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Objectives. The Monarda fistulosa herb of the Lamiaceae family is particularly interesting among
essential oils from medicinal plants that have a wide spectrum of pharmacological activities.
However, information regarding some of its flavonoids, which are found in the essential oil, is
controversial. Inaccuracies in identification of the chemical composition of the herb have led to
several different standardization approaches, which are cumbersome. To establish a uniform
classification, here, we present confirmation for new approaches for the standardization of the
Monarda fistulosa herb.

Methods. Silica gel column chromatography was used to extract the flavonoids. Identification was
based on ultraviolet spectroscopy, nuclear magnetic resonance spectroscopy, mass spectrometry,
and acidic hydrolysis. The quality of the proposed quantitation methodology for total flavonoids
was assessed by differential spectrophotometry at 394 nm, in isorhoifolin equivalent.

Results. We have verified new approaches for the standardization of the Monarda fistulosa herb.
The approaches can determine the authenticity of the herb by detecting monoterpene phenols
and flavonoids that have diagnostic value. We also developed a technique for quantitation of the
total flavonoids.

Conclusions. We investigated the possibility of establishing the authenticity of the Monarda
fistulosa herb based on the diagnostically significant flavonoids, isorhoifolin and linarin.

Keywords: flavonoids, Monarda fistulosa, isorhoifolin, linarin, spectrophotometry, thin-layer
chromatography, standardization.
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OPUT'MHAJIBHASA CTATbHSA

HoBble moaxoabl K CTAHAAPTU3ALNHA TPABbI MOHAPABI AY14ATOMN
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Ienu. Cpedu 3pupomMaciuuHblX JeKapCMeeHHblX pacmeHull, obnadaruux wWupoKum cnek-
mpom papmarosioeuueckoll. akmueHocmu, ocobblli uHmepec npedcmaesisiem mpasa MOHAPObL
oyouamoti (Monarda fistulosa) cemeiicmea SicHomxogblx. OOHAKO UHOPMAYUUSL O HEKOMOPbLX
rasoroudax, cooeprkauiuxcs 8 Hell Hapsidy ¢ IPUPHBIM MACIOM, HOCUM NPOmMuU8opeuusslil xa-
paxmep. HemouHocmu, gblsie/leHHble 8 OMHOUWEHUU XUMUUECK020 COCMA8a Mpaegbl, CMAHO8SIMCsl
NPUUUHOTL NOSIBNEHUSL PA3AUUHBLX NO0X0008 K CmaHOapmu3ayuu, umo cozoaem mpyoHocmu. [ns
obecneueHust eOuHo0bpasus Kaaccugurayuu 8 0aHHOU pabome npedcmasieHo 060CHO8AHUE HO-
8blX, paHee He NPUMEHSIBULUXCSL N00X0008 K CMAaHOapmu3auuu mpagsbl MOHaposbl 0youamou.
Memoowut. /[ns skempakyuu PaagoHOUd08 UCNONb308ANU KOJIOHOUHYI XpomMamozpaguio Ha
cunurxazene. HoeHMUPUKAUUIO OCYULeCMENSIAU HA OCHOBAHUU OGHHBLX Yabmpaguoniemoagoli
CNeKmMpoCcKonuu, CReKmpocKonuu si0epHo20 MAZHUMHO20 PE30HAHCA U MACC-CReKmpomempuul,
a maroKe pesysibmamog KuciomHoz2o 2uopoausa. OueHKy Kauecmea NpeosioieHHOlU MemoourKu
KONUUEeCMBEeHH020 onpedeseHuUsl CYMMmbl ha8OHOUO08 NPOBOOUNU MmMemOoOom OughgepeHyuaro-
HoU cnekmpogpomomempuu npu 394 Hm 8 nepecueme HA USOPOUPOSNUH.

Pesynomamet. O60cHO8AHBL NOOX00bL K CMAHOAPMU3AYUUU MPA8bL MOHAPOLL 0youamotl, 3aKH0-
yarouuecst 8 onpedesieHUU ee NOOAUHHOCMU nymem 06HAPYIKeHUsL MOHOMEPNEeHO8bLX (heHO108 U
rasoroudos, umerouiux ouazHocmuueckoe sHaueHue. PaspabomaHa mMemoouKa KoauuecmeeH-
HO020 onpedesieHusl CYMmbl h1a8OHOUOO08.

Bbteoodst. HayueHa 803MOXKHOCMb onpedesieHust NOOUHHOCMU mpagbl MOHApObL 0youamotl,
UCx00s U3 OuazHOCMUUECKU 3HAUUMBLX (hIABOHOUO08 — U30POUONUHA U AUHAPUHA.

Knroueevle cnoea: gp1a80HouU0bL, mMoHapoa oyouamas, Monarda fistulosa, uzopougoauH, nu-
HAPUH, cneKmpogdomomepust, MOHKOCOUHASL XPOMAMO2Pagpust, CMaHOAPMU3AYUUSL.

Jna yumuposanus: Kypxun B.A., Ilubuna A.C. HoBble noaxonsl K CTaHAAPTH3ALMK TPaBbl MOHApAbI Aya4yatoil. Toukue
xumuueckue mexnonoeuu. 2020;15(4):30-38. https://doi.org/10.32362/2410-6593-2020-15-4-30-38

INTRODUCTION

Currently, essential oils of medicinal plants that
have a wide range of pharmacological activity are
widely used in medicine owing to the chemical variety
of the biologically active compounds (terpenoids,
aromatic compounds, etc.). Of particular interest are
plants containing monoterpene phenols, for example,
thymol and carvacrol. In this regard, creeping thyme
(Thymus serpyllum L.), common thyme (Thymus
vulgaris L.) and oregano (Origanum vulgare L.),
which belong to the Lamiaceae herb family, are the
most well-known'.

! The State Pharmacopeia of the Russian Federation.
14th edition. Moscow: Ministry of Health of the
Russian Federation; 2018. (In Russ.). Available from:
http://www.femb.ru/femb/pharmacopea.php (Accessed
September 09, 2019).

One of the promising plants for study is the
Monarda fistulosa herb of the Lamiaceae family.
This herb grows in North America [1]. The Monarda
fistulosa herb contains over 3% essential oil, the
components of which (thymol, carvacrol, etc.)
determine the high bactericidal, fungicidal, anti-
inflammatory and anthelmintic activity [1-3].
Interestingly, the dominant component in the essential
oil of the Monarda fistulosa herb is not thymol,
as in the case of creeping and common thyme, but
carvacrol, for which a more pronounced antimicrobial
activity has been shown [4].

To determine the authenticity of the Monarda
fistulosa herb, thin layer chromatography (TLC) using
a standard thymol sample was previously proposed.
In this case, the chromatogram of the analyzed extract
at the level of a standard sample of thymol should
contain an orange spot with an R, coefficient of
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approximately 0.9 [4]. Taking into account the current
trends in pharmacopoeia analysis, which are typically
used to determine the authenticity of anthocyanins
and the quality of medicinal plant raw materials
via two (or more) groups of biologically active
substances?, the study of the flavonoid composition
of the Monarda fistulosa herb seems relevant.

In addition to the essential oil, this plant
also contains other valuable biologically active
compounds, in particular, flavonoids (flavones,
flavonols, flavonones, anthocyanins), which also
contribute to the pharmacological activity [5, 6].
The literature contains information on the content
of the following flavonoids in the Monarda fistulosa
herb: hesperidin, diosmin, quercetin, luteolin, rutin,
naringenin, cynaroside (luteolin-7-O-glucoside),
hyperoside, and catechin [5, 6]; however, these
data are controversial. The controversy also applies
to methodical and methodological approaches for
standardization of the Monarda fistulosa herb. Thus,
for quantitative determination of the total flavonoid
content, differential spectrophotometry at a wavelength
of 390 nm calculated for rutin (0.48 + 0.01%) has been
used [5, 6]. For this technique, the extrication of
substances from the raw material was performed by
triple extraction with 70% ethyl alcohol.

According to the results of previously published
studies, the total flavonoid content in the Monarda
fistulosa herb is 2.14% in terms of luteolin [5, 6]. The
authors used double extraction with 70% ethyl alcohol
in the ratio of “raw materials to extractant” of 1 : 30 as
well as differential spectrophotometry. Additionally,
a method was proposed for the quantitative
determination of flavonoids in the Monarda fistulosa
herb by double (30 min each) extraction of raw materials
(1 : 30) with 50% ethanol (analytical wavelength of
398 nm). The content of flavonoids in terms of luteolin
was in this case 1.57 = 0.02% [5, 6].

Previously, we developed approaches for
standardization of the Monarda fistulosa herb that
involved determining the amount of flavonoids in terms
of cynaroside and the content of essential oil [7-9].
The choice of cynaroside as a standard sample was
because this flavon, according the literature, is present
in the Monarda fistulosa herb, has a pharmacopoeial
status, and is widely used to standardize medicinal
plant raw materials®. Additionally, the maximum in
the absorption spectrum for the aqueous—alcoholic
extract of the Monarda fistulosa herb (394 nm) was
close to the maximum absorption of the cynaroside

solution (approximately 400 nm). However, in further
studies, we did not confirm the presence of cynaroside
in the plant.

Thus, despite the literature data on the
chemical composition of Monarda fistulosa, some
contradictions regarding the flavonoid composition
have been identified. This, in turn, has led to different
approaches for standardization. Ethanol at various
concentrations is used as an extractant; there is no
single standard for the duration of extraction; there
is no consensus on the analytical wavelength or
substance used as a standard. Therefore, new steps
should be taken to develop methodological approaches
for standardization of the Monarda fistulosa herb,
which was the purpose of this study.

MATERIALS AND METHODS

The object of this study was the Monarda fistulosa
herb collected during mass flowering in the Botanical
Garden of Samara University in July 2016-2018 and in
the Nikitsky Botanical Garden (Republic of Crimea)
in July 2018.

The flavonoid compounds, isorhoifolin (1) and
linarin (2) (Fig. 1), were isolated from the Monarda
fistulosa herb on a chromatographic column with
silica gel L 40/100. Separation of the substances was
monitored by TLC analysis on Sorbfil PTLC-AF-A-
UV plates (CHIMMED, Russia). The eluent was
chloroform—ethanol-water (26 : 16 : 3) and n-butanol—
glacial acetic acid—water (4 : 1 : 2) systems. The
extractables were detected by visualizing spots on the
TLC plates in ultraviolet at 366 nm, including detection
with a solution of aluminum chloride and then with an
alkaline solution of diazobenzenesulfonic acid (DSA).

Nuclear magnetic resonance (NMR) spectra
were recorded as follows: 'H-spectra on a Bruker
AM 300 (Bruker, Germany) at a frequency 300 MHz;
BC-spectra on a Bruker DRX 500 (Bruker, Germany)
at a frequency 126.76 MHz were recorded on a Kratos
MS-30 (Kratos, United Kingdom), and absorption
spectra in the ultraviolet (UV) region on a Specord 40
(Analytik Jena, Germany).

Isorhoifolin (7-O-apigenin rutinoside) (1). This
crystalline substance is a light-yellow color with a
composition of C,H, O ; m.p. 257-260°C (water
alcohol). & EtOH 270, 340 nm; + NaOAc 270, 340 nm;
+NaOAc + H,BO, 270, 405 nm; + AICI, 278, 308, 345,
384 nm; + AICIL, + HCI 278, 308, 345, 384 nm; +
NaOMe 254, 269, 400 nm.

2 The State Pharmacopeia of the Russian Federation. 14th edition. Ministry of Health of the Russian Federation. Moscow; 2018. (In
Russ.). Available from: http://www.femb.ru/femb/pharmacopea.php (Accessed September 09, 2019).
3 The State Pharmacopeia of the Russian Federation. 14th edition. Moscow: Ministry of Health of the Russian Federation; 2018. (In
Russ.). Available from: http://www.femb.ru/femb/pharmacopea.php (Accessed September 09, 2019).
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Fig. 1. Flavonoids isolated from Monarda fistulosa herb: R = H: isorhoifolin; R = CH,: linarin.

'H-NMR spectrum (300 MHz, DMSO-d,, 3, ppm,
J/Hz): 1.07 (3H, d, J = 6, CH, rthamnose), 3.0-5.2 (10H
routines), 4.56 (1H, br. s, H-1""’ rthamnopyranose), 5.07
(1H, d, J =7, H-1" glucopyranose), 6.46 (1H, d, J = 2,
H-6), 6.77 (1H, d, J = 2, H-8), 6.87 (1H, s, H-3), 6.93
(2H, d, J = 8.5, H-3" and H-5"), 7.94 (2H, d, ] = 8.5,
H-2" and H-6"), 12.95 (1H, s, 5-OH group).

PC-NMR spectrum (126.76 MHz, DMSO-d,, &,
ppm): C-2 (162.87), C-3 (103.11), C-4 (181.97), C-5
(161.17), C-6 (99.54), C-7 (164.37), C-8 (94.79), C-9
(156.92), C-10 (105.38), C-1” (121.03), C-2’ and C-6’
(128.62), C-3’ and C-5’ (116.06), C-4’ (161.32), C-1”
glucose (99.91), C-2” (72.06), C-3” (75.62), C-4”
(70.74), C-5” (76.27), C-6” (66.05), C-1""’ rhamnose
(100.52), C-2"7 (70.32), C-3" (69.57), C-4"" (73.08),
C-5"7(68.31), C-6" (CH, rhamnose) (17.79).

Mass spectrum (ESI-MS, 180°C, m/z): m/z
579.1739 [M+H]", m/z 601.1554 [M+Na]", m/z
617.1285 [M+K]".

Linarin (7-O-rutinoside acacetin) (2). This
crystalline substance is a white color with a composition
of C,;H,,0,,; m.p. 260°C (dec.) (water alcohol). A
EtOH 272, 330 nm; + NaOAc 272, 330 nm; + NaOAc
+ H,BO, 272, 330 nm; + AICI, 280, 384 nm; + AICI,
+ HC1 280, 384 nm; + NaOMe 287, 372 nm.

'H-NMR  spectrum (300 MHz, DMSO-d, 3,
ppm, J/Hz): 1.07 (3H, d, J = 6, CH, rhamnose), 3.0—
5.3 (10H routines), 3.83 (s, 3H, CH,0), 4.54 (1H, br.
s, H-1"" rhamnopyranose), 5.07 (1H, d, J = 7, H-1”
glucopyranose), 6.45 (1H, d, J = 2, H-6), 6.78 (1H, d,
J=2,H-8),6.92 (1H, s, H-3), 7.14 (2H, d, ] = 8.5, H-3’
and H-5"), 8.04 (2H, d, J = 8.5, H-2’ and H-6"), 12.90
(1H, s, 5-OH group).

PC-NMR spectrum (126.76 MHz, DMSO-d,, &,
ppm): C-2 (163.94), C-3 (103.80), C-4 (182.01), C-5
(161.13), C-6 (99.65), C-7 (165.11), C-8 (96.45), C-9
(156.96), C-10 (105.45), C-1" (122.66), C-2’ and C-6’
(128.44), C-3’ and C-5’ (114.70), C-4’ (162.42), C-1”
glucose (99.94), C-2 (73.06), C-3” (75.66), C-4”
(70.34), C-5” (76.24), C-6” (68.31), C-1""” rhamnose
(100.51), C-2" (70.74), C-3" (70.25), C-4’ (72.05), C-5*”
(69.60), C-6" (CH, rhamnose) (17.79), CH,O (55.55).

Mass spectrum (ESI-MS, 180°C, m/z): m/z
593.1888 [M+H]*, m/z 615.1710 [M+Na]".

Method for the quantitative determination of
the total flavonoids in the Monarda fistulosa herb.
The raw material was crushed so that its particles
passed through a sieve with holes 1 mm in diameter.
An accurate weighed sample of the ground material
(approximately 1 g) was placed in a 100 mL flask, and
50 mL of 60% ethyl alcohol was added. The flask was
closed with a stopper and weighed on a balance that is
accurate to 0.01 g. The flask was attached to a reflux
condenser and heated in a boiling water bath for 60 min.
After boiling, the flask was cooled for 30 min, closed with
the same stopper and weighed again, and the extractant
was added to its original weight. The resulting aqueous—
alcoholic extract was filtered through a paper filter (red,
grade 589/5).

Preparation of the test solution. The resulting
extract (1 mL) was poured into a 50-mL volumetric flask,
and 2 mL of'a 3% alcohol solution of aluminum chloride
was added; then, the solution volume was adjusted to the
mark with 96% ethyl alcohol (test solution). The optical
density of the test solution was determined 40 min after
preparation using a spectrophotometer at a wavelength
of 394 nm (to calculate the content of flavonoids). The
comparison solution was a solution containing 1 mL of
an aqueous—alcoholic extract (1 : 50) with 96% ethyl
alcohol, which was adjusted to the mark in a 50-mL
flask.

Preparation of the isolated substance solution.
An exact weighed portion (approximately 0.02 g) of
isorhoifolin was placed in a 50-mL flask and dissolved
in 30 mL of 70% ethanol while heating. After cooling
to room temperature, the volume of the solution was
adjusted to the mark with 70% ethanol (isorhoifolin
solution A). Then, 1 mL of isorhoifolin solution A
was placed in a 25-mL volumetric flask, 2 mL of a
3% alcohol solution of aluminum chloride was added,
and the solution volume was adjusted to the mark
with 96% ethyl alcohol (isorhoifolin solution B). The
optical density of solution B was determined using a
spectrophotometer at a wavelength of 394 nm. The
comparison solution was a solution containing 1 mL
of isorhoifolin solution A and 96% ethanol, which was
adjusted to the mark in a 25-mL flask (comparison
solution B of isorhoifolin).
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The content of flavonoids in percent (X) in terms
of isorhoifolin and absolute dry raw materials was
calculated by the formula:

_ Dxmyx50x50x1x50x100x100
D, xmx50x1x25x(100-W)

X

where

D — optical density of the test solution;

D, — optical density of an isorhoifolin standard
sample solution;

m — mass of raw materials, g;

m, — the mass of the isorhoifolin standard sample, g;

W — mass loss on drying, %.

In the absence of a standard sample of isorhoifolin
in the formula for the calculation, it is advisable to
use the theoretical value of the specific absorption

index equal to 195:

_ Dx350x50x100
mx195x(100—-W)

where

D — optical density of the test solution;

m —mass of raw materials, g;

195 — specific absorbance (E, ) of isorhoifolin at
394 nm;

W —mass loss on drying, %.

RESULTS AND DISCUSSION

Using column chromatography on silica gel L 40/100,
flavonoids 1 and 2, identified as isorhoifolin
(apigenin 7-O-rutinoside) [10] and linarin (acacetin
7-O-rutinoside) [11-13], were first isolated from the
Monarda fistulosa herb. Identification was based on
data from UV spectra, '"H-NMR and *C-NMR spectra,
mass spectra, and acid hydrolysis.

Because the isolated substances are the dominant
flavonoids in this plant, we studied the possibility of
determining the authenticity of the Monarda fistulosa
herb by the presence of not only thymol and carvacrol
but also the diagnostically significant flavonoids,
isorhoifolin (1) and linarin (2). Moreover, in our
opinion, it is advisable to carry out TLC analysis using
not only thymol [5] but also a standard sample of rutin,
which is most widely used in the pharmacopoeial
analysis of medicinal plant raw materials®.

*The State Pharmacopeia of the Russian Federation.
14th edition. Moscow: Ministry of Health of the Russian
Federation; 2018. (In Russ.). Available from: http://www.
femb.ru/femb/pharmacopea.php (Accessed September 09,
2019).

TLC analysis of an aqueous—alcoholic extract
obtained using 60% ethanol showed thattwo flavonoids
close to the chromatographic mobility, isorhoifolin
(1) and linarin (2), were found in the chromatogram
of the test solution at 366 nm. The values of R
relative to rutin for them are approximately 1.15 and
1.30, respectively (Figs. 2 and 3). Upon subsequent
development with an alkaline DSA solution (Fig. 4),
an orange-red spot (thymol + carvacrol) was found
on the chromatogram at the level of the thymol spot.

To develop a method for the quantitative
determination of the flavonoids in the Monarda
fistulosa herb, we studied the absorption spectra of an
aqueous—alcoholic extract and solutions of the selected
substances, isorhoifolin and linarin. We found that the
isolated flavonoids, and in particular isorhoifolin (Figs. 5
and 6), largely determine the nature of the absorption
curve of the water—alcohol extract, especially under
differential UV spectroscopy (Figs. 7 and 8). In the
spectrum, a bathochromic shift of the long-wavelength

366 nm

Fig. 2. Chromatogram of the water-alcohol extract from
Monarda fistulosa in the chloroform—ethanol-water
(26 : 16 : 3) system. Detection at 366 nm. Designations:
1 — extract from Monarda fistulosa; 2 — isorhoifolin;

3 — linarin; 4 — rutin; 5 — thymol.

366 nm AlCI3

Fig. 3. Chromatogram of the water-alcohol extract
from Monarda fistulosa in the chloroform—ethanol-water
(26 : 16 : 3) system. Detection at 366 nm after treatment with
AICI, alcohol solution. Designations: 1 — extract from
Monarda fistulosa; 2 — isorhoifolin; 3 — linarin; 4 — rutin;
5 — thymol.
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absorption band of flavonoids was observed (Fig. 7)
as in the case of isorhoifolin (Fig. 5). A study of
the absorption spectra of isorhoifolin and the test
solutionshowed that in both cases in the presence of
aluminum chloride (differential spectrophotometry)
there is an absorption maximum at 394 nm (Figs. 6
and 8).

Taking into account the fact that the absorption
maxima of the solution of the isolated flavonoid and
water—alcohol extract from the Monarda fistulosa
herb are in the region of 394 nm (differential
version), it was advisable to determine the flavonoid
amount in terms of isorhoifolin at 394 nm. During
the development of a method for quantitative
determination of the flavonoid amount, we used

Diazobenzensulfonic acid

Fig. 4. Chromatogram of the water-alcohol extract from
Monarda fistulosa in the chloroform—ethanol-water
(26 : 16 : 3) system. Detection in visible light after treatment
with the alkaline solution of diazobenzenesulfonic acid.
Designations: 1 — extract from Monarda fistulosa;
2 —isorhoifolin; 3 — linarin; 4 — rutin; 5 — thymol.

2.5
2.0

1.5

0.5

200 250 300 350 400 450 nm

Fig. 5. Absorption spectra of isorhoifolin alcohol
solutions. Designations: 1 — initial solution;
2 — solution with added aluminum chloride.

1.75
1.5
1.25
1.0
0.75

0.5

0.25 r‘\ [\/\

200 250 300 350 400 450 1Nm

Fig. 6. Differential absorption spectrum
of the isorhoifolin solution.

25

2.0

1.5

1.0

0.5

200 250 300 350 400 450 nm

Fig. 7. Absorption spectra of water—alcohol extracts from
Monarda fistulosa. Designations: 1 — extract solution;
2 — extract solution with added aluminum chloride.

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
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200 250 300 350 400 450 nm

Fig. 8. Differential absorption spectrum
of the water-alcohol extract from Monarda fistulosa.
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previously determined optimal parameters for the
extraction of flavonoids from the Monarda fistulosa
herb: extractant — 60% ethyl alcohol; ratio of raw
materials : extractant = 1 : 50; extraction time — 60 min;
the extraction was carried out in a boiling water bath
[7]. The metrological characteristics of the method
for quantitative determination of the total flavonoid
content in the Monarda fistulosa herb are presented
in Table 1.

The results of statistical processing of the results
indicated that the error for single determination of
the flavonoid amount in the Monarda fistulosa herb
with a confidence probability of 95% was = 4.65%.
Additionally, the content of flavonoids in the
Monarda fistulosa herb varied from 5.96 + 0.08% to
7.68 £0.12% (Table 2).

Validation of the developed methodology was
performed according to the indicators of specificity,
linearity, correctness, and reproducibility. The
specificity of the technique was confirmed by the
correspondence of the absorption maxima of the
Monarda fistulosa herb flavonoid complex and
isorhoifolin with the aluminum chloride solution. The
linearity of the method was determined for a series of

solutions of isorhoifolin in the concentration range of
0.01272t00.03816 mg/mL. The correlation coefficient
was 0.99974. The correctness of the methodology
was established by the method of standard addition
via injection of isorhoifolin solutions with known
concentrations of 25%, 50%, and 75% to the test
solution. The average recovery percentage was 98%.

CONCLUSIONS

The feasibility of determining the authenticity
of the Monarda fistulosa herb using thin-layer
chromatography by  detecting = monoterpene
phenols (thymol and carvacrol) and the flavonoids
of 1isorhoifolin and linarin, the dominant and
diagnostically significant components of the
plant, was confirmed. To assess the quality of the
Monarda fistulosa herb, a method for the quantitative
determination of the flavonoid contents using
differential spectrophotometry at 394 nm in terms of
isorhoifolin was proposed.

The authors declare no conflicts of interest.

Table 1. Metrological parameters of the quantitation technique for the total flavonoids

in Monarda fistulosa
f X S, P, % t(Bf) +X E, %
(number (standard (confidence (Student (credible (relative
of degrees (sample deviate) figure) t-test) interval) error single
of freedom) average) determination)
10 6.51 0.1332 95 2.23 +0.11 +4.65
Table 2. Content of the total flavonoids in the Monarda fistulosa samples
No Samole origin Total flavonoid content in an absolutely dry
’ P g sample in isorhoifolin equivalent, %
1 Samara University Botanical Garden (July 2016) 5.97+£0.08
2 Samara University Botanical Garden (July 2017) 7.68 £0.12
3 Samara University Botanical Garden (July 2018) 6.61 £0.10
4 Nikitsky Botanical Garden, Crimea (July 2018) 596 +0.10
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