y TpbOX 3 YOTUPBOX JOCTiIKEHHX
3pa3KiB. BcTaHOBJIEHO CTaTUCTUYHO 3HAYUMi NO3UTHBHI a60 HeraTUBHI KopesAnii MiXk KOHIEHTpaliAMU NeBHUX
enemeHTiB (K, Mg, Fe, Mn, Cd) Ta BMicTOM OpraHiyHUX pe4oBUH (PyTHH, rinepo3uj, rinepunuH, po3MapruHoOBa Ta
XJIOPOTeHOBA KHUCJIO0TH). 3 NPAaKTUYHOI TOYKH 30py HaWGi/bIl BaXKJIMBUMHU € NMO3UTHBHI KopeasAnii y napi ®epym-
PYTHH, a TaKO>K HeraTuBHi KopesAnii Mi>k MaHraHom i rineposugom ta KagMieM Ta X/J1I0pOreHoBOI0 KHMCJIOTOIO.
IcHy104i BUMOTHM Ta HOPMH IOA0 JIiIKapCBKHMX POC/IMH B YKpaiHi, 10 NPOAAIOThECA B aNTeYHIiN MepeiKi, He rapaHTyIOTh
CcTa6i/IbHOCTI XiMiYHOTO CKJIaAy POC/IUHI, Ta, BiANOBiAHO, CTa6i/ILHOCTI IX JIiKyBa/IbHUX BJIaCTUBOCTEH.

Karwuosi cnosa: Hypericum perforatum, TpaBu, 3BipoO6iii, esleMeHTHUH CKJaf, TilepULUH, PyTHH, Tinepo3uj, aTOMHA
abcopbuiiiHa cieKTpocKomis, BUCOKoedeKTHUBHA piMHHA XxpoMaTorpadis

BAPUALINA XUMHNYECKOT'O COCTABA JIEKAPCTBEHHbBIX TPAB PA3HBIX
MPOU3BOIUTEJIEA

TaTtbsHa M. [lepkay?, Aséna A. CtapukoBa?
1 Kuesckull HayuoHabHbLil yHUSepcumem mexHoo2ull u ousaiina, ya1. Hemuposuua-/lanuenko 2, Kues, 01011, YkpauHa
2TocydapcmeeHnHoe yupexcdeHue "MHcmumym gapmakosozuu u mokcukono2uu HayuoHaabHoll akademuu MeOUYUHCKUX HAYK
Ykpaunwt", ya. AHmona Lleduka, 14, Kues, 03057, YkpauHa

AHHOTa M

Ilesibl0 cTaTbU OBbLIO ONpeAE/IUTh COAep:KaHMe OHOJIOTUYECKH aKTHBHBIX BeIleCTB, TAKUX KaK TMIEepHIHH,
HeKOTOpble ({JIaBOHOU/Jbl M THAPOKCUKOPHMYHbIE KHCJIOTHI, a TaKKe KOHIEHTPAlUM XMMHUYECKUX 3/1eMeHTOB,
BKJIIOYasA OCHOBHbIe MakKpo- (K, Mg, Na), mukpoasiemeHTh! (Zn, Mn, Cu, Fe, Cr, Ni, Co), a Tak:ke TOKCUYHbIE METaJLJIbl
(Pb u Cd) B o6pasmax TpaBbl 3Bepo60si 4YeThIpeX pPa3JMYHbIX NpousBoguTeseil. Hcnoib30BaHbl MeTOJAbI
BBICOKO3(QPEeKTUBHONH  KMAKOCTHOH  Xxpomarorpadpmu M  aTOMHOH aGCOPOGLMOHHON  CHEKTPOCKONMMH.
IlpoGonoAroToBKa NpoBOjM/Iach HA OCHOBe NMpOLEAyp, onMcaHHbIX B l'ocyaapcrBeHHON Papmakomnee YKpauHBbI.
OGHapy>keHa 3HA4uTe/IbHAsA BapMaTHBHOCTb COJePKaHUsS OpPraHUYeCcKUX COeJMHEeHUH: pasHuLa Mexay
MaKCHMMaJ/IbHOM U MMHMMAaJ/IbHOW KOHIEHTPAaLUsAMM AOCTUTraeT 5 pa3 AJid runepunyHoB, 10 aja pyTuHa U 2 AasA
runepo3uja. KoHueHTpanusa KBepueTrHa Gbljia 60/1ee yCTOHYMBOM, 4eM Apyrux ¢JIaBOHOUAOB, a ee KoJleGaHUA He
npesbimaau 30%. U3MepeHHbIe KOHIIeHTPaLMY TMNIEPUIIMHA ¥ THNIEPO3K /A, KOTOphIe perynpyoTca Papmakoneei,
OKa3a/IuCb HI)Ke HOpPMBI. JJIEMEHTHBIII COCTAaB TakKXKe XapaKTepusyeTcd HW3MeHYMBOCTbIO. H3MeHeHMA
KOHIIeHTPaLi¥ OCHOBHBIX MaKpo3/ieMeHTOB (K, Mg, Na) 1 HeKOTOpBhIX MUKpPO3/ieMeHTOB (Zn, Cu, Ni) He npeBbImIalOT
30-40%. KoHneHTpanus Apyrux BaXKHbIX MHKpo3/1eMeHTOB (Fe, Mn, Co, Cr) BapbupyeTcs B ropasfo 60Jiee IIUPOKUX
npejesax - ot ko3¢pdunuenra 2 (Mn) go 6 (Fe). B GosbIIMHCTBe cjy4aeB M3MepeHHble KOHLeHTpauuu Pb u Cd
KoJje6aoTcs B mpeaenax 0.15-0.25 Mkr/r u 0.25-0.35 MKr/r, cooTBeTCTBEHHO. OJHAaKO HEKOTOpble 06pasIbl
o6oramens! g0 0.7-0.75 MKr/T 1o 060MM TOKCUYHBIM MeTa/lsiaM. OGHapy>keHHble KOHLleHTpanuu H1ke HopM BOO3
AJas Pb (10 Mkr/r) Bo Bcex o6pasnax U npeBbImanT HopMy A4 Cd (0.3 MKr/r) B Tpex U3 YeThIpeX HCC/IeJ0BAaHHBIX
06pa3noB. YCTaHOBJE€HbI CTATHCTUYECKU 3HAYMMble MOJIOKHTE/IbHbIe U/ OTPULATe/JbHble KOPPeIsIUuU MeXAy
KOHIIeHTpPanusIMu onpeAeseHHbIX 31eMeHTOB (K, Mg, Fe, Mn, Cd) u coaepxaHueM opraHu4eckux BellecTB (PyTHH,
TUNepos3u/, runepynyH, po3MapruHOBas U XJIOPOreHoBasd KUCJA0ThI). C MpaKTU4YeCKOil TOYKH 3peHuss HaubGosiee
Ba)KHbI MNOJIOKHUTE/IbHbIe KOppejsnuM B nape PepyM-pyTHH, a TaKxKe OTpHUIATe/JbHble KOPPeJISLUH MEXAY
MaHraHoMm M runeposujom, a Takke Kagmuem u xJ10poreHoBoi KUcaA0TOM. CylecTBy0lMe Tpe60BaHUS U HOPMBI
AJIsSl JIeKapCTBEHHBIX pacTeHUH B YKpauHe, KOTOpble NPOAAIOTCA B aNITeYHOH CeTH, He rapaHTHPYIOT CTaGU/IbHOCTH
HUX XUMHUYECKOr0 COCTaBa U, COOTBETCTBEHHO, CTA6GU/IBHOCTH UX JIe4eGHBIX CBOMCTB.

Kaiouesvle caoea: Hypericum perforatum, mpasbl, 36epo6oti, 31eMeHmHbIl cocmas, 2unepuyuH, pymuH, 2unepo3ud, amomHast
abcopbyUOHHAS CNeKMPOCKONUS, 8bICOKO3PekmuaHas HudkocmHas xpomamozpagusl.

Introduction

Saint John's wort (SJW) is one of the most
widely  distributed medicinal plants. Its
therapeutic action is associated with the presence
of at least seven groups of medicinally active
compounds [1]. The most typical classes include
phloroglucinols, flavonoids, naphthodianthrones,
some organic acids and essential oils [2; 3].
Infusions of SJW are used as antiseptic agents in
colitis; tinctures are applied for greasy gums and
mouthwashes; there are known preparations on
the basis of SJW with antibacterial, wound-
healing, anti-inflammatory, vitamin and
antidepressant actions [4-6].

SJW produces dozens of biologically active
substances, but two compounds, namely hypericin

and hyperforin, are usually considered as the main
active pharmaceutical ingredients (API) in SJW.
Hypericin is an anthraquinone derivative, which
belongs to naphthodianthrones and is naturally
found in the yellow flower of SJW. This compound
is characterised by antidepressant, potential
antiviral, antineoplastic and immunostimulating
activities.

Hyperforin (lipophilic phloroglucinol) may
give even a stronger therapeutic effect for
depression [5] compared to hypericin. It has only
been found in the Hypericum genus of which
Hypericum perforatum contains the highest
concentrations. The compound has also shown
antibacterial properties as well as anti-proliferate
and pro-apoptotic effects towards some cancer
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cells [6]. Adhyperforin, which differs from
hyperforin by replacement of a methyl group in
the isopropyl moiety with an ethyl group,
produces a similar effect to hyperforin. In general,
antidepressant activity was observed for
phloroglucinol derivatives, naphthodianthrones

and some flavonoids. The role and the
mechanisms of these different compounds are still
under discussion. However, the simplistic

explanation, like one plan - one active ingredient
- one mechanism is incorrect. The multiple
bioactive compounds contribute to the
therapeutic action of the plant in a complex
manner [3]. In other words, some indications
denote the synergistic activity of hypericins,
hyperforins and flavonoids, which may explain
why herbal preparations seem to have robust
effectivity in spite of their variable composition.

Some other compounds, including the
flavonoids rutin, quercetin and hyperoside, and
hydroxycinnamic acids, such as neochlorogenic,
chlorogenic, caffeic and rosemary acids, also
appear to have physiological effects.

Rutin, hyperoside and quercetin present in
many plant species. All these flavonoids are
natural antioxidants [7]. Hyperoside has a greater
reducing power than rutin because of possibly the
smaller sugar group attached [8]. Quercetin has a
higher reducing power than both rutin and
hyperoside, probably due to the lack of a sugar
group [8].

Rutin and quercetin act as metal chelators; they
can bind Cu, Fe, Al, Zn and Mn [9-11].
Complexation of rutin to metal ions influences its
antioxidant capacity. For example, the antioxidant
capacity of rutin-Cu complexes increased eight-
fold compared to rutin alone [10]. In contrast, the
antioxidant activity of Fe-based complexes is
much lower, in some cases approaching the
activity of rutin [10]. Moreover, Fe-rutin
complexes can also stimulate to some degree
spontaneous oxygen radical production.

Chlorogenic acid and its isomer,
neochlorogenic acid possess pronounced
antioxidative properties and also exhibit
antibacterial, antiviral, antipyretic and anti-

obesity activities [12]. In fact, the antioxidant
capacity of chlorogenic acid is higher than those of
vitamin C and vitamin E. Caffeic acid is reported to
have anticancer properties [13]; rosemary acid
(an ester of caffeic acid) is considered as potential
anxiolytic means.

At national levels, two fundamentally different
approaches to the quality of herbal medicines
exist in the world [14]. In many countries, for
example, the EU, herbal medicines used for

diagnosis, treatment or prevention are considered
as a medicinal agent, and all stages of their
circulation are regulated by pharmaceutical
legislation. An example of another approach is the
practice in the United States, where herbal
medicines are regulated by the relevant
documents for food supplements. Herbal
medicines often receive the status of dietary
supplements which does not require pre-clinical
research and clinical trials according to a pre-
approved protocol.

In both approaches, the most important factor
that determines the actual quality of herbal
remedies is the quality of crude medicinal plants
[15]. In accordance with international principles,
the process of standardisation of medicinal plants
should be based on the results of the research,
referring to the three main pharmacopoeial
definitions [16; 17] and should answer three
questions regarding:

1) Identity - is the plant what it is to be?

2) Purity - are there any pollutions (botanical,
microbiological or chemical contamination) and
do they not exceed the specified limits?

3) Content - is there an API within the specified
concentration limits?

Currently, there are no official generally
recognised rigorous approaches to the creation of
a quality assurance system in Ukraine. Such a
system should cover all elements that influence
the quality, efficacy and safety of herbal medicines
from the cultivation of medicinal plants through
drug development and to stages of production,
quality control, storage and use. Nevertheless,
some regulations refer to isolated stages of herbal

medicine production, including cultivation,
collection and processing of medicinal plants, and
production  storage, transportation and

distribution of herbal medicines. All these
documents are recommendatory; their hierarchy
is described elsewhere [14; 18].

Those producers, who use their own
approaches to quality assurance in their
production, are usually based on their experience,
scientific research data, and documents of a
recommendatory nature. The analysis of
compositions of herbal medicines, which are listed
in the State Register of Medicinal Products of
Ukraine, corroborates such a conclusion [14].
Producers specify API content only for about 25%
of herbal remedies in their registration
documents. Usually, the available information is
limited to the name of the plant while information
on possible impurities and other constituents is
missed. Labels of herbs sold in pharmacies, as a
rule, do not contain any information regarding the
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chemical composition of the medicinal products.

At the same time, the chemical composition of
plants of different origins obviously varies
depending on the conditions of cultivation (soil,
water and harvesting period), as well as plant
variety and other factors. A consumer does not
know whether the herbs of different producers
have a stable composition in the API since this
does not follow from the information provided.

The goal of the work was to study the content
of API and elemental compositions of samples of
SJW medicinal herbs by four different producers,
as well as to find any correlations between the
content of API and the indicators of the
concentrations of chemical elements in plants of
various origins.

Materials and methods

Instrumentation.  High-performance liquid
chromatography (HPLC) according to the State
Pharmacopeia of Ukraine (SPU) [19, pp. 86-88]
was applied to identify and quantify organic
compounds. The research was carried out using a
Shimadzu LC-20 liquid chromatograph equipped
with a UV detector. Identification of the studied
components was performed by absorption spectra
and time of substance retention [20]. The
following experimental conditions were used:
column - Phenomenex Luna C18,
250 mm x 4.6 mm, 5 um; eluent A - 0.1 % solution
of trifluoroacetic acid in high purity water;
eluent B - 0.1% solution of trifluoroacetic acid in
acetonitrile P; column temperature - 35 °C; flow
rate of the mobile phase - 1 ml/min; the volume of
the test sample was 5 pl; chromatographic mode -
gradient; time of chromatography - 85 min; the
wavelength of detection was 368 nm.

Based on the requirements of the SPU [19,
pp. 131-132], the suitability of  the
chromatographic system was checked according
to the following indicators: the efficiency of the
chromatographic system by the number of
theoretical plates, the peak asymmetry coefficient
and the mean-square deviation.

Identification and quantitative determination
of total hypericins expressed as hypericin was
carried out by the spectrophotometry method
[21]. The absorbance of the test solution at a
wavelength of 590 nm was measured concerning
the compensation solution (methanol) using a
Hewlett Packard 8452A spectrophotometer. For
calculations, the specific absorption rate of
hypericin is taken to be 870.

The concentrations of K, Mg, Na, Cu, Zn, Fe, Mn,
Pb, Cd, Co, Ni and Cr were measured by the method
of flame atomic absorption spectroscopy (FAAS)

using a double-beam Solaar S4 AA Spectrometer
(Thermo Electron Co., USA), applying standard
conditions in air/acetylene flame and using D
correction. The quantification was carried out by
external calibration with the use of certified
reference materials for metallic ions produced by
Bogatsky Physico-Chemical Institute (Odesa,
Ukraine). The working range for each element was
within a linear range of the method. Calibration
intervals were adjusted according to the expected
concentrations of elements. The sensitivity of the
method concerning each metal was evaluated
using the resulted slope of the calibration curves.
Measurement of each sample was repeated three
times, and the mean value was calculated. Other
experimental details were described elsewhere
[22; 23].

The content of compounds and chemical
elements is given in pg/g. In some graphs, the
measured concentrations are reduced by 5, 10 or
100 times (see the corresponding inscriptions in
charts) to improve the visibility when comparing
the contents of different compounds/elements.

Sample preparation. The specimens of herbal
remedy, Hyperici Herba, commonly known as St
John’s wort and supplied by four different
producers, were bought at local pharmacies in
Kyiv, Ukraine. Producers 1, 2, 3 and 4 supply
medicinal plants collected in the central, eastern
and western parts of the country which are
separated by a distance of 400-500 km from each
other. Before analysis, the samples were ground in
a high-speed rotor mill to store homogeneous
samples with grain diameters of <1 mm in
polyethylene containers.

All chemicals purchased from commercial
sources were of analytical grade. Test solutions for
chromatographic and spectrophotometric studies
were prepared in accordance with the
corresponding monographs of the Ukrainian
Pharmacopoeia [19; 21]. In order to carry out
quantitative  measurements, the standard
solutions were prepared on the base of standards
of chlorogenic acid (product No 25700 of the
company Fluka), caffeic acid (No 6773 Fluka),
rutin (No 84082 Fluka), hyperoside (No 83388
Fluka), rosemary acid (No 44699 Fluka) and
quercetin (No 83370 Fluka).

Samples for FAAS were prepared in the
following way. Accurately weighed plant samples
(approx. 2 g) were placed into a Teflon reaction
crucible and treated with 10 ml of 30 % hydrogen
peroxide (H202) / concentrated 65 % HNOs (1:4,
v/v). Decomposition of the samples was
performed in a closed-vessel microwave digestion
system. The digestion program consisted of three
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stages and was as follows: 80% power for 15 min,
100% for 5 min and 80% power for 20 min. After
cooling, the clear digested solutions were
transferred quantitatively into clean volumetric
flasks and made up to 50 ml with twice distilled
water. Blank experiments were carried out in the
same way. Three independent digestions were
performed for each plant specimen.

Statistical analysis. Experimental results were
analysed by statistical methods using IBM SPSS
Statistics 20 software. All data were tested for
normal distribution with the Shapiro-Wilks model
and variance homogeneity with the Levene’s test.
The results were expressed as the means with
standard errors of the mean for data with a normal
distribution.

Any correlations between organic compounds
and element contents were examined with the use
of Pearson’s correlation coefficients.

One-way analysis of variance (ANOVA) was
used to analyse possible differences among the
mean concentrations. The significance level p was
set at or below 5% (p <0.05). If the significant
differences were found to exist among the means,
then post hoc pairwise multiple comparisons were
applied to make direct comparisons between two
means from two individual groups and determine
which means differ. Depending on the results of
Levene’s tests, either the least significant
difference or Tamhane’s T2 methods were used in
post hoc comparisons for equal or unequal
variances respectively.

Results
Hypericin is
Saint John's wort herbs;

among the main APIs in
its concentration is

shown for samples of different producers in
Fig. 1a. The names of producers are arranged
along the OX axis to provide a monotonous
decrease in the concentration curve. The herb of
producer 4 contains four times more hypericin
than the herb of producer 3 and more than twice
than the samples of producers 1 and 2. However,
even the highest measured concentration of
hypericin is lower than that regulated in the SPU
(0.08%) [21]. Thus, the content of API is not
stable; it varies in a wide range and may not
consist with the existing requirements for the
quality of medicinal plants.

Flavonoids are also essential components of
SJW herbs; concentrations of some flavonoids are
shown in Fig. 1b. The names of producers are
aligned in the same way as in the case of hypericin.
Rutin exhibits the most significant variability. Its
concentration ranges from 2700 pg/gto 200 pg/g;
the concentration range exceeds an order of
magnitude. In contrast to this compound, the
concentrations of quercetin and hyperoside
appear to be much more stable. Thus, quercetin
varies between 130 and 190 pg/g, and hyperoside
is between 600 pg/g and 1100 pg/g. According to
the SPU specifications, the content of hyperoside
should be at least 1.2% [21]. Similar to hypericin,
the measured content of one of the major
flavonoids in SJW was much lower than the
standard value regulated by the SPU. The herb of
producer 4 shows the highest levels of both
hypericin and rutin. As to the content of
hyperoside, the plants of producers 4 and 2 are
closest to the standards.
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2504
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Fig. 1. Concentrations of hypericin (a) and flavonoids (quercetin, rutin and hyperoside) (b) in SJW herbs of different
producers. For the sake of clarity, the rutin and hyperoside concentrations are reduced by factors of 10 and 5,
respectively, as inscribed in the legend of graph b
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The contents of four hydroxycinnamic acids that of chlorogenic acid (Fig. 2a), whereas some
studied in the given work are shown in Fig. 2. The signs of correlation are also observed between
content of neochlorogenic acid correlates with rosemary and caffeic acids (Fig. 2b).
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Fig. 2. Concentrations of chlorogenic and neochlorogenic acids (a), as well as rosemary and caffeic acids (b), in SJW
herbs of different producers

The herb of producer 4 is characterised by both
the highest concentrations of chlorogenic and
neochlorogenic acids and the actual absence of
rosemary and caffeic acids. On the contrary, the
herbs of producers 2 and 3 demonstrate maximal
levels of caffeic and rosemary acids, while the
contents of hypericin, flavonoids and chlorogenic
acids are minimal.

180

In addition to bioactive organic compounds,
the content of some essential macro- and
microelements, as well as toxic metals, is
determined in the herb samples. The results are
shown separately for essential macroelements
(Fig. 3a), main microelements (Fig. 3b) and some
essential trace elements (Fig. 3¢), as well as toxic
metals (Fig. 3d).
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Fig. 3. Elemental composition of SJW herb samples of different producers: a - K, Na and Mg; b - Zn, Cu, Mn and Fe;
c - Ni, Co, and Cr; and d - Pb and Cd. For the sake of clarity, the concentrations of K and concentrations of Mg, Fe and
Mn are reduced by factors of 100 and 10, respectively, as inscribed in the legends of graphs aand b

The concentration of K in different herbs
remains relatively stable: The difference between
maximum and minimum levels does not exceed
30%. In contrast, the Na and Mg concentrations

can vary in a broader range (Fig.3a), the
maximum-to-minimum ratio is equal to 1.5. Also,
stability is demonstrated by Zn and Cu (Fig. 3b),
which was already found in previous studies [22].
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An anticorrelation between the concentrations of
Fe and Mn is observed in the samples of producers
1, 3 and 4, but is violated in the case of sample 2.

Concentrations of other essential
microelements (Co, Ni and Cr) range from 0.2% to
2% (Fig.3c) that is in agreement with the
literature data [24-26]. The content of toxic
metals is relatively stable for samples 2, 3 and 4 as
regards lead and 1, 2 and 4 concerning cadmium
(Fig. 3d). The concentrations of Pb and Cd increase
in samples of producers 1 and 3, respectively.

A detailed comparison of the experimental data
obtained with the literature data, carried out in
work [22], in general, indicates the consistency of
these results, although the concentration range
observed in the literature is much broader than
measured in this paper.

Discussion

The fact that the content of bioactive
substances in samples of different origins varies
widely is among the essential experimental
findings. Also, the measured concentrations do not
entirely comply with the requirements of the SPU.
The diversity in the chemical composition among
wild populations of plants can depend on
geographic origins and environmental conditions
[27, 28], population and genetics [28, 29]. Also, the
variation is affected by the floral development
stages and harvesting season [30-32]. The proper
storage of collected herbs is also of importance
because the concentrations of bioactive
compounds are sensitive to light, pH and
temperature [33]. Observed concentration ranges
together with pharmacopoeia standards and some
literature data are shown for some bioactive
compounds in Table 1.

Table 1

Concentrations of bioactive substances: measured in this work, available from the literature and standardised by
Pharmacopoeias of the EU and Ukraine

Name Concentration range Measured Pharmacopoeia of SPU, % (ng/g)
from the literature data, concentrations, EU, % (ng/g)
Hg/g He/g
Quercetin 300-1300 [32] 130-190
Hyperosid 5000-20000 [34] 560-1060 >1.2% (212000)
e
Rutin 3000-16000 [34] 200-2750 Extract: 26%
(60000)

Hypericin 500-3000 [34] 140-680 Extract: 0.1-0.3% >0.08% (=800)

(1000-3000)

Pharmaceutical production is based on the
construction of a pharmaceutical quality system.
Such a system is single and agreed set of measures
designed to ensure the quality of pharmaceutical
products unconditionally at all stages of their
production, as well as at subsequent stages of their
storage and distribution. In Ukraine, the
circulation of medicinal plants is regulated by a
series of guidelines that are recommendatory and
are listed in [14]. However, a single quality system
has not yet been developed and implemented.
Standardisation issues are also unresolved. A
similar situation is observed in other countries of
the world [35; 36]. The experimental data
presented here illustrate the possible
consequences of such a state of affairs when the
quality of medicinal plants is far from being stable.

At the same time, many people consider
medicinal herbs to be safer than synthetic
medicines despite a lack of good scientific
evidence for such a conclusion. For example, 85%
of respondents take one or more natural health
products, including medicinal herbs and herbal
medicines, and 47% consider them as safer than
prescription drugs [37]. In reality, herbal

medicines are always chemically complex, and
challenges remain to neutralise differences
between products made of the same medicinal
herbs and ensure safety and similar therapeutic
effects.

Another finding relates to the interaction of
bioactive compounds with metal ions. The
Pearson’s correlation coefficients were calculated,
and the related significance values p were
determined for all pairs of 11 metals and eight
bioactive compounds (Table 2). In total, eight
interacting pairs were found to demonstrate
statistically significant, either positive or negative
correlations. In four other cases, the values p < 0.1,
varying from 0.065 to 0.08, that is, the estimated
significances are at the level of statistical
tendency.

In addition to the metal ion - API interactions,
some statistically significant correlations were
recently observed between various organic
compounds, in particular between rutin and
hydroxycinnamic acids [38].

Four of the five metals, which are part of these
correlation pairs, are involved in the biochemical
processes in plants and are usually referred to as
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essential macro- (K and Mg) and microelements
(Fe and Mn). Cadmium belongs to a group of toxic
impurities which are not necessary for the
development of plants and often fall into them
from the outside in various ways [22]. As shown in
Fig. 3, the concentrations of toxic impurities and
microelements in SJW samples can vary in a wide
range. Iron shows a positive correlation with

rutin; therefore, the increased content of Fe can
contribute to increased rutin concentration in
medicinal herbs. In two other cases, the
relationships are negative. Thus, the increase in
Mn concentration from 60 pg/g to 120 pg/g
(Fig. 3b) is accompanied by a drop in the content
of hyperoside from 1050 pg/g to 580 ug/g
(Fig. 1b).

Table 2

The Pearson’s correlation coefficients are calculated for correlations between concentrations of bioactive
substances and chemical elements in SJW herb samples of different producers. The relevant significances (2-tailed)
are shown in parentheses

Chlorogenic  Rutin  Hyperoside Quercetin Neochloro- Caffeic Rosemary Hypericin
acid genicacid  acid acid

Mg 0.558 0.947* 0.350 0.033 0.935 -0.771 -0.951" 0.954"
(0.442)  (0.050)  (0.65)  (0.967)  (0.065)  (0.229) (0.049)  (0.046)

Zn -0.263 0.600 -0.085 -0.786 0.563 -0.084 -0.735 0.437
(0.737)  (0.402)  (0.915)  (0.214)  (0.437)  (0.916) (0.265) (0.563)

Cu 0.076 -0.871 0.46 0.119 -0.880 0.730 0.840 -0.419
(0.924) (0.13) (0.54) (0.881) (0.120) (0.270)  (0.160)  (0.581)

Na -0.372 0.094 -0.841 0.288 0.139 -0.350 0.032 -0.425
(0.628) (0.906) (0.159) (0.712) (0.861) (0.650)  (0.968)  (0.575)

K 0.089 0.961* -0.211 -0.174 0.959" -0.743 -0.960" 0.640
(0.911) (0.039) (0.79) (0.826) (0.041) (0.257)  (0.040)  (0.360)

Ni -0.885 -0.741 -0.53 -0.569 -0.750 0.870 0.659 -0.888
(0.115)  (0.259)  (0.47)  (0.431)  (0.250)  (0.130)  (0.341)  (0.112)

Fe -0.03 0.921 -0.315 -0.246 0.920 -0.683 -0.926 0.547
(0.97) (0.079) (0.685) (0.754) (0.080) (0.317)  (0.074)  (0.453)

Co -0.133 0.803 -0.559 -0.059 0.820 -0.719 -0.754 0.307
(0.867)  (0.197)  (0.441)  (0.941)  (0.180)  (0.281)  (0.246)  (0.693)

Mn -0.608 0.06 -0.960* 0.003 0.095 -0.179 0.019 -0.517
(0392)  (0.94) (0.04)  (0.997) (0.905)  (0.821) (0.981)  (0.483)

Cd  -0.993** -0.469 -0.768 -0.65 -0.474 0.654 0.395 -0.812
(0.007) (0.531) (0.232) (0.35) (0.526) (0.346)  (0.605)  (0.188)

Pb 0.368 0.094 -0.187 0.894 0.145 -0.598 0.097 -0.051
(0.632) (0.906) (0.813) (0.106) (0.855) (0.402) (0.903)  (0.949)

* All statistically significant correlations are marked with asterisks (* for p<0.05 and ** for p<0.01)

Similarly, the concentration of chlorogenic acid
is influenced by Cd: the twofold increase in the
concentration of this metal (Fig. 3d) leads to a 2.4
drop of the level of chlorogenic acid (Fig. 2b).

By the norms of the World Health Organisation
(WHO), the maximum values for heavy metals in
medicinal plants oral intake are as follows: less
than 10 pg/g and 0.3 pg/g for Pb and Cd,
respectively [39]. The measured concentrations of
Pb do not exceed the WHO norm (Fig. 3d). At the
same time, Cd levels exceed permissible limits
given by the WHO in several investigated samples
(Fig. 3d). Such a result agrees with other literature
data confirming the fact that Hypericum species
are hyperaccumulators of Cd [25, 40]. Therefore,
determination of toxic metals, especially Cd, in
Hypericum species used as raw material for herbal
medicines and dietary supplements is of high
priority.

The revealed correlations between the
concentrations of metallic ions and some bioactive

compounds give evidence to possible interactions
between them. According to [40], the interaction
of bioactive compounds and metal ions can be
reduced to three main processes.

Some studies showed links between the
content of secondary metabolites in SJW and the
elements in the growth medium. For example, Ni
exposure was found to suppress the production of
hypericin and pseudohypericin [41]. In contrast,
Cr treatment of the nutrient medium increases the
concentrations of some hypericins in seedlings of
SJW [42]. The most significant impact was
observed at a concentration of 0.1 mM Cr(VI):
pseudohypericin rose by +379% during seven
days of such a treatment and
protopseudohypericin increased by +404%. No
changes were detected in the content of hypericin.

Also, an interaction between elements and
bioactive compounds can alter their bioactivity,
for example, by the formation of metal-organic
complexes with flavonoids and hypericin [43; 44].
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Besides, the complexing of metal ions with organic
compounds controls their bioavailability [7; 9;
45].

Such effects could be used to enhance the yield
of bioactive compounds and thus to make herbal
medicines more potent, allowing for less product
being contained in a dosage. For example [9],
complexes of flavonoids and metal ions usually act
as antioxidants, which are often more potent than
the parent molecules. However, they may be pro-
oxidants as well. Such complexes may act as
chemoprotective agents, but sometimes they
enhance the oxidative damage of biomolecules.
Such examples illustrate a complicated
interdependence between the ligand, the metal
ion and the surrounding environment when
interactions between all these objects result in
specific properties of a given complex.

Medicinal plants usually represent complex
systems. Under conditions of the absence of
reference standards, instability in the chemical
composition can start from the stage of collection
of crude plants and further deepen during
processing and storage. Therapeutic results and
safety issues can vary significantly from product
to product, even within a single class of herbal
medication. All benefits and risks revealed in a
particular herbal remedy cannot be easy
extrapolated to other similar products, as is the
case for synthetic pharmaceutical substances.
Therefore, it is difficult to establish quality control
parameters and maintain consistent quality for
each batch of herbal medicines.

Nevertheless, all active pharmaceutical
ingredients are chemicals, whether synthesised in
plants or chemical laboratories, therefore, all they,
irrespective of their source, should be controlled
with the same accuracy and adjusted by similar
standards of quality regarding identity, purity, and
stability. Reliable and consistent quality is the
basis of efficacy and safety of herbal medicinal
products. For specific therapeutic purposes, it may
be useful to use purified extracts with one or two
of the major components. In any case, a more
thorough analysis of medicinal plants and
standardisation of the conditions of cultivation,
collection and drying of crude plants to ensure the
content of API of a specific concentration are still
topical challenges that lie before the modern
pharmacognosy.
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Conclusions

The content of bioactive substances, including
total hypericins, flavonoids, and hydroxycinnamic
acids, as well as essential micro and macro
elements and toxic metals, was studied in Saint
John's wort herbs of four different producers of
Ukraine by the methods of high-performance
liquid chromatography and flame atomic
absorption spectroscopy.

The content of total hypericins varies by a
factor of 5 from a sample to sample. The
Investigated flavonoids also show the variability
of their concentrations: The difference between
the maximum and minimum levels of rutin
reaches a factor of 10 and hyperoside - 2. The
concentration of quercetin varies from sample to
sample in a narrower range compared to other
bioactive substances: its fluctuations do not
exceed 30%.

The concentrations of hypericin and
hyperoside, regulated by the State Pharmacopeia
of Ukraine, appeared to be lower than the
standard values.

Elemental composition is also characterised by
variability. Changes in the concentration of
essential macroelements (K, Mg and Na) and some
of the microelements (Zn, Cu and Ni) do not
exceed 30-40%. The concentration of other
essential microelements (Fe, Mn, Co and Cr) varies
between samples of different origin in much
broader limits - from a factor of 2 (Mn) to 6 (Fe).

Some samples are enriched with both Pb and
Cd to the level of 0.7 ug/g, while, in most cases, the
Pb and Cd contents are in the ranges of 0.15-
0.25 ug/g and 0.25-0.35 pg/g, respectively. The
concentration of Pb does not exceed the WHO
norm (10 pg/g) in all samples, while the Cd
contentis higher than the WHO norm (0.3 pg/g) in
three out of four studied samples.

The presence of statistically significant
correlations between the individual elements (K,
Mg, Fe, Mn and Cd) and organic compounds
(hypericin, rutin, hyperoside, and neochlorogenic,
chlorogenic and rosemary acids) was found by the
method of Pearson’s pair correlations. From a
practical viewpoint, the most important are
positive correlations of Fe - rutin, as well as
negative correlations between Mn and hyperoside
and Cd with chlorogenic acid.

The experimental results obtained indicate that
the existing requirements and norms for
medicinal plants in Ukraine, which are sold in the
pharmacy network, do not guarantee the stability
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of their chemical composition and, accordingly,
the stability of their therapeutic properties.
Therefore, it is advisable to introduce a more
thorough analysis of medicinal plants, standardise
the conditions of cultivation, collection and drying
of crude plants to ensure the content of API of a
particular concentration, as well as a more
detailed description on the packaging of the
composition and effect of herbs on the human
body.
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