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Study on Active Components and Mechanism of Volatile Oil of Citri reticulatae Preventing and Treating
Alzheimer’s Disease Based on GC-MS and Network Pharmacology
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ABSTRACT OBIJECTIVE: To predict the active components and potential target of volatile oil of Citri reticulatae preventing and
treating Alzheimer’ s disease (AD). METHODS: The volatile oil of C. reficulatae was determined by GC-MS, and identified
according to NIST 11.L database and manual data analysis. The active components and targets of volatile oil of C. reficulatae were
predicted through TCMSP and PharmMapper database. The related targets of AD were obtained by using GeneCards and OMIM
databases. Venny 2.1.0 software mapping was used to obtain the direct targets of volatile oil of C. reticulatae against AD. Core
nodes were mined with STRING database and Cytoscape 7.2.1 software, and the indirect targets of volatile oil of C. reticulatae
against AD were obtained by mapping and duplication coith Venny 2.1.0 software. With the help of DAVID 6.7 database, the above
direct and indirect targets (i.e. action targets) were used for gene ontology (GO) function enrichment analysis and KEGG pathway
enrichment analysis. Using Cytoscape 7.2.1 software, topology analysis was conducted for the network of “active
components-acting targets” of volatile oil of C. reticulatae, with node degree value, betweenness centrality and closeness centrality
as indexes, then key components and key targets were mined. RESULTS & CONCLUSIONS: A total of 40 chemical components
in volatile oil were identified by GC-MS, all of them were active components, including D-limonene, p-terpinene, etc. A total of
151 active components-corresponding targets and 1 291 AD-related targets were mined, including 48 direct targets and 41 indirect
targets. The above 89 targets were mainly concentrated in cell fraction, axon, cytosol and other cell components; intracellular
signaling cascade, response to organic substance and other biological processes; protein kinase activity and amine receptor activity
and other molecular functions; as well as cancer pathway, calcium signaling pathway and neurotrophin signaling pathway (P<<
0.05). A total of 10 key components including a-terpinene, S-elemen, thymol and (— )-4-terpineol, as well as 21 key targets such
as androgen receptor, prostaglandin G/H synthase 2, mitogen activated protein kinase 14, muscarinic acetylcholine receptor M1
were excavated, indicating the effect of volatile oil of C. reticulatae against AD had the characteristics of multi-component,
multi-target and multi-channel.

KEYWORDS Citri reticulatae; Volatile oil; GC-MS; Network pharmacology; Alzheimer’s disease; Mechanism
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g TR 2 22 BB, 7 207 (0
PR 25367 P BB LR B 5 A IRIL AR AR B 1 254
PERTB R ARYE RN R G, 15 P 25/ TR RO — B0
I AEFEE i IR AR (GC-MS) % B4 ki
HR BTSRRI B I 45 25 B~ A 5T
SIS E HH R Ao i BEA T AR A2 , O E 7 R
MBI AD A SCHETE VSIS A T o DL R
TEAR Il % , & 7T B AR T Biih AD f TR A
TS %

1
1.1 4S8

7890A/5975C F GC-MS 1Y, it ¥ il (E1) 15 F-JA
VL J 5975C-GC/MSD %t s &b P 22 48 ( 35 [& Agilent 24
F] ) ; TC-15 B4 i HL I EE (Vg T T BT AR BT ae k) ) 5
Milli-Q # i 4li7K £ 5¢ (35 [5 Millipore 23 7] )
1.2 A 5iLH

TR AR A TP 75 LT B L s R
FEIEHD , 28] A48 R 25 B2 B v R I R S 8 575
B (C. reticulata Blanco) 4 58 . B IR 2 EYL
LA DU 2 R B RTG53 40 1 R AR T
Jei, BOAS DUAE T B2 25864 o TCOK AR BR AN L HY R A T Tk
(60~90 °C)ZEIRFNIE R oAt , K Rk LtiK .

2 FHik
2.1 EEHIER
2 B8 2015 4F i € [ 2 i) (PO ) 38 ) v <2204 44

R S 3 T F L A AR ERDUAE T B 241 50 g,
Jin 10 f5 8 (mL/g) 7K, 1230 2 h, [FIREZEL 9 h, 15 8 (05 1
AR, 2 TR T 5 , RIS E R . A
YE3 R B 2iM I A54% & (1.367 +0.058) mL.

2.2 GC-MS 9 #f

2.2.1 GC %M (a4 HP-5MS 5 Phenyl-Methyl Si-
loxane A1 FE BN H: (30 mx250 pm, 0.25 um) ; FHEFE P
() B ¥ BE 50.00 °C, L 0.40 °C/min F+ % 55.92 °C, Dk
0.20 °C/min F} & 58.00 °C , F LA 15.00 °C/min T} £
88.00 °CFf15:4% 2.00 min; LA 1.30 °C/min F} % 131.70 °C,
PL 0.80 °C/min J} 2 137.00 °C, F-LA 1.50 °C/min F} &
148.00 °C If % 4F 2.00 min; LA 15.00 °C/min J} &
248.00 °C, 4 20.00 °C/min F} 2% 280.00 °C, Eiaf THfIA]
87.04 min) ; YRR TR : 250 °C; SALZ IR : 250 °C ;%
SCEAS) W 2 1.0 mL/min; JERERE : 1.0 pL; #ERE 72
SRR A 100 1,

222 MSE&M BT ELE P & FIREE.
230 °C; DU ATHLEE : 150 °C; L7357 RB 1 : 70 eV 711
FEIR : 3 min; FAHETEE : m/z 50~500,

2.2.3 HER¥ERMBA AT B2 EER,
FHAE A B R, #692.2.1742.2.27 3 F GC-MS 4%
PR AT i S s RS EE s o TS BT s i

FEEE 020FEEIIFEITH

1 NIST 1LL bt FE R (VERC IS , 22 N M T
TESAEE AT A5

2.3 MEBHBEZDH

2.3.1  FEHERMIEER T IE 2237 E
YE AT R A T 2 R 2 PR S A
-4 (TCMSP, http: //Isp.nwu.du.cn/temsp.php) , LA H IR
FIHIEE(OB) =30% (251 (DL) =0.18 1E i e 454
T B 5 TS P o0 A TR o

2.3.2 TSRS I AR K231 WU S
BRI T 43 52 A TCMSP il PharmMapper 23
£ (http: //www.lilab-ecust.cn/pharmmapper/) , BR & 9 Fi
9 N2 (Homo sapiens)” o BiA 2 FIT 153254 55 LA [ X
Fa A8 (R Fit ) BRI HES , S 86T 20 (A b B
A3 o A A A R A T A SR A UniProt X
P& ¢ (http : //www.uniprot.org) , BR & #1F0 A “ A2 (Homo
sapiens)”, K Z AN #Y UniProt 1D, Ff-3REOGH ;) 3 [A] fij
FR(Gene symbol) , 2258 Ji5 RIAS B2 4% & 6 1R A3 (A %
T A A o

2.3.3 AD MR STHIRSE DL “Alzheimer’ s disease”
S K EE 1A, 7E GeneCards £ 4 /7 (https : //'www.genecards.
org/) . N2 i 7 /K 35t 1% $ 4l i (OMIM, https : //omim.
org/) G 28 AD FHOCHE ;5. Hirh, GeneCards 4 J22 H
PLIAE 2% 4381 (Relevance score) > 10 S Ap ST HEATiH 16 .
B AR R R G IR AT S, RIS AD AHSCHE S .
234 HEWHRINGTIG AD HEE S IEE A Ven-
ny 2.1.0 FPFmL S “2.3.2742.3.37 3 AT 5 B 4% & I TG
P B A XTI HE A5 R AD AH OCHE A, RIAR T B 43 A M B IR
AD [ B3 S

2.3.5  HEHRIMBG ADERSE S e I
R ¥ 9 R0 0 5 0 AD I 5 22 8] 4 AH ELAE FH R
FOR42.3.2742.3. 37U A ST K #5120 X6
#155 FT AD A G #1455 A STRING %% 5 ) (https:/
string-db.org/) , B EPIFI A “ A2 (Homo sapiens)” , % &
ke B 5 7 (High confidence) =0.7008", [ 25 R A 7. 3%
FER 7 S (Node) 7, 15 “HE 5 AR W28 TR AFE R “tsv”
& 230 8 R SO 5A Cytoscape 7.2.1 844, iz %K
i) “ CentiScaPe 2.2 4 {4 1153717 wi B {H (Degree ) , 1%
HUCRE AR K T 134 BEAE 2 A% A 80 VR A% 0 19 A5 (Hub
node)"™, F| ] Venny 2.1.0 #R {0242 00 15, 55 42.3.27
“2.3.37 W AR K HE S M R Ak 1 A SR AD AH
DGR S AT B ST, 55 0 1 B T 7 P A AR
M EHRBR S 23,47 T AR Z i s, B
1595 KA KM BTG AD B RIHZEE 0 o F HLAEAE R S )4
B A, RIS R34 R B IR AD FE RS

2.3.6  JEHNAMK(GO) WA M KEGG # i & L 4%
“2.3.57 WU BT AR K &I B A AD 1 TS R A
DAVID 6.7 £ 4% J# (https : //david-d.ncifcrf.gov/summary.
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2¢ . H. (http: //www.omicshare.com/) 2: il KEGG i [ &
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197 Rz 5 & B 16 AD A FHBE 55 AH 07 3 14 B 4338 1
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BB M2, FE s H A “CentiScaPe 2.27 i {447
FEFAHT Y SUBEA A £ 0 B (Betweenness cen-
trality ) Fl'% % FP0> BE (Closeness centrality ) , JF3E#E iR
SRS R O 7 508 1) B Ao R sS4 b 5 B 4% &
T AD B S A5 A OGN 1™, P 1 Cytoscape 3.7.1
R O SHEAR A - B S5 R 2%, A T AT AL SR
3 #HR
3.1 BEELMGC-MSHHER

TR R GC-MS G i LK 1. £ NIST
LLL S A 2 D FCRT N AT I, 2 %5 40
ARy (PERL BE X R F 80% ) , K2 Ml M 2 AN AT
B ERSE KBRS LR AL G, A AT M
y- i et ORI B- RIS TEILAR 1,
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1 BREEALXHGC-MS 2B FiRE
Fig 1 Total ion chromatogram of volatile oil from C.
reticulatae

3.2 BRELMAEADERAREHFELER
19, r A b 2F B4 1 OB AE ¥ K F 30% ; B
(—)-4-i ARG DLAE A 0.11 4F, HiAx k27 43 1) DL
{HIIKTF0.18. FHJERN(— ) -4-il db BT 1 o HA —
FE AT AE IS SO B 50 5 AR N 19 40 -k
R AT R A 428 5 A TCMSP il PharmMapper %4
Yol o 2 5 273,760 4NHE 14 5 28 UniProt 303 5
WEIE | 2 5 19 B 7 B2 4 % I 6 PR B4 X i 4 g 151
~o LL“Alzheimer’ s disease” & = atin] , 7F GeneCards FlI
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x1 BRELZMESTIER
Tab 1 Component analysis results of volatile oil from
C. reticulatae

5 4 it L gy RO

o [ ,min
1 3-thujene CiHi 9 13613 9.054
2 CHe 97 13613 9400
3 pk CoHi 94 13613 12398
4 PSR CoHs 91 13613 14.088
5 ek CHe 91 13613 15045
6 IEFEE CHO 96 12812 15393
T e CoHi 97 13613 16339
8 FilErrE CHe 9 13613 18308
9 pB ik Cis 97 13613 20701
10 pHEd CHs 95 13613 21751
1 S CHe 98 13613 25888
2 2 4THHE K CoHe 97 13200 26.104
13 ki CHO 97 15414 27264
4 e CHO 83 15212 27459
15 (R)-fbtrteh CHO 90 15212 28177
16 Cis-2,8-menthadien-1-ol CoHO 98 15212 29.108
17 B-HniiEE CoHO 98 15414 29650
18 FFH CHO 96 15414 30291
19 (=)-4-dhE CoHO 97 15414 31579
20 oA CoHO 87 15414 32608
U B CoHO 91 15615 33.757
22 Cis-carveol CoHO 98 152.12 34.690
B B CoHO 96 15414 35455
U FFE CoHaO 98 15615 35676
5 R CHO 95 15010 36232
2% A CHO %4 15414 37506
2 4(RELHE)-13RE -1 CHO 97 15010 38337
28 (+)p-if-1 -9 CH:O 98 15414 40334
9 HER CoHiO 95 150.10 40.780
30 4-etheny1-4-merhyl-l-(pmpan-Z-yl)-3-(pmp-1-en-2-yl)cyclohexene CisHa 97 204.19 43.060
31 3, 7-dimethyl-2, 6-octadiene CaHs 95 13814 44913
3 LREER CaHn0, 91 19615 45812
33 Prelemen CeHy 99 20419 47.404
34 y-elemene CsHx 98 20419 50.744
35 SR CeHx 97 20419 53114
36 Germacrene D CisHa 96 204.19 54.405
37 d-cadinene CisHa 95 204.19 58.157
38 y-gurjunene CisHa 95 204.19 60.476
39 g-gurjunene CiHy 93 20419 67.043
40 prEE CHO 97 22220 68522

Venny 2.1.0 BB J5 , HA5 2 F K 4% &M B iR AD H.
FEHE 5 48

F F STRING %4 )% #1 Cytospace 3.7.1 A H i 14
R T2 BE R (21.866) 2 A5 A AZ 0o 15 A 401 A4 (U3
HAE" R4 EWS ) ; 28 Venny 2.1.0 8 F it 5, 45 5 1]
FEAR R A1 B H AR SRR s G T, BVSE E
KAMBiiG AD VRIS 891, TE DL 2.
33 GOREEELEMKEGGEREERLR

GO e A 45 R R, 89 M A 295 &% GO
DI 1 FE 564 4~ (P<<0.05) o Hirhr, A= Wi A2 8 4 440
A, LA PP A9 [ v (Response to organic substance) \ %)
N A 38 14 )2 17 (Response to endogenous stimulus ) | 4f]
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Fig 2 Targets of the volatile oil from C. reticulatae
against Alzheimer’s disease

BN 15 52k (Intracellular signaling cascade) %5~ 3 ; 4f]
JMI2H 53 & 45 434, LA L 4348 (Cell fraction) %€ (Ax-
on) JfB3 (Cytosol) . A 4143 (Insoluble fraction ) ZF A
F 540 F IR E A 81 A, LI Z R T 14 (Amine receptor
activity ) 25 [ G 1 (Protein kinase activity) %45 &
(Amine binding) . ' i 2 52 1K1 ¥ (Adrenoceptor ac-
tivity) 554 32, FEILIA 3.

LY
20 [l
¥k

SERAHHIIUEPFERRBERRERE HH oo
HEXFH N ESSEERFEGERETCEE T I @y
EErEETEEIEE HREER  XESEIfEXE
NRECREEE SHE R E ONE NHER=SEWN
SELRRIY 2 K= 2O R¥HEE &
THEEEFE = W X kE
BTEE B B H B ¥
= - & o Y =
® = 2
N EL

GO hfE
B3 BHREXMBEADIERAEARNGOIREEEH

KE

Fig 3 GO functional enrichment histogram of the tar-
gets of volatile oil from C. reticulatae against Al-
zheimer’s disease
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Fig 4 KEGG pathway enrichment bubble diagram of
the targets of volatile oil from C. reticulatae
against Alzheimer’s disease
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By (— ) -4-ih8 A IR 7Y A B 3 v A B
B B TP RN S (RS R T L
SEPE (RS E T PE 4 51 134.561 8.0.002 679,
6.700) [ S EEHE 2 AT 214, 40 BRI 3 F 8 1 (ALB) |
HAEHE M A- 11 (APOA2) Mt K 11 7(CASPT) (kiR
B 2 (CA2) HEE E D45 A &M (GC) 2RI 8 1
KIF11(KIF11) \HIE& KA H 2(BMP2) |\ B-77 UA i 1
(BACEL) KM 2 B2 (R (SLC6A3) I R 227
& (AR) IS IR G/H &1 2(PTGS2) 2224 i i 1k 28
P 14 (MAPK14) (¢ 1M i Bt (F2) | 75 0% £ 196 A0 s
Z K M1 (CHRM1) | y- %3 T R % M 0-2 W A7 (GA-
BRA2) .CHRM2, — kL ik i 4 (DPP4) | 22 2L JF i Ak 75
M1 3% i 10 (MAPK10) . 47 fili 5% {& (PGR) . MAPKS,
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22.000, 21.000, 21.000 20.000, 17.000 16.000., 16.000
16.000, 15.000, 14.000, 14.000 13.000. 13.000. 12.000 .
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