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Isolation and in silico SARS-CoV-2 main protease inhibition potential
of chrysoeriol from Chondrilla brevirostris Fisch. & C.A. Mey.

The genus Chondrilla L. comprises 22 species on the CIS territory. 16 species of them grow in Kazakhstan.
All species of the genus Chondrilla L. are rubber-bearing herbaceous plants that belong to the Asteraceae
family. We picked Chondrilla brevirostris Fisch. & C.A. Mey. for the chemical study. It is a perennial herb
that grows in desert steppes and forest meadows. The aboveground parts of Ch. brevirostris were extracted
with ethanol at room temperature. Several fractions were obtained by separating ethanol extract on column
chromatography. Rechromatography and preparative thin-layer chromatography were used to further study
the obtained fractions and the isolation of flavonoids. As a result of preparative thin-layer chromatography,
the flavonoid 5,7,4'-trihydroxy-3'-methoxyflavone (compound 1) was isolated. The chemical structure of 1
was established by spectroscopic data. Compound 1 was isolated for the first time from the species of
Chondrilla. Compound 1 was subjected to a molecular docking study against COVID-19 main protease
(MP) to investigate its expected activity against SARS-CoV-2. In this case, the substance showed a good
binding mode with a free energy of —6.22 kcal/mol, while the binding energy of the co-crystallized ligand was
—7.83 kcal/mol.

Keywords: Chondrilla brevirostris, Asteraceae, extraction, column chromatography, PTLC, isolation, flavo-
noid, structure, spectroscopy, molecular docking study.

Introduction

Chondrilla L. is a genus of plants in the Asteraceae family. Chondrilla brevirostris Fisch. & C.A. Mey.
is the most well-known species from this genus. It widely grows in Kazakhstan, China, Kyrgyzstan and Rus-
sia. Synonyms of the plant are Chondrilla filifolia Iljin and Chondrilla juncea Ledeb. [1].

Previously, four flavonoids, including luteolin, luteolin-7-glucoside, luteolin-7-galactosylglucuronide
and quercetin-3-galactoside, were reported from this plant [2].

Plant material is still important in finding new and bioactive compounds that are of practical interest as
a source of new drugs. This indicates the relevance of this research. This work aims to isolate and identify, as
well as to study the molecular docking of the isolated flavonoid from a plant source.

Recently, several scientific records reported the use of molecular docking studies to prove the biological
activities of natural compounds [3-6]. Accordingly, we applied the isolated compound to in silico studies
aiming at exploring its biological importance.

Experimental

General experimental procedures. Column chromatography separations (CC) were performed on glass
columns packed with silica gel (230-400 mesh ASTM, Merck, LTD, Japan). Thin layer chromatography
(analytical and preparative thin layer chromatography (TLC) was performed on silica gel 60 F 254 Glass
plates (Merck, LTD, Japan). Spots were visualized under a UV light (254 and 366 nm) and by spraying with
10 % sulfuric acid reagent followed by heating. Isolated compound was identified by NMR analysis (*H 500
MHz) acquired on the Jeol Delta. TMS was an internal standard. DMSO-ds was a solvent. Coupling con-
stants are given in Hertz. The chemical shifts are expressed in 6 ppm.
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Plant Material. The aerial parts of Ch. brevirostris were collected in the steppe, 200 km from
Zhezkazgan city, Kazakhstan, in August 2019, stage flowering — fruiting. The plant material was examined
by Professor M. Ishmuratova, Department of Botany, Karagandy University of the name of academician
E.A. Buketov (Republic of Kazakhstan), and classified as belonging to the Ch. brevirostris group and depos-
ited in the herbarium of the faculty of biology and geography.

Extraction and Isolation. Dry finely ground raw materials (aboveground part) of Ch. brevirostris
(1.0 kg) were extracted three times with ethanol by standing for 1 day at room temperature. The ethanol ex-
tracts were combined and evaporated under reduced pressure to yield a crude extract of 68 g. Chromato-
graphic separation of the crude extract was carried out on a silica gel column using the system hexane —
acetone with a gradient increase of the latter and then with methanol. The fractions were studied on TLC,
and similar fractions were combined. Compound (1) (4 mg) was separated by using PTLC in the system of
chloroform-methanol (200+10 mL).

Compound identification. 5,7,4'-Trihydroxy-3'-methoxyflavone (chrysoeriol) (1) [7]: Pale yellow pow-
der, C1H120s, Yield is 4 mg. *"H NMR (DMSO-ds, 500 MHz) & (ppm): 12.97 (s, 5-OH), 6.87 (s, H-3), 6.15
(d, J =2.0 Hz, H-6), 6.46 (d, J =2.0 Hz, H-8), 7.55 (d, J =2.0 Hz, H-2"), 6.92 (d, J =9.0 Hz, H-5"), 7.55 (dd,
J=2.0,9.0 Hz, H-67), 3.89 (s, 3’-OCHj).

Molecular docking study. The crystal structures of the target enzymes COVID-19 main protease (M)
(PDB ID: 6lu7, resolution: 2.16 A) were downloaded from Protein Data Bank (http://www.pdb.org). Mo-
lecular Operating Environment (MOE) was used for the docking analysis [8, 9]. The free energies and bind-
ing modes of the examined molecules against MP° were determined. At first, water molecules were removed
from the crystal structure of MP™, retaining only one chain, which was essential for binding. The Co-
crystallized ligand (PRD-002214) was used as a reference ligand. Then, the protein structure was protonated
and the hydrogen atoms were hidden. Next, the energy was minimized and the binding pocket of the protein
was determined [10, 11].

The structure of the examined compound and the co-crystallized ligand were drawn using Chem Bio
Draw Ultra 14.0 and saved as SDF format. Then, the saved file was opened using MOE software and 3D
structures were protonated. Next, the energy of the molecules was minimized. A validation process was per-
formed for the target receptor by running the docking process for only the co-crystallized ligand. Low
RMSD values between docked and crystal conformations indicated valid performance. The docking proce-
dures were carried out utilizing a default protocol. In each case, 30 docked structures were generated using
genetic algorithm searches. The output from MOE software was analyzed further and visualized using Dis-
covery Studio 4.0 software [12, 13].

Results and Discussion

The aerial parts of Ch. brevirostris were extracted with ethanol. The EtOH solutions were combined
and evaporated under reduced pressure. As a result of chromatography (rechromatography, PTLC), a pale
yellow powder (1) was obtained. The yield was 4 mg. Analysis of spectral (*H NMR) characteristics
suggested that the isolated substance (1) was flavonoid chrysoeriol (5,7,4'-Trihydroxy-3'-methoxyflavone).

The compound (1) structure was established based on *H NMR spectrum data. Characteristic proton
signal at C-3 was detected in the form of a singlet at 6.87 ppm. Proton signals at C-6 and C-8 resonate as
doublets at 6.15 and 6.46 ppm, respectively, with J=2 Hz. Proton signals at C-2’ and C-5’ appear in the form
of doublets in the area of 7.55 and 6.92 ppm with J=2 and J=9 Hz, respectively. A proton signal appears in
the form of a doublet-doublets at 7.55 ppm with the J=9 Hz. The signal of protons of the methoxy group
appears in the spectrum at 3.89 ppm in the form of a singlet. The presence of a hydroxyl group at C-5 is
confirmed by the presence of a single-proton singlet signal in the *H NMR spectra spectrum at 12.97 ppm.
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A docking study was carried out for compound (1) against the COVID-19 main protease (MP°) (PDB
ID: 6lu7, resolution: 2.16 A) to examine the mode of binding with the proposed target. The co-crystallized
ligand (PRD-002214) was used as a reference molecule. The docking studies revealed that the docked com-
pound had good binding affinities against COVID-19 main protease with binding free energies.

The crystallized ligand (PRD-002214) showed binding energy of -7.83 kcal/mol. The detailed binding
mode of the crystallized ligand was as follows: The 2-oxopyrrolidin-3-yl moiety occupied the first pocket of
MP forming three hydrogen bonds with Phe140, His163, and Glu166. Additionally, tert-butyl carbamate
moiety occupied the second pocket of MP™. Furthermore, the phenyl ring of phenylalanine moiety occupied
the third pocket of the receptor forming hydrophobic interaction with His41. Moreover, ethyl propionate
moiety was incorporated in the fourth pocket (Figures 1-3).

Figure 1. Co-crystallized ligand (PRD-002214) docked into the active site of the COVID-19 main protease,
the hydrogen bonds are represented in green dashed lines and the hydrophaobic interactions are represented
in orange dashed lines
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Figure 2. Mapping surface showing the co-crystallized ligand (PRD-002214)
occupying the active pocket of the COVID-19 main protease
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Figure 3. 2D interaction of the co-crystallized ligand (PRD-002214)
in the active site of the COVID-19 main protease

Compound (1) showed good binding mode with energy of —6.22 kcal/mol (Tab. 1) occupying three
pockets of MP™. The detailed binding mode was as follows: The 2-methoxyphenol moiety occupied the first
pocket of MP™ forming two hydrogen bonds with Gly143 and Leul4l. Additionally, it showed one electro-
static attraction with Cys145. The 4H-pyran-4-one moiety occupied the second pocket of MP™ forming one
hydrophobic interaction with Met165. Furthermore, the 1,3-dihydroxybenzen moiety occupied the third
pocket of the receptor forming one hydrogen bond with GIn192 (Figures 4-6).

Table 1

The docking binding free energies of compounds, simeprevir and the co-crystallized ligand (PRD-002214)
against COVID-19 main protease

Compounds Binding free energy (kcal/mol)
() —6.19
Co-crystallized ligand (PRD-002214) —-7.83

Figure 4. Compound 1 docked into the active site of the COVID-19 main protease, the hydrogen bonds are represented
in green dashed lines and the hydrophobic interactions are represented in orange dashed lines
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Figure 5. Mapping surface showing compound 1 occupying the active pocket of the COVID-19 main protease
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Figure 6. 2D interaction of compound 1 in the active site of the COVID-19 main protease

Conclusions

By virtue of the column chromatography, then by preparative thin-layer chromatography of the extract
obtained from ethanol extraction of the aboveground parts of Chondrilla brevirostris Fisch. & C.A. Mey.,
the flavonoid 5,7,4'-trihydroxy-3'-methoxyflavone was isolated. This compound from Ch. brevirostris was
isolated for the first time. In silico, molecular docking study was carried out for the isolated compound
against the COVID-19 main protease. As a result, the compound showed good binding energy.
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Chondrilla brevirostris Fisch & C.A. Mey-1eH Xpu303pHoJIIbIH 061l ATbIHYbI
aaue N Silico SARS-CoV-2 Herisri nporeazanbl HHrUOMpJIEY MOTEHIHATBI

Chondrilla L. tysiceiabin TMJI aymarsiaa 22 typi Gap, omapasin 16—ce Kaszakcranma. Chondrilla L.
TYBICBIHBIH OapIIBIK Typyiepi — caFbI3fibl ©CIMIIK, Kypaeni ryiiaep (Asteraceae) TyKbIMIachlHA JKaTaThIH
menrecid ecimaikrep. Xumusblk 3eprrey yurin Chondrilla brevirostris Fisch & C.A. Mey. ansiaapl. Byn
LIOJIIi Jlajla MEH OpMaH MIAJFBIHIAPhIHIA OCEeTiH KOIDKBULIBIK menTi ecimaik. Ch. brevirostris-tin ecimmix
NIMKi3aThIH 3epTTey i 2019 xpuinsiH TaMbi3 aiibiana Kaparauaer o0mbickiHBIH JKe3ka3raH KanackiHaH 200
HIAKBIPBIM JKEpJie TYJAEHY MeH jkemic Oepy keseHinme »xuHainasl. Ch. Brevirostris sxep ycri Geiri Genme
TeMIIepaTypachlHa ATAaHOJIMEH SKCTPAKIMSUIAHIbl. DTAHOJ CHIFBIHIBICEIH KOJIOHKAJIBIK XpoMarorpadus
apKpUTBl 0oy HoTiKeciHae OipHemie (pakiusuiap anbiHAbL. AJBIHFaH (QpakuusIapasl api Kapail 3eprrey
XKoHe (aBoHOMATApAbl Oejim anxy ymiH pexpomarorpadus »KoHE TMpernapaTuBTI JKyKa KabaTThl

CHEMISTRY Series. No. 1(105)/2022 83


http://www.theplantlist.org/
https://doi.org/10.1155/2021/5529786
https://doi.org/10.1155/2021/55
https://doi.org/10.1155/2021/55
https://doi.org/10.1155/2021/55
https://doi.org/10.1007/
http://www.chemcomp.com/
https://doi.org/10.3390/
https://doi.org/10.1155/2021/55
https://doi.org/10.3390/molecules26092806
https://doi.org/10.3389/fchem.2021.661230
http://doi.org/10.25135/rnp.253.21.01.1945

R.l. Jalmakhanbetova, Ye.M. Suleimen et al.

xpomarorpadus KoiaaHbUiasl. [IpenapaTtuBTi xyKa KabarTbl XpoMarorpadusuiay HoTIKeciHae (aaBoHOUA
5,7,4-tpurnapoxcu-3'-merokcudaBon (kocbutbic 1) OGeminmi. KocbutblcTBIH | XUMHSIBIK KYPBUIBIMBI
CIIEKTPOCKOMUSUIBIK MajtiMeTTep GoiibiHiIa ganenaesai. byn koceuibic Chondrilla-ueIH ockl TypiHeH anrain
pert OedmiHin ansiHaBl. BeiHin anblHFaH KOCHIIBICKA JOKHHT 3epTTeyiepi sKyprisinai. by skarmaiina Kocsuisic
JKAKChl OaiIaHBIC SHEPTHACHIH —6,22 KKaI/MOIb KOPCETTi, al ATAJOHIBIK MOJICKYJIaHbIH OailaHbic
SHEPTHACH —7,83 KKai / MOJIb/1 Kypassl.

Kinm co30ep: Chondrilla brevirostris, Asteraceae, skcrpaxuus, KonoOHKanslK xpomarorpadus, TDKKX,
oK1Iaynay, GIaBOHOW, KYPBUIBIM, CIIEKTPOCKOMHS, JOKHUHT 3ePTTeYi.

P.U. Ixanmaxan6etoBa, E.M. Cyneiimen, H. A6e, M. Osima,
A.M. Meryaiu, N.X. Diica, M.IO. Ummyparosa, )K.A. NbOaraes

Boiaesienne u in siliCO ocHOBHOI mMoTeHIMAJ HHTHOMPOBAHUS MPOTEa3bl
SARS-CoV-2 xpu3zo3puonaa u3 Chondrilla brevirostris Fisch. & C.A. Mey

Pon Chondrilla L. na tepputopun CHI' HacuuThiBaetest 22 Buja, u3 Hux 16 — B Kasaxcrane. Bee Busl posa
Chondrilla L. sBusroTcss KaydyKOHOCHBIMH DACTCHHSIMH, POJOM TPABAHUCTBIX PACTEHHH cemeicTBa
cnoxnouseTHrx (Asteraceae). [lnsg XUMHYECKOTO MCCenoBaHus ucmoiszosano Chondrilla brevirostris
Fisch. & C.A.Mey., npexacrapnsmiomee MHOTOJCTHEE TPaBIHUCTOE pPAcTeHHE, IpoM3pacTraromee B
MYCTBHIHHBIX CTEMSAX W HA JICCHBIX Jiyrax. PacturenbHoe ceipbe Ch. Brevirostris mms mccnenoBanuii 6110
cobpano B aBrycte 2019 roma B 200 xm ot r. XKeskasrana Kaparanmuuckoit obmactu B ase 1BeTeHHUsI—
wiogoHomeHusi. HamzemHyro uacte Ch. brevirostris skcTparupoBanud 3TaHOJIOM IPH  KOMHATHOW
TemIiepatrype. B pesynbrate pasneneHus 3TAHOJIBHOTO JKCTPAKTa Ha KOJIOHOYHOW XpomaTorpaduu ObLIO
MOJYYEeHO HECKONBKO (pakiuid. Jna nanpHEHIIEro H3y4eHHUs IIOJNyYCHHBIX (pakimuii W BBLACICHHS
(h1aBOHOMIOB TMPHMEHSUTM pEXpoMarorpaduio ¥ MPENapaTHBHYI0 TOHKOCIOWHYIO XpoMmarorpaduro.
B pesynprare mpenapaTuBHOH TOHKOCIOWHOW XpomaTtorpadguu ObpuT  BbENeH ¢uaBoHonn 5,7,4'-
Tpuruapokcu-3'-merokcudnaBon (coemunenne 1). Xumudeckas cTpyktypa | OblUia yCTaHOBIEHa IO
CIIEKTpaJIbHBIM JaHHBIM. [JlaHHbIi (raBonoun u3 storo Buzaa Chondrilla 6su1 Beinenen Brnepsbie. OHO OBLIO
MOABEPTHYTO JOKUHI HCCIeNOBaHUIO. [IpM 3TOM BemIECTBO MOKAa3aj0 XOPOIIYI0 OSHEPrHIO0 CBS3H
—6,22 KKaJ/MOJb, @ SHEPTHUS CBA3U 3TAIOHHOW MOJIEKYJIBI COCTaBUIIA —7,83 KKaJl/MOJIb.

Knroueswie cnosa: Chondrilla brevirostris, Asteraceae, sxcrpakuus, kojgoHo4Has xpomarorpadus, I[TTCX,
BbIIEIIEHHE, (DIABOHOM/, CTPYKTYpa, CIIEKTPOCKOIIHS, IOKUHT UCCIIEI0BAHHUE.
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