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Study on mechanism of Radix et Rhizoma Rhei in treating
Alzheimer’s disease based on network pharmacology
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Abstract : To explore the mechanism of Radix et Rhizoma Rhei in the treatment of Alzheimer’s disease( AD) based on net-
work pharmacology. The effective components and target genes of Radix et Rhizoma Rhei were screened by TCMSP database
and Uniprot database. The target genes of AD were screened by Dragbank, Dis Ge NET and TTD databases. After mapping the
component target with the disease target point,Cytoscape 3. 7. 1 software was used to construct the drug active component-tar-
get protein interaction network ,and at the same time, the String database was used to draw the target protein-target protein in-
teraction network ; The target protein was analyzed by GO and KEGG using Metascape database. Finally, the main results of
network pharmacology were verified by MTT,ELISA and real-time quantitative PCR. The research screened out that 17 active
ingredients of Radix et Rhizoma Rhei,276 corresponding targets ,included 107 targets related to AD,the top 10 KEGG-related
signal pathways,and the first 20 biological processes for GO analysis. Cell experiment showed that Radix et Rhizoma Rhei ef-
fectively improved the cell survival rate of PC12 cells,inhibited the inflammation , apoptosis, oxidative stress of PC12 cells,and
promoted the activation of PI3K/Akt/Nrf2/HO-1 signaling pathways, meanwhile , down-regulated NF-xB signaling pathway.

Radix et Rhizoma Rhei has an important therapeutic effect on AD mainly through anti-inflammatory , anti-apoptotic and anti-

oxidative stress. This provided new ideas for subsequent clinical
Wk H 0120200728 5% H 19).2020-11-13 treatment of AD.
HAWH  ER A RFRA 54 (81373702,81874462)
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[ IR Pk 1 BR % ( Alzheimer’ s disease, AD) £ %
AT BAENEAER], 2 — M LASE T ML IL Tyt 2k |
INHITNRE TR RS AT Sy I R R i oy 32 23R B i
Z RGBT A A AR I 2 T ST A
Mz BB AR LI RN, AD SR Bk
BAERE NN, 4 J5 K AR 20 A3 1A% i RS 3
T3] 2050 4EA 5 AD B 1,315 42, ™8
JEE B AT N e 5 A i e A, TR i g AR S TR
FEAS R DTE A2 55 G L i 5 4 24
B PR (FDA) b F i A HT AD 254 122 N-
I BE-D-R T4 2R (NMDA ) 524 BEL s 55 F1 £ 1t i
BATRRE ( ACHE ) #1550, 15 i T B3R W2 25 W 45 T
BRIz, O] 3 R R AR IR AR (BT A REAR
1A AD (R, BRI IR 235 1R ™ 5 0y @R
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KSR IR AR Z AL, TP EEXT AD BEHLIAIR,
A BT B A A, RBP4 " b, i
AETE L FE AD 9 “ BERUIK S " R HL. Wang 25100 5
BFFE B, (1) AD REUEA RN B R, ok
HA M FE H TNF- [ IL-18  1L-10 5 52 W] i & T %5
FL(P <0.05) , BAWIATAE T RHE N £ 55 T AD
(IS 0 3k i, 2 B M 8 A AR Ak I IR R N
(2) AD A5HY I FR LA S5 5 5, S A PR e, (i A
T O AS R8I 1k 5% B 1 PN B 3= A N
IR SRR A A 5 B 58 45 R4 I IR N #E R AE AD
TR A EEAE N, R EA " LUl iR,
I3 U R b | T RS AR, A G R
B HERRECE AE R R N IR N B R
AETRRRE T AD ™ figi 1 BB L R BH 4% | 4 ik 4%
BYRAIL, v ARG iz TN S RE A e . Rt
AR B VR FHHE A5, 20 B ol BB AD A1
FHHILTR % 3 Bl R B AR P T LA B A T

P 245 245 L2 0] I 5 245 W) AR R =2 ] ) 5%
F, AR G 2 AR Ly e R AR A k2
Br-HE A BR-g% o BE AR-2E BT AR B4R
21707 AR A DG 2R AT RLAL kg 9 454D, I A 43

FJE TR AR £ B WE 5 25 0 0T A 40 T 248 14 52 T
ARG B 25 25 2 05 0, W A RO o3 -HE bR AR
P2, 455 R SD 20 i 52 560 TR AR RBIR YT AD
PIEIBLE, A 51097 AD 25 58 32 4L Iy 1) A1
5y
1 w57
1.1 XEAYHS REBINIEE

L) “Radix et Rhizoma Rhei” & &4 ia] , \ TCMSP
e e (h 2y R i 5, http ; //Isp. nwu.
edu. cn/temsp. php ) A ) KB A A BUR ST, AT 5T 5
T ADME (259 Wi, o3 A1 AT HEE) AR, 52 H]
OBioavail 1.1 > Tl A 253 19 H AR A1 BE (oral
bioavailability, OB) , X} K # i) fb 2% i 4 £ 47 OB #01
225 (drug likeness, DL) i 16 , I % & OB =30%
T DL=18% f Ry it 251+ o eJ , (1] Uniprot
Bl PEITAE B Perl T 5, #4551 26 1 44 (protein
name ) " Gt — 4 FE P 44 ((genename) 7, 15 FI| 1Y
TR TR 2L 0 M 48 2 B2 I o A o
1.2 AD HRFRHEXEEKE

1£ Drughank %% 4)# £ ( https//www. drugbank.
ca/) . Dis Ge NET 3¢ 4§ FE ( http//www. disgenet.
org/) F1 TTD %% #& &£ ( https//bidd. nus. edu. sg/
group/ cjitd/ ) Wi 1 6 7 BT 2K 2 TR R 0 AH OC HE
&, LA Alzheimer” Sy 46 28 5 HER] , I 00 A6 2% 21 9 2
JEATAR B, 22 J5oRe = A B P2 i 5 I R A T 2R
(GRS ELSINE/TE LY
1.3 KREFHHSS AD EHAFER PPL K
K

P R BA U BIAH IS HE SR AD A S A
OmicShare 3£ (https ://www. omicshare. com/ ) % H}
REARULIT 5 AD BAZ B A, PR X S AR
FUAF STRING i, e £ 4) F 4 “ Homo  sapi-
ens” (NI #EATHRAE , /M BAE T IR 3 me-
dium confidence = 0. 4” 82| 4 HAE PPI M %, B
R BT -HE BT R R 2K
1.4 <EBMEREMGFIE

1 FH Cytoscape 3. 7. 1 #fF%} PPT WM& #E4 40 Fh
JERYESIHT, T PP R 25 8 A 1) 5 FE rpOo P (degree
centrality, DC ) | 22 3T /7 .0> ¥4 ( closeness centrality,
CC) Frp 40014 ( betweenness centrality, BC) 7, A
betweenness closeness £l degree {50 BE” , EHL
betweenness .closeness F1 degree [F] I+ 7F [ {H 2 I A9 %0
FUOR S SRR B PPT RO2% rh i) SR L A
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1.5 XBEHMERMREERSEWIESFT

it — W K B BT AD BRSO, R H
Metascape ~F- 5% K B Y AD # G fiF i 17 KEGG £,
HIE B AR 3T, WF AT R B A BT AD AR
W FEAT GO A9 R & AR T 1R B KR
(470 AD A= it B8 Metascape [1)°F 1591 36 515 51
P4 Homo Sapiens” ( NI ) T #4E . ik AD
5 REA BT AHCERT 20 8531 DIREFIHT 10 7Y
(EREE Y
1.6 MEHE

WA BB XTI T A Cytoscape 3.7. 1
g B R A R - S5 R D 286
1.7 {RSMIGIESLIE
1.7.1  fape X5

K BB b B 458 JoT g 24 240 g 4t B ik PC12 4 fifg
(KU wiE A Y EARGRRAT]) ; ABysas (31 Sigma
oa]) s A B H KA A AR W I ( GSH-Px) | 9
(MDA) Fi1 & APy AL il (SOD) 1457 & (70 A F
TUHERUAE IWFGE T ) s ELISA W2 i 30 & A fb ik
(P E A YR FE T ) 5 Annexin-V/PL i T4 €
F & (3N F) ; PI3K Akt Nrf2  HO-1 , NF-kBp65
SIWA B LA TAY TRABRA FEAL) s TB
Green Premix Ex Taq PCR i&5 & ( TAKARA A #]) ;
A RNA 23870 ( Trizol) (S4B TR (Ki%E) AR
23 w]) s DMEM 2 Jf 355 5 (R CHZR A Ak 2 i
(db50) A B 7 5 10% 580 A= /N 4F 1fiL 75 ( Hyclone
Lab) ;PBS(Jb i K ERHE A BRA W) s FBS (5 %
ERAERH AR AR . KR, AW mE P EZ
KRS — R BE B, 28 % 2 S BRI ) KB 1 T4
HUR B 100 g K42 Z8 K R4 B AN iE &, (H
FHBFRIGE i, 1, AL B RERR TR 20 “CLRAF
1.7.2 @3z B s T

PC12 4ifats3: T DMEM k532 3L( 5 10% FBS,
1% P/S) 37 C 5% CO2 $HFRFHEFE, 0 MO BE f5
BOG A KM, 430 5 4. XTI AR
FBS P/S (] DMEM 57 24 h; B4 . T ABys s
(20 wmol/L) BF# 24 h')5 R # AR & 4 (1 mg/
mL) KPR E A (2 mg/mL) K S F 4l (4
mg/mL) 5 F 24 h,
1.7.3 MTT ¥t & ik Aam) 4a o 75 7% &

W5 x MTT FHAR B BE I 1 x MTT ¥ ; B
FLin 50 w1 x MTT %59 ,37 CFE 4 h; 38 IS,
FANFLINA 200 wWLDMSO , 76 M B PR L 4% 2 ~3 43

B YA . BEFRNAE 570 nm JF K ARSI AL
PC12 40 p WG (e
HARARTE PCI2 40 A7 TE 2%

e x  FEMODE - =94 0D 1A
4 B4 E R = — N

100%
1.7.4 ELISA # PC12 fmfe b # % 1L-18.1L-6 F=
TNF-a 4%

PCI2 ZHJfLLL 1 x 107 3% Ff T 96 fLAR 1, 100
pl/ 1L, 2 80% Rl i, 73l 45 T £ LH AL BRIFT R
H 3L, TR TR AL BESEUS , WA bR
FRVERFINARAS o SR FH 86 16K A 932 W R I i 24 A6 U0
F I8 ELISA I 350 & i U A T 48 A
1.7.5 b xin PC12 40z & L% SOD GSH-
Px #= MDA

UK b AN, B0 I R R, 4
A WEH IR A AL W g ( GSH-Px) (3 T8 (MDA ) Al
AR ALY (SOD ) 1250 & U0 ] A5 AR , R 4%
TR R o
1.7.6 A X @ psn PC12 4 in A o— &

PR TR R & U R, B SRR PCI2 21
M ANE £ WU £, 1% (ethylene diamine tetraacetic
acid , EDTA) {19 5 7 AL AR 38, 7K b 246 | B0 i8R
YA, TUVE A 25 G G2 ph S A FITC-AnnexinV
A PL 2 PUREEIE 15 min J5 J 2040 AR 10 000
ANARME, A T T R PCI2 R T3, &
— I AR R E A S K
1.7.7 Rz Eixbhn PC12 4 fe ki PI3K, Akt
Nrf2 \HO-1 \NF-xB p65 mRNA %k

K Trizol $hEE 4541 5 RNA B ok 12 4% R A I
A . RNA ¥ B, FI ] Ta Ka Ra 357 £ 4R 95 50
B3 %% 4 ¢cDNA,SYBR Premix Ex Taq I1 10 pL, |-
T4 1L DNA BB 2wl B K 6 ul, 3t
20 WL, iR G5, AT 5 A5 F A ¢ DNA 7
PR R G U B R AN R S N AR« AR 95
°C .30 s;PCR 2 Jvj 95 °C .5 5,60 °C .30 5,72 C .15
< R BITEE 35 AR FR. W ractin 14 B, TS
2L TR R A R, BIIFRIILE 1,

1.7.8 “itsa

SR AR + B 22 K, >R H] SPSS 24.0
PAEGE T3 M, 20 18] 22 5 LU R B R 3R 07 22 03 i
Giit, I 22555 1 LSD K (7 22 AN 5535 Je s B
A5z Ir225%) ,P <0.05 HHEiH27 = o
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Table 1  Primer sequence
HER 2R gl#(5'—=3") R/
Gene name Primer (5'—3") Product length(bp)
B-Actin F.:CGCGAGTACAACCTTCTTGC 70
R:CGTCATCCATGGCGAACTGG
PI3K F.TGTGGCACAGACTTGGTGTT 153

R:TTCTTCCCTTGAGATGTCTCCC

Akt F:TGTCTCGTGAGCGCGTGTT 161
R:CCGTTATCTTGATGTGCCCGTC

Nrf2 F:TAGATGACCATGAGTCGCTTGC 156
R:GCCAAACTTGCTCCATGTCC

HO-1 F:AAGCCGAGAATGCTGAGTTCA 100
R:GCCGTGTAGATATGGTACAAGGA

NF-«kB p65 F:CTGCGATACCTTAATGACAGCG 194

R:AATTTGGCTTCCTTTCTTGGCT

2 HR BRI (ML ~MI17)
2.1 KREAIUHTHIFE
NS 2 P, AR SE SR 0 R rh S A B 17
R2 KEARAS
Table 2 Effective ingredients of Radix et Rhizoma Rhei

5% W P OB oL
No. Ingredient Molecular weight (%)
M1 421 Eupatin 360. 34 50.8 0.41
M2 7 it Mutatochrome 552.96 48.64 0.61
M3 K H kAP Physciondiglucoside 608.6 41.65 0.63
JFAET & BS,3/-0-% & T IRER
. . .3
M4 Procyanidin B-5,3"-0-gallate 730.67 31.99 0.32
M5 K EHR Rhein 284.23 47.07 0.28
M6 FHVET E Sennoside E 524.5 50. 69 0.61
K T}-8-0-B-H1 A BT
M7 Torachrysone-8-0-beta-D-( 6'-oxayl ) -glucoside 480.46 43.02 0.74
M8 YeBH P Rg Toralactone 272.27 46.46 0.24
M9 B Questin 284.28 20.44 0.27
RHELF-1-0-B-D-IL I A Bl
M10 Emodin-1-0-8-D-glucopyranoside 432.41 44.81 0.8
MI11 FH15Fr D Sennoside D 524.5 61.06 0.61
M12 HE MNF Daucosterol 386.73 35.89 0.7
M13 I B PG [A] Palmidin A 510.52 32.45 0.65
M14 B—ﬁ»&f fi2 Beta-sitosterol 414.79 36.91 0.75
MI15 PIZERIEZE Aloe-emodin 270.25 83.38 0.24
W TH2-3-0-(6'-0-galloy]) - A £
M16 Gallic acid-3-0-(6'-0-galloyl ) -glucoside 484.4 30.25 0.67
M17 (-)-JLZEZE (-)-Catechin 290.29 49.68 0.24
2.2 AYES-EEEEMNERNEE A Cytoscape 3. 7. 1 4 7 K 8 A R o3 A

REGVE I 19 17 A RO e 276 DAHSRHE A JIMZET (B 1) o 17 D ELEAEEIE 7R R e BTG P K
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Fig. 1 The gene target network of the effective components of Radix et Rhizoma Rhei
AL RGN s S 0 = . ¥ K, Note: Red diamond ; Active components of Radix et Rhizoma Rhei; Green triangle ; Target gene.

2.3 MRRBEFEXEE 107 AL PR AT B8 S R BT ] 2% % 1 B 4 A
7E Drugbank \Dis Ge NET Al TTD #4ii AR WA ATER NI EAEHISCR , S AL,

AD RYHEFEN , IEAT 3] 2 245 R R WA G S A HEAT PPL 25 3B (DL 2) , 45
2.4 EBEEMKHEE RILL I 107 MBE H LA EAR, 74 786 %

7 Drugbank \Dis Ge NET Al TTD #fiiE k% AURE A Z M LA
AD PR3 SR AR I ROSEEE N A 107 AEAT X

2 ¥ER PPl MEHE

Fig. 2 PPI network diagram of target protein
2.5 ZLEBRAWER 14,32, P A ECR 3,72 x 107, P4 SR Ny
Cytoscape 3.7. 1 T3 445, PPL M4 EAE 0. 67, JE{H A KORN SR B Bl i P K (E A S 2 1 3
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8 AN, KUl APP TNF .SOD2 ,CASP3 ,CASP7 .BAX
Bel-2 112, AL | 8 AN s 7E PPL W 45 Hh b 3¢
FEAE AR T RESE R BPT AD By CHERE A
2.6 Metascape 3 #THY KEGG #0 GO &8

it GO Kl e b , R A R EFR S AD
PRI RO R D A AR S %Lfkfh/gififh\xr
BN B ST MAPK 35 P B 1E 4% 24k e
T ST T BRI E R (F SR \CAMP
AW G AR T R A R A N A A

S R RN AT A H (LI 3) BB KR YT
AD LI AT BE-5 A AE SV AN T L AR AR B
IO 20 P 2 IS S B L cAMP AR W4 il AR A
PItH%,

it KEGG $df 5 5 H R IR Y7 AD SCEE AR
f 25 1 3 i 3 229 ) PI3K-Akt {5 53 % Nif2/
HO-1 {551 % \NF-«B {553 i \MAPK {5 51 % |
IL-17 {55 38 % . TNF {5 %5 38 % . mTOR {5 %5 3 %
TLRA {553 % . Wt {5538 [ BT 7R 2 15 BR 956 55 (L

Top 20 of GO Enrichment
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Fig. 3 Bubble chart of GO enrichment of effective components-gene targets-molecular functions
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Fig. 4 Top 10 representative pathways
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P 4) , d B K 3 T R o 3 o R 4 A E SN L 40 i
PR EALRLIE R Rk B iR AD

2.7 MIT %#&iN4&4H PCI2 HMHmGEEEL
%

SR MTT A6 4520 A0 AF 16 2R, BT o pr &
BN 3 From SR i, B A Y PCI2 4
AIAFIE ] g%, A 83 22 (P <0.01) ; 5
RV AR L, 625 R vk BE 34 I, PC12 40 i A7 35 2%
# FJH(P<0.05,P <0.01) , WK%t PC12 4ififl

BAU R EH
2.8 ELISA #&i PC12 4 kiE & 1L-18.1L-6 Fn
TNF-o &2

SRR L 4, KRN PCI2 4001 24 h J5, 5%
HEZH FL ARl 2] PCI2 4ififg 1L-6 \IL-18 Ml TNF-« 7%
R ETE (P <0.01) ; 5EIAIA i, KA
e AL ) PC12 20l TL-6 IL-18 A TNF-o 5 51
2 REAR (P <0.05,P <0.01) , W KX PCI2 4f
JHO %) 9 A B v B AT B I R H

%3 BRAHMBEEZEMLLE (x+s,n=8)

Table 3 Comparison of cell survival rate in each group (; +s,n=8)

2531
Group

X 20 Control
B2 Model
KHALHHE2H Radix et Rhizoma Rhei-L
KB P5HE2H Radix et Rhizoma Rhei-M

K4 Radix et Rhizoma Rhei-H

BEAR% I RERIES
Number of sample Cell survival rate( % )
8 99.9 +0.7
8 63.5+0.5"
8 81.9 £0.24
8 84.4+0.84
8 91.1+0.944

T SR A, P <0.01, SHA4 A, 4P <0.05,44 P <0.01,

Note ; Compared with control group, * P < 0.01 ; Compared with model group,4 P <0.05,44 P <0.01.

%4 KA PCI2 MB LB IL-18, 1L-6 1 TNF-a S EEE (x +5,n=8)
Table 4 Comparison of the contents of IL-18,1L-6 and TNF-a in the supernatant of PCI2 cells in each group(; +s,n=8)

é?ﬂ 118 1L-6 TNF-
X HEZH Control 12.5+1.5 85.7+0.5 126.8 +9.8
BRI Model 36.8+1.4"* 128.8 +5.3** 146.8 +14.1**
KEAEFHE2H Radix et Rhizoma Rhei-L 20.3 £2.7 120.6 +14. 1 135.9 +13.9
K# a4 Radix et Rhizoma Rhei-M 18.1+2.34 117.1+11.74 130.7 £23.74
I 4H Radix et Rhizoma Rhei-H 14.1£1.744 107.5 £10.1 A4 126.3 +£20.744
SRR, * P <0.05, % * P <0.01; SR L4, 4P <0.05,44P<0.01, T,

Note ; Compared with control group, * P <0.05, * * P <0.01 ; Compared with model group,4 P <0.05,44 P <0.01,the same below.

5 #%48 PCI2 B LB T SOD,GSH-Px #1 MDA Fe% (v 5,1 =8)
Table 5 Comparison of SOD,GSH-Px and MDA in PC12 cell supernatant of each group (; +s,n=8)

45 SOD GSH-Px MDA

Group (U/mg prot) (mU/mg) (nmol/mg prot)
Xt HRZH. Control 326.8 £8.5 366.1 +64 602.9 +28.9
HEHRIZ Model 155.1+£5.6"" 96.7 £14.2** 1283.5£26.5**
KFLFI 4] Radix et Rhizoma Rhei-L 194.2 £22.54 175.7 £11.14 1051.7 £22.94
KP4 Radix et Rhizoma Rhei-M 277.5 +4.34 235.5+3.54 428.9 £15.444
K F 74 Radix et Rhizoma Rhei-H 285.7 +4.544 265.8 £9.444 406.5 +2.844

2.9 £4AH PCI2 HAAEEF EiF SOD, GSH-Px #1
MDA b
ZER LR 5, S R4 A, iR 2H SOD | GSH-

Px 1% J1 TP, MDA & &35 (P <0.01), S5Hkim
U HE, KBS 454l SOD , GSH-Px i J1 #7887t &,
MDA &8I/ (P < 0.05,P < 0.01) , KW A nf
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PC12 21 A i) 8L A 08 B o7 HA B S8 g 4 il /6 P

2.10 RGNS PC12 HARET R b E
LE L% 6,15 F PC12 4iffd Ay — & e i o3

T2, 50 A Lo A2 PC12 40 TR IH i

ThEs (P <0.01) ; SRERIZH P AL, Bl R B vk 32 3
i, PC12 4 g 98 1= % B B (P < 0. 05, P <
0.01) ,FRUIKEXT PC12 21 i U4 7= E A W] i iy
R o

%6 &APCI2 BT REILE (v +s,n=8)

Table 6  Comparison of PC12 cell apoptosis rate in each group(; +s,n=8)

2H 51
Group

Apoptosis rate

X IR Control
BRI Model
KBRS 4] Radix et Rhizoma Rhei-T,
J#E P54 Radix et Rhizoma Rhei-M

KW A4 Radix et Rhizoma Rhei-H

2.11 &28 PCI2 ZHpE ki PI3K, Akt Nrf2,HO-
1 .NF-xB p65 mRNA §5&i%

SRR T, X R L, B 4 il NF-«B
p65 mRNA KKKV & FH s (P <0.01), PI3K,
Akt Nrf2 . HO-1mRNA 235 /K - i Z B AE (P <
0.05) . SHIRIZ R, K 45 20 AR A% i 2 AL NF-

kB p65 mRNA 357K (P <0.05,P <0.01) , 3%
$25 PI3K Akt Nrf2 . HO-1 mRNA FE ik KT (P <
0.05,P <0.01), ¥&H] K fE4E W 47 ] NF-«B
p65 LR F A, e PI3K Akt Nrf2 HO-1 B[P Y
#ik,

F7T £FL4H PC12 4HAE PI3K, Akt Nif2 (HO-1 NF-kB p65 mRNA FikEbH (v +5,n=8)
Table 7 Comparison of PI3K, Akt,Nrf2 ,HO-1,and NF-xB p65 mRNA expression in PC12 cells of each group(; +s,n=8)

é’ﬁi PI3KmRNA AktmRNA Nrf2mRNA HO-1mRNA NF-xB p65
%fHE2H Control 1.020.1 1.020.01 1.0+0.11 1.0+0.13 1.0£0.2
FiBIZ Model 0.7 20.1* 0.7+0.5" 0.7+0.2" 0.7+0.3" 3.5+0.5**
KEALHIE2H Radix et Rhizoma Rhei-L 1.4 £0.14 1.3+0.24 1.8+0.14 1.7+0.14 1.8+0.24
K F4E2H Radix et Rhizoma Rhei-M 2.10.14 2.1+0.14 2.6+0.14 2.5+0.14 1.5+0.14
K i 4 2H Radix et Rhizoma Rhei-H 2.3+0.144 2.2+0.244 3.10.244 3.1+0.244 1.2+£0.144
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