NEWS OF PHARMACY 2 (108) 2024 ISSN 2415-8844 (Online)

97

UDC 615.322:547.56:543.8
O. Yu. Maslov, M. A. Komisarenko, S. V. Kolisnyk

National University of Pharmacy of the Ministry of Health of Ukraine

The study of the total antioxidant capacity of St. John’s Wort
(Hypericum perforatum L.) herb

Aim. To determine the total antioxidant capacity of St. John’s Wort herb.

Materials and methods. The content of phenolic compounds, anthraquinone derivatives, flavonoids, and deriva-
tives of hydroxycinnamic acids was determined by the spectrophotometric analysis, while organic acids were identified
by the alkalimetric method; the antioxidant activity of extracts obtained was evaluated by the potentiometric method.

Results and discussion. The total antioxidant capacity of St. John’s Wort herb was 91.35 mmol-equiv/m . eighs
the total content of phenolic compounds was 22.70 mg of gallic acid/mL, anthraquinone derivatives — 0.46 mg of hyper-
ecin/mL, flavonoids — 8.10 mg of rutin/mL, derivatives of hydroxycinnamic acids — 7.90 mg of chlorogenic acid/mL and
organic acids — 10.80 mg of citric acid/mL in St. John’s Wort herb extracts obtained during the sequential exhaustive
extraction. The correlation analysis showed a very high positive correlation between the antioxidant activity and the
total content of phenolic compounds, flavonoids, hydroxycinnamic acid derivatives in St. John’s Wort herb extracts.

Conclusions. The total antioxidant capacity of H. perforatum herb was 91.35 mmol-equiv./m . g The results
of the analysis of the BAS content and the antioxidant activity of H. perforatum herb extracts revealed that the aque-
ous extract had a significant content of phenolic compounds, flavonoids, hydroxycinnamic acids, organic acids and
the antioxidant activity, while anthraquinone derivatives dominated in 96 and 60 % EtOH extracts. The quantitative
analysis showed that flavonoids and hydroxycinnamic acids dominated among phenolic compounds. The results can
be applied in developing optimal technologies for obtaining drugs based on the extract of H. perforatum herb.
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HauioHanbHun bapmaveBTyHMI YHiBepcuTeT MiHicTepcTBa OXOPOHW 340POB’A YKpaiHu

DdocnigxeHHs cyMapHOi aHTUOKCMAAHTHOI EMHOCTI TpaBu 3Bipo60oto
(Hypericum perforatum L.)

MeTa gocnigXeHHs — BU3Ha4YMTU CyMapHy aHTUOKCUAAHTHY EMHICTb TpaBu 3Bipo6olo.

MaTtepianu Ta meToau. BmicT beHONbHUX CNOMyK, aHTPaxiHOHOBUX MOXiAHWX, (hraBoHOIAIB Ta MNOXiAHWX TiApPo-
KCMKOPUYHUX KUCMOT BU3HA4anM METOA0M CNEKTPOOTOMETPUYHOIO aHani3y, ToAi AK OpraHivHi KNCMOTH BU3HaYanu ankani-
METPUYHUM METOAOM; aHTUOKCUAAHTHY aKTUBHICTb OTPUMAaHUX EKCTPAKTIB OLHIOBaNu NOTEHLIOMETPUYHNM METOAOM.

Pesynkrati Ta ix 06roBopeHHst. CymapHa aHTMOKCAaHTHa EMHICTb TpaBu 38ip060t0 cTaHoBMMa 91,35 MMOIb-EKB./M, 4,
CyMapHW BMICT (OeHOINbHUX cnonyk — 22,70 Mr ranoBoi KUCAOTU/MI, aHTPaxiHOHOBKX NoXiaHUX — 0,46 Mr rinepuumHy/mn,
dnaBoHoifiB — 8,10 Mr pyTuHY/MI, NOXIAHUX TiAPOKCUKOPUYHNUX KUCNOT — 7,90 Mr XnoporeHoBoi KMCroTu/mn, opra-
HiYHMX kncnot — 10,80 Mr NMMMOHHOT KMCNOTU/MN B €KCTpakTax Tpasu 3BipobOL0, OTPMMAaHMX LLFIAXOM MOCHiAOBHOIO
BMYEPMHOro ekcTparyBaHHs. [poBeaeHnin KopensuinHui aHania 3aceiguuB Oy>e BUCOKY MO3UTUBHY KOPErsLito Mix
aHTUOKCMAAHTHOK aKTMBHICTIO Ta CyMapHUM BMICTOM (DEHONbHMX COMyK, hrnaBoHOIAiB, MOXIOHWX FiOPOKCUKOPUYHNX
KMCNOT B eKcTpakTax Tpasw 3Bipo6oto.

BucHoBku. CymapHa aHTUOKCMAaHTHa EMHICTb TpaBu H. perforatum ctaHoBuna 91,35 MMOIb-eKB./M,, .., . Peayrib-
Tatn aHanisy BMIiCTy GiONOriyHO aKkTMBHUX PEYOBUH Ta aHTMOKCUMAAHTHOI aKTUBHOCTI eKCTpakTiB Tpasu H. perforatum
3acBigunny, WO BOAHWUMA €KCTPAaKT MaB 3HaYHWIA BMICT PeHONbHUX Crnonyk, naBoHOIAIB, MNAPOKCUKOPUYHUX KUCTIOT,
OpraHiYHUX KUCIOT Ta aHTUOKCUAAHTHOT aKTUBHOCTI, TOAI SIK aHTpaxiHOHOBI MOXiAHI AOMiHYBanu B ekcTpakTax 3 96 %
Ta 60 % etaHonom. KinbkicHMI aHani3 3acBigymMB 4OMiHYBaHHS (onaBOHOIAIB Ta FiAPOKCUKOPUYHUX KUCAOT cepen ge-
HOMbHWX cnonyk. Pesynbratn MoxXyTb ByTv BUKOpUCTaHi AN pO3po0KM ONTUMAanbHUX TEXHOMOTIN OTPMMaHHS fikap-
CbKMX 3ac06iB Ha OCHOBI eKCTpakTy Tpaswu H. perforatum.

Knrovoei cnoea: mpasa 38ipoboro, cymapHa aHmuokcudaHmHa eMHICmMb; KOPesisiyisi; mocidoeHe suyepriHe
ekcmpazysaHHsI

https://doi.org/10.24959/nphj.24.148

Introduction. Reactive oxygen species (ROS) are
produced by exogenous and endogenous ways, for in-
stance, ROS actively generated during tricarboxylic acid
pathway and the respiratory chain that linked to the inner
mitochondrial membrane [1]. The production of ROS is
important metabolites for the proper protection and sur-
vival of cells with physiological limits [2]. But, the disrup-
tion neutralization process of ROS may lead to increas-
ing free radicals in cells and may induce oxidative stress.
Oxidative stress associated with various pathologies in

humans, such as cancer, diabetes, chronic renal diseases,
mitochondrial dysfunction, and neurodegenerative di-
seases, aging and DNA damage [3]. Therefore, it is re-
commended to consume foods and beverages, medica-
tions, dietary supplements that are rich in antioxidants
to neutralize the negative effects of ROS [4].
Hypericum Taurn ex L. is a genus with 508 species
worldwide. The most widespread species is Hypericum
perforatum L. belonging to Hypericaceae family. H. per-
foratum is an herbaceous perennial plant native to Europe,
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Asia and Africa [5]. H. perforatum contains derivatives
of anthraquinone, flavonoids, prenylated phloroglucinols,
hydroxycinnamic acids, volatile compounds and orga-
nic acids [6]. The main constituents of H. perforatum are
hyperforin (2-4,3 %), hyperecin (0.1-0.15 %), hyperoside
(0.4-0.8 %), rutin (0.8-1.6 %) and catechins (0.5-0.9 %) [7].
Due to the rich chemical composition, H. perforatum
herb is used in folk medicine for centuries. H. perfora-
tum herb has a wide range of application in medicine:
inflammation of bronchi, stomach ulcers, diabetes mel-
litus, wound healing, colds, obesity and depression [8].

The antioxidant activity of H. perforatum herb was
evaluated using 2,2-diphenyl-1-picrylhydrazyl (DPPH)
assay [9], 2,2’-azino-bis(3-ethylbenzothiazoline-6-sul-
fonic acid (ABTS) [10] and ferric reducing antioxidant
power (FRAP) [11]. However, no studies have been con-
ducted to determine the total antioxidant capacity of
H. perforatum herb. In our opinion, the total antioxidant
capacity of the raw material is essential for the further
development of medicines, dietary supplements and cos-
metic products.

The aim of the study was to determine the total an-
tioxidant capacity and the content of biologically active
substances (BAS) of H. perforatum herb extracts ob-
tained by the sequential exhaustive extraction.

Materials and methods. The study object was Hy-
pericum perforatum herb collected in the places of its
cultivation. The material was harvested in 2022 during
the flowering period in the vicinity of the village of Ter-
nova, Kharkiv region.

The pH meter HANNA 2550 (Germany) with a com-
bined platinum electrode EZDO 50 PO (Taiwan) was
applied for potentiometric measurements. The quantita-
tive analysis of BAS was carried out on an UV — 1000
UV-spectrophotometer (China) with matched 1 cm quarts
cells. Weighing was done using an AN100 digital ana-
lytical balance (AXIS, Poland) with d = 0.0001 g.

First 10.0 g of H. perforatum herb were ground to
1-2 mm in size. The extraction was carried out one by

one using distilled water, 20 % ethanol, 40 %ethanol,
60 % ethanol, 96 % ethanol and chloroform in the raw
material/solvent ratio of 1/20 (m/v) on a water bath at
80°C with reflux for 1 hour. After cooling, the solutions
were filtrated and concentrated to 20 mL by a rotary
evaporator at 40 ° C under vacuum.

The total phenolic compounds were quantified us-
ing the Folin-Ciocaltau method, with absorbance read-
ings taken at 760 nm [12]. The total content of flavo-
noids was found by AICI, assay where the absorbance
was measured at 415 nm [12]. The total content of hyd-
roxycinnamic acids derivatives was measured by the com-
plex formation assay with NaNO,-Na,MoO,, the absorb-
ance was measured at 505 nm [12]. The total content
of organic acids was determined using the acid-base ti-
tration and the potentiometric method to determine the
end-point [12]. The total content of anthraquinone de-
rivatives was determined by the molecular absorption
analysis [13], the absorbance was measured at 591 nm.

The antioxidant activity of extracts was evaluated
by the potentiometric method [14].

The Pearson’s (1) correlation coefficient was used to
analyze the correlation between the antioxidant activity
and the amount of phenols, catechins, flavonoids, hydroxy-
cinnamic acid derivatives and organic acids. The corre-
lation coefficient takes a value in the range of -1 to +1.
Correlation is very high if it is within the range from
0.90 to 1.00; from 0.70 to 0.90 is a high correlation;
from 0.50 to 0.70 is a moderate correlation; from 0.30
to 0.50 is a low correlation; from 0.00 to 0.30 negligible
correlation [15].

Result and discussion. The aqueous extract had
the most significant content of phenolic compounds
(12.50 mg/mL), while other H. perforatum herb ex-
tracts showed much lower content of these compounds.
The total content of phenolic compounds of H. perfora-
tum herb extracts was 22.70 mg/mL (Table 1).

The total content of anthraquinone derivatives was
0.46 mg/mL. The highest amount of anthraquinone

Table 1
The quantitative content (mg/mL) of anthraquinone derivatives, flavonoids, derivatives
of hydroxycinnamic acids, organic acids, the antioxidant activity, and the dry residue calculated
in the extraction of H. perforatum herb (the raw material/solvent ratio — 1:20)
Total . Total . ;| Total contentof | Total content
phenolic content of | Total flavonoid h . ) -
; ydroxycinnamic |  of organic .
content | anthraquinone content . L : Antioxidant
Dry S acid derivatives acids -
Extractant . calculated derivatives calculated - activity, mmol-
residue, % . . calculated with calculated .
with calculated | with reference . equiV./My,y weight
. . referenceto | with reference ry weig
reference to | with reference to rutin N S
N . chlorogenicacid | to citric acid
gallicacid to hyperecin

Distilled water | 6.69+0.07 | 12.50+0.25 | Not observed 4.60 +0.09 4.00 = 0.08 5.00+0.10 42.67 £0.43
20 % EtOH 4.45 £ 0.04 3.30+£0.07 | Notobserved 1.30 £ 0.03 1.20 £0.03 3.50+0.07 1156 £0.12
40 % EtOH 023+001 | 1.70+0.03 | 0.06+0.001 | 0.60+0.01 0.70+0.01 0.60 +0.01 6.00 + 0.06
60 % EtOH 0.56 +£0.01 2.30+0.05 0.20 £0.01 0.80 +£0.01 0.70 £0.01 0.60 +0.01 14.56 £0.15
96 % EtOH 0.68+0.01 | 230£005 | 020£001 | 0.80%0.01 0.70 £ 0.01 0.60 +0.01 14.76 £0.15
Chloroform 0.23+£0.01 0.60+£0.01 | Notobserved | Notobserved 0.60 +0.01 0.50 +0.01 1.80 +0.02
The total
content of BAS 12.84 22.70 0.46 8.10 7.90 10.80 91.35
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The Pearsonss (r) correlation coefficient between the antioxidant activity

and the BAS content in H. perforatum herb extracts

Table 2

Total phenolic Total cont.ent of Total flavonoid Total cor?tent O.f Total content
anthraquinone hydroxycinnamic .
content S content . A of organic acids
derivatives acid derivatives
Antioxidant 0.9723 Not conducted 0.9722 09412 0.6220
activity

derivatives was observed in 60 % and 96 % EtOH ex-
tracts (0.20 £+ 0.01 mg/mL), followed by 40 % EtOH ex-
tract, while in other extracts anthraquinone derivatives
were not found. According to the results, the part of the
total anthraquinone derivatives out of phenolic compounds
was 2.0 % (Table 1).

The total flavonoid content was 8.10 mg/mL. The high-
est amount of flavonoids was observed in the aqueous
extract (4.60 £ 0.09 mg/mL), followed by other EtOH
extracts (Table 1). According to the results, the part of
the total flavonoids out of phenolic compounds was 35.7 %
(Table 1).

The total content of hydroxycinnamic acid deriva-
tives was 7.90 mg/mL. The highest amount of hydroxy-
cinnamic acid derivatives was observed in the aqueous
extract (4.00 £ 0.08 mg/mL), followed by other EtOH
extracts (Table 1). The part of the total hydroxycinnamic
acid derivatives out of phenolic compounds was 35.0 %
(Table 1).

The aqueous extract had the highest content of or-
ganic acids (5.00 + 0.10 mg/mL), while other H. perfo-
ratum herb extracts demonstrated much lower content
of organic acids. The total content of organic acids was
10.80 mg/mL (Table 1).

The total antioxidant capacity of H. perforatum
herb was 91.35 mmol-equiv./my, 4 The antioxidant
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activity of extracts increases in the following order:
96 % EtOH< 60 % EtOH< 40 % EtOH <20 % EtOH <
aqueous extract.

The Pearson’s (r) coefficients between the antioxi-
dant activity and phenolic compounds, flavonoids, hy-
droxycinnamic acid derivatives, and organic acids were
0.9722,0.9723, 0.9412, and 0.6220, respectively (Table 2).

In our previous study [16], we created and described
an exhaustive sequential extraction approach. This type
of extraction is based on the extraction of the same raw
material with extractants of different polarity, for exam-
ple, distilled water as a more polar extractant and etha-
nol solutions of different concentrations as a less polar
extractant. The sequential exhaustive extraction allows
extracting hydrophilic and lipophilic BAS completely.
In this case, the raw material was not dried after the
extraction; therefore, the volume of the extractant ab-
sorbed by the raw material was considered. Previous-
ly, the absorption coefficient for the raw material was
found using the extraction with different solvents.

The antioxidant activity values of the extracts under
study were estimated using the potentiometric method.
This method was chosen due to its high sensitivity, rapid
analysis procedure, and relatively low cost of equipment
and reagents [17]. However, certain acceptance crite-
ria are required to substantiate the choice of extraction
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Fig. 1. The correlation relationship between the value of the antioxidant activity and the total content
of phenolic compounds, flavonoids, hydroxycinnamic acids and organic acids
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conditions. According to the available literature, the main
criterion for acceptability is to obtain the maximum con-
tent of phenolic and extractive compounds. We propose
to use the total antioxidant capacity of the raw mate-
rial as an acceptance criterion for choosing the optimal
extraction conditions for several of reasons, firstly, the
antioxidant activity and the content of phenolic com-
pounds have a high positive correlation, secondly, the
determination of the antioxidant activity requires less
time than the determination of the content of BAS and
extractive compounds. The term “the total antioxidant
capacity of the raw material” means the total content of
the antioxidant activity of all hydrophilic and lipophilic
BAS contained in the raw material analyzed.

In our study, the highest value of the correlation coef-
ficient was between the antioxidant activity and the to-
tal content of phenolic compounds (r =0.9723), the second
place was taken by flavonoids (r=0.9723) and the third one
— by derivatives of hydroxycinnamic acids (r = 0.9412),
while the correlation with the total content of organic
acids was the worst (Fig. 1, Table 1). The correlation ana-
lysis was not conducted in the case of anthraquinone de-
rivatives because of the limited numbers of values (only

three points). Therefore, phenolic compounds, flavo-
noids and hydroxycinnamic acid derivatives affected
the antioxidant activity of H. perforatum herb extracts.

Conclusions. The total antioxidant capacity of
H. perforatum herb was determined by the potentiomet-
ric method. The results of the analysis of the BAS con-
tent and the antioxidant activity of H. perforatum herb
extracts revealed that the aqueous extract had a sig-
nificant content of phenolic compounds, flavonoids,
hydroxycinnamic acids, organic acids and the antioxi-
dant activity, while anthraquinone derivatives domi-
nated in 96 and 60 % EtOH extracts. The quantitative
analysis showed that flavonoids and hydroxycinnamic
acids dominated among phenolic compounds. The cor-
relation analysis revealed a strong positive linear rela-
tionship between the antioxidant activity and phenolic
compounds, flavonoids and hydroxycinnamic acids,
while the worst correlation was in the case of organic
acids. The results can be applied in developing optimal
technologies for obtaining drugs based on the extract of
H. perforatum herb.

Conflict of interests: authors have no conflict of in-
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