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Pharmacodynamic and Material Basis of Scutellaria Baicalensis Against Respiratory Syncytial Virus
Pneumonia in Mice by Network Pharmacology Combined with Grey Relational Analysis
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ABSTRACT: OBJECTIVE To explore the anti-respiratory syncytial virus(RSV) pharmacodynamic material basis of
Scutellaria Baicalensis. METHODS Network pharmacology method was used to analyze the anti-RSV targets of Scutellaria
baicalensis. UPLC-QTOF-MS/MS was used to characterize the consensus components in Scutellaria Baicalensis. A mouse
model of RSV pneumonia was established, and the changes of mouse body weight, lung index, lung pathological sections and
IL-6 were detected. The gray correlation method was used to analyze the spectrum-effect data of 50 batches of Scutellaria
baicalensis samples, and the effective components of Scutellaria baicalensis against RSV pneumonia mice were mined.
RESULTS The protein-protein interaction network results determined that the core targets of Scutellaria baicalensis against
RSV were AKTI1, IL-6, TNF, MAPK3, SRC, HSP90AA1 and PTGS2; overall animal experiment proved that lung index of
Scutellaria baicalensis decreased to varying degrees, and the inflammatory factor IL-6 had significant differences; grey
correlation analysis showed that the anti-RSV chemical components in Scutellaria baicalensis were mainly flavonoid glycosides.
CONCLUSION Using the network pharmacology method to determine the pharmacodynamic target, the gray correlation
degree analysis component-target data, the method of mining the pharmacodynamic material basis is feasible, baicalin, wogonin,
chrysin-6-C-arabinose-8-C-flavonoid glycoside, chrysin-6-C-arabinose-8-C-arabinoside and chrysin-7-O-glucuronide can be
used as Q-Markers of Scutellaria baicalensis for quality evaluation.

KEYWORDS: Scutellaria Baicalensis; respiratory syncytial virus; network pharmacology; Q-Markers; pharmacodynamic
material basis; grey relational analysis
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RSV(ILIARA ERHGEA ) ;TR BT R (L2570 8
AR 2GR R A, HitS . 51803104); T E
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TEPERE RS S M5 B . LA “Respiratory syncytial
virus infection” (RSVI) AR, 7F GeneCards %
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0.3 mL-min'; F:iE: 30 °C; #FFERE: 1uL,

®1 WAEME R R
Tab.1 Mobile phase gradient elution table

#/min B A sl B
0~15 85%—70% 15%—30%
15~16 70%—58% 30%—42%
16~25 58%—30% 42%—70%
25~30 30%—0% 70%—100%
30~35 0% 100%
35~40 85% 15%
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Tab. 2 Batch information of 50 batches of Scutellaria
baicalensis

ERe e s SR iy

1 NZE 20180712 [Al{=4E

2 IR 20170615 TR HE T2
3 BEW 1702001  [a]3%4g

4 vy 170201 SR

5 1P 1709241  ~Afazh)E

6 %R 20180301 P KZh)E

7 %R 20180521  HHEERE P

8 MF 20180501  HEEZy

9 1K 20170505  FA-AENE

10 1K 1806102  WEFR KL

11 NS RIEETAE) 20180302 Lz M e 240
12 BevEiE e (A 20170724  RHEIMFESE IR
13 peys 20170413 RHEIM FEE 20
14 Hfr 20170413 LRI BESE 23
15 Hifr 20170912 BHEIM FEFEH 2595
16 (L7 20170624  RHEIM FESE IR
17 PGS 20170327  BHEIMN HESE 20
18 Hiff 20170726 ERG M BRESE 20
19 (L7 E 3k 20170426  RHEIM FESE IR
20 LPEEERLE 20170306 LRI BRESE P 24
21 ILVEIE I 20170711 LRGN RESE T 243
22 WNZE R 20180322 ERGEIMBRESE 2
23 NPT 20171115 BEEEIMNFESE P25
24 BEVEIEEE 20171112 LR 23
25 Hl ) 20170224  ERGEEIMNBESE 20
26 IIPHIERR(/IVKD) 20170512 RHEM FESE IR
27 W (B 20171110 RN HESE 23
28 W MIEHIKIX 20171207 BN HESEH 259
29 HlPEE 20170617 LRI BRESE HH 24
30 BEPE(Z4A) 20171026  ZHUEEIM HESE 20
31 ILVEE I 20170512 LR M RESE T 243
32 NS RIEWEFE) 20170423 WM 2GR
33 WIPEIEIk(IORD) 20170911  ZHEIM FESE 253
34 3t 170310 J ARFKI PR BRA
35 =M 20171215 TR aZy)k

36 WHE 20171227  B#H 2G4t

37 vy 20170702 U PEAIZE P RIHECA BR A F]
38 A& 17100702 W ZRIEHE R 208 5 A IR A E)
39 it 20171001 Frrg =IRZA R H
40 HEEY 20171213 INZARABHZYIE 15
41 NEH 20171214 WIZREBPZ)E 2 )35
42 - 20171213  hEER

43 HNFEY 1805011132  TAZHEE T2
44 BEVE 1901005 FPIKZ G

45 NZE 111609011  =JL2h)k%

46 NN 2018001  #BEZG)E

47 R 181001 1 K2 By

48 PRV 18072601  {~FNZ5 5™
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50 Jldt 3809171-01 MK 2y s
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Fig. 1 PPl network diagram of Scutellaria baicalensis
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%= 3 # % UPLC-QTOF-MS/MS L2 ik 44 M V3 & 4 £

Tab.3 Detection attribution results of chemical composition of Scutellaria baicalensis detected by UPLC-QTOF-MS/MS

R F R TR]/

S5 4 ERAsTFER % i EA 5
1 CyHyOp3  549.1600  549.1604  4.52 G ZE-6-C-FIRiAH-8-C- 4 bt 411.108 9, 279.065 3, 393.096 2
2 CyHis01;  463.0867  463.0875  5.08  HPEEE 287.054 5, 123.007 5
3 CypHpsO5  549.1608  549.1611 537  FAME-6-C-BlHif(1H-8-C-Bhr {1 H 363.084 4, 321.0744, 531.150 4
4 CyHypO, 4163781  417.1176  7.00 HBHE-8-C-HiZIHHH 267.065 5, 297.0752, 168.060 2
5  CpHypOn 4771033 477.1038 828  5,7,2°-=F2Jk-6-F EUIL - 7-O- MMM 1 301.070 5, 286.044 5, 168.007 4
6  CyHigOn  447.0927  447.0912  9.63 A" 271.057 7, 123.007 8
7 CyHis0p  447.0927  447.0929 1172 EAIT R 271.060 0, 149.022 8
8  CypHyOp 4771033 477.1036 12,15 5,7.8- = 3L-6-H A L3 -7-O- A MERERR T 301,070 5, 286.046 8, 184.0010
9 CpHnOi  447.1291  447.1252 1236 TJ24EEK A-5-0 Hi%HHF 271.060 0, 285.079 9
10 CyHigOpp  431.0978  431.0971 1248 HWE-T-O-H % FRE R 255.064 7, 153.017 4
11 CyuHyOn  461.1084  461.1067 12.58  TJZ4LE A-7-0 HEMIBERRTY 285.074 5, 270.0517
12 CypHyOp  477.1033 4771037 12.77  5,6,7-—F-8-H GBS -7-O- M A WSR2 11 301.071 3, 286.047 6, 72.0227
13 CyHigOp  447.0927  447.0926 1320 #ATFRMIA 2RRTGE 00224, 2850739,

123.008 2

14 CpHyOp  461.1084  461.1077 13.69  DUHE" 285.075 1, 270.052 7
15 CpHpOpp 4911190 4911196 14.25  5,7-F:3-6,8- —H AL 85 - 7-O-# SRR TF  315.0854, 285.037 8, 300.0725
16  CiHppOs  301.0707 3010705 16.88 {IHEE I 286.046 5, 184.001 6
17 CisH0s  271.0598  271.0589 17.05  #H " 123.008 0, 150.0453, 253.048 1
18  C;yH407;  331.0822  331.0807 17.06  —Fedk-— HISAILEEHH 316.055 5, 169.009 1
19  CigHipOs  301.0724  301.0714 17.48 =Rl S0 286.049 7, 66.012 0, 168.0052
20 CigHipOs  285.0770 2850763 19.09  ILHEAEZR" 270.0522, 151.0547
21 CisHipOs  255.0668  255.0650 1933 HHE" 153.018 1, 67.0163
22 C;yH1406  315.0875 3150862 1934 TR HIAUIL B 285.040 7, 71.0152, 154.998 1
23 CuHigOg  375.1054 3751057 19.46 #5311 345.060 5, 197.008 8, 169.013 7
24 CiH;pOs  285.0765  285.0753 19.62 T JR4LE" 270.049 4, 168.005 1, 140.010 8
25 CiyHi40s  315.0875 3150874 19.66  Fidk-HIRIL R (A 14) 271.061 8, 253.0540, 171.136 0
26  CigHiO;  345.0959 3450965 20.15 ¥Rk =HEILHEEH 315.053 4, 197.008 9

T RN IR R X

Note: “Indicated the use of reference substance for comparison.

3.3 ESPL RSV iR /N EGRUE

330 HUUNRIGEEEE R e RGeS S AL

wxibﬁm&g,mﬁﬁﬁﬁmﬁ%ﬂﬂ,ﬁ
WA AL, AU/ NGB A TR,

%%¥ﬁF RN A T PERRAR(P<0.01), 45

Rk 4,

x4 LENDRFBEHER(I£s, n=6)
Tab. 4 Results of lung index of mice in each group(x=*s,
n=0)

ol Jiti 650 %
EH 4 0.62+0.03
FIRIZ 1.03+0.10"
) 22 =5 A PR X R 2 0.98+0.062
RGN 0.93+0.082

W HIEEALE, YP<0.01;
Note: Compared with the normal group,
model group, 2P<0.01.

SRR L, 2P<0.01,
DP<0.01; compared with the
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Fig.3 Typical compositional fingerprints of 50 batches of Scutellaria baicalensis samples

A-batch 1-25; B—batch 26-50.

EWA

® 4 /NFAHS HE 364 R E((200%)

LI e PR | R MR

Fig. 4 HE staining results of lung tissue of mice(200x)
Red | —alveolar septa; black ! —inflammatory infiltration.
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R PR 2% 2 PRAE S T, 28 IL-6 AT 25804845
Rl o AR R S BRI T e R A, 2SR
MR ME R IF(R>0.99), 1L-6 & &l i5s &4k
PEFRUE . 5 1EH 41 Ho A, BERIAL/IN g4 IL-6
i REMETE (P<0.01); 50 L BS54 SR
XTI, IL-6 Fa¥A AR TR, Ui
ZEREMS AR/ N RN TIL-6 S, 45K 5,
3.4 JRESCHEE /BT 5T RSV 25500 i 5Ll
I XT 50 it 4 4 b I SE AN Rl IR B 5 5

P E AR F 255 2023 4 8 5 40 B4 15 1)

BRI

B AR AT PR

0pm

RN RYER FHEAR IL-6 KOS T L. A
HIX 26 02 RS -5 1R P AR A T HE B TL-6 3
BIEAX, BRESRI, HAR 25 D Zhaet
REES4>0.9, RUIA BEMH IL-6 HFH1EH,
R 6,

IR IR AT a5 S rh, HEP AT 11 AL
WEF Sy, FBE>0.95 M alE. WA
PUHE > 45 2 -6-C-Bl 37 47 7 -8-C- 7 25 1 >
4% & -6-C-FT i A0 5 -8-C- Bl R A0 B> A W & -
T-O- MR 1 > P51 AR %),
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2(Xxts, n=6)

Tab. 5 Content of 50 batches of IL-6 in mice in each group of pharmacological experiments( X s, n=6)

205 IL-6/pg-mL~"! 2151 IL-6/pg-mL~! 451 IL-6/pg-mL~!
EH A 153.94+59.60 WXL 16 404.83£116.699% WAL 34 423.83+95.1099
ik 731.59+110.59? WAL 17 353.10+£75.394 WAL 35 322.58+28.0324
1) B 5 PR BA % R 2 424.02495.109% WAL 24 18 354.83+141.719% WAL 24 36 361.75+104.009
WAL UL 1 280.56+84.67% HEALE UL 19 294.48+107.21D% HAIN UL 37 399.25+83.832%
WA 2 378.47+82.36214) WAL 20 508.28+138.0824 WAL 38 573.00+67.432
WA 24 3 282.99:98.014 B 21 491.42+126.9729 A 39 405.08+160.262
ALY 4 356.60£94.702% BB 22 515.58+68.9229 BB 40 193.83+55.86%
WAAH 5 437.15+83.899% WA 23 479.75£106.0529 WA 41 450.09+80.139%
WA 6 301.39+139.80D% WAL 24 395.58+150.072% WA 42 674.20486.24?
WAL T 429.51+£123.4129 WAL 25 377.25+109.189% WAL 43 578.66+71.452
WA 8 309.72+£140.97Y% WAL 24 26 468.08+112.639% WAL 24 44 542.50+66.0923)
WA 9 245.83+77.64% HEAIN UL 27 390.58+111.172% HRLG U 45 576.43+144.20?
WA L2541 10 285.76+71.98% HRLG A 28 392.25:£98.0421) WAL 46 591.61+111.372
WAL 254 11 233.71+77.409 WA 29 295.58+117.9599 BRI 47 642.05+104.71?
WAL UL 12 286.72:114.48% HEALE 254 30 232.25+103.64% HA LG4 48 623.75+75.122)
WAL 13 389.74+104.219% HAGU 31 448.00+£116.979% BRI 49 304.11£109.91D
WA 14 525.95+83.9524 WA 32 487.58+94.9524 AL 50 340.71+116.84D9
WAHH 15 520.78+69.5724 WA 33 495.08+£104.2929

W HIEFALE, YP<0.05, YP<0.01; SHEELA LA, YP<0.05,
Note: Compared with the normal group, VP<0.05, 2P<0.01; compared with the model group, 2P<0.05, ¥P<0.01.

®o EXFMF KL HHRARMERE T AT IL-6 | fFF

B R BRE
Tab. 6

inflammatory factor index in vivo

Correlation between chemical components in
Scutellaria baicalensis and the inhibitory effect of IL-6, an

12 5,6,7-=¥23k-8-F &L B R -7-O- A MR R 0.946 7

o 4Y VR

P a5 HFR PR3
1 6 TEAIT 0.954 6
2 14 WEEAYF 0.9539
3 1 HWE-6-C-BTHiAFA%E-8-C-HHI M 0.953 8
4 3 HBE-6-C-PTHiAE-8-C-F A b 17 0.952 7
5 10 HWE-T-O-H B R 0.950 9
6 8 A R 0.950 3
713 BAITRME 0.948 4
8
9

10 11 TREER A-7-O-HE FER 1T

—_
—_
~

12 26 ZRRE-=HEILHTR

5 5,7,2-=¥F-6-H A ILETN-7-O- M MEFERE AT 0.9457

0.9457

5,7,8- = F23k-6- B A FLEWI-7-O- WA MR T 0.940 1

0.9383

13 15 5,7-53-6,8- " HU RS- 7-O- WA BERE R 1 0.938 2

14 4 HWHE-8-C-HIAHTT

15 19 —=RIE-FH SR

16 22 TRFE-THE L

17 25 RS- HESEEECEI)
18 9 TJR4UE A-5-O-HiH T
19 23 EAHE I

20 18 =R EIL TR

21 2 WPEAY

22 24 TJREE

23 21 HA#lE

24 16 WEEENI

25 20 WEAEE

26 17 HWEE

0.9372
09355
09351
09329
0.9304
0.9301
0.927 6
0.926 2
09235
0919 4
09187
0914 4
0.8815
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9P<0.01,

4 it
HariFss 20, JEYe RSV 80w & H T LA
YT RSV J5 i [ A ask B Go2e S5 iy o F B 3 1 i)
S PER B FE 3 RSV AEMSTE P38 40 i rh oA
W A A B, 9 SRR AN AN DI 43 0 AR A PR
fEREHMMEN T . WHHAEEEEYAN T, 51K
HAE A,

AT, ﬁﬂ%mﬁuﬁ%ﬁﬁ@mRmf
Jei, BT BEE) R ks B S S A i 3
ﬁxﬁ%@&@%ﬁoﬁ%%ﬁﬂﬁ%%%ﬂw
R eI I BB, il A 2 ) B AR v, L
BB A X RSV RS R I RAIGITEA . 1L-6
SENUARTE RAE ZPE I A B —Fh 2 A AR R 5
SAE IS GRS AE UE B g A e, S5
il 58 9 RE 95 B R0, LI 246 24 B2 28 Al iR
IL-6 & i 2540 RSV By B A

I K0 OCHR B Ay B i s P A B S IL-6
MR, R BEE X R PEHE PR IL-6 e EZAEH
RS ST 1 R -6-C-FIRLAHE-8-C-
HENELT | R -6-C-BTHAAME-8-C-BT i AT |
145 2 -7-O- 81 25 MR I T 1 S B A 2005 4%
2T AT B, 5 RMEFRIR 1L-6 #EAAHC
WS EEAESTT . BER . BE-6-C-PHiA
WE-8-C-AI M T DS 45, 5 FaR R SR

rhE AR 22 2023 4F 8 J1 55 40 55 15




SIHTEESARRL, HE B DT AR -6-C-
BaT-RLAFI B -8- C- A A H 1 45 B4 T BB M B XA BT RSV
RIS PR LAY o 2R Sk, & BB A g 4] p38
MAPK/NLRP3 {553 PR A AE S i 2022, 10
A B RO B P SR SR T
NLRP3., SOCS3. TLR4 Fll NF-xB, JfU5 FiiFR
FERN A F- IL-1B . IL-6 Fl TNF-a (335224,
RO AR I ARGH TR RGE , (A4 o X 253%
FEFR TR 22 AN K, BRI 28 AR mT R [RIAE Sy
AT RSV i i i = 7 Q-Markers, ARAF5T
FURFET IL-6 ORI VR R HEAT B K €8 06 4 #T
i A X X 4% 245 L2 5 4 1) Al L A AN D Bk
O30T, NBEATH S BLE ST RSV A A S0 o1
DL, DNZAE G SR IE rh Ak S AN FEAR G, A
B[R4 43w 24 10 T S RN 255 Sl

REFERENCES

[11 QIN L, QIU K Z, HU C P, et al. Bronchial epithelial cells
promote the differentiation of Th2 lymphocytes in airway
microenvironment through jagged/Notch-1 signaling after
RSV infection[J]. Int Arch Allergy Immunol, 2019, 179(1):
43-52.

[21 WANG X, SHI M. Network pharmacology analysis of Jinchan
oral liquid against respiratory syncytial virus infection[J].
Jiangxi J Tradit Chin Med(YI.75 1 £ 2}), 2021, 52(3): 62-65.

[31 TANCM, ZHANG W T, DONG T, et al. Study on fingerprint
quality evaluation of lanqin granules based on orbitrap
ultra-high resolution mass spectrometry[J]. Chin J Mod Appl
Pharm(*F AR FHZG7), 2022, 39(9): 1203-1207.

[4] PR PRI AR K2 A AR DRI ot I
[0, RAFHIZEZE, 2018, 11(30): 180-181.

[5]1  ESI, BAR, BRIETY, 55, WA RBRIMUR 25804 1T
FEI]. HAZE, 2017, 39(9): 1924-1927.

[6] GAOY,WANG B L, ZHAO B N. Effects of water extracts of
Scutellariae Radix against respiratory syncytial virus[J]. Chin J
Hosp Pharm("} [ EE B 22424 5), 2015, 35(2): 104-107.

[77 ZHANY C, QIN S, CHEN F. Study on effect and mechanism
of baicalin on antiviral effects about respiratory syncytial
virus[J]. Int J Lab Med([E PR EE242435), 2017, 38(14):
1907-1909.

[8] LIL,YUCH, CHEN Y Q, et al. Study on the regulation of
conciliatory antiallergic decoction on TLR3 and NF-«B/IRF;
signaling pathway in asthmatic mice induced by respiratory
syncytial virus[J]. Chin J Mod Appl Pharm( [E BLAC R FH 25
%), 2020, 37(23): 2839-2844.

[91 SHI H F. Baicalin is a naturally occurring flavone that
efficiently inhibits RSV replication[D]. Nanjing: Nanjing
University, 2016.

[10] XIE J, GAO S, LI L, et al. Research progress and application

strategy on network pharmacology in Chinese materia

P E AR F 255 2023 4 8 5 40 B4 15 1)

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

medica[J]. Chin Tradit Herb Drugs("F%i24), 2019, 50(10):
2257-2265.
AREREE. W T IR AR C A ARGTS HEN BRTE LI 4
RIRIMERIZMT]. HAREEZGIE M, 2015, 13(4): 158-159.
WK, mE . R AR ARRY A I E AR AR
A HIEERI]. T E 215, 2014, 12(17): 87-88.
LIU D W, YAN G L, FANG Y, et al. Utlity of
UPLC-ESI-TOF/MS for rapid analysis of the constituents in
Scutellariae Radix[J]. Inf Tradit Chin Med(HEE 2415 8., 2012,
29(4): 20-24.
CHEN P D, XU D Y, LI F, et al. Changes of chemical
constituents in Scutellaria baicalensis Georgi before and after
processing by UPLC-MS analysis[J]. Chin Tradit Pat Med(*"
H2h), 2013, 35(4): 784-788.
ZHANG L, ZHANG R W, LI Q, et al. Development of the
fingerprints for the quality evaluation of Scutellariae Radix by
HPLC-DAD and LC-MS-MS[J]. Chromatographia, 2007,
66(1/2): 13-20.
WHRER, T8, ARSCAL. FEMESS IR BT A A 2R Y
2R, hEGHE, 2017, 40(2): 369-372.
YAN G L, FANG Y, LIU S M, et al. Studies on UPLC-MS
characteristic fingerprint of Scutellaria baicalensis[J]. Chin J
Exp Tradit Med Form(H[E 558575 % 24:3K), 2012, 18(24):
89-93.
LIU G Z, MA J Y, CHEN Y Z, et al. Investigation of
flavonoid profile of Scutellaria bacalensis Georgi by high
performance liquid chromatography with diode array detection
and electrospray ion trap mass spectrometry[J]. J Chromatogr
A, 2009, 1216(23): 4809-4814.
YUN Y, WANG C Z, GUI L, et al. Baicalin inhibits TLR4
signaling pathway in RAWyg; cells following respiratory
syncytial virus infection[J]. Chin Tradit Pat Med(" % 24),
2013, 35(6): 1116-1121.
ZHOU J, ZENG Q L, CHEN D P. Elevated serum IL-17B in
children with severe pneumonia and mediates IL-6 expression
in human bronchial epithelial cells[J]. Chin J Cell Biol(*' [ £l
MutE M54 4R), 2019, 41(12): 2282-2290.
WEIJ C, XIE Z, CHEN Y, et al. Influence of water extract of
Urena lobata on levels of IL-6 and TNF-a in mice with
bacterial abdominal cavity infection[J]. J Liaoning Univ Tradit
Chin Med(1L T EE 2R3 24 4%), 2020, 22(1): 29-32.
RIE, PAHME. FHARRE . FRPIE MEBCE SRl TR TRk
B IIEST RN 174 TNF-o0 IL-6 S CRP (525 [I].
IR B (5 B3, 2019, 19(A1): 148-149.
XIA J C, CONG R Y, YUAN 1J, et al. Baicalin alleviates
LPS-induced acute lung injury in rats through p38
MAPK/NLRP3 pathway[J]. Chin J Exp Tradit Med Form(*f'
[ESZ 56 2224 i), 2022, 28(2): 79-86.
ZHU S L, WU Q H, TU J. Study on regulation of
NLRP3/SOCS;-TLR4-NF-xB
wogonoside to improve hepatic insulin resistance[J]. China J
Chin Mater Med(*}' [E #2472 ), 2019, 44(20): 4504-4510.
Wk H . 2022-04-30
(RXCTT%: W)

inflammatory pathway by

Chin J Mod Appl Pharm, 2023 August, Vol.40 No.15

-2063 -



