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Discussion and prediction of application prospects of Citri Grandis Exocarpium on
COVID-19 based on literature analysis and molecular docking
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Abstract: Objective The present study aims to explore the application prospects of Citri Grandis Exocarpium for protecting against novel
coronavirus pneumonia (COVID-19). Methods  The pharmacological effects, including expectorant, anti-acute lung injury,
anti-inflammatory, anti-pulmonary fibrosis, relieving cough, anti-oxidation, anti-liver injury, anti-kidney injury effects and etc, of both Citri
Grandis Exocarpium and its main chemical constituents were analyzed through literature review. The constituents of Citri Grandis
Exocarpium were collected by using traditional Chinese medicine systems pharmacology (TCMSP) database and literature searching. The
molecular docking study was performed to evaluate the binding ability between the chemical constituents and angiotensin converting
enzyme 2 (ACEZ2), 3C-like main protease (Mpro), papain-like protease (PLP), and dendritic cell-specific ICAM-3-grabbing nonintegrin
(DC-SIGN) to predict its potential activity in inhibiting the infection and replication of SARS-CoV-2 virus. Results The literature review
indicated that Citri Grandis Exocarpium possesses expectorant, anti-acute lung injury, anti-inflammatory, anti-pulmonary fibrosis, relieving
cough, anti-oxidation, anti-liver injury, anti-kidney injury effects, and so on. Molecular docking results indicated that naringin, neohesperdin,
rhoifolin, poncirin, and sitogluside were the main active flavonoids due to showing strong interactions with ACE2, MPro, PLP and
DC-SIGN with potential activity in inhibiting the infection and replication of SARS-CoV-2 virus. Conclusion  Citri Grandis Exocarpium
may probably delay the progression of COVID-19 through a variety of pharmacological activities and the inhibition of the infection and
replication of SARS-CoV-2 due to targeting ACE2, MPro, PLP, and DC-SIGN, reminding that Citri Grandis Exocarpium may possess a
potential capacity to protect against COVID-19.
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“isomeranzin ™ cinene ”F1“ B-myrcene "5 2% Pubmed,
VEAN B B 73 B e SR AR L BB R4
PR PUBL4EA. B, Pradb. FUHB R
B 40 5 24 B AT SR
12 HFxfsE

PESCHRRET, SARS-CoV-2 i Hik il
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ST, ARG AR R S AL ACE2,
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il SARS-CoV-2 5 #5 B G Al &2 i1l 77 THI PRI 4 o
WEFHRFHEYTFE (TCMSP,
http:/ficmspw.com/) F ZZANE e SCAiR, L5 2IUARLLAL
73 50 4~ (& 1. M PubChem (https://pubchem.ncbi.
£1 WBLHERS

Table 1 Chemical constituents in Citri Grandis Exocarpium

e 4y 4R Pubchem CID Ji4y 2%
1 tangeretin 68077 g
2 nobiletin 72344 75 Il
3 5,7,4"-trimethylapigenin 79730 g
4 sinensetin 145659 R
5 naringenin 439246 g
6 naringin 442428 TR IR
7 4'5,78-tetramethoxyflavone 629964 g
8 isosinensetin 632135 R
9 didymin 1149877 Bl

10 apigenin 5280443
11 rhoifolin 5282150 M

24721685 i
42607889 T

12 neohesperdin
13 alysifolinone

14 poncirin 45359875

15 pcalmitic acid 985 JiHilif
16 nconanoic acid 8158 it
17 methyl palmitate 8181 JiHilif
18 myristic acid 11005 it
19 pentadecylic acid 13849 ISl
20 methyl linoleate 5284421  faHilR
21 cadinene 10657 £ 21
22 (-)-y-cadinene 92313 (e
23 (-)-caryophyllene oxide 1742210  fi5ik
24 (Z)-caryophyllene 6429301  f& Pk

25 L-limonen 439250 PRI

26 (R)-linalool 443158 HLi
27 geraniol 637566 HAilf
28 neral 643779 FALil
29 cinene 22311 HAilf
30 isoimperatorin 12409 HEERHK
31 majudin 2355 HEEFEE
32 skimmetin 5281426 TEERHE
33 coumarin 323 TERE
34 isomeranzin 473252 HEEERIE
35 meranzin hydrate 5070783  EHEHEE
36 sitogluside 5742590 R R
37 p-sitosterol 222284 SEENEER S
38 LYC 446925 Vs
39 B-myrcene 31253 Yy
40 stachydrine 448301 HoAth
41 putrescine 1045 HAth
42 vy-hexenol 5284503  HAh
43 furol 7362 HAth
44 catechol 289 HAth
45 nicotinic acid 938 HAth
46 eugenol 3314 HoAth
47 nevoli oil 8635 HAth
48 anethole 637563 HoAth
49 citral 638011 HAth
50 elemicin 10248 HAth

nim.nih.gov) ¥ o T 8 H AL G451 ) SDF 4%
. fE Discovery studio 2016 T H £~ ()
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Hti i CHARMm Jiiz /N 45%. M RCSD
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(PDB ID: 1R4L). Mpro (PDB ID: 6LU7). LPL
(PDB ID: 40VZ) #1 DC-SIGN (PDB ID: 6GHV)
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REFT s P55, I DUR S AR B o 42 46 A
RNZH
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TEAICLE A ZE D “ AL AR £L VG HERE W s
B 2 AR B0 S8 1 AAG 20 S HAL 2 i oy
fIEBEAE R . Jiang ZMRIRTF R, ALREL 70%
CEETREUYRE B WA /N A TE B 2D HEME s 2RV
MR R, AU BRI B e/ LS
T T IR T8 0K B F R B . Chen 2504
KHHEZHE (LPS) 55/ A Beagle K S P iifh
ik, B58 MR T IREAER, 253K, Hh
Je AT DA S TE ARG 36 AE AR & 1 5AC
(MUCSAC) (7=t st — B pLGIaT Fi R B, Hh
R FFH 1 26 5 11 0 20 W vT e S LA 22 24 R B
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(EGFR) -B§ARELVLEE 3-lE (PI3K) -H HHE B
(AKt) /40 AME 5T &= B (ERKD /IMAPK
5 B A N G T e B S S E
R 404 B MUCSAC . Shii 218 41 it sz 48 L 3
B, ARz 2T DL A< TE b B A Al R R
(cAMP) Frf, HEIMIHEmFE £ 4L A0S e F R 5
K7 (CFTR) W3Rk, (R 10, w4y
IATEIRIE ) G h e T, AAREL S E A2 )
3Rl R A Rz 25 BEREAM ] MUCSAC 1431 DA
CRIRREA L, SCREAR RS I 70 Wb ARG BRI
R RIE L Bigsh, BARENEEIEN.
212 ProERRER SRR CALD 12
PEEIR 30 22 A E CARDS) A2 — Rl & WL /G
HAE, UM EE R A, WL . 1R
Bt 58 AR fE A B, ALI/ARDS A& 53K
I W% % 1) L L SR PR 2 —

Liu 2R ] LPS 5 S St i3 405 /) SRR 1
FMMBE T RIVER, S5RRW, DRG 2kl HEe R
DRk R 7K e s ZH 23 5 A A 4 A e R 20 BRIR
PG 2 i E A (MPO) A S — &
B A B GNOS) i M A i R FE R -0 ( TNF-a)
f153i . Chen 25120y Rft 7 e B, et Bz 1 B g 2 3%
4% LPS 753 A Ml 5 A 5 B R R it K i s it ZH. 217
SE R A 9 P4 M IR 2. TNF-o AT 41 25-8
(IL-8) M=k, XA /D B w A S St i
PR AL /NSRBET, WS /N BRI 2% P 4T e 1
RIEA TNF-a. FALA K7 B1 (TGF-BL) BIF=4E.
Zhao PSR LPS 5 S S Mk il 45 /N SRR 5
ThiRRIER, Z25REW, Mk R ORG240 L
PR B AN R, SCEMHS R,
BRI 7K I A A2 0, R A PR 2 R i DL R
B A L7 A Y E L R TNF-a FTAIIIA 22 1B
(IL-1B). A4/ % 6 (IL-6) FIEMELHM & M5
2 (MIP-2) [17KF, FHAE AL 0T 58 -5 40 i
PIBK/AKT 15 5@ %4 . Fouad 25PAZA LPS %
SR K AR T bl B R IVE R, S5 R
B, 7 25 B S 3 00 ) 3 R R 4T D S5 4R A
TNF-a. IL-6 HJARL, BRGS0 MR
WEJE L KR . AT UL, AR AT 32 B 2 B A3 Al
A A iz 220 LPS BTy St i i B 25 40
HI1ER
213 PRIEA RIEXRE (RRTRE ZH
JERYL . 2B R 51 R A A A R T Gy A

(i) (%) T S ASE AT 2 AR PRI P s SR B o 8 7 M
9% BRI () LA s DR AR B R A, SRE R
RYET EEAE, HE A S i MR AR R
AR AARA 2 2 (L-2). B4R 7 (L-7).
I/ 2R 10 (IL-10). K40 - E W20 M da vk il
KF (GM-CSF). T#&i%ESHEH-10 (IP-10). #
W AR -1 (MCP-1), EVE4HM 4 5K 1 1o
(MIP-10)+ IL-6 Fil TNF-0f?,

KT NG K IFACE R I RAEH, A2
SCERIRIE . AR, ALRRL T0% Z B E T
R P A 21 22 B P4 R 40 — 2 T 850/ B 3R
i, EATHRITRAER . ARG 2 5012 1
2% 58 RS0 14 0 1 R 8 A 28 FR) 98 R S R 3) LA
2 AR P, (UG L R B AR R 4 MAPK
Al NF-xB 15 5 @EEHIH] LPS 755 RAW264.7 41/
P4 TNF-an FHIIAEK 1B (IL-1p) AT 1IL-67,
A v 2t TSR B — R 2 SR o K AR R
S 1 A T I I S IR AR, IS B B A AR
SEREIN, METHEERRER, HALH TR L
0 T RAEHHARTHIRER E2 (PGE2) HIA RER
O . Kanno Z PN e i, Al R 1 S S 3R
b LPS M N TR e /N ERIIZETS, e PRI
LPS %5 RAW 264.7 41 fLff] iNOS. TNF-a. &4k
fitf 2 (COX-2) #1IL-6 ) mRNA #ik. Kawaguchi
R L I )8 D0 MMMl S kN
e AN R A RE R ER, AR/ N RAET:
%, ] TNF-a 19774 . Gil 25BN m F 0, il
B A e S S S T LR S IR EERE /N R
Jilis# 4 0E & LPS 'S RAW 264.7 41 i~ TNF-a
AR E 11 BL (HMGBL). Liu ZPYw 5t
gERRE, MR FEREINH LPS 'S RAW264.7 4l
A IL-8. MCP-1 A1 MIP-1a,, ML AT B 50
NF-kB 1 MAPK {5 5@ B0E A 0% . AR
B, A B RS 08 R B S Ok R B AN R
R I 2R A8 T i . R SO A B A I e
3 25 I < B0 T 267 BR AT T 28 ABE AR /)N BRI it 2HL 27
IL-6. IL-1B il TNF-a 7KF. Jin ZPmT s 48 Bk
B, MR EEHIH LPS 55 RAW 264.7 4ifufl T
YU RE L TNF-o FT 1L-6, FCATL -5 842 20 o v g A
Thg MR A R T LE B IR R AT 550 Liu 2580
T & BAH Bz 28T LUl Ik 3 s I P 3 (ATF3) -
15546 PR BIG I T 3 (STAT3) R £ il %
LPS/Toll B£5Z 44k 4 (TLR4) 2 5 iBEE LUEA N 5
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MLAE /N R A AIH] LPS #5453 RAW 264.7 4 fiur= 4
TNF-o. IL-6. TLR4. iNOS. COX2 1 NADPH %
il 2 (NOX2) %5, Yu ZBSEH| LPS 5% %A
B R 20 R S A A A AR, B AL T R R
PURAER, 53K, hhkRv@EdH MAPK
A1 NF-xB {5 5 B> TNF-o 1 1L-6 1774 . 5
HRFFZEE, flE 0 LPS ¥ 5/ 4 el
o LER B B0, e 2 2 i MOV 1 96 R e LA A
o sbdh, RANREMRRT 5 SoR, BFEm
DL LPS FTEUH RAW264.7 YU JE [ B, I8
b= AHE (NO) F3 Wk, #4) TNF-as IL-1B A1 1L-6
) mMRNA ik, #0H] c-Jun LK il (INKD
N OEAL R RS (SAPK) K ERK 13 518 7]
BE 2 HLHT R AE ML Z —; de Souza ZM AT % %
Y, ¥ I BE P £ B2 5 S 10 B o KR B 414
TNF-o. IL-6 F IL-1B KPR, b B 5 i
Ho 28 LRTIR, iGN ¥ A
RAEF .

2.1.4  BEWZAER WO HT R 98 0 I I 3 B
Wz —. fEIR L, HAEL AT DU T2 FE %
PURZH 2T AR, AR AL I 2 M b2 oo
ST 1 N i S A A TR LA S S AR 4 ] . Jiiang 2501
(IR SR 0, AEAGLL 70% 2 B SR Bt 5 /K15 S 1)
/INERIZ IR B HHIE A s 2R R A 1 22 T
R FEE T, A il R SR U S R Rz 1 118 e
DB R B S K R, B bRy A2
FRRX PR s A B 2O R K BTS00 B it LA
HIEHIYS, thsh, MABFTE, Meliditin X H%
TR T 285 K 5 i LA 440 ) 2 P90,

215 BUAF4EC/ER  Ilier4Eqb & —Fh AR I
¢ A A5 0 R S A L AN B AR R SRR B BT 4
21Tt 184 5 RS A Ao BREAE B B R, H T
SEUMNE S MBI R ThRE R 2%, Rk, Jiigh
YA TG 22 . PR [WPRIRIE R EEME 28 (0 SARS.
Ptz ) BREIITT R R A4t . FIRIE
S WTLSE P 18 3 25 2R S T N TR T ST T 4 Ak K R
B, LR KERIITER, 4R KW, 1
217K BT Fe 308 3 400 1 s T A4 A K BR B ol 4T 4 4
A K7 (bFGP) K IE ML /MRS 4 K1 (PF4)
FEIR TR0 MR A, TP R R i 2T 4 A 1)
BEFE. Turgut 28] R SR 1836 5 2T S it 2 4
KRR, sl i 7 1 IREA 25 VE T, 45k
B, Al R BB BRI 4T 4 Ak K BRI TNF-aus

IL-1B. BAHER (HYP) A1 (MDA) f/K
P, BN B E S EAIEE (GSH-Px) FlEESA L
VB ALEE (SOD) yiEPE, J8A2 T 2H 23 58 P 40 =il
SR UTAR R B FE S, R AP A A o
Chen 2PNy 7t 26 B, Mol B2 7 B 45 35 BRI 77 Al 6
SR 4EA AR N R 22 TNF-a. TGF-B1.
RFEEEAH (MMP-9). 4148 5 A B
[AF-1 (TIMP-1). HYP il MDA W&, HEE
REPUAALEE SOD. GSH-Px HIML4L &4 B 1
(HO-1) Hi& T, $EasA B E % F BEAG 75 5 1)/ B
I 4F 4k B A IR

216 PUEMAIER  AACRIEUR BTE 2 Bl 5
RE. KEPEEREEH. RZHRTERES
51 &AM E A N e A . KR YEAE R CIRTT
B ek T 28 W AR IR B, L TE 3 [ I PR AR 36 I sy | 8
CI0, B R oA 2 T R E B £
fRiE . WAGL 2 B A RAMNER 1,1- R 5
Ak (DPPH) H %, BREAmE. MEHET
B E 3 14 i 77 COURI R v B W I e T B0 2 B 4
ST SOD A e H K (GSHD 3 /) A FEAIK
1% MDA & &RIEMAPY, zhu 2525 mE 7t %
B, A 205 S IR e 5 5 40 ) PM2.5 BT 80/ iR
Jifti & MDA 1 NO 7 &3 in GSH-Px & 1 & GSH/
FALB S B H K (GSSG) B&M%, HAHELIG
WPER . BARINSEIGRT AR, MR A BE
e B, BN E T H AR DPPH WS RRE
PSS T R 2 0 B FUEAE RO R LR
FEBT IR O MU B « BRI . PR IRAT IR I
W RGN TR PR RO B LA 2 — B0, kA,
Bacanl 2:PSZ ] TEAC VEWFS T kel i 7E
SERFH], WIETEE Y 2~2 000 pmol/L fRIF7 1 45
A B E R AT

217 HAth fEIRK L, HKE COVID-19 ¥ %
RN R GORER SN FAB T 38 Z IR . LR
A5y 333 M5l 995 13 kAT LB 0BT, 45 SR
FH, 39.6% (132/333) ] COVID-19 H# HILAF
#45; Huang 2523 sr 261, #54r COVID-19 &%
PeH AL 2O S 55 . KE SR,
by g AT DASE 4 S A R B L R 4 1)
Bk, #0H] MAPK. TLR £l TGF-B 15 Sl k4%
R AEARA RRE RO/ FA SR, A dE i 25 M ik 2 2%
FRECHITEER, S SERmE R W, h
SXHHHT & 0 KRR R R = 2Rk
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P K R AR B B B M i i S K R
2B B YRR M B
AN R =R at=R LA NI 37 ok = N =
£ PSR S 1 R A S B
EMAHIER . BeAh, B SCERIRIE, AR X B
BEFFHAR M OEEEC, fs2 % Sm
ANROHUIRGE, RS R R R RO
18 9 259 B AT 40 40 080, ez 20t 0 UL B o -9
VEFE S 0K B O LR 5 VRN B 25 R S R R
JE 25 O A R . TR, ARG AL
AL G MR . Al O R B
FAARER .
22 DFRIEERS

TN LT 00 5 4580 5 0 4T 20 B 10 A2 &5
RE 2, WA TRy S5 ACE2 Xt Hz45 F &

By, #7195 15 (neohesperdin). Al iz 1F (naringin)
FMHAEE Cponcirin) M4 70 e, HB & TR
BofR (XX5) HIFT43: 5 Mpro B X 3z45 SR 1,
BB Crhoifolind . A 1 F0 % 46 B 1 (101 7
s 5 PLP MR EE SR B, hh . BP A
HORM A 4T 40 s 5 DC-SIGN X He 45
FLRUH, MR T L Bl R R o B
o AR RIS T il 5 HE R B AH ELARE A 0 B
1y 20 X85 WA 5 35 B0 5 X B 8 IR AT SR 2K A0 Mt
Mg REoR, MR B A BRI M
W& AN P FCHEFF (sitogluside) 5 ACE2. MPro.
PLP Al DC-SIGN ¥ R AEMmMNE &1, &R+
B 5 MNIEMRS (K 3), $E I BA )
SARS-CoV-2 i 75 I e g 12 4 g A1 B 3 2 1 (0
TETE 1

R2 MOESHFL[IHEITOE 10 (IHIER

Table 2 Top 10 docking results of chemical constituents and targets

D%y ACE2 By Mpro By PLP D%y DC-SIGN
XX5 140.1 | N3 206.8 | P8592 175.1 |EZ8 172.4
neohesperdin 180.9 | rhoifolin 198.8 | naringin 179.2 | poncirin 168.5
naringin 177.9 | poncirin 179.6 | rhoifolin 170.2 | naringin 166.1
poncirin 175.8 | neohesperdin 178.4 | poncirin 165.3 | nechesperdin 159.7
rhoifolin 174.3 | naringin 173.8 | nechesperdin 165.0 | sitogluside 158.7
sitogluside 167.6 | sitogluside 145.6 | sitogluside 145.7 | rhoifolin 151.2
B-sitosterol 133.5 | p-sitosterol 133.4 | B-sitosterol 140.4 | methyl linoleate 118.8
sinensetin 119.3 | alysifolinone 126.9 | methyl linoleate  131.6 | pcalmitic acid 114.0
isosinensetin 118.7 | methyl linoleate 123.4 | didymin 129.4 | 5,7.4"-trimethylapigenin 110.5
alysifolinone 116.9 |5,7.4"-trimethylapigenin 122.8 | meranzin hydrate 128.8 | alysifolinone 107.1
methyl linoleate 114.6 |[4',5,7,8-tetramethoxyflavone 122.8 | palmitic acid 124.6 | myristic acid 105.7

XX5-N-[(1s)-1-carboxy-3-methylbutyl]-3-(3,5-dichlorobenzyl)-I-histidine
methyl-1,2-oxazole-3-carbonyl) amino]

P85-N-[(4-fluorophenyl) methyl]-1-[(1y)-1-naphthalen-1-ylethyl] piperidine-4-carboxamide

N3-benzyl  (E,4S)-4-[[(2S)-4-methyl-2-[[(2S)-3-methyl-2-[[(2S)-2-[(5-

propanoyl] amino] butanoyl] amino] pentanoyl] amino]-5-[(3S)-2-oxopyrrolidin-3-yl] pent-2-enoate

EZ8-(15,25,4S,55)-4-[(25,35,4R 55 6R)-3-[4-(aminomethyl)

triazol-1-yl]-4,5-dihydroxy-6-(hydroxymethyl) oxan-2-yl] oxy-5-(2-chloroethoxy)-1-N,2-N-bis [[4-(hydroxymethyl) phenyl] methyl] cyclohexane-1,2-

dicarboxamide

M [ 1 -ACE2

1 RIRMFMRSS ACE2, MPro. PLP 1 DC-SIGN 3 FHEE/ER =4 E
Fig. 1 3D diagram of interaction of representative chemical constituents with ACE2, MPro, PLP and DC-SIGN

PR -Mpro

Hih 2 F-PLP FitEE-DC-SIGN
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Fig. 3 Heatmap of hierarchical clustering analysis of
docking results between chemical constituents and each
protein target
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