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A B S T R A C T

The review is devoted to the study of the peculiarities of extraction of phenolic compounds from medicinal herbs
of the Hypericaceae and Lamiaceae families, their identification and determination. The phenolic compounds of
these herbs are biologically active substances which include mainly phenolcarboxylic and cinnamic acids and
their derivatives, flavonoids, among which are flavones, isoflavones, flavanols, flavanones, flavanones, flavans,
flavans 3,4-diols, catechins, biflavonoids and proanthocyanidins. In addition to these compounds, polynuclear
compounds like hypericin, pseudohypericin, prenylated phloroglucinols and their derivatives have also been
studied. It has been shown that the Hypericaceae and Lamiaceae families, as the main sources of valuable bio-
logically active compounds (BAC), have widely been used in pharmacology. A large numbers of data on the
extraction, identification and determination of pharmacological substances have been reported in the literature
which critically presented in this review. The main methods of extraction of various components from plant raw
materials using different chemical and physical factors have been reviewed along with their advantages and
disadvantages. The lack of unified methods for extracting BAC from medicinal herbs or medicinal raw materials
(MRM), the use of various options for their extraction, makes it very difficult to carry out the procedure for
identifying and determining the composition in plant objects. Also, there have been problems in identifying the
majority of phytocomponents due to their variety and at the same time similarity in physicochemical properties
and structures. Thus, in the present review, the results of literature reported investigations concerning the ex-
traction of phenolic compounds (PC) from medicinal herbs of the Hypericaceae and Lamiaceae families have been
critically summarized, and their identification and determination by chromatography methods with different
detection techniques have also been reviewed. In addition, the approaches to the development of analytical
schemes for the determination of BAC in the representatives of the Hypericaceae and Lamiaceae families have also
been summarized.

1. Introduction

In recent years, the number of articles devoted to the determination
of the main components in medicinal herbs and preparations based on
them has been increasing [1]. This is due to the presence of secondary
metabolites in their composition, which exhibit a range of biological
activity so are universally used in medicine [2]. It is worth noting that

the relevance of research in this area is also due to the use of BAC in
drugs, which is associated with reduced risks when using natural
medicines produced by the pharmaceutical industry [3].

The medicinal plants of Hypericaceae and Lamiaceae families are
among the most actively used in phytotherapy [4,5]. The re-
presentatives of the Lamiaceae family include herbs of the Salvia,
Thymus, Origanum, Melissa and other genera. The family of Hypericaceae
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is primarily associated with the Hyperici herba, so its main species are
discussed in this review. It is noteworthy that the analysis of the La-
miaceae family herbs includes mainly the extraction and determination
of the components of essential oils (EO) [6–9]. The qualitative and
quantitative composition of EO allows establishing the pharmacological
activity and quality of plant material. However, the composition of
these medicinal plants has also been represented by various derivatives
of PC, which have been the object of investigation by many researchers
[10,11]. A large amount of data has been accumulated in literature on
the preparation and analysis of herbs of the Hypericaceae and Lamiaceae
families [12–15], but the spectrum of the analyzed species and genera
can be expanded, taking into account the genetic diversity of the first
family [16,17].

Variability of the extraction methods of PC from plants of both fa-
milies requires the development of a unified approach that ensures the
quality control of raw materials, as well as pharmaceutical preparations
at all stages of production. In addition, it is not possible to compare the
effectiveness of extraction methods of BAC from plants, because many
researches are based on the raw material of another origin and species.
The variety of methods for identifying the BAC in medicinal raw ma-
terials (MRM), unfortunately, does not facilitate the task of recognizing
and establishing the structures of new and already known compounds,
but only complicates it, introducing additional ambiguity in estab-
lishing the components of medicinal plant objects. Therefore, it is ne-
cessary to build reliable schemes for identifying BAC in plants, even
without binding to the morphology and metabolic processes of an in-
dividual plant. The generalization and critical interpretation of the
material are available in the literature, which is contained in this re-
view, it is necessary for the correct formulation of the goals of further
research in this field.

2. Biologically active role of PC

Phenolic compounds of medicinal herbs include mainly hydro-
xybenzoic and hydroxycinnamic acids and their derivatives, as well as
flavonoid such as flavones, isoflavones, flavanols, flavanones, flava-
nones, flavans, flavans 3,4-diols, catechins, biflavonoids and proan-
thocyanidins [2,18–21]. These compounds also include more complex
polynuclear structures, for example, hypericin and pseudohypericin
[22]. It should also be pointed out derivatives of prenylated phlor-
oglucinols - hyperforin and its derivatives that have a pharmacological
activity [23]. Flavonoids and phenolic acids as components of plant raw
materials have antioxidant properties and show a great physiological
activity [24–26]. There are also reports on the anticancer activity of
phytocomponents [27,28], which makes them promising to study of the
phenolic substances in medicinal herbs. The study of pharmacological
activity of the phenolic compounds is practically impossible without
binding to the investigation object as medicinal plant material (MPM).
For example, St. John's Wort (Hyperici) has a whole complex of prop-
erties showing its antidepressant, antiviral and antibacterial activities
[29–31]. Moreover, the pharmacological effect of St. John's Wort is
primarily connected with the phenolic components such as hypericin,
hyperforin and flavonoids [32–34]. The substitute of the Lamiaceae
family –Salvia also has antimicrobial and antifungal properties [35–37].
There is also evidence of the effectiveness of the Sage extract for Alz-
heimer's disease and some neurological diseases [38,39]. In most
known cases, the therapeutic effect of the EO components obtained
from the known raw materials have been investigated, where the
pharmacological activity of phenolic acids and flavonoids have not
been studied [40]. On the other hand, there are reports in the literature
that the antioxidant and proliferative properties of sage are due to the
content of phenolic substances in it [41,42]. In addition, the presence of
a number of phenolic component derivatives that exhibit biological
activity has been characterized in other family plants [43–47].

3. Extraction of PC from medicinal plant material (MPM)

The preparation of MPM samples for analysis, as well as the need to
extract phenolic substances for the preparation of dosage forms, means
the transfer of the target components from the solid plant matrix to the
liquid phase of extractant. Solvent extraction (SE) is the most common
way in that case [19]. The SE method involves the use of an extractant,
characterized with a set of properties that provide the diffusion of PC
into the extract. Water-alcohol solvents are used for the extraction of
phenolic acids and flavonoids [19,48], while hexane, methylene
chloride and other solvents are used for weakly polar components
[19,49].

Often it is possible to intensify the process of PC extraction from
medicinal raw material (MRM) and to increase the efficiency of the
extraction process by means of increasing temperature, on which many
pharmacopeia methods are based [5], or by simultaneous increase in
temperature and pressure [50]. In particular, the methods of subcritical
and supercritical extraction are based on these principles [50,51]. In
order to accelerate the process of extracting analytes, i.e. PC from the
raw material, ultrasonic or microwave impacts are additionally applied
[19,52]. Less polar compounds can be recovered by supercritical fluid
extraction (SFE) using, for example, carbon dioxide [19,53–55], which
has often been used in the extraction of hyperphorin or hypericin and
their derivatives from St. John's Wort [56,57]. After the liquid form of
the PC extract is obtained, an additional step of its purification from the
accompanying components, as well as the isolation and concentration
of the target substances are carried out by applying liquid-liquid ex-
traction (LLE), solid-phase extraction (SPE), etc. [19,48,58–60]. In the
recent years the mathematical interpretation of results have also be-
come more popular and consists of the statistical models for raw ma-
terial extraction process [61,62] and differentiation of plants according
their content [63].

3.1. Extraction of PC from medicinal herbs of the Hypericaceae family

Table 1 summarizes data on the extraction and determination of PC
of the Hypericaceae family medicinal herbs.

Basically, the extraction of PC containing phenolic acids, flavonoids
and their glycosides, as well as naphthodianthrones and phlor-
oglucinols, from St. John's Wort samples is carried out using SE method,
while varying the various parameters to improve recovery efficiency
[56,64,67]. Soxlet extraction (SXE) method has been quite effective in
the extraction of flavonoids and other active components from St.
John's Wort in comparison with ultrasonication extraction (USE) [30].
However, USE showed a lower efficiency of the phenolic components
extraction from this type of raw material as compared to SE with
heating, microwave assisted extraction (MAE) and pressurized liquid
extraction (PLE) [65]. Comparison of the last three extraction variants
of different groups of phenolic components allowed us to conclude that
the effectiveness of these methods is approximately equal when using a
70% aqueous alcohol mixture as an extractant and a fixed ratio of the
mass of raw material/the volume of the extractant [65]. An increase in
temperature above 120 °C with PLE can significantly reduce the yield of
active components from the herb of St. John's Wort, while for other
substances (for instance, (−) – epicatechin) the concentration in the
extract continues to increase up to 150 °C and higher. Extraction of
naphthodianthrones and phloroglucinols from the Hypericum herbs has
been carried out using extraction methods such as USE, SFE and SE,
where several examples have been shown in Table 1. Representatives of
these classes of compounds are better extracted with alcohol-water
mixture [69]. It has been possible to extract hypericins and hyperforins
from St. John's Wort with water applying heating, but an increase of
temperature can lead to their decomposition [69,70]. In some cases,
SFE is an effective way for extracting naphthodianthrones and phlor-
oglucinols from St. John's Wort, although it has been reported that this
extraction method, i.e. SFE is the most suitable for extracting
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hyperforin [56,57]. The formation of its derivatives in the finished
extract is possible under different conditions [57]. In addition, it is
proposed to pretreat the raw material with CO2 at elevated temperature
and pressure before further extraction, for example, with USE from St.
John's Wort [56]. The SFE of flavonoids from St. John's Wort is possible
only with a polar addition in solvent, for example, methanol is in-
troduced into the system at a level of 10–15% [53].

The Pressurized Water Extraction (PWE) of active components from
plants has been popular in recent years due to a reduction in risks of
environmental pollution [72]. When comparing different ways of ex-
tracting naphthodianthrones from St. John's Wort, it has been found
that PWE does not show greater effectiveness in comparison with USE.
It was noted that addition of ethanol in the extraction system is es-
sential when hypericin is being extracted from this type of raw material.
It has also been confirmed that using 100% ethanol as extractant re-
sulted 90% yield of naphthodianthrones which is much higher than the
yield obtained in USE [71].

In some cases, researchers focus exclusively on the development of
schemes for identification and quantification of PC in St. John's Wort,
using ready extracts [15,58] or preparations based on this raw material
[73]. Thus they exclude the sample preparation process which is a
factor that directly influences the stage of determining the main com-
ponents in plant materials [74].

Analysis of the data in Table 1 shows that it is problematic to
evaluate the effectiveness of conventional procedures for the extraction
of PC from medicinal herbs, i.e. medicinal plant materials (MPM), for a
number of reasons. Thus, comparison of the data of different authors
about the extraction efficiency of phenolic components from St. John's
Wort is difficult due to the study of raw materials belonging to different
growth territories or different species [30,66]. Moreover, publications

concerning the comparison of extraction methods of PC from St. John's
Wort are rare [30,65,67,69].

3.2. Extraction of PC from medicinal herbs of the Lamiaceae family

The extraction of PC from medicinal herbs of the Lamiaceae family is
carried out using maceration, USE, extraction under pressure, etc.
[11,12,35,60,75–80]. The extraction methods of phenolic components
from medical herbs of Lamiaceae family are shown in Table 2.

Table 2 shows that a variety of procedures used for the extraction of
PC from the Salvia officinalis L. and other herbs of the Lamiaceae family
do not lead to the establishment of a united and effective approach to
their extraction. Moreover, the recommendations for the extraction of
phenolic acids and flavonoids stated in the Pharmacopeia [4,5], do not
allow us to achieve a unified solution to this problem. However, the
some studies in recent decades have devoted to the extraction of phe-
nolic group components from the raw materials of Lamiaceae family
[10,83].

The PC have been extracted from the herbs of Lamiaceae family
using the extractants of different proportions of water and alcohol, most
often methanol [60,81,84,85,87,88], as well as acetone [82,83,91],
ethanol [14,65,80,89] and less often diethyl ether [86]. There are ar-
ticles in the literature in which the authors have compared the effec-
tiveness of the extractants such as methanol and a mixture of methanol
and water (8:2) [11]. It has been shown that the efficiency of methanol
and ethanol as extractants for the extraction of PC from the herbs of the
Lamiaceae family is comparable [10]. It has also been possible to use
water for the extraction of phenolic acids and flavonoids, for example,
from Melissa officinalis L. samples [92,95]. However, aqueous extraction
efficiency of carnosic acid from Salvia Officinalis L. is low due to its

Table 1
Extraction and determination of phenolic compounds in Hyperici herba.

Medical raw material/analytes Extraction/fractionation procedure and conditions Separation and detection
method

References

Hypericum perforatum L. SXE, 5 g, 100 mL methanol, 6 h HPLC-UV [64]
USE, 1 g, 75 mL methanol, 30 min
ME, 1 g, 100 mL methanol, 2 h

PA, FD, HC, HF Digestion, 2 g, 300 mL 90% acetone, 30 min
SE under temperature, 1 g, 50% ethanol, 90 min HPLC-DAD-MS [65]
USE, 0.5 g, 25 mL 70% ethanol, 30 min
MAE, 0.5 g, 25 mL 70% ethanol, 30 min
PLE, 0.2 g,10 mL 70% ethanol, 10 min
SE, hot methanol HPLC-MS [13]

FD, HC, HF USE, 300 mg, 100 mL methanol,15 min HPLC-UV [66]
Direct USE, 5 g, 100 mL methanol, 5, 10, 15, 20, 30, 45, 60 min LC-MS; HPLC-UV [67]
ME, 5 g, 100 mL methanol, 24 h
Indirect USE, 5 g, 100 mL methanol, 5, 10, 15, 20, 30, 45, 60 min
SXE, 5 g, 150 mL methanol, 24 h
ASE, 5 g, methanol, 40 °C, 100 bar, 20 min
ASE, 250 mg, 100% methanol, 40 °C, 1000 psi, 10 min LC-DAD [68]

FD, HC SE, 2 g, 50 mL (water, water-ethanol (50%), ethanol, ethanol-acetone(50%), acetone,
chloroform, hexane), 10 min

HPLC-UV [69]

Hyperici herba USE, 3 mL 80% methanol, 30 min HPLC-DAD [53]
FD SFE, different conditions
Hypericum perforatum L. SE, 0.1–0.2 g, 10–40 mL methanol, > 2 h HPLC-PAD [70]
HC, HF Water bath, ethanol (40:60, v/v), 80 °C, 1 h

USE, 5 min
USE, 5 g, 50 mL methanol, 313 K LC-MS-MS [56]
SFE, 30 g, 313, 323 K, 10, 15 and 20 MPa
SXE, 20 g, 200 mL ethanol, 2-propanol, ethyl-acetate or n-hexane, 16 h; 1 kg, 96% ethanol, 5 h HPLC-UV [57]
SFE, 0.8 kg, 313 K, 45 MPa, 7 kg CO2/h/kg

HC PWE, 1 g, 25–100 °C, 50–300 atm, 15 min HPLC-UV [71]
USE, 300 mg, 10 mL methanol, water, 90 min
SE, 5 mg, 1 mL 100% methanol, methanol-water 1:1 LC-DAD-MS [59]
LLE, diethyl ether

ASE – Accelerated solvent extraction; DAD – Diode array detector; FD – Flavonoids; HC – Hypericin derivatives; HF – Hyperforin derivatives; HPLC – High per-
formance liquid chromatography; LC – Liquid chromatography; LLE – Liquid-liquid extraction; MAE – Microwave-assisted extraction; ME – Maceration extraction; MS
– Mass spectrometry; PA – Phenolic acids; PLE – Pressurized liquid extraction; SE – Solvent extraction; SFE – Supercritical fluid extraction; SХE – Soxhlet extraction;
USE – Ultrasonication extraction; UV – Ultraviolet detector.
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lipophilic properties [97].
The development of extraction methods of phenolic substances from

MRM samples at elevated temperature and pressure such as accelerated
solvent extraction, pressurized liquid extraction, pressurized water ex-
traction is perspective [11,60,65,79,98,99]. However, it has been noted
that an increase of temperature up to 200° has led to decrease in
component's concentrations in the extracts due to their possible de-
composition [60]. Before starting the extraction procedure of PC from
herbs, for example, using ASE or SXE, a step of treating the MRM with
hexane to remove the chlorophyll from the plant material is introduced
[11,78]. Column chromatography as a method of isolating the target
components from MRM has practically been the only possible technique
when it comes to the identification of PC by NMR and IR spectroscopy
[14,83].

A brief comparative analysis of various extraction methods for the
determination of PC from Salvia Officinalis L. has most recently been
reported by us [96]. It is found that the extraction techniques such as
SE, MAE and PLE are practically identical, while the USE efficiency for
most of the determined components is lower in comparison to these
three extraction options [96]. Also the comparative analysis and opti-
mization of the PC extraction from various plants of Lamiaceae family

have been carried out in different MRM, where the process was con-
trolled by total phenolic determination methods [10,60]. Therefore, a
correct comparison of the various procedures for extracting BAC from
medicinal herbs of the Lamiaceae family as well as the Hypericaceae
family is a difficult task because herb samples are of different territorial
origin or different species [100,101].

An understanding of the basic principles and the development of
unified approaches to the extraction of BAC can be led by an analysis of
the kinetic parameters of these processes. Extraction of components
from MRM is quite complex and involves several basic stages: the ex-
tractant's penetration into the raw material, wetting of substances in-
side the raw material, dissolution of substances presenting on the cell
walls, mass transfer of substances through porous cell walls by mole-
cular diffusion, mass transfer of substances from the plant's surface in
solution [102]. Each of these stages can be described using a mathe-
matical apparatus. Then it gives some kinetic characteristics of ex-
traction and, as a result, more complete information about the extrac-
tion process using mathematical models [103–106]. Among them,
equations of the first or second order, Peleg's model, Minchev's and
Minkov's model, etc., have been used to describe the kinetics of ex-
traction some components from various MPM [105,107–115].

Table 2
Extraction and determination of phenolic compounds in medicinal herbs of the Lamiaceae family.

Medical raw material/analytes Extraction/fractionation procedure and conditions Separation and detection
method

References

Salvia L. USE, 0.1 g, 20 mL 70% methanol, 30 min HPLC-UV [81]
PA
Salvia officinalis L. ME, 5 g, 500 mL methanol, ethanol, diethyl ether, hexane, 72 h HPLC-UV [10]
PA, FD, PD
PA, FD ASE, 5 g, 40–80 mL hexane, 40 mL methanol, methanol-water,

65–68 atm, 40,100 °C, 12–32 min
PLC; TLC; HPLC-DAD [11]

PA, FD, PD SE, 1.5–2.4 g, 125 mL acetone, 30 min HPLC-DAD [82]
FD SE, 50 g, 3 × 500 ml 70% acetone HPLC-DAD; NMR [83]

CC, water, methanol
PA, FD, PD SХE, 200 mL hexane, 200 ml ethyl acetate, 6 h LC-DAD-MSn; NMR [78]
Rosmarinic acids ME, 30 kg, 50 l 95% ethanol, 2 weeks NMR, MS, IR [14]

CC, butanol fraction
PA, FD SE, 1 g, methanol HPLC-UV–vis [84]

CC, methanol
Thymus serpyllum L. SE, 5 g, 20 mL 75% methanol, 2 h LC-DAD- MS/MS [85]
PA, FD
Thymus L. ME, 0.5 g, 10 mL diethyl ether, overnight LC-DAD,

LC- MS
[86]

FD
PA, FD USE, 200 mg, 1.5 mL methanol- water LC–MS [87]
PA, FD SE, 0.5 g, 50–100 mL methanol- water, 15–30 min HPTLC; HPLC-UV; NMR [88]

USE, 0.5 g, 50–100 mL methanol- water, 15–30 min
Origanum vulgare L. PE, 10 kg, 95% ethanol PHPLC; UV, IR, NMR, MS [80]
PA, FD
PA, FD SE, 1 g, 200 ml water, 100 mL 60% ethanol, 24 h HPLC-DAD [89]
PA, FD SE, 1 g, 30 ml methanol- water, 1 h; 200 mL water, 5 min HPLC-DAD-MS [90]
PA, FD, PD ASE, 0.5 g, 32–80% methanol, 66–129 °C 1500 psi HPLC-DAD [60]
FD SE, 10 g, 100 mL acetone HPLC-UV–Vis; TLC [91]

LLE, ethyl acetate
Melissa officinalis L. PLE, 1 g, water, ethanol, 150 °C, 20 min LC–DAD-MS/MS [79]

EAE, 1 g, phosphate–citrate buffer, 50 °C, 2 hPA, FD
PA, FD SE, 1 g, 200 mL of water, 5 min HPLC-DAD-MS [92]
PA SXE, 0.7 g, 80 mL methanol–water,1 h HPLC-DAD [93]

SE, 0.8 g, 200 mL water, 100 °C, 10 min
PA MSPD, 0.5 g, 1 mL n-hexane; methanol–water HPLC-DAD [94]
PA, FD SE, 10 g/l water, 15 min HPLC-DAD [95]
Salvia officinalis L., Thymus serpyllum L., Origanum vulgare

L., Melissa officinalis L.
SE with heating, 0.5–1.0 g, 60–70% ethanol, 45–90 min HPLC-DAD-MS [96]
USE, 0.5 g, 25 mL 70% ethanol, 30 min

PA, FD, PD MAE, 0.5 g, 25 mL 70% ethanol, 30 min
PLE, 0.2 g,10 mL 70% ethanol, 10 min

ASE – Accelerated solvent extraction; CC – Column chromatography; DAD – Diode array detector; EAE – enzyme-assisted extraction; FD – Flavonoids; HPLC – High
performance liquid chromatography; HPTLC – High performance thin layer chromatography; IR – Infrared-Spectroscopy; LC – Liquid chromatography; LLE – Liquid-
liquid extraction; ME – Maceration extraction; MAE – Microwave-assisted extraction; MS – Mass Spectrometry; MSPD – Matrix solid-phase dispersion; NMR – Nuclear
magnetic resonance spectroscopy; PA – Phenolic acids; PD – Phenolic diterpene; PE – Percolation extraction; PHPLC – Preparative high performance liquid chro-
matography; PLC – Preparative Layer Chromatography; PLE – Pressurized liquid extraction; SE – Solvent extraction; SFE – Supercritical fluid extraction; SХE –
Soxhlet extraction; TLC – Thin-Layer Chromatography; USE – Ultrasonication extraction; UV–Vis – Ultraviolet-visible detector.
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However, attention should be paid in studying the kinetics of ex-
traction of active components from the plant matrix as the total amount
of extracted compounds of a certain group, i.e. the total flavonoids, the
total phenolic components, etc. [105,106]. In many studies this ap-
proach has been quite limited because it does not give a complete
picture of the features of extraction processes associated with the in-
dividual components behavior during their extraction [110]. Moreover,
the yield of some substances can be increased with raising temperature
while others under the same conditions provided decreased yield be-
cause of their instability [111]. The presence of light or air oxygen in
the extraction system also introduces significant contribution to the
recovery of active substances [76]. Obtaining information about the
kinetic processes under the various extraction conditions of BAC from
the herb of the Lamiaceae and Hypericaceae families has led to new
knowledge about the extraction processes of PC from other MRM under
different conditions.

4. Determination and identification methods of PC in medicinal
herbs

The determination of PC in plant samples is possible either using the
methods of total determination (such as, spectrophotometric determi-
nation of flavonoids [5,18] or determination of the individual compo-
nents in medicinal herbs [48,116,117]). With the development of
chromatographic methods, the relevance of spectrophotometric
methods for determining BAC in medicinal plant raw materials has
diminished [116,117]. This is because of the fact that it is very difficult
to determine the individual PC against the background of other re-
presentatives of group by spectrophotometric method [118]. Still UV,
IR or NMR spectroscopic methods have been used to determine the
individual components and to establish the qualitative composition of
medicinal herbs or MRM [48]. The phenolic compounds in MRM
samples are mostly identified after their preliminary separation by
chromatography (TLC, column chromatography, HPLC, GC), but high-
performance liquid chromatography (HPLC) remains the most effective
technique among of all [48,117,119]. The use of varieties of identifi-
cation approach for PC after preliminary separation makes it possible to
accumulate a large data on the qualitative composition of MRM sam-
ples. Thus the combination of several methods of detection of BAC
makes it possible to increase the reliability of identification [117].
Usually liquid chromatography in combination with several methods of
detection (UV, IR, NMR, MS) has been applied for investigation of the
Lamiaceae and Hypericaceae herbs [12–15,78,80].

To save time and improve the effectiveness of identification pro-
cedure, it is possible to conduct a qualitative analysis of samples within
the same family. However, very few such researches have be carried out
and the results obtained are controversial [10,45,60,68]. One such
example where the main components were determined in 74 taxa of the
Hypericum using only retention times and spectra of standard samples to
identify the target components in the plant objects [68]. In addition, the
comparative analysis of the conditions for the determination of the PC
in various plants of the Lamiaceae family has been carried out by dif-
ferent research groups [10,45,60].

4.1. Identification of PC in medicinal herbs of the Hypericaceae family

The development of analytical methods of analysis have made it
possible to significantly expand the range of detectable PC and increase
in the reliability of the procedure for identifying BAC in several plant
samples [117,120,121]. With the expansion of analytical techniques,
there have been many difficulties associated with the comparison and
accumulation of new and previously reported data. Thus, the use of
several variants of analyte detection allows not only detecting several
substances in one sample, but also makes it impossible to identify them
with the help of developed mass spectrometry method [122–125]. For
example, the same molecular ion can correspond to different

components. This problem can partly be solved with the use of tandem
mass spectrometry, although many unresolved problems remain in this
area [19]. Identification of PC in medicinal herbs of the Hypericaceae
family, as well as of the Lamiaceae family, i.e. MRM must begin with a
review of the qualitative composition of the genus of these families.
Moreover, the main representatives of the Lamiaceae family as various
species of sage, thyme, oregano, lemon balm and others refer to med-
icinal herbs which have been used in phytotherapy and recommended
by pharmacopeias of different countries [4,5]. In the case of the Hy-
pericaceae family, it is possible to single out only one genus, Hypericum
L., which has become widespread and recognized all over the world
[126]. The Hypericum perforatum L. has become the leader in pharma-
cology [4,5]. Other members of this family have been little studied
because the total methods of PC determination have used for them
[127]. Evidently, this problem has become the object of several scien-
tific investigations in this direction. Therefore, different research
groups including us have investigated the main representatives of the
Hypericaceae family within the same genus (Hypericum L.), taking into
account the diversity of biological species. It has been confirmed that
the qualitative composition of Hypericum L. samples is almost similar as:
they are dominated by the presence of flavonoids, naphthodianthrones
and phloroglucinols derivatives [67,98,128–131]. The identification of
the main phenolic components of Hypericum L. from three different
medicinal herbs is summarized in Table 3.

From Table 3, it is clean that the Hypericum chromatographic profile
has the distinguishing features in comparison with the profile of the
herbs of the Lamiaceae family shown in Table 4, since it includes a
variety of quercetin derivatives such as rutin, hyperoside, isoquercitirn,
quercitrin, etc. which shows the diversity of Hypericum species. More-
over, contents of rutin and hyperoside are minimum twice more than
quercitrin and quercetin [65,67] (Table 5).

Therefore, the main characteristic of this MRM (Hypericum perfor-
atum L.) is the presence of naphthodianthrones and phloroglucinols
derivatives in its composition, which provide antidepressant activity
[32–34,128]. Table 5 clearly shows that hyperforin is the major com-
ponent of Hypericum as rutin. As shown in Table 3 hyperforin, ad-
hyperforin, hypericin and pseudohypericin are the most often detected
compounds, while protohypericin and protopseudohypericin are iden-
tified very rarely in the samples of the Hypericum perforatum L. [70,71].
Hypericin is not major in Hypericum MRM samples though it is an active
substance, the content of pseudohypericin is also near several tenths of
mg per g of sample (Table 5). Sometimes hyperforins and hipericins can
be calculated as total signals that we can see from Table 5. In addition,
the report on the detection of furohyperforin together with few other
PC has practically been single and reported by us [65].

4.2. Determination of PC in MRM of the Hypericaceae family

Analytical methods for the determination of PC from the medicinal
herbs i.e. MRM of the Hypericaceae family in recent decades, mainly
include the preliminary separation of plant matrix substances [117].
The most commonly method used has been reversed-phase HPLC with
various detection options [48,116,117,133]. In using gas chromato-
graphy methods for the determination of PC, the need for preliminary
derivatization of the phenolic components considerably complicates the
procedure of sample preparation [134,135]. General chromatographic
techniques for the detection of BAC in any MRM are well applicable to
medicinal herbs i.e. MRM of the Hypericaceae and Lamiaceae families
(Tables 1 and 2). Nowadays there have been a large number of in-
vestigations reported on the chromatographic determination of BAC in
St. John's Wort [13,15,58,73]. The component composition of this
MRM (St. John's Wort) has often been achieved by liquid chromato-
graphy using both spectrophotometric and mass spectrometric detec-
tion [56,57,66,69].

The compositions of PC in Hypericum samples have extensively been
studied and characterized by the presence of chlorogenic acid and
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various derivatives of quercetin as summarized in Table 3. However, a
number of problems are encountered when it comes to the determina-
tion of naphthodianthrones. This is because of the fact that they show a
specific affinity to stationary phases with the same formal character-
istics [136]. To overcome such problems we have suggested using a
column with a monolithic octadecyl phase to easily separate these
components [65]. This has made possible to increase the speed of the
mobile phase and thus reduced the elution time of the analytes and
accelerated their mass transfer. Using a monolithic stationary phase and
varying the acetonitrile content (80–100%) in the mobile phase, the
elution of hypericin and pseudohypericin has been carried out within
10 min [65], which is comparable to the data reported by other re-
searchers [73,128]. In addition, there are other variants of double
chromatographic systems that have been used; first for PA and FD and
second for the derivatives of naphthodianthrones and phloroglucinols
[15,73]. The summarized data on the quantitative determination of
main components in Hypericum genus samples have been shown in
Table 5.

4.3. Identification of PC in medicinal herbs of the Lamiaceae family

The analysis of the published articles shows the results of qualitative
composition of the Lamiaceae family herbs do not agree with each other
[78,84]. The use of UV/visible detection techniques for the analysis of
the chemical composition of medicinal herbs of Lamiaceae family has
low reliability. For instance, for the main components of St. John's
Wort, there are a number of works which report identical data
[13,15,68]. However, in the case of the Lamiaceae family, some in-
consistencies have been reported in the qualitative composition of the
herb samples [10,12,14,78,82,84,137]. Some identifications of BAC in
Salvia L. have been carried out by comparing UV spectra and retention
times of analytes and reference standards [10,82,84,137]. This ap-
proach indicated the presence of gallic, vanillin, ferulic and other hy-
droxycarboxylic and cinnamic acids in this MRM. However, on applying
MS and NMR methods for identification purposes, most of these PA in
the medicinal sage have not been identified [12,14,78]. Thus, there has
been an ambiguity in establishing the authenticity of the qualitative
composition of this MRM. Similar problems in identification of PC have
also been observed for the Origanum vulgare L. [80,89–91] and Melissa
officinalis L. [79,92,93].

The identification of different phenolic compounds in medicinal
herbs of the Lamiaceae family herbs has been summarized in Table 4. It

should be noted that the most researchers have focused on PC that are
the main components of medicinal herbs i.e. MRM. Table 4 clearly
shows that hydroxycarboxylic and cinnamic acids are characteristic for
the qualitative composition of Salvia officinalis L., Thymus serpyllum L.,
Origanum vulgare L. and Melissa officinalis L. Derivatives of luteolin and
apigenin, as well as a variety of flavonoid aglycons and derivatives of
terpenes also belong to these medical herbs. Carnosol and carnosic acid
were found in samples Salvia officinalis L., Thymus serpyllum L., Or-
iganum vulgare L. as have been investigated by several research groups
[10,12,60,76,78,82,96] while their presence in Melissa officinalis L. is
not typical [79,92–96]. Based on the data reported in literature, it be-
comes clear that terpenes derivatives (carnosic acids, carnosol, methyl
carnosate and others) are the most common for Salvia officinalis L.
which have also been most recently reported by several other re-
searchers and us [10,12,76,78,82,96]. Carnosol, carnosic acid, methyl
carnosate are priority compounds in Salvia as shown in Table 6; but the
quantitative data on carnosic acid contents differ a lot [78].

Caffeic acid [10,11,81,82,96] and rosmarinic acid
[10,14,78,81,82,96], as well as apigenin [10,11,78,84,96] are the most
frequent by detected compounds in Salvia officinalis L. However, caffeic
acid and apigenin are not major compounds in Salvia which have
been < 2 mg/g and 2.5 mg/g of dry extract, respectively as shown in
Table 6 [78,96,138]. There are data on the identification of some FD in
the Sage, for example, naringnin [10], myricetine [11], kaempferol
[11] and hesperetin [82]. It may be due to the fact their detection in-
troduces additional difficulties in establishing the qualitative pattern of
the Salvia officinalis L. MRM sample. The most distinctive feature of the
Sage (Salvia officinalis L.) is the presence of rosmanol derivatives in it
(Table 4) which in contrast to other herbs of the Lamiaceae family
[10,12,78,82]. Rosmarinic acid and rosmanol isomers are one of the
major compounds of Salvia according to quantitative data shown in
Table 6 [78]. From Table 6 it is clear that the amount of apigenin-
glucoside in Salvia differs [78] and depends on extraction technique, for
example, using SXE shows more apigenin-glucoside content in plant
sample [78]. Comparison of the data in Tables 2 and 4 shows that the
presence of gallic acid [10,82], coumaric acid [10,11,84], syringic acid
[10,11] and sinapic acid [84] in Salvia officinalis L. has been identified
only with UV-detection. On the other hand, the mass spectrometry
technique does not confirm this fact [78]. The application of column
chromatography for the isolation of phenolic components from MRM
for NMR, IR and MS identification expands a range of detectable sub-
stances and has also allowed finding the structures of new compounds

Table 3
Identification of phenolic compounds in Hyperici herbs as Hypericum perforatum L., Hypericum maculatum Crantz, Hypericum tetrapterum.

Analytes Hypericum perforatum L. Hypericum maculatum crantz Hypericum tetrapterum fries

Protocatechuic acid [65,98] n.d. ⃰ n.d.
Chlorogenic acid isomer [13] n.d. n.d.
5-O-Caffeoylquinic acid [65,98] n.d. n.d.
3-O-Caffeoylquinic acid [13,64,65,73] n.d. n.d.
3-О-р-Coumaroylquinic acid [13] n.d. n.d.
3,3′,4′,5,7-Pentahydroxyflavanone

7-O-rhamnopyranoside
[13] n.d. n.d.

(−)-epicatechin [65,98] n.d. n.d.
Rutin [13,15,53,64–69,73,98] [132] n.d.
Hyperoside [13,15,64–68,73,98] [67,132] [67,129]
Isoquercitirn [13,15,64–66,68,69,73,98] n.d. n.d.
Quercitrin [13,15,64–69,73,98] [67] [67,129]
Quercetin [13,15,53,64–66,68,69,73,98] [132] n.d.
I3,II8-Biapigenin [13,58,64–66,68,98] n.d. n.d.
Hyperforin analogue [13,15] n.d. n.d.
Hyperforin [13,15,56,63–68,70,73] [67] [67,129]
Adhyperforin [13,15,56,64–66,70,98] n.d. n.d.
Pseudohypericin [13,15,59,64–68,70,71,73] [67] [67]
Hypericin [13,15,57,59,64–71,73] [67] [67,129]
Protohypericin [70,71] n.d. n.d.
Protopseudohypericin [70,71] n.d. n.d.

n.d.⃰ – No data.
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Table 4
Identification of phenolic compounds in medicinal herbs of the Lamiaceae family, namely Salvia officinalis L., Thymus serpyllum L., Origanum vulgare L. and Melissa
officinalis L.

Analytes Salvia officinalis L. Thymus serpyllum L. Origanum vulgare L. Melissa officinalis L.

3,4-Dihydroxyphenyllactic acid (Danshensu) [81,96] [96] [96] [79,92,96]
Gallic acid [10,82] [85] [60] [93]
4-Hydroxybenzoic acid n.d. ⃰ n.d. n.d. [79,93]
3,5-Dicaffeoylquinic acid n.d. [96] n.d. n.d.
3-O-Caffeoylquinic acid [10,81,82] [85,87,96] [90,96] n.d.
5-O-Caffeoylquinic acid n.d. [96] [90] n.d.
4-O-Caffeoylquinic acid n.d. [96] n.d. n.d.
Chlorogenic acid isomer [10,82] n.d. n.d. n.d.
Caftaric acid n.d. n.d. n.d. [79,96]
Caftaric acid hexoside n.d. n.d. n.d. [92]
Cinnamic acid [10,11] n.d. n.d. n.d.
Caffeic acid [10,11,81,82,96] [85,87,88,96] [60,89,96] [79,94,96]
Coumaric acid [10,11,84] [87] [89] n.d.
Lithospermic acid and its derivatives [81] [88] [90] [79,92,96]
Protocatechuic acid [81,96] [85,96] [89,90,96] [79,93,94,96]
Protocatechuic aldehyde [81,96] [96] [96] [96]
Protocatechuic acid-hexoside n.d. [85] n.d. n.d.
Rosmarinic acid and its derivatives [10,14,78,80,81,96] [85,87,88,96] [60,89,90,96] [79,92,94–96]
Rosmarinic acid-glucoside n.d. [85] n.d. n.d.
Salvianolic acid and its derivatives [81] n.d. n.d. [79,92,96]
Sagerinic acid n.d. n.d. n.d. [79,92]
Syringic acid [84] n.d. n.d. [93]
Sinapinic acid [84] n.d. n.d. n.d.
Ferulic acid [10,11,84] [85,87] n.d. n.d.
Quinic acid [10,96] [96] [96] [96]
Cichoric acid [96] n.d. n.d. n.d.
Vanillic acid n.d. n.d. n.d. [93]
Yunnaneic acid F n.d. n.d. n.d. [92]
Apigenin glucoside [11,78,96] [87] [60] [96]
Apigenin glucuronide [96] [85,96] [90,96] n.d.
Apigenin 6,8-di-C-glucoside n.d. [85] [90] n.d.
Apigenin-acetylglucoside [78] n.d. n.d. n.d.
Apigenin 7-O-rutinoside n.d. n.d. [90] n.d.
Methylapigenin O-glucuronide n.d. n.d. [90] n.d.
Isorhamnetin derivatives [78] n.d. n.d. n.d.
Kaempferol O-glucuronide n.d. [85] n.d. n.d.
Kaempferol derivatives n.d. n.d. [90] n.d.
Methyl kaempferol O-rutinoside n.d. [85] n.d. n.d.
Luteolin 7-O-rutinoside [10,96] [88,96] n.d. n.d.
Luteolin 7-O-glucoside [83,96] [85,96] [60,90] [95,96]
Luteolin 3′-O-glucuronide n.d. n.d. n.d. [92]
Luteolin 7-O-glucuronide [83,96] [85,88,96] [90,96] [79]
Luteolin-O-diglucuronide n.d. [85] n.d. n.d.
Myricetin 3-O-glucoside n.d. n.d. [90] n.d.
Rutin [11] [85,87,96] n.d. n.d.
Chrysoeriol n.d. n.d. [91] n.d.
Diosmetin n.d. n.d. [91] n.d.
Dihydroquercetin n.d. [87] n.d. n.d.
Epicatechin n.d. [87] n.d. n.d.
Eriodictyol n.d. [87,88] [90] n.d.
Eriocitrin n.d. [88] n.d. n.d.
Hyperoside [11] n.d. n.d. n.d.
Luteolin [84,96] [85,88,96] [91,96] [96]
Apigenin [10,11,78,84,96] [87,96] [91,96] n.d.
Hispidulin [78,82,96] n.d. n.d. n.d.
Naringenin n.d. [87] [90] n.d.
Naringnin [10] [85] n.d. n.d.
Myricetine [11] n.d. n.d. n.d.
Kaempferol [11] n.d. n.d. n.d.
Hesperetin [82] [87] n.d. n.d.
Genkwanin [78,82] n.d. n.d. n.d.
Homoplantaginin [14,78] n.d. n.d. n.d.
Quercetin n.d. [87] n.d. n.d.
Quercetin 7-О-glucoside [10] n.d. n.d. n.d.
Quercetin and its derivatives n.d. n.d. [89,90] n.d.
Taxifolin n.d. n.d. [90] n.d.
Carnosol [12,76,78,82,96] [96] [60] n.d.
Carnosic acid [10,12,76,78,82,96] [96] [60] n.d.
Methyl carnosate [12,78,82,96] [96] n.d. n.d.
Rosmanol and its derivatives [10,12,78,82] n.d. n.d. n.d.

n.d.⃰ – No data.
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[14,83].
The presence of luteolin and apigenin derivatives, as well as deri-

vatives of cinnamic acid is characteristic for Thymus serpyllum L. and the
same have recently been reported by us as presented in Table 4 [96]. As
shown in Table 4 the largest number of studies correspond to the pre-
sence of chlorogenic [85,87,96], caffeic and rosmarinic acids
[85,87,88,96] as well as luteolin-7-O-beta-D-glucuronide [85,88,96],
rutin [85,87,96] and luteolin [85,88,96] in Thymus serpyllum L. The

chlorogenic acid content varied from 0.013 to 7.88 mg/g of MRM as
reported by different investigators (Table 7) in different plant samples
[85,87,96]. The amount of caffeic acid has not been > 1.73 mg/g [85].
The maximum content of rosmarinic acid as major compound in Thymus
was 24.45 mg/g as reported by Fecka and Turek [88]. Luteolin 7-O-
rutinoside was found to be the minor component of Thymus [88], while
luteolin 7-O-glucuronide and luteolin 7-O-glucoside have been reported
to be 24.98 and 51.84 mg/g, respectively as presented in Table 7 [88].

Table 5
Quantitative data on determination of main components in Hypericum genus samples.

Component Genus Hypericum

Content (mg/g) Extraction conditions, method References

Rutin 76% USE (methanol), SFE, HPLC-DAD [53]
1.78–2.95 Direct USE, ME, Indirect USE, SXE, ASE, ASE (methanol), LC-MS; HPLC-UV [67]
9.9–13.9 SE, USE, MAE, PLE (ethanol), HPLC-DAD-MS [65]

Hyperoside 1.62–2.79 Direct USE, ME, indirect USE, SXE, ASE, ASE (methanol), LC-MS; HPLC-UV [67]
5.4–7.3 SE, USE, MAE, PLE (ethanol), HPLC-DAD-MS [65]

Quercitrin 0.34–0.75 Direct USE, ME, Indirect USE, SXE, ASE, ASE (methanol), LC-MS; HPLC-UV [67]
1.10–1.48 SE, USE, MAE, PLE (ethanol), HPLC-DAD-MS [65]

Quercetin 92% USE (methanol) SFE, HPLC-DAD [53]
1.13–3.30 SE, USE, MAE, PLE (ethanol), HPLC-DAD-MS [65]

Hyperforin 14.7–19.4 USE (methanol), SFE, LC-MS-MS [56]
0.03–23.97 SXE (ethanol, 2-propanol, ethyl-acetate, n-hexane, 96% ethanol), SFE, HPLC-UV [57]
1.3–3.9% USE (methanol), methanol [66]
0.85–1.52 Direct USE, ME, Indirect USE, SXE, ASE, ASE (methanol), LC-MS; HPLC-UV [67]

8–13 SE, USE, MAE, PLE (ethanol), HPLC-DAD-MS [65]
Adhyperforin 2.1–2.9 USE (methanol), SFE, LC-MS-MS [56]

1.3–1.97 SE, USE, MAE, PLE (ethanol), HPLC-DAD-MS [65]
Hypericin 0.11–0.19% SXE, USE, ME (methanol), digestion (acetone), HPLC-UV [64]

0.19–0.30% USE (methanol), methanol [66]
0.13–0.20 Direct USE, ME, Indirect USE, SXE, ASE, ASE (methanol), LC-MS; HPLC-UV [67]
0.09–0.25 SE, USE, MAE, PLE (ethanol), HPLC-DAD-MS [65]

Pseudohypericin 0.19–0.51 Direct USE, ME, Indirect USE, SXE, ASE, ASE (methanol), LC-MS; HPLC-UV [67]
0.24–0.51 SE, USE, MAE, PLE (ethanol), HPLC-DAD-MS [65]

Hyperforins 1.15–5.77% SE (methanol), water bath (ethanol), USE, HPLC-PAD [70]
Hypericins 1.2–8.0% SE (methanol), water bath (ethanol), USE, HPLC-PAD [70]

ASE – Accelerated solvent extraction; DAD – Diode array detector; HPLC – High performance liquid chromatography; LC – Liquid chromatography; MAE –
Microwave-assisted extraction; ME – Maceration extraction; MS – Mass Spectrometry; PLE – Pressurized liquid extraction; SE – Solvent extraction; SFE – Supercritical
fluid extraction; SXE – Soxhlet extraction; USE – Ultrasonication extraction; UV – Ultraviolet detector.

Table 6
Quantitative determination of main components in Lamiaceae genus samples.

Analytes Salvia

Content (mg/g) Extraction conditions, method References

Caffeic acid 0.27–0.52 SE, USE, MAE, PLE (ethanol), HPLC-DAD-MS [96]
0.50–2.00 (de) SE (water, methanol), HPLC-DAD-MS [138]

Rosmarinic acid 5.10–6.51 SE, USE, MAE, PLE (ethanol), HPLC-DAD-MS [96]
10.0 ± 0.92 (de) SХE (hexane, ethyl acetate), LC-DAD-MSn; NMR [78]

Rosmanol isomer 4.0–42.8 (de) SХE (hexane, ethyl acetate), LC-DAD-MSn; NMR [78]
Rosmadial 6.8 ± 0.42 (de) SХE (hexane, ethyl acetate), LC-DAD-MSn; NMR [78]

6.0–18 (ex) Oleoresin, HPLC-UV, IR, MS, NMR [12]
Apigenin glucoside 3.6 ± 0.75 (de) SХE (hexane, ethyl acetate), LC-DAD-MSn; NMR [78]
Luteolin 7-O-glucoside 0.40–0.75 SE, USE, MAE, PLE (ethanol), HPLC-DAD-MS [96]
Luteolin 7-O-glucuronide 3.36–6.0 SE, USE, MAE, PLE (ethanol), HPLC-DAD-MS [96]
Apigenin 2.5 ± 0.38 (de) SХE (hexane, ethyl acetate), LC-DAD-MSn; NMR [78]
Hispidulin 6.3 ± 0.58 (de) SХE (hexane, ethyl acetate), LC-DAD-MSn; NMR [78]
Carnosol 31.10 ± 1.00 (de) SХE (hexane, ethyl acetate), LC-DAD-MSn; NMR [78]

36.0–75.0 (ex) Oleoresin, HPLC-UV, IR, MS, NMR [12]
Carnosic acid 3.35–4.39 SE, USE, MAE, PLE (ethanol), HPLC-DAD-MS [96]

42.9 ± 3.05 (de) SХE (hexane, ethyl acetate), LC-DAD-MSn; NMR [78]
29.0–190 (ex) Oleoresin, HPLC-UV, IR, MS, NMR [12]

Methyl carnosate 8.6 ± 0.22 (de) SХE (hexane, ethyl acetate), LC-DAD-MSnNMR [78]
39.0–260 (ex) Oleoresin, HPLC-UV, IR, MS, NMR [12]

de – dry extract; ex – extract.
ASE – Accelerated solvent extraction; DAD – Diode array detector; HPLC – High performance liquid chromatography; IR – Infrared-Spectroscopy; LC – Liquid
chromatography; MAE – Microwave-assisted extraction; ME – Maceration extraction; MS – Mass Spectrometry; NMR – Nuclear magnetic resonance spectroscopy; PLE
– Pressurized liquid extraction; SE – Solvent extraction; SFE – Supercritical fluid extraction; SXE – Soxhlet extraction; USE – Ultrasonication extraction; UV –
Ultraviolet detector.
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It has also been reported that various forms of kaempferol have
been found in this member of the Lamiaceae family [85]. The use of
MS detection for identifying the major phenolic components of the
Thymus serpyllum L. narrows the range of detected phenolcarboxylic
acids to the protocatechuic acid [85,96] and ferulic acid [85,87]. The
qualitative composition of flavonoid aglycons is represented by di-
hydroquercetin, hesperetin, epicatechin, eriodictyol, naringin, nar-
ingenin, quercetin, but the data about their detection and determi-
nation in Thymus serpyllum L. have been very limited [85,87,88].
Moreover, the data on eriodictyol contents differ > 1000 times which
forms the basis for analyzing the different samples from various geo-
graphical locations or to develop more reliable analytical methods
(Table 7).

Table 4 clearly demonstrates that the main chemical components of
the Origanum vulgare L., that have been isolated are: the protocatechuic
acid [89,90,96], caffeic acid [60,89,96] and rosmarinic acid and its
derivatives [60,89,90,96], luteolin derivatives [60,90,96], and flavo-
noids - apigenin and luteolin [91,96]. Rosmarinic acid is the major
compound in Origanum and its amount can be near 23 mg/g of MRM as
luteolin 7-O-glucuronide (28.27 mg/g of extract) [90,96]. The amount
of 3-O-caffeoylquinic acid in Origanum is similar to amount of chloro-
genic acid in Thymus (Tables 7–8). Caffeic acid is also minor compound
as protocatechuic acid in Origanum (Table 8).

The information on the determination chemical components in the
Origanum vulgare L. such as aglycones of FD as chrysoeriol, diosmetin,
eridictyol, naringenin, taxifolin [90,91] does not reveal cross-validation
as reported in Table 4. As shown in Table 4 the derivatives of apigenin
have been detected as its glucoside [11,60,78,87,96], rutinoside [90],
glucuronide [85,90,96] and diglucoside [85,90] in the medicinal herbs
Salvia officinalis L., Thymus serpyllum L., Origanum vulgare L. and Melissa
officinalis L. [60,90,96]. However, in many cases the amount of api-
genin derivatives is less than luteolin derivatives in Origanum (Table 8).
At the same time carnosol and carnosic acid have also been identified in

the Origanum vulgare L. [60] as well as in Salvia officinalis L. and Thymus
serpyllum L. [12,76,78,82,96]. Thus it has been confirmed that carnosol
and carnosic acid are other major compounds (Table 8). These sub-
stances have a unifying link of all members of the Lamiaceae family
except the Melissa officinalis L. (Table 4).

Table 4 also confirms that the protocatechuic acid [79,93,94,96],
3,4-dihydroxyphenyllactic acid (Danshensu) [79,92,96] and caffeic acid
[79,94,96] may be considered as the main components present in Me-
lissa officinalis L. As it is shown in Table 9 protocatechuic acid is
not > 0.10 mg/g [96], and caftaric acid, 4-hydroxybenzoic acid and
caffeic acid are also not major components of Melissa, i.e. in Lamiaceae
genus samples.

A distinctive feature of this member of the Lamiaceae family is that a
wide variety of derivatives of rosmarinic acid [79,92,94–96], salvia-
nolic and lithospermic acids [79,92,96] and their derivatives are pre-
sent in Melissa officinalis L. As shown in Table 9, rosmarinic acid is also
major compound in Melissa. When different Melissa samples are ana-
lyzed it showed wide range of contents of lithospermic acid or its iso-
mers [92], while different extraction methods narrowed that quanti-
tative range [79] (Table 9). In addition, luteolin derivatives, for
example luteolin 7-O-glucoside, luteolin-3′-O-glucuronide and luteolin-
7-O-beta-D-glucuronide [79,92,95,96] in Melissa officinalis L., as well as
in other representatives of this plant family have been well reported
(Table 4). It has been found that luteolin-7-O-glucoside is not major
component in Melissa [96] unlike in Thymus [85] (Table 9). The pre-
sence of caftaric acid in the Melissa officinalis L. has been remarkable
[79,96] which has not at all been detected in Salvia officinalis L., Thymus
serpyllum L. and Origanum vulgare L. (Table 4). In turn, the last three
medicinal plants have shown the presence of caffeoylquinic acids but
not in Melissa officinalis L. In addition, there are reports on the presence
of 3-O-, 4-O– and 5-O-caffeoylquinic acids in the Thymus serpyllum L.
and Salvia officinalis L. simultaneously [10,82,96]. The presence of
protocatechuic acid and derivatives of caffeic and cinnamic acids

Table 7
Quantitative data on determination of main components in Lamiaceae genus samples.

Analytes Thymus

Content (mg/g) Extraction conditions, method References

Chlorogenic acid 0.69 ± 0.20 PLE (ethanol), HPLC-DAD-MS [96]
7.88 SE (methanol), LC-DAD-MS/MS [85]

13.03 × 10−3–26.98 × 10−3 USE (methanol- water), LC–MS [87]
Caffeic acid 0.19 ± 0.01 PLE (ethanol), HPLC-DAD-MS [96]

1.73 SE (methanol), LC-DAD- MS/MS [85]
61.08 × 10−3–109.59 × 10−3 USE (methanol- water), LC–MS [87]

0.18–0.81 SE, USE (methanol- water), HPTLC; HPLC-UV; NMR [88]
Rosmarinic acid 4.0 ± 0.7 PLE (ethanol), HPLC-DAD-MS [96]

21.72 SE (methanol), LC-DAD-MS/MS [85]
1121.31 × 10−3–1372.76 × 10−3 USE (methanol- water), LC–MS [87]

5.14–24.45 SE, USE (methanol- water), HPTLC; HPLC-UV; NMR [88]
Ferulic acid 4.54 SE (methanol), LC-DAD-MS/MS [85]

2.10 × 10−3–3.64 × 10−3 USE (methanol- water), LC–MS [87]
Apigenin glucuronide 1.93 SE (methanol), LC-DAD- MS/MS [85]
Luteolin 7-O-rutinoside 0.73–3.25 SE, USE (methanol- water), HPTLC; HPLC-UV; NMR [88]
Luteolin 7-O-glucoside 0.20 ± 0.03 PLE (ethanol), HPLC-DAD-MS [96]

51.84 SE (methanol), LC-DAD-MS/MS [85]
Luteolin 7-O-glucuronide 4.0 ± 0.7 PLE (ethanol), HPLC-DAD-MS [96]

8.86 SE (methanol), LC-DAD- MS/MS [85]
5.74–24.98 SE, USE (methanol- water), HPTLC; HPLC-UV; NMR [88]

Eriodictyol 0.48 × 10−3–31.13 × 10−3 USE (methanol- water), LC–MS [87]
0.26–1.42 SE, USE (methanol- water), HPTLC; HPLC-UV; NMR [88]

Luteolin 48.04 SE (methanol), LC-DAD-MS/MS [85]
0.4–3.7 SE, USE (methanol- water), HPTLC; HPLC-UV; NMR [88]

Apigenin 30.42 × 10−3–124.44 × 10−3 USE (methanol- water), LC–MS [87]
Naringin 3.03 SE (methanol), LC-DAD-MS/MS [85]
Naringenin 3.08 × 10−3–13.48 × 10−3 USE (methanol- water), LC–MS [87]

DAD – Diode array detector; HPLC – High performance liquid chromatography; HPTLC – High performance thin layer chromatography; LC – Liquid chromatography;
MS – Mass Spectrometry; NMR – Nuclear magnetic resonance spectroscopy; PLE – Pressurized liquid extraction; SE – Solvent extraction; USE – Ultrasonication
extraction; UV – Ultraviolet detector.
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(caffeoylquinic acids) is the only unifying link for the herbs of the
Hypericaceae and the Lamiaceae families (Tables 3 and 4).

4.4. Determination of PC in medicinal herbs of the Lamiaceae family

The conditions for the quantitative determination of the PC in the
Lamiaceae family herbs may be similar to those for chromatography and
detection of components in the Hypericaceae family herbs [96]. The
difference is in the gradient elution mode, which takes into account the
specific nature of the analyzed plant samples. The gradient elution

program has been extended for separation of carnosic acid and its de-
rivatives such as carnosol, methyl carnosate and others [96]. Moreover,
the elution of those components occurs when the volume fraction of the
aqueous phase decreases to 10%.

Well-known approaches have been used as the main quantitative
characteristics in the method validation for the quantitative determi-
nation of PC in medicinal plant samples [4]. It also includes the cal-
culation of their limit of detection (LOD) and limit of quantification
(LOQ), as well as the relative standard deviation of the analytical signal
under conditions of repeatability or reproducibility and other

Table 8
Quantitative data on determination of main components in Lamiaceae genus samples.

Analytes Origanum

Content (mg/g) Extraction conditions, method Refe-rences

Gallic acid 0.483–1.491 ASE (methanol), HPLC-DAD [60]
3-O-Caffeoylquinic acid 0.34 ± 0.12 PLE (ethanol), HPLC-DAD-MS [96]

0.37–0.64 (ex) SE (methanol-water, water), HPLC-DAD-MS [90]
Caffeic acid 0.62 ± 0.01 PLE (ethanol), HPLC-DAD-MS [96]

0.66–1.51 (dw) SE (water, ethanol), HPLC-DAD [89]
0.14–0.64 ASE (methanol), HPLC-DAD [60]

Coumaric acid 0.95–3.91 (dw) SE (water, ethanol), HPLC-DAD [89]
Protocatechuic acid 0.68 ± 0.06 PLE (ethanol), HPLC-DAD-MS [96]

0.25–1.11 (dw) SE (water, ethanol), HPLC-DAD [89]
0.63–1.02 (ex) SE (methanol-water, water),

HPLC-DAD-MS
[90]

Rosmarinic acid 23 ± 2 PLE (ethanol), HPLC-DAD-MS [96]
4.83–8.90 (dw) SE (water, ethanol), HPLC-DAD [89]

14.62–15.91 (ex) SE (methanol-water, water), HPLC-DAD-MS [90]
3.00–10.21 ASE (methanol), HPLC-DAD [60]

Apigenin glucoside 2.077–2.751 ASE (methanol), HPLC-DAD [60]
Apigenin glucuronide 5.78–8.63 (ex) SE (methanol-water, water), HPLC-DAD-MS [90]
Luteolin 7-O-glucoside 20.88–25.26 (ex) SE (methanol-water, water), HPLC-DAD-MS [90]

2.111–5.397 ASE (methanol), HPLC-DAD [60]
Luteolin 7-O-glucuronide 19 ± 1 PLE (ethanol), HPLC-DAD-MS [96]

12.48–28.27 (ex) SE (methanol-water, water), HPLC-DAD-MS [90]
Quercetin 1.04–3.24 (dw) SE (water, ethanol), HPLC-DAD [89]
Carnosol 5.581–6.186 ASE (methanol), HPLC-DAD [60]
Carnosic acid 7.533–8.621 ASE (methanol), HPLC-DAD [60]

ex – extract; dw – dry weight.
ASE – Accelerated solvent extraction; DAD – Diode array detector; HPLC – High performance liquid chromatography; MS – Mass Spectrometry; PLE – Pressurized
liquid extraction; SE – Solvent extraction.

Table 9
Quantitative data on determination of main components in Lamiaceae genus samples.

Analytes Melissa

Content (mg/g) Extraction conditions, method Refe-rences

4-Hydroxybenzoic acid 0.2–1.03 (ex) PLE (ethanol), EAE, LC–DAD-MS/MS [79]
5.7 × 10−3–11.6 × 10−3 SXE (methanol–water), SE (water), HPLC-DAD [93]

Caftaric acid/caftaric acid hexoside 1.16–2.73(ex) PLE (ethanol), EAE, LC–DAD-MS/MS [79]
0.44–0.63 (inf) SE (water), HPLC-DAD-MS [92]

Caffeic acid 0.45 ± 0.12 PLE (ethanol), HPLC-DAD-MS [96]
1.52–3.79 (ex) PLE (ethanol), EAE, LC–DAD-MS/MS [79]

Lithospermic acid/lithospermic acid isomer 1.38–3.80 (ex) PLE (ethanol), EAE, LC–DAD-MS/MS [79]
0.57–17.97 (inf) SE (water), HPLC-DAD-MS [92]

Protocatechuic acid 0.10 ± 0.01 PLE (ethanol), HPLC-DAD-MS [96]
0.08–0.38 (ex) PLE (ethanol), EAE, LC–DAD-MS/MS [79]

21.2 × 10−3–31.7 × 10−3 SXE (methanol–water), SE (water), HPLC-DAD [93]
Rosmarinic acid 14 ± 2 PLE (ethanol), HPLC-DAD-MS [96]

2.96–90.53 (ex) PLE (ethanol), EAE, LC–DAD-MS/MS [79]
15.46–55.68 (inf) SE (water), HPLC-DAD-MS [92]

Rosmanol isomer 1.12–13.31 (ex) PLE (ethanol), EAE, LC–DAD-MS/MS [79]
1.98–6.34 (inf) SE (water), HPLC-DAD-MS [92]

Salvianolic acid/salvianoliс acid isomer 0.88–9.04 (ex) PLE (ethanol), EAE, LC–DAD-MS/MS [79]
0.23–8.50 (inf) SE (water), HPLC-DAD-MS [92]

Luteolin 7-O-glucoside 0.31 ± 0.02 PLE (ethanol), HPLC-DAD-MS [96]

ex – extract; inf – infusion.
DAD – Diode array detector; EAE – enzyme-assisted extraction; HPLC – High performance liquid chromatography; LC – Liquid chromatography; MS – Mass
Spectrometry; PLE – Pressurized liquid extraction; SE – Solvent extraction; SXE – Soxhlet extraction.
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parameters [139]. The LOQ of PC is at the level of tens and hundreds of
ng/mL for the Lamiaceae family herb extract [81,87,88,91,93,96,137]
and for the Hypericaceae family herb extract [15,53,65,73,128]. The
summarized data on the quantitative determination of main compo-
nents in Lamiaceae genus samples are shown in Tables 6–9.

5. Instability of some Hypericaceae and Lamiaceae herbal
compounds

The biologically active compounds (BAC) are unstable during their
storage and/or extraction from medicinal plant samples. Some of them
can quickly degrade under the influence of external factors and thus
decrease the pharmacological activity of drugs based on MRM. For
examples there are the same components in the Hypericaceae [140] and
the Lamiaceae [76] herb composition which quickly degrade. Also
during the extraction of PC from Salvia officinalis L., the carnosic acid
decomposes under the influence of various physical factors such as
light, air oxygen, etc. [12,76,97]. Therefore, it is advisable to introduce
a stabilizer into the extraction system in such cases [70].

The data on the degradation of BAC in St. John's Wort, in particular,
hyperforin, which is not stable under light and converted into the
oxidized derivative – furohyperforin under the aerial oxidation have
been reported by [140–142]. The change of furohyperforin concentra-
tion in the extracts can be controlled depending on the conditions for
the extraction from MRM as well as during the storage of the extract or
MRM. As a result, it is also possible to control the pharmacological
activity of St. John's Wort (Hyperici). The ratio of hyperforin and fur-
ohyperforin contents can be used, for the pharmaceuticals based on
MRM, as an indicator of their quality or the urgency of the storage life
[65]. Thus, it is possible to propose the rosmarinic acid for the Lamia-
ceae [143] and hyperforin and hypericin for the Hypericum [22,144] as
“markers” for the authenticity of these herbs.

6. Conclusion

The different extraction approaches of BAC from medicinal herbs of
the Hypericaceae and Lamiaceae families have been considered in this
review. In a number of cases, the strengthening of the extraction pro-
cess of PС from the MRM is possible with the increasing of temperature
or simultaneously temperature and pressure, and also using ultrasonic
or microwave extraction. The lack of unified methods for extracting
BAC from MRM, the use of various options for their extraction, makes it
quite difficult to identify and quantitatively determine the component
composition in MRM. The combination of several detection methods for
the analytical determination of BAC from MRM makes it possible to
increase the reliability of their identification using liquid chromato-
graphy methods in combination with UV, IR, NMR and MS. For the
quantitative determination of the PC in various plants of the
Hypericaceae and Lamiaceae families, the methods for the total de-
termination of PA and FD have been well reported.

With the expansion of analytical capabilities of researchers, the
reliability in the identification procedure for BAC in plant samples and
their determination has continuously been increasing. However, there
are difficulties associated with the comparison of new and previously
obtained data due to continuous upgradation of techniques used. There
are also difficulties in identifying the majority of phytocomponents due
to their wide varieties and good similarities in physico-chemical prop-
erties and structures. Thus, the use of several variants of analyte de-
tection allows not only detecting dozens of substances in one sample,
but also makes it impossible to identify them, with the help of mass
spectrometry methods. This problem has partly been solved with the
use of tandem mass spectrometry, although many unresolved problems
remain in this area. Another problem is the degradation of the com-
ponents, which are unstable during storage and/or their extraction
from plant samples i.e. MRM under the influence of various factors
which affects the pharmacological properties of drugs based on MRM.

This problem needs urgent attention in future studies which happens
due to the quality of plant material, i.e. MRM.
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