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[ Abstract] Objective; To study the potential quality marker (Q-marker) of Tinosporae Radix

associated with efficacy of "relieving sore throat" based on ultra-performance liquid chromatography-quadrupole
time-of-flight mass spectrometry (UPLC-Q-TOF-MS) , multivariate statistical analysis (MSA) , and network
pharmacology. Method: UPLC-Q-TOF-MS was used to identify the main chemical components in 18 batches of
Tinosporae Radix. On this basis, principal component analysis (PCA) and orthogonal partial least squares-
discriminant analysis (OPLS-DA) were employed to screen out the main marker components that caused
differences between groups. Moreover, network pharmacology technology was applied to predict the potential
"sore throat-relieving" components, and the molecular docking between the common components resulting from
MSA and network pharmacology and the core targets was carried out to verify the marker components. Result:
A total of 17 compounds, including alkaloids, diterpenoid lactones, and sterols, were identified by UPLC-Q-
TOF-MS. Five main differential components were found by MSA: Columbamine, jatrorrhizine, palmatine,
menisperine, and columbin. Network pharmacology analysis yielded six compounds: tetrahydropalmatine,
palmatine, menisperine, fibleucin, neoechinulin A, and columbin which were selected as potential "sore throat-
relieving" components of Tinosporae Radix. They may relieve sore throat by acting on interleukin-6, epidermal
growth factor receptor, prostaglandin G/H synthase 2, matrix metalloproteinase-9, proto-oncogene tyrosine-
protein kinase Src and other targets, and regulating Hepatitis B, influenza A, human T-cell virus infection,
human cytomegalovirus infection, coronavirus disease-2019, and other signaling pathways. The common active
components in Tinosporae Radix resulting from MSA and network pharmacology analysis were palmatine,
menisperine, and columbin, which had high binding affinity with six core targets and can be used as the
Q-marker components of Tinosporae Radix in "relieving sore throat". Conclusion: This study predicts the "sore
throat-relieving" Q-marker of Tinosporae Radix, which lays a basis for developing the quality standard of
Tinosporae Radix based on the efficacy and improving the quality evaluation system of the medicinal.
[Keywords]  Tinosporae Radix; relieving sore throat; ultra-performance liquid chromatography-
quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF-MS) ; multivariate statistical analysis; network

pharmacology; quality marker
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Fig.2 17 major compounds in Tinosporae Radix
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Table 2 Characteristics of main components in Tinosporae Radix
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St [ % -3-0-
e iy ] 2 0
C7 10.75 C,H,,)NO, 337.1314 337.1303 338.1376[M+H]"  -32  322.107 3[M-CH3]" .294.112 4[M+H- A Bj 10.80
CH,-COJ'
C8 10.80 C,H,,NO, 355.1783 355.1772 356.184 5[M+H]"  -3.3 192.1007 [M-C H ,0,] ", 281.0802 [M- PU%&{ L TH{T 0.52
C,H,N-CH,]"
C9 11.24 C,H,NO, 337.1314 337.1303 338.1375[M+H]"  -3.4 322,107 3[M-CH,]" .294.112 4[ M+H- 255 17.35
CH,-COJ"
C10 14.13 C,H,,NO, 351.1470 351.146 0 352.153 3[M+H]"  -2.9  336.123 04[ M+H-CH,]"308.128 1[M+ FLZ]T 21.75
H-CH,-COJ"
Cll 1441 C,,H,0, 536.2257 536.2258 554.259 7[M+NH,]" 0.1  279.137 2[M-C;H,,0,-CH,OH-COOH]" | tinophylloloside ~ 2.71
297.147 8 [M-CH,,0,-C,H,0,-COOH] * |
357.169 1[M-CH,,0,1"
Cl2 15.47 C,H,,0, 356.1259 356.1255 395.088 7[M+K]™  -1.2  133.064 2[ M-C,H,0,-C;H,0,]7.227.068 9 & Hi kv K 0.18
[M-C,H,0,-H,0]"
C13 15.54 C,;H,,0,, 520.1944 520.1944 559.157 6 M+H]" 0 359.147 7[M-C;H,0,]" G RHH 0.80
Cl4 15.70 C,H,,0, 358.1416 358.141 0 359.148 3[M+H]"  -1.8  341.138 3[M-OH] ", 295.132 8 [M+H- i {£ & 7.62
H,C0,]".121.0639[M-C, H ,0,-H,CO,]’
C15 16.20 C,,H,,N,0, 323.163 3 323.163 9 346.153 1[M+Na]" 1.5 241.121 1[M-C,H,-C;H,0]" . 221.083 3 neoechinulin A 0.23
[M-CH,-C,H,N,0]"
Cl16 2245 C H,,0, 2562402 256.239 1 274272 9[M+NH,]" -4.1  125.095 2[M-OH-C.H ]".274.272 9[ M- F5Hl % 1.38
OH-C,H,,]"
C17 24.00 C H, 0, 2842715 284.2704 302.304 2[M+NH,]" -3.7 153.114 3[M-OH-C,H ,]" i I 12 0.22
oy, B 2020 4F R (AP R 25 ) P — B ] 3.3 MBI
fobn AR EME N SR B A SR T AE 3.3 R OCH S W 5 ik L UPLC-Q-

HdE . LI 4,

PCA i 1 1 S e 4 S M5 o it 1 13 MR R PEfL
G, OPLS-DA & $i5| i 4 JME It & 22 5+ 19 711k
AW, % PCA F1 OPLS-DA 7 B 45 B g 4, F-4%
) 184tk Yk 4 A 25 4 A ARk L3, 43 5 S Al U B
C B L 25 MR AR L Th YT R A R T AR L L L
b W T A Sy 4 SR 4 4 8 L b R -

TOF-MS #f B i 15 3= 22 1l 43 A by 48 328 Bl 43, AR 4 26
24 O 0 e PR, B 2-25 4R -208- 52 L Rz 25 -3-0- it i
7 % Bl A L Lipinskd AL (2625 7LJE ) ) . Ghose
LI | Veber #L | | Egan #L | Fl Muegge FiL I 55 5 7 =%
5225 ) 25 25 1 0 R i AT AT — R, JF B G
adsorption A low , AN EL 25 Wy ik V£ Hb 5 K 2= B8R L 4.0
SR i B AT 20-FR IR K 2- 4 -208-F2 3
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x3 EMARRMAERHE
Table 3 Principal component information and variance

contribution rate

PR A R R R - J5 A
E M
Bt 2w BRU% B rEEAS BRU%
1 5407  31.809 31.809 5.407  31.809  31.809
23500 20.590 52399 3.500  20.590  52.399
302112 12424 64.823 2112 12424  64.823
4 1587 9333 74.156 1587 9333 74.156
5 1497  8.808 82.964 1497  8.808  82.964
6 0945 5558 88.522
7 0.621 3.655 92.177
8 0399 2350 94.527
9 0301 1.771 96.298
10 0192 1128 97.426
11 0.168  0.986 98.412

12 0.112 0.659 99.071

13 0.092 0.538 99.609
14 0.049 0.287 99.896
15 0.015 0.090 99.986
16 0.002 0.014 99.999
17 0.000 0.001 100.000

ERSEFI ERSETF2 ERSETFI ERSETF4 ERSETFS

C1 -0.213 0.496 -0.116 0.320 -

Cc2 -0.245 0.440 0.333 -0.048

3 -0.220 0.059 0.129
c4 0105 0315 0.078 0.077
cs | 0es1 0463 | 0447 | 0005 -0.189
c6 049 0.429 0.592 0227 -0.031
oS oo -0.138 0.169 -0.126

8 0141 0.187 0.653 0.560 0.357
0.108 -0.160 0.144 0.164

c1o 0.184 -0.059 0.302 0.126
ci -0.038 -0.019 0.248 0312
c12 0.434 0.048 0.006 -0.141
c13 0194 o264 [NGEGIN o036 -0.018
cuul 039 0.600 -0.138 0.540 0.294
c1s| 0702 0.200 0.035 -0.205 0.015
cl6  -0.094 0.537 -0.129 0.358
c17 -0087 0.637 0.160 - 0.256

B3 FEFEFHETER

Fig.3 load matrix of main factor

R R AR BT OBk DY S YT AR R L T
tinophylloloside . 25 480 ¥ i % & . 4 i 1 i 1852
neoechinulin A A7 HH 2 F1 i fig iR 45 At £k 7 1ig 43 1
JE 5 Ff 2 24 P LI A % 3 F L JF B GI adsorption
high, W 1 b 0§ ¥ W 4 . 7E TCMSP i
SwissTargetPrediction £ °F- 5 I $& M 45 1k & ¥ %
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VIP[1+5+0]

558388888885
O &} O 0 OO

EEE
&)

C11

Var ID(Primary)
B4 SR I7AHIHVIP
Fig. 4 VIP value diagram of 17 major compounds in Tinosporae

Radix

N R SR R, B 0T R BRI S 15 B A R 0E
16§ 55 K 506 4> . 7E GeneCards %4 45 )& H , VU
“pharyngitis” 1 “ tonsillitis” 2y ¢ £ 1) 15 21 % 95 #H ¢
I, HORE OG> 1.0 A B0 AT, B 2415 31 523 i ik
PR R0 R R K A R v T A 2 B3 R RN
5 s B A 0 i S TR 4 ) 3l Venny 2.1.0 #E 17 4E B
O3 e 24 ) 4 SR AR SCHE AT 411
332 PPIMIZ RIS 3.3.0 30 T 3RAGHY 414
ZEARHE AU N STRING 416 22 o, 4R U PP 2%, UL
B 5, 8% B & 45 1 LTSV 4% X R 77 9F B B
Cytoscape 3.9.0 24 vf 3f X5 H i 47 #4020 Br , 485
L& 6, K & Closeness Centrality {H 1 Betweenness
Centrality i >2 % H {7 3t , Degree {8 K T H i %%, i
TE SN A 5K 2 A0 AR OC R 1Y 8 AR A O AR
FHEE A, 23 51 o 4 i A 3R -6 (1L-6) i e IR AL [
(TNF) Bt K & [ -3 ( Caspase-3) 5 5 5 K 5%
% 3(STAT3) (3% S A K IN 7 32 K (EGFR) |
i 81 iR 3 G/H & Wi -2 (PTGS2/COX-2) it 42 )&
W -9 (MMP-9) | it 987 Ak B g 24 R 2R 1 i il
(SRC) , $& 755 1 L 81 b5 7] i 5 4 A 0% 1) 0 4 1] AH
Ko IL-6 2 F I8 fb Y R A% - I 4 Aok 2 240 i 55
FEA ) — R R, 2 5 RAE BN 4 B 4
b B, B G E A A 3 A Ao AR 2 S5 ALK
14 G 8 N 255, I BE I E )W. TNF-a 2 5%
Tt A R Y A5 5388 6, 1 B AT DL 3R 3 H Al 48 B P 7
BB . WF5E & B MMP & %S 5 28 K81 ¢
AR P OC A R AF RAE RN . PTGS2 & 4
i H A AL T 2 R 2R 5 Y — R OC TS T Il TR ARE
RO BN T RIBI RIS 5 R IE R
Mo 5 Caspase-3 % YJ A ¢ B # 5% 5% R F (NF ) -«B
5 I TE R I A R B OGS MEAE FH o Caspase-
342 Caspase X G i 2 — R T- i b b T4 )7
GER RN T U, S 22 Bl T LS S AR e D R
B, BT G ] Caspase-3 25 1 B SR, B 4
il FLMR R /N FRFL IR AL LA R T L AN ISR K
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RN | AR W PR 4 R 5 EGFR _BIRAROC ™, B RS B B A SO K R DG HERE AT A S
T B WK g 1 & A B S AR AT e R E % ) & IEAT B S 43 M7 L 12 FH Cytoscape 3.9.0 414, #4 7
HAOE B W - B R -3 (% 0 0 45 O AR TR, UL i L R o

3.3.3 GO WIHE T H7 M KEGG il #% 70 Hr - GO ThfE  #HRH (5 B M & L5 66 19 115 401 2830, 21
SPTEERRY A 16351 GOKH R ERE(P< AIE=MAN ARSI DG W (164),

0.05),1 420 N7EBP I 4£ 79 M E CC PR 4, HOPEN UKL A (414) x5 i AUR
136 4~ 7E MF 1 & 4 ,BP .CC .MF 4% 10 > [t & & G R R AR 5l (91 ) o 45 R Degree fH .

£ B DB gm R I A R . BP AU EE X 40 B R U5 4 Closeness Centrality {i 1 Betweenness Centrality {i
T OB 25 ) R X I 22 W8 B BB AT AR I J2 IR T B0 gy 23t 6 4 AR A I ST L
Y I T 4 CC b MBI A S 3 | IS JB JI5E AN Ay LT W 5 AT 6L 2 %U B BR &R L neoechinulin A |
Wit 6 %5 s MF 20056 A i X 7 2 1R 45 & 2 iRk AR T, DL ] RE S A RS 24 b4 R IR Y E Ay
il il 1 LA R A 1 i T TR T M A T R 4 3.3.5 o FRHERUE ZIougiitarirai K& AR
SRAYE 8 R A A T BT B 25 AR R L L D 7T W B AT B R 42 T AT

KEGG i [t 43 §7 i & 75 2] 112 5538 %, ¥ I/ Y Ay 4 SRS 09 fige 2 ot 5 A AR ) 5 g3 - HE -3 i T
PAHR/NIEATHEF S B (P AED) fe /NG 30 A5 b A7 1 A HT AL, DA T ST L E VT A e L S
P52 B, DL 3G i S R AL Rl . SR B, B R AT R neoechinulin A F 48 T2 0T BE 2 4 SR
HE IR AR G B 3 B AL £ R (hsa05161) | 20 8 1) WA ) G 5 R T A A B O 1 BT A 45 R L
H A 3 8% (hsa05164) . AN 25 WE T 40 A ok =5 J8 gL EHINA A A b B AR R B ] A R A 4
(hsa05166) . A E 40 /i 95 75 2 44 (hsa05163 ) L AL i LT b 0 5 A BRI T AR 2 MR 8 A %0 B A
R B I R (hsa05171) (IL-17 15 %5 38 [ (hsa04657) 707 F 0 XA e Wk 4. S5 R B 3 ML &
PL K TNF {5 5 i [ (hsa04668) 45 , 4 Fe 4 AT g i i # 5 EGFR .SRC ,PTGS2 . MMP-9 . IL-6 } Caspase-3
A R A R AE GO R B B A A0 T 3 — 2 B 3
334 LB R A EE KA 20 W G AT AR S 4 SR 0% 1 I 5T 2 2R )

x4 eRMBEUAISROBEREANMRESR

Table 4 Binding energy for molecular docking of key targets with active components in Tinosporae Radix

%0 M 15 45 4 i /kcal - mol !

A
fees EGFR(4LRM) SRC(3GEQ) PTGS2(1PXX) MMP9(6ESM) IL6(1ALU) Caspase-3(INME) STAT3(6NUQ) TNF(5UUI)
JL (o= -7.8 -7.6 -5.6 -7.8 -6.3 -7.0 -5.7 -43
BT -8.3 -8.8 -7.4 -7.2 -6.5 -6.1 -5.4 -43
W 0% 5 A Bl -9.1 -8.7 -7.6 -6.5 -5.7 -6.2 -5.4 -4.1

55 N A% HE A Y PDB 4 5

6 1% 0> B 1 0T N 45 A 8 B e Y 43 e L MMP-9 |~ ALA189 HIS226 Fil GLN227 % 4 3 ik 7%
B iR RSB RE BE o W iR B AT B 5 EGFR | R W S, 454 fE N 6.5 keal-mol, B K 43 9 N
THR793 24 5 2 5% 3L T8 i &8, B (B )R 1R ) 3.03.3.00 F12.81; 5 Caspase-3 - ASN208 .SER209 .
9279, 87 AE C-H i  sigma-m 5 Fl ke 2k -m B4 HL TRP214,SER251 Ml PHE252 4§ 44 ik 2 4% 3k B i &
fib & & 7 28 ; 55 PTGS2 3 %2 DAy £l 46 7 Fn & dk &5 45 BE R -T7.0 keal-mol !, BE K S ITE 3 A4 .
A BB N -7.6 keal-mol !, X TR PEAL 4, HAE IR 4 itig
R LA S A R AR ARG 120 A TYR355 JE i GRS E T GH RS AL B e A
A, M {THMSRC LG X EE BT M, AT o RS R I R AN [ 7 4 SR
A C-H 845, L -8.8 keal-mol' 45 S HEFR E 45 & . Vi 7E 25 b MR b A R o B R AR T 2 SRR
B 57T R IL-6 45 4 AE M —6.5 keal - mol ', 3= 5 LU L 7 JT 57 22 Bl DR 25 ), 2 04 T A 2 I DR T R0 IR
TSV D A5 A . 5 ARG120 5 AR BAE ] B, SR H A 4 A Y BT PEAN A DL AR 12 O B —
TR A ., HRESW P EREM A TH] LA §3 B P = 7 N e R =W 7 7 YA S DS Rl A 2 = X
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JoT i VT b o R A S8 . 2 T AR AR ) HLA R
A AR AT S b s 2 B A G T AR AR
FRAE BER BT 5A (ML) MR XER,
SR 2 o B B R 25 S RAE, O R 2
Jr PP R AR R B AR R R E L

W) I -y i G B G A AR AR ) F 5 I A0 N2
Py J5 -1 fig 56 6t 5t 2 4 b 24 1 Ak 2 ) T S AR 5 B
A AT TG S Z B 28 BAE . 3 4F Ok 20k FH i AR
AH €8, 1% R (R 43 B 0T A Ak 2 43 B O s W R 2 1
Y% ,PCA .OPLS-DA % £ ju 48 it 43 M 77 ik BE7E —
E RN R A B DL 38 A AR 8 A A
U, 50 B 6 A B) A B 249 A 4, 4R — A TR B2
B g bR 5 2 B0 T SRR O R BIBR IR
L5 | v 2 i i 2 S 0 AT 25 A o T R T
M, DASE B 2 5 e O A, 4 T s .
254 - RE A7 7R 2 A I 2% O 31, I 45 2 B2 I 2
W R 95 =2 [B) A AR FH B S AR N R e L 1A
A1 HE ARLU 1 L VS AR 0 24 A0 T AR A ARG B
A 24 ) - B A - 22 22 UK I 45 B R R A B
AR EY NIRRT Z —

A BIF 5% 4 ] UPLC-Q-TOF-MS $ A HE b7 15 2] 4
RME T 174 FBAE Y G5B Z TG o b Tk
L) 28 24 352 ) 28 43 A i 26 11 4 SR A v vk o ) i
S BT YT S AT R AR 5 B o TR
SRR L LAY S om0 g A i ey B
W RS T BT AR AR R AE R A s e L S AR
P AR AR B R, IS A SOk E DL
3R Sy A M 0 T AR AR AT RE ML BT o
ETAARAHAN, &R T RESRK S,
Sy G BT A R 5 BE b DL ST AR R A
WA OBk 2H% 2 ) K 2 12 24 6 v ) R AR AR ), A B
O R 90 B R AR B 43, LA L R 2 B0 vl LA Ry 4
M AR R Y o BT RO A A R B, BT
VR /N BERE 2 A= M0k, 30 ok 22 i 28 28 i 9 E Y
M YA 97 W 0 R A5 E L AR BRI i I S AT
Bl HL B BT R MR L 3 R o T AR S A SR
JE i bR P R R 4 . BT 2RI
G ARMTOR T, IR 0 Wy 5 Al R B A R Y BR B
FRAE O A ST ae R M, 5 w25 M 56 iy
b2 A K 2 AL 58 AR Wi 4 R B R R AR
EL S T i 0 AT R T AE SR Al R 1=
J& T IR R A o), TR 2 AT A Sy o e
FraE W) o B F B o ol 4 & 30, 2000 4F i (b [ 24
BT b DL R B 5 TT AR S A B T AT A0 48
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P, 38 A 2 0 ik AT B E . 2010 AF R
] 24y )0 2 A s G A B Al A 2 I T Tk
FRR i 220K o 9 2 WUBIE 5% & 30T R 1T A e 380
AH €815 15 [R] B X6 4 SR A 22 2R W iR i 28
Sy EAT s E E H DL R AR AR R
AL 2 AR Dy 4 RS B A OF M 48 A T AT P
o SR B T YT R A8 B AN HLAT 22 Fh 24 3T 1
WA IR, O BT -5 7 56 JR AEAE 7 K
PE B[]0 R R AN R R O 2SO DG MY A0 i e R
P450 3A4 il 4 5 19 0K g 2R A 9 0 M 0T B O ol A8 =
W S A8 3 1) Y AE AL A R R B 40 1 k- -
IR AT 75 B8R — 20 A 58 S5 4R, Ry 4 SR A
MR 55 St A 2 40 1 0 A AR T SR AR

g5 bR R0 A 25—, B R DL 2
Gy RS 2N RRIRITER . Bl
AT FH AT A ML Ak AH SCBIFZE T X A A A A
FH ML 7 4 Ry 55 o A 1) HCAth 25 9 36 9 Mk O R
FLE A ML o R 2R B At 245 i b, S G A
il 98 i 740 1L-6 . IL-18 . PGE, & TNF-a %5 HYBE T,
T COX-2 Fll NF-«kB p65 % 3 ik K45 R 7 1E .
AR H UPLC-Q-TOF-MS $ & £ It 4 i+ 40 #r 5
T2 R IR 4 245 B2 5 R R 4 BN R A T S A A
Yy, ELAT AT e SR A A O A, TR T A5 4 A
TERTE ) AR A5 BT B 5 WS R A AT R R S B
WFoE PRt 22 [ B YT oy 4 5 R W 0 A 8 T LA
1 A 4 SR A WA %) 5T A R ) o SR AS T 5T i A
G AEME 0 V8 7 A W BT B AR AR, AR CHR 25 % (H
A2 A3 X R AR 25 A0 DR R B AL R AN
WA Rr ik — 0o, S T — A T 58 3 I BE G
106 25 %50 SR Al Bk R, DA R AR AR O A 0 1Y 4
M 25 b8 T AN A R SR AR 2 AR
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