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= Significance. Black Walnut (Juglans nigra L.) is a species of trees of the Walnut family (Juglandaceae). This plant
of the genus Walnut (Juglans L.) has not been sufficiently studied unlike other species e.g. Juglans regia L. This me-
dicinal plant raw material is quite perspective, its preparations have antimicrobial, general tonic effect. We can use
its leaves, unripe fruit, and the bark. However they are not widely used in medicine. In order to introduce the plants
of the Walnut genus to the State Pharmacopoeia of the Russian Federation (RF State Pharmacopoeia), it is necessary
to conduct of pharmacognostic studies, to develop product specification file to confirm the identification and qua-
lity of medicinal plant raw materials. The aim of this study is to develop a method of quantitative determination of
flavonoids in the bark of the black walnut (Juglans nigra L.). Materials and methods. Material of the study was black
walnut bark, stocked during the sap flow period (April) in 2018. The bark was skived up to 15 cm long and 2-3 cm
wide. The bark was air-dried with the protection from direct sun light. The end of the drying was checked by the
brittleness of the bark. Results. The methods of the quantitative determination of flavonoids in walnut bark has been
developed. We used the differential spectrophotometry taking into consideration state standard sample of rutin at
the analytical wavelength of 416 nm. The error of a single determination with a confidence level of 95% is +1.20%.
Conclusion. We used the developed technique and analyzed a number of samples of black walnut bark. The content
of total flavonoids in the plant raw material is 5.13 + 0.02% (as calculated on rutin). The flavonoid content should
be at least 4.0%.

= Keywords: black walnut (Juglans nigra L.); barks; flavonoids; rutin; spectrophotometry; standardization.
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«CaMapcKmil TOCyAapCTBEHHBIN MEIVIIVHCKII YHUBEPCUTeT» MMHNCTEPCTBA 34paBOOXpaHEeHNA
Poccuiickoit @epepannn, Camapa

Ons umtupoBaHus: 3umeHkuHa H.W., Kypkux B.A. Pa3paboTka noAxof0B K CTaHAapTM3aLmMu KOpbl 0pexa 4epHoro // ACNUpaHTCKuMin
BeCTHMK Mosomkba. — 2020. — Ne 1-2. — C. 131-136. https://doi.org/10.17816/2072-2354.2020.20.1.131-136

Moctynuna: 24.01.2020 Opo6peHa: 28.02.2020 MpunsTa: 16.03.2020

= Axmyanvrocmo. Opex depHsiii (Juglans nigra L.) — Bup nepesbes cemericTBa OpexoBbix (Juglandaceae). [lanusblit
mpencTaBurens poga Opex (Juglans L.) HeOCTaTOYHO U3YYeH IO CPABHEHMIO C APYTUMU BUFAMI, B TOM YIC/IE OPEXOM
TpeUKNM, OOHAKO ABIAETCA IEPCIIEKTUBHBIM BUOM JIEKAPCTBEHHOI'O PaCTUTEIBHOTO ChIpbA, IIpe€rapaTbl KOTOPOTo
OKa3bIBAIOT IPOTUBOMMKPOOHOE, 0bLIeyKpenisioliee feiicTBIe. B KaueCcTBe ChIPbeBOrO MCTOYHMKA NIPECTABIISAIOT
MHTepec JIUCThs, He3pesible IIOAbI ¥ Kopa Bu#oB pofa Opex, KOTopble II0Ka He HallIY IIMPOKOTO IIPMMEHEHM B Ha-
yunoit meguiute. C 1enbio BBefeHus npepcrasutereit poga Opex B focymapcrBeHnyio dapmakomneo Poccniickoit
Depeparun He06XORMMO IPOBeieHNe (papMaKOTHOCTUYECKUX UCCTIeROBAHNIT C TOCIERYIOLell pa3paboTKoil HopMa-
TUBHOJ JOKyMEHTAlUV, IOATBEP K/AIOIEN MOJIMHHOCTD M Ka9eCTBO KaK JIEKAPCTBEHHOTO PACTUTENBHOIO CBIPbA,
TaK ¥ JIEKAPCTBEHHBIX (UTOIpenapaToB Ha ux ocHose. Ifenv uccnedosanus — pa3paboTka METONVKI KOTIMIECTBEH-
HOTO OIIpefieieHNsI CyMMBI (IaBOHONMOB B KOpe opexa uepHoro (Juglans nigra L.). Mamepuanvt u memodvt. Mate-
PMAIOM MCCIIeIOBAHNUA CIY>KIMIA KOpa OpeXxa YepHOro, 3arOTOBJICHHAA B IePHOJ, COKOABIDKeHUA (anpensb) B 2018 .
Kopa 6p11a paspesaHa Ha MOMTOCKM AIMHON [0 15 cM u mmpuHoit 2-3 cM. Cymika KOpsI IIPOBOANIACH €CTECTBEHHBIM
Cr1oco6oM 1of HaBecoM 6e3 ZOCTYIIA IPSIMBIX COTHEYHbIX Tydert. OKOHYaHMe CYLIKY IPOBEPSIIN [0 IOMKOCTH KOPBL.
Pesynvmamui. B pesynbraTe IpoBeeHHOTO MCCIER0BaHNsI pa3paboTaHa METOAYKA KOTMYECTBEHHOTO OIIPe/e/IeHIs
CyMMbI (p1aBOHOM/IOB B KOPe OpeXxa YepHOro MeTOfoM Ay depeHInaabHOI CIEKTPO(GOTOMETPUN C UCIIOIb30BAHNEM
rOCYJapCTBEHHOrO CTaHAAPTHOro 06pasLa PyTHHA IIPY aHATUTIIECKOI [yInHe BOMHbI 416 HM. Oumbxa euHIIHOrO
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oIlpefie/ieHNs C JOBEPUTENbHON BEPOATHOCTDIO 95 % cocTapsaeT +1,20 %. 3axntouenue. C UCIIONb3OBAHMEM Pas3-
pabOTaHHOI METORUKY IPOAHANMU3UPOBAH Psif 06pasiioB KOPhI opexa yepHoro. ComepskaHue CyMMbl (/IaBOHONUOB
B CbIpbe cocTaBysAeT 5,13 + 0,02 % (B mepecyere Ha pyTHH). DTO MO3BO/AET PeKOMEH[OBATh B KaueCTBe HIDKHETO
Ipefierna Cofiep>KaHme CyMMbl IaBOHOU/OB He MeHee 4,0 %.

= KnroueBble cmoBa: opex 4epHblit (Juglans nigra L.); Kopa; ¢prnaBOHOMADI; PyTHH; CIIeKTPOGOTOMETPHs; CTaHAAp-

TU3anus.

Introduction

Black walnut (Juglans nigra L.), a plant object,
is a representative of the walnut (Juglans L.) genus
of the Juglandaceae family. The walnut genus is
known to include more than 20 species of woody
plants growing in warm temperate regions of
Eurasia and North America [2, 6].

The presence of various naphthoquinones in
the black walnut’s aerial part that has antibacte-
rial activity (juglone, hydrojuglone, and hydro-
juglone glucoside) is what is interesting about the
nut. In addition, the plant also contributes to the
pharmacological action because it contains valu-
able biologically active compounds (BAC), such
as lipid substances, nitrogenous substances, car-
bohydrates, organic acids, flavonoids, and other
phenolic compounds [1, 3, 8].

It is believed that flavonoids also contribute to
the main antimicrobial effect together with naph-
thoquinones. The raw material reassigned for the
production of aqueous, ethanolic, aqueous-etha-
nolic extracts, and extracts, active substances of
a hydrophilic nature including the flavonoids of
this plant, is necessary to consider and should be
determined [7].

Earlier, a comparative phytochemical study on
the genus walnut’s types of medicinal plant raw
material (MPRM) was conducted. The study sam-
ples’ electronic spectra show an absorption maxi-
mum at a wavelength of 270 nm, indicating the
contribution of flavonoids to the ultraviolet (UV)
spectra absorption curve. The comparative study
of the aqueous-ethanolic extracts electronic spec-
tra on various types of raw materials of genus
walnut representatives revealed that using black
walnut bark (Juglans nigra L.) as a target MPRM
is advisable.

A literature review has shown that in terms of
juglone, standardizing black walnut leaves is pos-
sible by determining the amount of naphthoqui-
nones using photocolorimetry [4, 5]. The extrac-
tion was obtained by double extraction method
with 20% ethyl alcohol, followed by evaporation
and triple extraction with diethyl ether [4, 5].
In terms of juglone, the content of naphthoqui-
nones in black walnut leaves was determined to
reach 0.24% + 0.01% [4, 5]. Research continu-
ation in this field is urgent because of the suf-
ficient laboriousness of sample preparation, the

complexity of the analysis for naphthoquinones
as the target group of BAC, and the lack of litera-
ture data on black walnut bark (Juglans nigra L.)
standardization.

Materials and methods

Black walnut bark, harvested during the sap
flow period (April 2018 and 2019) in the botanical
garden of Samara State University, was used as
a material for this study. The bark was cut into
strips of up to 15 cm long and 2-3 cm wide. It
was naturally dried under shelter without access
to direct sunlight. The end of drying was checked
by bark brittleness.

Study results and discussion

The UV spectra of aqueous-ethanolic extracts
solutions from black walnut bark shown in Figs. 1
and 2 were studied to develop a method for quan-
titative determination of the amount of flavonoid.
A bathochromic shift of the flavonoids’ long wave-
length band was registered in the UV spectrum
of the aqueous-ethanolic extract of black walnut
shown in Fig. 1, which is the same as in the case
of rutin shown in Fig. 3. UV spectra of the state
standard reference sample (SSRS) of rutin showed
that in the presence of aluminum chloride, a so-
lution of this standard has an absorption maxi-
mum at a wavelength of 412 nm (Fig. 3). However,
UV spectrum of aqueous-ethanolic extract from
the black walnut bark in the differential version,
which is presented in Fig. 4, shows an absorption
maximum at a wavelength of 416 nm, which prac-
tically corresponded with the maximum of rutin’s
ethanolic solution.

To develop a method for quantitative deter-
mination of the amount of flavonoids, optimal
conditions in extracting flavonoids from black
walnut bark was determined. The extractant was
80% ethyl alcohol, had a 1:30 ratio of raw mate-
rial to extractant, an extraction time of 60 min
in a boiling water bath, and a 2-mm degree of
grinding of raw materials (Table 1).

Method of quantitative determination of the
amount of flavonoids in black walnut bark. Raw
materials were grounded to particle size capable
of passing through a sieve with holes of 2 mm in
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Fig. 1. Electronic spectra of solutions of water-ethano-
lic extraction from Juglans nigra bark: 1 — solution of
extraction; 2 — solution of extraction with the addition
of aluminum chloride

Puc. 1. OneKTpOHHBIE CIIEKTPBI paCTBOPOB BOZHO-CIINP-
TOBOTO M3BJIEYEHNA 13 KOPbI opeXxa yepHoro: I — pac-
TBOp U3BJIeUeHNs; 2 — PAaCTBOP U3B/IeYeHNs C JoOaBIe-
HIeM aTIOMUHNA XJI0pUfa
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Fig. 2. Electronic spectra of solutions of water-ethanolic
extraction from Juglans nigra bark: I — solution of ex-
traction with the addition of aluminum chloride; 2 — so-
lution of rutin with the addition of aluminum chloride

Puc. 2. DnekTpoHHbIE CIIEKTPBI paCTBOPOB BOJHO-CIIMP-
TOBOTO U3BJIEYEHNA 13 KOPbl OpeXxa 4epHoro: I — pac-
TBOP U3BJIEUEHNUs C [OOABIeHUEM aTIOMUHIS XIOPU/A;
2 — pacTBOp pyTHHA C foOaBIeHNEM ATIOMIHIS XTTOPUAA

Absorbance, Abs / OnTuyeckas naoTHOCTb, abe.
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Fig. 3. Electronic spectra of ethanolic solutions of rutin:
1 — initial solution; 2 — solution with the addition of
aluminum chloride

Puc. 3. OneKTpOHHBIE CHEKTPBl CIMPTOBBIX PAacCTBOPOB
pyTuHa: 1 — MCXONHBIN PacTBOp; 2 — pacTBOP C JO-
OaB/IeHMeM aJIIOMVHUA XIOPUJA

diameter. Ground raw material of about 1 g (accu-
rately weighed) is placed in a flask with a thin sec-
tion, which had a capacity of 100 mL, and 30 mL
of 80% ethyl alcohol is added. The flask is closed
with a stopper and is weighed on a tared balance
to a precision of +0.01. It is then connected to
a reflux condenser and is heated for 60 min in
a boiling water bath (moderate boiling). It is then
cooled for 30 min, closed with the same stopper,

200 250 300 350 400 450
Wavelength, nm / InuHa BOMHbI, HM

Fig. 4. Electronic spectra of solutions of water-ethanolic
extraction from Juglans nigra bark (differential type)

Puc. 4. D71eKTPOHHBIN CIIEKTP PacTBOpa BOFHO-CHNMPTO-
BOTO M3BJIeYeHMA U3 KOPBI opexa yepHoro (auddepen-
I[VaJIbHBI/l BapUAHT)

and then weighed again; the missing extractant is
replenished to the original weight. A filter paper
(red line) is used to filter the extract. The test so-
lution is prepared by placing 1 mL of the result-
ing extract in a 50 mL volumetric flask; 2 mL of
aluminum chloride with a 3% alcohol solution is
added; and the solution volume is diluted to the
mark with 96% ethyl alcohol (test solution A).
A spectrophotometer was used to measure the
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@le 1/ Tabnnya 1

Dependence of the recovery rate of total flavonoids from the Juglans nigra bark
3aBucuMmMocTb NONHOTHI U3BNEYEHUA CYMMbI (PNAaBOHOMA0B U3 KOPbl OPEXa YepHOro

ﬂ

materials, %
Experiment I
1 | 40% ethyl alcohol 1:30 60 2 4.48 £0.02
2 | 50% ethyl alcohol 1:30 60 2 4.59 +0.01
3 | 60% ethyl alcohol 1:30 60 2 4.69 £ 0.02
4 | 70% ethyl alcohol 1:30 60 2 4.78 £0.02
5 | 80% ethyl alcohol 1:30 60 2 494 +0.03
6 | 90% ethyl alcohol 1:30 60 2 4.71 £ 0.01
7 | 96% ethyl alcohol 1:30 60 2 3.92+0.01
Experiment II
8 | 80% ethyl alcohol 1:30 30 2 4.79 £ 0.03
9 | 80% ethyl alcohol 1:30 45 2 4.88 +0.03
10 | 80% ethyl alcohol 1:30 60 2 5.10 + 0.02
11 | 80% ethyl alcohol 1:30 90 2 5.03 +0.02
12 | 80% ethyl alcohol 1:30 120 2 4.76 £ 0.03
Experiment III
13 | 80% ethyl alcohol 1:20 60 2 4.7 £ 0.01
14 | 80% ethyl alcohol 1:30 60 2 5.10 £ 0.03
15 | 80% ethyl alcohol 1:50 60 2 5.08 +0.02
Experiment IV
16 | 80% ethyl alcohol 1:30 60 1 4.80 + 0.02
17 | 80% ethyl alcohol 1:30 60 2 5.13 +0.02
18 | 80% ethyl alcohol 1:30 60 3 4.55+0.01

optical density of the test solution at a wavelength
of 416 nm, 40 min after preparation. The refe-
rence solution is prepared by placing 1 mL of the
extract (1:30) in a volumetric flask with a capacity
of 50 mL and is diluted to the mark with 96%
ethyl alcohol.

N o te: Preparation of a rutin standard sample
solution. About 0.02 g (accurately weighed) of
rutin is placed in a 50-mL volumetric flask, dis-
solved in 20 ml of 70% ethyl alcohol when heat-
ed in a water bath. The volume of the solution is
diluted to the mark with 70% ethyl alcohol after
cooling to room temperature (rutin solution A).
A 25 mL volumetric flask was used to place 2 mL
of the rutin solution A and 2 ml of 3% ethanolic
solution of aluminum chloride was added. The
volume of the solution is diluted to the mark
with 96% ethyl alcohol (rutin test solution B).

The optical density of the solution B is measured
at a wavelength of 416 nm using a spectropho-
tometer. The reference solution is prepared as fol-
lows: 2 mL of rutin solution A is placed in a 25-ml
volumetric flask and the volume of the solution is
diluted to the mark with 96% ethyl alcohol (rutin
reference solution B).

The content of the amount of flavonoids in
terms of rutin and absolutely dry raw materials
in percentage (x) is calculated by the following
equation:

D-m,-30-50-2-100 - 100

X = 5
D,-m-50-25-(100 — W)

where D is the test solution’s optical density; D, is
the SSRS rutin solution’s optical density; m is the
weight of raw materials, g; m, is the weight of the
rutin SSRS, g;and W is the weight loss on drying, %.
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Iab/e 2/ Tabnmya 2

Metrological characteristics of the method of quantitative determination of total flavonoids in the Juglans nigra bark
MeTponoruyeckue XxapakTepucTUKM METOAUKN KONIMYECTBEHHOrO ONpefiesieHns cyMmbl hlaBOHOMAOB B KOPE Opexa YepHoro

n f X, % s? S

Sz P,% | TP AX AX E, %

11 10 513 0.00044 0.02102

0.006338 95% 2.23 0.05 0.02 1.20

Iab/e 3/ Tabnmya 3
Content of the flavonoids in the Juglans nigra bark

ConepxaHue cyMmbl (hNaBoHOM/0B B 06pasiuax Kopbl OpEXa YEpHOro

Content of the amount of flavonoids

Sa';l'ijple Characteristics of the raw material sample in absolutely dry raw material (%) in terms
- of rutin
1 Botanical Garden of Samara University (March 2018) 5.13 £ 0.02
2 Botanical Garden of Samara University (March 2019) 4.68 + 0.04

It is advisable to use the calculated value of the
specific absorption index at 416 nm in the absence
of a standard sample of rutin, namely 238,

_ D -30-50-100
m - 238 - (100 - W)’

where D is the test solution’s optical density; m is
the weight of raw materials, g; m, is the weight
of rutin SSRS, g; 238 is specific absorption index
(E;” ) of rutin SSRS at 416 nm; and W is the
weight loss on drying, %.

The method’s metrological characteristics
for quantitative determination of the amount of
flavonoids in black walnut bark are presented
in Table 2. The results of statistical processing
of the experiments performed indicate that the
error of a single determination of the amount of
flavonoids in black walnut bark is £1.20% with
a confidence probability of 95% (Table 2).

Validation assessment of the method deve-
loped was performed according to specificity,
linearity, correctness, and reproducibility. Method
specificity was determined by the correspondence
of the flavonoid complex’s absorption maxima
of black walnut bark and rutin with aluminum
chloride. A series of rutin solutions were analyzed
to determine method linearity (with concentra-
tions ranging from 0.00520 to 0.02080 mg/mL).
The correlation coefficient was 0.99996.

The addition method was used to determine
method accuracy, which is by adding a rutin
solution with a known concentration (25%, 50%,
and 75%) to the test solution. Average reduction
rate was 98%.

Using the methodology developed, a number
of samples of the wild bergamot herb was ana-
lyzed (Table 3), and it was determined that the
total content of flavonoids varies from 3.92% to
4.28%. Based on the data obtained, we have rec-
ommended the lower limit of the content of the

amount of flavonoids for the raw material of this
plant of not less than 4.0%.

Thus, study results indicate that in terms of
rutin, standardizing the black walnut bark is advi-
sable by determining the amount of flavonoids
using spectrophotometry at an analytical wave-
length of 416 nm.

Conclusions

1. Differential spectrophotometry using rutin
SSRS at an analytical wavelength of 416 nm
was used to develop a method for the quantita-
tive determination of the amount of flavonoids
in the black walnut bark.

2. The content of the amount of flavonoids for
the black walnut bark varies from 4.68% to
5.13%. With a confidence level of 95%, the er-
ror of a single determination is 1.20%.

3. The study results enable to recommend the
content lower limit of not less than 4.0% of
the amount of flavonoids for the bark of black
walnut.

The authors declare no conflict of interest.
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