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Mechanism of Cervi Cornu Pantotrichum in Treatment of Osteoarthritis Based on
Network Pharmacology

GUO Zi-yi, YANG Yang, HE Zhong-mei, SHI Kun, LI Jian-ming, CHEN Wei-jia, ZONG Ying", DU Rui"
(Jilin Agricultural University, Changchun 130000, China)

[Abstract] Objective: To explore the mechanism of Cervi Cornu Pantotrichumin in the treatment of
osteoarthritis by network pharmacology. Method: The active ingredients and the corresponding targets of Cervi
Cornu Pantotrichumin were screened out by a Bioinformatics Analysis Tool of Molecular mechANism of
Traditional Chinese Medicine (BATMAN-TCM). The targets related to osteoarthritis were obtained through
GeneCards and Online Mendelian Inheritance in Man (OMIM). The targets corresponding to the active
ingredients and those related to osteoarthritis were intersected to reveal the common targets, and STRING was
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adopted to build a protein-protein interaction (PPIl) network. DAVID was used for gene ontology (GO)
annotation and Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment on the anti-
osteoarthritis targets of Cervi Cornu Pantotrichumin, and R x64 3.6.3 was employed to produce the advanced
bubble charts of GO terms and KEGG pathways. Cytoscape 3.7.2 was used to establish the “Chinese medicinal
herb-active ingredient-target-signaling pathway” network. In vitro experiments were performed to detect the
viability of RAW 264.7 cells exposed to oxidative stress and the tumor necrosis factor (TNF) -« level in RAW
264.7 cells with inflammation under the treatment by Cervi Cornu Pantotrichumin. Result: A total of 20 active
ingredients of Cervi Cornu Pantotrichum were obtained, of which ceramide, 6'-O-8-D-glucosylgentiopicroside,
cerebroside, oleuropein, sphingomyelin, and cholesterol ferulate did not meet the screening conditions.
Therefore, a total of 14 active ingredients were finally screened out, and 303 and 3 093 targets of active
ingredients and osteoarthritis were respectively obtained. The two target sets were taken to intersect, which
revealed 92 common targets. GO annotation and KEGG pathway enrichment showed that the targets were mainly
involved in redox process, positive regulation of RNA polymerase Il promoter transcription, inflammatory
response, protein synthesis, osteoclast differentiation, TNF signaling pathway, signaling pathways in cancer,
mammalian target of rapamycin (mTOR) signaling pathway, mitogen-activated protein kinase (MAPK)
signaling pathway, and cyclic adenosine monophosphate (cAMP) signaling pathway. The results of in vitro
experiments showed that a certain concentration of protein in Cervi Cornu Pantotrichum significantly increased
the viability of RAW 264.7 cells exposed to H,0,-induced oxidative damage (P<0.05, P<0.01) and reduced the
level of TNF-« in the RAW 264.7 cells experiencing lipopolysaccharide (LPS)-induced inflammation (P<0.05).
Conclusion: Based on the network pharmacology method, the mechanism of the multi-component, multi-target
and multi-pathway treatment of OA by antler antler was explained, and the anti-inflammatory and antioxidant
activities of antler antler were confirmed, which provided theoretical guidance and scientific basis for further
research on the treatment of OA by antler antler.

[Keywords] Cervi Cornu Pantotrichum; osteoarthritis; network pharmacology; mechanism of action;
signaling pathway; oxidative stress; inflammation
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Table 1 Effective chemical composition of Cervi Cornu

Pantotrichum

MOL ID CRE Dy Pubchem 1D
MOL010919 17-B-Hf — 5757
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MOL005567 B i 445354
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MOL000953 I st 5997
MOL010921 WHE TR 6918970
MOL012957 D-2f FL W iR 445929
MOL007650 A IR 3K E, 5281912
MOL006077 LK B, 6037
N/A R 13 24154
N/A A 5857
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Table 2 Anti-osteoarthritis target of Cervi Cornu Pantotrichum
(top 10)

LiLPR) BEAE
P B L(AktL) 51
[l IR FE K+ (TNF) 42
Ptk AMP 287G 1R 45 45 %5 11 1(CREB1) 42
i i % GIH & 2(PTGS2) 33
e 2 /K (ESRL) 32
# MK 11 8,(CTNNB1) 29
HE 54z ) 25 11 -9 (MMP-9) 27
#}5% DPP [F] 4 3(SMAD3) 23
CXC#afb [ ¥ A 47 (CXCR4) 22
55 [HF SOX-9(SOX9) 18

A& I G B AT U K I 246 v R (I 00 #0 AR TR I
HIRIT B R RSB B EEEN . it &
12 BE AR =15 1 9 s AR Sy SG B Y 0 f QB RE AR A
PR A DisGeNET 4 4 , DL AR 15 G HE 88 1 XF N Y
EASEA IS S I S i LNk /e
5, WL 3, P A G R 5 Y 15, B3 D
7£>0.486 033 52, 141 110> $£>0.005 996 29, I3
THER R E A,

Table 3 15 key target of Cervi Corun Pantotrichum in treatment of osteoarthritis and its topological properties

FEH H AR EHE IS (ks LY S AT SRV 2
Aktl protein kinase B 1 kinase 50 0.690476 19 0.200 832 24
CREB1 cAMP responsive element binding none 42 0.63043478 0.156 274 41
protein 1
TNF tumor necrosis factor signaling 41  0.63043478 0.137 689 43
PTGS2 prostaglandin-endoperoxide synthase 2 enzyme 32 0.58783784 0.067 100 79
ESR1 estrogen receptor 1 nuclear receptor 32 0.576 158 94 0.077 911 26
CTNNB1 catenin beta 1 none 29 0.568 627 45 0.053 632 35
MMP-9 matrix metallopeptidase 9 enzyme 27 0.554 140 13 0.054 698 76
SMAD3 SMAD family member 3 transcription factor 23 0.527 27273 0.031 763 09
CXCR4 C-X-C motif chemokine receptor 4 G-protein coupled receptor 22 0.524 096 39 0.024 047 4
SOX9 SRY-box transcription factor 9 none 18 0.508 77193 0.010 094 08
e E Z 1R (AR) androgen receptor nuclear receptor 18 0.5147929 0.005 996 29
Ak A K W F-B,(TGF-8,) transforming growth factor beta 1 signaling 17 0.508 77193 0.022 125 35
Z [ % & D2(DRD2) dopamine receptor D2 G-protein coupled receptor 17  0.486 033 52 0.015 384 38
2 IR R % 3 C 4L 51 1(NR3C1) nuclear receptor subfamily 3 group C  nuclear receptor 17 0.5147929 0.011 87603
member 1
] F 3244 1( OPRM1) opioid receptor mu 1 G-protein coupled receptor 15  0.497 142 86 0.017 474 62
REIRE FIZ K NMDABIE 3 glutamate ionotropic receptor NMDA  ion channel 15 0.491 52542 0.011 470 43

2B(GRIN2B)

type subunit 2B
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-3 2 /9 1F 98 #2 (positive regulation of apoptotic
process) , RNA R & i Il J3 3 F &% 5% i 1 4 3%
(negative regulation of transcription from RNA
polymerase Il promoter) , % [H % i5 19 1 ¥ 4%

(negative regulation of gene expression) , 4fl fifd 14 58 A9
1 I8 ¥ (negative regulation of cell proliferation) ,
T2 3 #2 ) 7 A #% (negative regulation of apoptotic
process) , & 1k & J& iF & (oxidation-reduction
process) , 42 it ) v (inflammatory response) . BP 43
Brml A & 061 R 5 A A G, AR I e
B ORTT R L T 0 B R 2 — T A AR
R I AL A HY R TS BOE 0G4 AR I IR G
WL A SRE AR TR A Y AR A AR
N7, S B0 Y I HE DL B2 T A E 9 Y
T, TSR B O RIS

0 M 20 53 8 B T TR L IR T B O R
R FEW LA A EARESY
2 oA R X A% R BT M ST AR R R
P 2H G 43 MBS 18 4 1 43 L A B A T B B 5 %%
JiE 24 B S5 L 4 R 3R T TO s S5 E L W D 4 B 28 4y b
S KN B B T B0 e R R R T L A
JHL A T 2 P 3 B A0 o 5 o L v 48 i 5 X
A Y Bt e v FDR e i o AN AZ Y & 42 A
T HERA B EEHT

S FYIReE M R BEFIR YT B O RAE
M EW My Tt EEAEEE T8 A ok
PO R 35 R RNA R A i 1A% 00 05 3l 30 3 X3
JEON R A 6 L i ok T IX DNAZS & sk A+
P, 7 54 5 DNA S5 &, S [ B 2 A2 IR0 1
79 5 5 DNA G54 RNA R4 1L 0 8 3h 1
I i X7 B R S P DNA S5 &, 8 i R — R Ak i
PR A R R SR TS, 2R
G EARS A HFE R E A LG M4 5, DNA
E RN B e Y = A = G N S TR A S Wi ' 54
RHER 4y Thae , H w4 N7 HE P B g .

F FH R x64 3.6.3 2 il KEGG 3 I = 4 L A
BRI Hras R REFRIR T B O RAE I F 8 R
of T RUEE R TNF AR 538 6, I8 % T 40 i 2 Re vk
15 5 10 R RE T R SR 1 20 1090 R R AE AH OC
I R A Ak PR M AR -2 AR AR BAE
MTOR {5 5 il % , MAPK {5 5 i i , HTLV-1 &%, &
R 5, M B R F 5 B, cAMP [ 5
Alcoholism, & Z > {5 538 % T Fil BE B (3697 3 ¢
RN EFIRT B R T RIS N2 Mn 2
B SO ELR T R A5 R . WAk 4.

3.7  AEFHHE g -TE PRS- B A R s @ A

Cytoscape version 3.7.2, ¥ Z JE H IR I7 8 &7 R AE

FHVHI o -5 M i - 30 B D 6% o 9 s R i R R R 2 [
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Table 4 15 pathways of Cervi Cornu Pantotrichum to treat osteoarthritis
BN A S U FDR P-value

5% 9 9.297x10° 1.150x10°

TNF 55 9 7.780x10™* 3.619x10°

VAT AN M 2 B R AR S 0E 8 1.006x107 1.326x10°

At T A 1 2 9 1.346x107 2.503%x10°

i 51 ik Js 9 2.210x10™* 8.567x107

iR AF OC T 24 1.023x10° 7.929%x10™

T 4 oAk 8 8.273x107? 8.979x10™

28 0 A T A - 32 AR A ELAE ) 15 1.707x10™ 3.969x10°

mTOR {5 5 # 4 7.969x107 6.929x10™

MAPK {5 5 38 [t 9 3.285x10 1.018x10%

HTLV-1 Y 14 2.210x10% 7.993x10°

I 9 3.298x107 3.068x10™

W O R A o 8 2.622x10° 1.626x10™

CAMP {55 38 1% 13 1.707x10™ 3.278x10°

alcoholism 10 3.298x10 2.349%10™

9 B, PO i o B v R A 20 B I 5% I 3R
ZNREDNL RS ORI E DU R TR € (=F TR EPY - 3
L R I 1 Y v P R e 3 A Y A A T
2% v A L R o TR — D 2 h SRS X
O 0 T LR G B 2 AT SR A PR 2 R
KEET PO A, XETARATRERSS T
LM T 4 ) 2% i B AR W RE A O RE L R B T 4E
R 2 B AT EME AR N T R S S R T N
2% 2 B o PR AR ST AR A I AE BT e I 2 AL A
FHAIL I, A 2 00 ) ) 265, 3l 5 B8 {25 8 ot o 2% 2
B, v B e BUER A I 2 A BLRE A JR B R T
LA I e I VR P 2 I R (A I 2% 2 B fE
A I 2 v 2% 0 S ST SR ORI . 3t
81~ K1, 187 453, i (Y AR H IR T G
RV R 0455 18 % P X L4 A AR A, 81 AR
FW R 15 A G B o BT S R
AR L B JEE AT B P A, R R B T R Y
A % X 2 PR A 28T R A g 9 Bl X O b T A B A
R R BEFEIR 7 4 SR R BT AE AT R R o0
WA KEGG 3 i 70 Bt 7] 1 EE 5 1) A R0 P o0 )™
ZAEH T A R GE e A RN RS R | e A
A R U R TR S AR A ST B R B TR
HEZ M o) - 22 B A - 20 30 B 00 R CEL PR AR LA R
FHEL 52 M LA K B3R 97 1 581 5 BOR Y 25 JURE A
L A THT B Wl B 5G4 A A2 2% o BEBIL A A A R
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UL 3 it R B AR A
3.8 JEFE MY R AE Bt & AR 8 5 0 A B R
X RAW 264.7 41 g 3t 47 H,0, AL 2 5 5 , 5 A 2
S L 14 FE 1% % (60.142.3)% A5 47 o 1F B H 09 BT
FHUF , E AL T 0 9 RAW 264.7 2 g Y 20 Bt 75 1 1
BARE, LR R, SEMY R fEh S
Jr e (0.5,1 g- L) B A7 e i & L (P<0.05),
o VR B ) RE AL B R T A AR Y RAW
264.7 4 M A7 05 2% . UL W E X H,0, 5 3 1Y RAW
264.7 S AL A ML B A R AP E T . MR 5.

®5 ARKREBREIH,0,FSHENMM RAW 264.7 4K E 51
BB (X+s,n=3)

Table 5 Effect of different concentrations of Cervi Cornu
Pantotrichum on viability of H,O,-induced oxidative stress RAW

264.7 cells (X+s,n=3)

4151 kgL 0 AT 15 % %6
A -
A (H,0,) 60.1+2.3
REFLAR I BE +H,0, 0.25 63.521.2
JEF: Pl BE+H,0, 0.5 79.93.5Y
REH G +H,0, 1 89.50.8"

T - SRR 4 % VP<0.05,
5 ox (40 MO b, AR ZH FD R s b IR

A0 B3 TNF-o W B W] 0 Tk o SRR AT T4,
AR VR BE A R 4 25 4L B AR B B TNF-o
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JE YA T B R B, B B AR PR A, L T
JEH AN TNF-a W EHAL, 2R A ST+
SL(P<0.05). 455 3% B B RE 4% B I RAW 264.7 &
i 1A B4 A 56 48 RE TR T 119 43 6 DA TG A B T R B Bk
B ke,

®6 ARKREBEXNLPSESH RAW 264.7 5 fE 4 M H) TNF-a
KFEH RN (X£5,n=3)

Table 6  Effect of different concentrations of Cervi Cornu
Pantotrichum on level of TNF-a in RAW 264.7 inflammatory cells

induced by lipopolysaccharide (X+s,n=3)

2151 Mkig-L? TNF-a/ng-L*
S| 10.35+0.55”
A (LPS) 63.10+3.30
AR M +LPS 0.25 48.15+4.35
JEE M +LPS 0.5 32.00+3.20"
JE T e +LPS 1 24.55+1.05Y
T SR 4 H 4 Y P<0.05,2P<0.01,
4 S5
4.1 FEy R HRAR T EEE A SRS

ikt T2 R (AR R H )0 B A R A A
ZAHE R 2 Ul R TR VR T R
TR 1 VR ML — 15 AR IR B # , AR B 9% R
W 28 245 3 2 (1) J5 3 6k JEE R T O T R AT R AT
0RO L 2K A5 14 FhORE AT ROHE PR A 4y,
GeneCards, OMIM %45 72 Fe SC 7 45 ), &L 45 3 g 5
89 MVAYTH G R A OCIE KB & . FIFH STRING
B P AR BT R HA YT B O RAE Y PRI R
Cytoscape 4 £ T JiE - 1% P B 4 36 97 i & 17 R
JEE o BB 4% rR RE (=15 B Y A R SR T EE A,
H 4 DisGeNET £ 4 45 5 /R 1) JC A I A iy 4 2
2SR R b PE MR B R W 2 5 REHER YT 8T
3L B A] BE A S (Aktl) {5 5 (TNF, TGF-B,) ,
% H ¥ (SMAD K% i 51 3, SRY-box ¥ 5 [ 1 9) ,
it (T 51 i 25 -9 SR G il 2, T 4 JE K 9)
ZAR (MM R Z KL, C-X-CIHJp b N T2 1k 4, If
R R, 2 W2k D2, B 32 1R W 5 K 3C 4 i
51, BT A2 AR mul) , 2 1 (CAMP B JC 1 45 4 4
H1,EAREAR), B THEIHE(FERE T2k
NMDA RV 3 2B) 55 . Jf 3 T 8 240 I J 5 &L
5% o

42 FEM GO FEEMMEE ST MR x64 3.6.3
1) GO & %43 Hr Fl KEGG il B 4> BT 45 S BE 8 & 1,
REFAEIRITH XT R LT RE E B W R RIE B
20 B 1 B L A RS RN R e i R T IE 67 O

2 F DNA B A I8 4% 8 1H BT & Bl B 20 P 3 Ak
P28 35 P AR -2 (KA BAE SR A i 72 . KEGG
W B R EEIRITT B R YT R LWEE EEA
TNF {5 530 % , 98 7 T 40 i 22 68 0 00 15 53 1 L 9
i AH O 3E %, mTOR {5 53 #% , MAPK {5 = il #% , i
WEAE 58 B, CAMP {55 38 %, S50 IE B N R
A (MTOR) & — Rl 22 24 1R . 75 2 R & 1 G, £7
1E T WiF 2 4% mTORCL, mTORC2,, i iff 5% % W]
MTOR J& 1 i [ 15 1) G B 0 26 11 1o 2 1l g Tk UL et 3-
A (PISK)/AKE M % H S JE Y T IiE 4 1, PISK Ml iR
1k )5 B9 7 B PIP3 4 Akt Il mTOR2 14 i 2= 41 ity JiE
o, 3 TR mTOR2 8 12 Ak [F] ) 3 30 Akt 6 1 o 3xX—
Tk R Y R R A T BILAA 43 W A R AR AE PR T
BAEINH] RAE A LUB T EE™ . R i et
o 2 [ f0 i B v (Western blot) % b A7 1 35 B O

7 Ab A8 T AR Ah B A /0N BRORITSE B R A T A N R
i S HCE 4 ZUrP Y p-PIBK, p-Akt, p-mTOR 45 4
FAY Ik, 45 R R W5 BT AR 489 /N BRI, 22
W7 A T A /N BB 41 2 i p-PI3K, p-Akt,
p-mTOR 4K F1 7K V- B i R A, T BH 28 Wy 5 02 1 3 o
1 PIBK/AKY/mTOR i #% 1 2o 2 3% A1 & # 7)8 B
T OGN i B AR D 1 — 2B 38 B i 2 8L AR
B ZhaL . 754, PISK/IAKUMTOR 15 5 gkt gk )72
HFWEART R ZF . MAPK 25 T 4 F 41 fifg 43
b B TR AR . MAPK ¥ K 15 53
BTz T K A R RE AH Q38 B 1Y 52 5 A B 5
a2l OE gy B MAPK/ERK Gl % 25 5% 0 1 % ¢
TE T R B R A AR T S S T
AT B ST R kR R R . 5 S I B £ X
FHE A A (L) -18 T HUE 50 B O RIF R
28 it 453 43 A5 75D fY) SWA353 41 i, 3- T R UL 44 5 e
B -1(PDKL) B2 9% 4 45 p38/MAPK 5 *5- i %
PR 2CT REEM B NP 1=, TNF 2 —H
A Wy A DN O A0 TR R T 2R S L
KT A0 M PR TSR AT | S E M e AR Rk B . AR
AR AR A B R 2 — B TNF A B 5k 5 R 5E I
KRFYIY, W R, /R 2 (PL) AL BB
% OA I PIRIE AR, IR A2 T 39 4 L b TNF-«
P60 A BRI R 2235, JF H TNF-a 3§ 0 T 43
AR 3 PR e 3R ik SR F OB IR SE I T R
Wefs 515 S0 %, A 35 40 i NF-«B 3 5 1 c-Jun il
% 0 5 P AT A AT B K BRI E O RIMALR .
W VB 2R I Ry AR ) — R R L TR
e = % W ST IE W e 0 B G  RAR FE A IR I
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AR B b M R T RE S 5 T ALRER
e, PEFHMEM R MBS ZhRE R E R A L
PEAY T R R LR, e OA Y S 1 s 4%
JiE AR 2 AN A S G 2 B DR T Bk B B A 2 g
Z MEWCER 00 S 5 4R BBy Mankin PF 3 5 T X R4
KR, UE B M R T e S SRR B AR b
PRI TE o RIS R B 1 o 38 3% 4 2> 1 IL-18
F14) & 35 1 S oA 6K 1T 90 3 21 4 400 LR R
iK™, DIETRICH %" % BH ff ¥ % % 1 ) ERa I
HUAE TE H N M 40 v R e aA S ME D R
ALK BT R vh R EEAE .
BT S B S 2% 0T B A A L 2 ok ) 92
211 o e i S /sy 1 S B i R TR e e
M I RE , Bk B 5 A SC KEGG i 4 43 Bt o i i B 4
M AL XE R | . SCIORE %4 (1 BIF 5% 41 75 Mk i % =2
RAE R NS R A7 A 23k . X BB AR 5T
HAUE BT A 2R Bl DM S R AR Y
Rz —. cCAMPIERSHYAL N E M BEWIE S £
ol A 2 A5 B A O, B B O 4 OC i 1Y AR B 5
e, Hoh A AR I S AR S LR I RN
PR SR 25 508005 19 CAMP/AR 13 A(PKA)Y (S5
AT S ORE R AR Y . R R S5 E B
CAMP/PKA i [ 75 #t 28 P 5 9 455 0 o 473 8 3 ) 45
2 T0 B B Oy ML, BE 05 2 15 2 0 B % A AR R
A IR N TR B U @ A VAR (/. S 1 FU R WA R /S
fiff 1 T FL A 1 O R R IR B O T AR RS TR TV 22 R
MR AE AT IR 9T T 9206 45 51 0 BT 0 i vk w0
FLBE I 7 0k AT ok 3 R IR AR S 2 e e i
AU 1 cAMP B it AT A3 28085 il TR B 60 R o
TR R4 R T BE A R E IR, R O R . W A
JiL 2 4% R W o AN R S R AN A i
P[4 A O B R O R Bk k. T it
A B R AT LAE i R MAPK 5 5
% e FE A TR 1 AR 43 04 T BE L DT 2 — A AR
HIE Y RERE M EERER AR TR EX
TR o AR DA R R T 4 T A OC T B OG
9 /N BB Y A T AR 56T b B 8 R Y 4 Ak
5 D0 S B0 396 A T S I UL, R B A G R
ST AR s B AR T RE el R I M RGE
2 B B A A AR A Y

4.3 IRANER T A5 A LR P s R EH T
A AN 20 B S 56 43 590 X 28 R R 1 A BELS R 4R Ak
it 5 RAW 264.7 il ffs F01 JEE B 8 11 IR 97 5 1 RE
RAW 264.7 4 i 175 58, kI — 2 WR B T 19 JEE &
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EEACA SR T H,0,15 5 AL 1 1 RAW
264.7 20 Ji 1 40 Jif 3% 3 (P<0.05) , 1ty HL 5 7 1Y) i
B B R T LPS 5 S 10 RAW 264.7 4 4 4
MY TNF-a &5 5 (P<0.05) , 45 AL /R E A A B
) SR A 105 PR B BT R 6 P L B E T I 4% 24 B
SO AH DA TR R I X RE BRI R &
A 5% B AL T AR
4.4 MWL EP R BEAAAER I BRI 4%
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