UKkrainian Scientific Medical Youth Journal ISSN 1996-353X
Issue 2 (131), 2022 ISSN 2311-6951
Creative Commons «Attribution» 4.0

UDC: 615.322.011:634.74:631.531
https://doi.org/10.32345/USMYJ.2(131).2022.78-84

Received: February 02, 2022
Accepted: May 02, 2022

The study of biological active compounds of lipophilic fraction of
Schisandra chinensis (Turcz.) Baill seeds

Melnyk Inna', Kovalska Nadiya', Karpiuk Uliana', Skripchenko Nadiya’

"Bogomolets National Medical University, Kyiv. Ukraine
’Hryshko Kyiv National Botanical Garden NAS of Ukraine, Kyiv. Ukraine

Address for correspondence:
Melnyk Inna

E-mail: innamelnyk1999@jicloud.com

Abstract: Schisandra chinensis (Turcz.) Baill - Chinese magnolia - a well-known fruit plant in
traditional Chinese and Korean medicine. The fruits and seeds of S. chinensis are rich in biologically
active substances. According to the literature (Irfan M. etc, 2020; Liu G-Z. etc, 2020; Sun W. etc,
2021; Zhao T. etc., 2021; Bodrevich B.B. etc, 2017) the following therapeutic effects of S. chinensis
fruits and seeds can be called: immunomodulatory, tonic, adaptogenic, anti-inflammatory, hepato-
protective, nephroprotective, tonic. The study of the S. chinensis raw materials continues in the future,
to reveal a wider range of therapeutic actions. The study of S. chinensis seeds is quite relevant to
expand the range of standardized medicinal raw materials, which is not included in the monographs
of the State Pharmacopoeia of Ukraine. The main purpose of this study is to obtain the lipophilic
fraction of S. chinensis seeds and to study the composition of different groups of lipophilic substances
in the resulting fraction. The main method of obtaining the lipophilic fraction of S. chinensis seeds is
a comprehensive extraction in the Soxhlet apparatus. The chemical reaction was used to determine
the presence of tocopherols. The presence of the main groups of biologically active substances in the
lipophilic fraction of S. chinensis seeds was established by the method of two-dimensional thin-layer
chromatography. The study of fatty acid composition was performed by gas chromatography/mass
spectrometry (Su L. etc, 2020). The yield of lipophilic fraction of S. chinensis seeds was 35.79+0.7%.
The obtained lipophilic fraction of S. chinensis seeds is an oily liquid of deep yellow color with a
characteristic specific odor. The presence of tocopherols was established. Thin layer chromatogra-
phy in the solvent system: I direction - hexane-acetone (8: 2), Il direction - hexane-acetone (8: 4),
development reagent - Stahl reagent, identified at least 14 compounds of terpene nature. As a result
of studies of fatty acids by gas chromatography/mass spectrometry, the quantitative content of 6 fatty
acids was identified and established: palmitic, linoleic, oleic, stearic, gondoic and nonadecanoic. The
quantitative content of unsaturated fatty acids significantly exceeded the quantitative content of satu-
rated fatty acids. The results of the study give grounds to draw the following conclusions: the studies
confirm the rich composition of the lipophilic fraction of S. chinensis seeds: tocopherols, 14 terpenes,
6 fatty acids, of which saturated fatty acids (palmitic, stearic, nonadecanoic) and unsaturated fatty
acids , oleic and gondoin),; The results of the study suggest the anti-inflammatory, antioxidant, regen-
erating effect of the lipophilic fraction of S. chinensis seeds.
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Introduction

Current researches are increasingly focused on
the study and expansion of knowledge about the
fruit plant called Chinese magnolia - Schisandra
chinensis (Turcz.) Baill. The fruits and seeds of
this plant are known for their healing properties
(Skrypchenko N.V. etc, 2020). From the literature
(Kortesoja M. etc, 2019; Xu M. etc, 2020; Skryp-
chenko N. and others, 2017) we know about the
main therapeutic activities of S. chinensis: adap-
togenic, tonic, reparative, anti-inflammatory, im-
munomodulatory. Medicinal plant raw materials
of Chinese magnolia - fruits and seeds - are rich
in the following groups of biologically active sub-
stances: lignans, fatty acids, organic acids, mac-
ro- and micronutrients, polysaccharides, essential
oils, tannins, saponins (Kortesoja M. etc, 2019).

In official medicine, the fruits and seeds of
Chinese magnolia are used as a tinctures, tab-
lets, capsules and powders. The pharmaceutical
market of Ukraine distinguishes functional food
products as dosage forms. S. chinensis fruits are
a part of them. These functional products exhibit
adaptogenic and tonic properties, prevent infec-
tious diseases, strengthen the general immunity
(Instructions for use of Chinese magnolia Ener-
gy). The study of the raw materials of Chinese
magnolia continues in the future, to reveal a wid-
er range of therapeutic actions. The State Phar-
macopoeia of Ukraine includes a monograph on
S. chinensis fruits. Seeds are not pharmacopoeial
raw materials. Therefore, the study of biological-
ly active substances of Chinese magnolia seeds is
a relevant.

Among the important substances that need to
be studied are lipophilic compounds. These in-
clude, for example, fatty acids. Fatty acids are
carboxylic acids with an aliphatic chain. They are
usually saturated or unsaturated. There are two
main types of the unsaturated fats: monounsat-
urated and polyunsaturated. Fatty acids are im-
portant dietary sources of fuel for human body
and important structural components for cells.
They are involved in fat biosynthesis. Fatty acids
are contained in lipophilic fractions of medicinal
plant raw materials and determine their therapeu-
tic effect: anti-inflammatory, reparative, antibac-
terial, etc. (He M. etc, 2020, Melnyk LI. and oth-
ers, 2021).
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Fatty acids are replenished by food. When in-
sufficient amounts of fatty acids enter the human
body, atherosclerosis develops rapidly, which
causes a number of cardiovascular diseases. Fatty
acids reduce the aggregation capacity of platelets,
blood cholesterol levels, blood pressure, increase
the elasticity of the walls of blood vessels. The
lack of fatty acids can lead to stroke or myocardi-
al infarction (Fedosov A.L etc., 2018).

Aim

The purpose of our study is to obtain the lipo-
philic fraction of Chinese magnolia seeds and to
study the different groups of biologically active
substances there.

Raw materials were collected during flowering
in the department of acclimatization of fruit plants
of Hryshko Kyiv National Botanical Garden NAS
of Ukraine.

Methods

Extraction. The lipophilic fraction from
crushed Chinese magnolia seeds (1.0-1.5 mm)
was obtained by the method of exhaustive ex-
traction in the Soxhlet apparatus. In this method,
chloroform was used as an extractant (Shao. S.
etc., 2020). Calculation of the yield of lipophilic
substances (X) of Chinese magnolia seeds in per-
cent was performed according to the following
formula 1:

m,; —my) X 100
o (ma—mo)

m (1)1

where X — the content of lipophilic fraction, (%);
m, — the weight of the receiver with lipophilic ex-
tract, (g);

m,— the weight of empty receiver, (g);

m — the weight of Chinese magnolia seeds, (g).

We studied the organoleptic and physicochem-
ical parameters of the lipophilic fraction after ob-
taining.

The presence of tocopherols. The presence of
tocopherols was determined by a chemical reac-
tion. 0.05 g of lipophilic fraction was dissolved
in 1 ml of chloroform in a test tube with a ground
stopper.2 ml of 0.2% solution of phosphorus-mo-
lybdic acid in glacial acetic acid were added. Ob-
served the presence of the corresponding color
(Marchyshyn SM and others, 2020).

Thin layer chromatography. The study by
two-dimensional thin layer chromatography were
performed on plates Silufol UV-254 (Kavelier,
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Czech Republic), size 150*150 mm in solvent
systems hexane-acetone: I direction - hexane-ac-
etone (8:2) II direction - hexane-acetone (8:4).
Solvents for the preparation of the system used
ch.d.a. or h.h. 1% n-dimethylaminobenzalde-
hyde (Stahl’s reagent) was used to develop the
chromatogram. After treatment of the chromato-
graphic plate with freshly prepared reagent, it
was dried in a fume hood at a temperature of 80-
90 ° C for 2-5 min (Nowak A. etc, 2019). Then
observed on the chromatogram showed spots that
had different colors. The chromatographic plate
was viewed in UV light, both before and after
treatment with the reagent.

The research of fatty acid composition. Fatty
acid analysis was performed by gas chromatog-
raphy/mass spectrometry. A portion of the lipo-
philic fraction was placed in a glass vial. 2.0 ml
of a 2% solution of acetyl chloride in methanol
and a solution of nonadecanoic acid (as an inner
standard) were added. The mixture was stirred
and placed on an ultrasonic bath at 80 °C. Fat-
ty acid methylation was performed for 2 h, after
which the obtained fatty acid methyl esters were
extracted with hexane. An aliquot of the extract
was used for the chromatographic study.

Chromatographic separation was performed
on a gas chromatographic mass spectromet-
ric system Agilent 6890N/5973 inert (Agilent
technologies, USA). Capillary column HP-5ms
(B0mx0.25mx0.25um, Agilent technologies,
USA). The separation conditions were as follows:
evaporator temperature - 250 °C; interface tem-
perature - 280 °C; temperature programming mode:
initial temperature - 150 °C / 4 min, with gradient
5 °C / min, final temperature - 300 °C / 6 min. A
sample volume of 1 ul was administered in a flow
separation mode of 1:50. SCAN detection mode in
the range of 38-400 m / z. The carrier gas flow rate
is 1.0 ml/min (Marchyshyn S.M. et al., 2020).

The identification of methyl esters of fatty
acids was performed using data from the library
of mass spectra NIST 02. The calculation of the
quantitative content was performed by adding a
solution of internal standard (20 pg / sample) in
the test sample according to formula 2:

Sy Xm;s X 1000
X = (2),
Si¢ Xm
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where X — fatty acid content, mg/g;

m, — the mass of the internal standard for the test;
m — the mass of the sample, g;

S — the area of the identified compound;

X

S —area of internal standard.

Results

The yield of lipophilic fraction of Chinese
magnolia seeds was 35.79+0.7%. The lipophil-
ic fraction of Chinese magnolia seeds is an oily
liquid with rich yellow color and a characteristic
inherent odor. The solubility of lipophilic fraction
of S. chinensis seeds: partially soluble in alcohol
(with the formation of a white precipitate); com-
pletely soluble in chloroform; insoluble in water.

As a result of studying the presence of tocoph-
erols in the lipophilic fraction of Chinese magno-
lia seeds, an intense emerald green color was ob-
served in vitro with the test solution and reagent.
This confirms the presence of tocopherols in the
studied lipophilic fraction.

At least 14 compounds were identified in the
lipophilic fraction of Chinese magnolia seeds
by thin layer chromatography. The scheme of
thin-layer chromatography of the lipophilic frac-
tion of Chinese magnolia seeds is shown in Fig. 1.

Spots with the following color were found
on the chromatogram in visible light: 1) purple;
2) yellow; 3) yellow; 4) pink-gray; 5) roses; 6)
pink-gray; 7) purple; 8) pink-purple; 9) gray-pur-
ple; 10) gray; 11) gray-purple; 12) lilacs; 13)
pink-purple; 14) gray-purple.

The color of the spots generally correspond-
ed to pink-brown when viewing the chromato-
grams in UV light at a wavelength of 254 nm,
only spot 3 corresponded to a dark yellow color;
in UV light at a wavelength of 365 nm, the color
of the spots changed to yellow, dark yellow, dark
brown, white-blue.

After treatment with Stahl’s reagent in visi-
ble light, the yellow spots remained unchanged,
the blue and brown spots turned pink and purple,
new spots and purple spots appeared (Fig. 1); in
UV light at a wavelength of 365 nm, four yellow
spots were visible. All of the above indicates the
presence of terpene compounds..

The quantitative content of 6 fatty acids (table
1) was identified and determined by gas chroma-
tography/mass spectrometry: palmitic, linoleic,
oleic, stearic, gondoic and nonadecanoic. The
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Figure 1. Chromatogram of the lipophilic fraction of Chinese
magnolia seeds in visible light. Solvent system: I direction - hexane-
acetone (8:2), II direction - hexane-acetone (8:4); detection: Stahl’s

reagent.

Figure 3. Comparison of
the sum of saturated and
unsaturated fatty acids in
the lipophilic fraction of
Chinese magnolia seeds

chromatogram of fatty acids of the lipophilic
fraction of Chinese magnolia seeds is shown in
Figure 2.

The sum of unsaturated fatty acids of the li-
pophilic fraction of Chinese magnolia seeds ex-
ceeds the sum of saturated fatty acids and is equal
to 377.76 mg/g and 28.23 mg/ g, respectively, as
illustrated in Figure 3.

15000004
14000004
13000004

12000004

The lipophilic fraction of Chinese magnolia
seeds contains linoleic acid in a bggert amount
(267.56%1.4 mg/g), which is an essential fatty
acid and has the following therapeutic effects: an-
tioxidant, anti-inflammatory, reparative (Melnyk
LI and others, 2021). Linoleic acid is used in the
food industry: baby formula and sports nutrition.
It 1s becoming more popular in cosmetology and

TiC: 3_nnonn.D

Time—> 200 300 400 500 600 700 800 900 1000 11.00 1200 1300 1400 1500 1600 17.00 1800 1900 2000 2100 2200 2300 2400 2500 2600 27.00

Figure 2. Chromatogram of fatty acids of the lipophilic fraction of Chinese magnolia seeds
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Number L :.;it‘t’}i’a:lgz?e i Systematic name of fatty acids (;.::Il:liﬁgl Content, mg/g
Saturated fatty acids
1 Nonadecanoic acid Honadecyl acid CI19H3802 | Inner standard
2 Palmitic acid Hexadecanoic acid C16H3202 22.57+0.72
3 Stearic acid Octadecanoic acid C18H3602 5.66+0.22
Unsaturated fatty acids
4 Linoleic acid CIS, CIS-9,12-octadecadienoic acid C18H3202 267.56+1.4
5 Oleic acid Cis-9-octadecenoic acid C18H3402 108.26+4.4
6 Gondoic acid 11-eicosenic acid C20H3802 1.94+0.074
The total amount of fatty acids 405.99

Table 1. Quantitative content of fatty acids in the lipophilic fraction of Chinese magnolia seeds

is part of a number of cosmetics (Jason Y. etc,
2021).

A rather large component of the lipophil-
ic fraction of S. chinensis seeds is oleic acid
(108.26+4.4 mg/g), which is part of many cos-
metics and has regenerating properties (Melnyk
I.I. and others, 2021). Oleic acid is also used as a
dietary supplement (Jason Y. etc, 2021).

Gondoic acid (1.94+0.074 mg/g) is an unsat-
urated fatty acid. It has the lowest content in the
lipophilic fraction.

Discussions and Conclusions

The lipophilic fraction of Chinese magnolia
seeds was obtained the yield of 35.79+0.7%. At
least 14 compounds of terpene nature were iden-
tified using two-dimensional thin layer chroma-
tography. Qualitative composition and quanti-
tative content of fatty acids were identified and
established by gas chromatography/mass spec-
trometry. The highest content of low linoleic
acid - 267.56+1.4 mg/g. The total amount of fatty
acids was 405.99 mg/g. Unsaturated fatty acids
predominated - 377.76 mg/g.

Thus, the studies confirm the rich composition
of the lipophilic fraction of Chinese magnolia
seeds and allow to predict the anti-inflammatory,
antioxidant, regenerating effect of the lipophilic

fraction of Chinese magnolia seeds. The obtained
data can also be used in the development of qual-
ity control methods for Chinese magnolia seeds.
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BuByeHHs 0i0/10riYHO AKTUBHUX Pe40BHH Jino¢iibHOI ppakuii HACIHHSA
JJUMOHHMKA KuTacbkoro Schisandra chinensis (Turcz.) Baill

Meabnuk Inna!, Kopaancka Hagisn ', Kapmiok Yasina !, Ckpunuenxo Hamist?
"Hamionansuuit Meanuanii yausepcuteT iMeHi O.0. boromonena, Kuis, Ykpaina
*Hamionanbuuit 6oraniuynuii can imeni M. I I'pumika HAH VYkpainu, Kuis, Ykpaina
Address for correspondence:

Melnyk Inna
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Amnorauisi: Schisandra chinensis (Turcz.) Baill — TMMOHHUK KUTaMChKUN — JOOPE BiJoMa IJI0I0BA
pOCIMHA y TpaJAULIiiHIA KHTAaHChKiN Ta KopehchKii MmeauuuHi. [1moau Ta HacCiHHS TMMOHHUKA KUTaii-
ChbKOro Oarari Ha 0l0JIOTI1YHO aKTUBHI peuyoBHMHU. Ha maHuit MOMEHT, 13 IPOBEACHOTO aHali3y JIiTe-
parypu (Irfan M. etc, 2020; Liu G-Z etc., 2020; Sun W., Shahrajabian etc, 2021 ; Zhao T.etc, 2021);
Bonpesuu b.b Ta in., 2017) MokHa Ha3BaTH HACTYIIHI TEPANEBTHYHI il IJIOAIB Ta HACIHHS JTMMOHHH-
Ka KATAiCHKOTO: IMyHOMOIYJTFOI04Ya, TOHI3yI0Ua, aJalTOTeHHA, POTH3aalibHa, TeMaToNpOTEKTOPHA,
He(PONPOTEKTOPHA, 3arajlbHO3MILHIOBAIbHA. BUBUEHHS CHPOBUHM JIMMOHHUKA KUTAHCBKOTO MPO-
JIOBXKYETbCA W Hasali, Uil PO3KPUTTS LIMPIIOTO Aiana3oHy TepaneBTUYHUX Ail. JlocnipkeHHs came
HACIHHS IMMOHHUKA KUTAHCBHKOTO € JJOCUTh aKTYaJIbHUM, U1 PO3IINPEHHS AaCOPTUMEHTY CTaHIapTH-
30BaHOI1 JIIKapChKOi CHPOBUHH, sIKa HE BXOIUTH J10 MoHorpadiii J{epkaBHoi papmaxomnei Ykpainu. Oc-
HOBHOIO METOIO JJAHOTO JIOCIIIKEHHS € ofiep KaHHs JNno(piIbHOT (hpaKilii HaCIHHS TUMOHHHUKA KUTaH-
CBKOTO Ta JIOCHIHKEHHS CKJIaly pi3HUX TPYI MO UIBHUX PEYOBHH Y oflepKaHii Gppakitii. OCHOBHUM
METOJIOM Ofiep KaHHs N0 1IbHOT (paKilii HACIHHS JIMMOHHHKA KUTalChKOTO € BUYEPITHA €KCTPaKIIi€
y amapari Cokciera. XiMIYHY Peakilif0 BUKOPUCTAHO JIsi BCTAHOBJICHHS HAsSBHOCTI TOKO(EpOJIiB.
MeTonoM ABOBUMIpHOI TOHKOIIAPOBOI XpoMaTorpadii BCTAHOBICHO HAsBHICTb OCHOBHUX rpyn Oi-
OJIOT1YHO aKTUBHHMX PEYOBHMH Y JNINOQuUIbHINA (Qpakilii HACIHHSA JTUMOHHUKA KMTAalHChbKOro. BuBueHHs
KUPHOKUCIIOTHOTO CKJIQJy MPOBOIWIM METOIOM Ta30BOi Xpomatorpadis/mac-criekropomerpii (Su
L. etc, 2020). Buxin nino¢iapHO1 (pakiiii HACIHHSA TMMOHHHKA KUTaiicbkoro ckianas 35,79+0,7%.
Otpumana ninodinbHa (Hpakiiisi HACIHHS JIUMOHHUKA KUTAHCHKOTO SIBJISIE COOOI0 MACIISTHUCTY PiaH-
HY HaCHUYEHOTO JKOBTOTO KOJIBOPY 13 XapaKTepHUM CHerr(IYHUM 3armaxoM. BcTaHOBICHO HAsSBHICTh
Toko(epomiB. MeTonoM TOHKOIIapoBOi Xxpomarorpadii y cCUCTeMi pO3UYMHHUKIB: | HAMpsSMOK — TeK-
caH-aneToH (8:2), Il nanpsaMoxk — rekcan-aneToH (8:4), peakTuB nposiBieHHs — peakTuB [lTans, inen-
TU(IKOBAHO HE MeHIIe 14 croiyK TepneHoBoi NPUpoIu. B pe3ynbTrari NpoBeIeHUX A0CTIKEHb KUP-
HUX KHACJIOT METOIOM ra30Boi Xpomarorpadis/Mac-crieKToOpoMeTpii iIeHTU(IKOBAHO Ta BCTAHOBICHO
KUTbKICHHI BMICT 6 HPHUX KHUCJIOT: IMaJbMITHHOBA, JIIHOJIEBA, OJICTHOBA, CTCApPUHOBA, TOHOTHOBA
Ta HOHajZiekaHoBa. KiIbKiCHUI BMICT HEHACMUEHUX KMPHUX KHUCIOT 3HAYHO MEPEeBaKaB KIJIbKICHUN
BMICT HACHUCHHX YKUPHHUX KUCIIOT. Pe3yibraTu qOCiIKEHHS JA0Th ITiICTaBu 3pOOUTH HACTYIIHI BU-
CHOBKH: TIPOBEJICHI JTOCIKSHHSI TATBEPKYIOTh Oaratuii ckiaa JinmodiIbHOI Ppakiiii HaCIHHS JIH-
MOHHHUKA KUTalChKOro: HasiBHI ToKo(eponu, 14 pedoBUH TEPIEHOBOI IPUPOAH, 6 KUPHUX KHUCIIOT, 3
AKX 11eHTU(IKOBAHO HACUYEHI KUPHI KUCIOTH (MTaIbMITHHOBA, CTEApUHOBA, HOHA/IEKAaHOBA) Ta He-
HacHYeH1 )KUPHI KUCIOTH (JIIHOJIEBa, OJIETHOBA Ta TOHJIOTHOBA); OCPKaHi Pe3yNIbTaTH J0CHiKSHHS
JIAF0Th 3MOTY IIPHUITYCKAaTH MPOTH3AIaIbHY, aHTHOKCHIAHTHY, pEreHepyrouy Jito JinodineHoi Pppakiii
HACiHHS JJUMOHHHKA KHTAHCHKOTO.

Kuarouosi cioBa. ['azoBa xpomarorpadisi, )KUpHI KUCIOTH, TUMOHHUK KUTAHCHKHUI, Mac-CIIEKTO-
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