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[ Abstract |

work pharmacology and metabolomics. Methods Targets related to SG and influenza were screened, followed by the construction of a

Objective To explore the anti-influenza A (HIN1) mechanism of Shuging Granules (SG) by combining net-

protein-protein interaction (PPIs) network and pathway enrichment analysis. A mouse model of Influenza A (HIN1) infection was es-
tablished, and the expression of inflammatory factors was detected by real-time quantitative polymerase chain reaction ( RT-qPCR).
Pulmonary pathological changes were observed by hematoxylin-eosin staining, and serum differential metabolites and related pathways
were analyzed by untargeted metabolomics. Results A total of 114 anti-influenza targets of SG were identified, which were significant-
ly enriched in core pathways such as Influenza A, tumor necrosis factor (TNF) and nuclear factor (NF) -kB signaling pathways. Af-
ter the SG intervention, the mRNA expression levels of inflammatory factors in mice were markedly downregulated, and inflammatory
infiltration in lung tissues was significantly ameliorated. Untargeted metabolomics identified 48 differential metabolites in serum, and 5
metabolic pathways were obtained through integrated analysis. Conclusion SG may target inflammatory pathways via active compo-
nents such as arachidonic acid and quercetin, regulate metabolism-related processes, and thereby alleviate pulmonary inflammation in-
duced by Influenza A (HIN1) infection.
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BT, G PGS AU A AR ST WORLIG T YL HINT A/ T AL

YEITRCR R RS B T SO Je R T R 4L,
A0 R G R 41 it Je 98 M B 7 IR LA, TE K
M HAE PR AR 5O PEAR R S N % VAR O
T SRBEEJ IR 5| & 14 3 J3E 58 iE 23 1F — 25 Jn 2 ki %6 ¢
HE, EASERIG T Rk, BRI, EAk
MIPTTLER 2 Y, R YT ER B R B A S
M 5iERUE

B 25 EVR T W I e T R PR R T B
FPEAT X St TR IT R < B2
K, BB & TAE b —Fh P s R w415
%, BIFPRL (Shuqging Granules, SG) J&lifRH T
TEEE R O R IR, H E R AR S R
St AR H R R AEEY ) 2SR, SG
B WP REE RS HHR A 22 Sy
RS2 5 B R HINT R0 B B YL B ) 58 1
TEFHBLI A B . A 5T LG A P 455 24 B 24 F
MV ACIHTZE 2 A, 38 3 SR AR A 0 o5 A2 AU %
SyAfT, #E7R SG IR A HINT FE e ALK, R
SG W FH T /BR I T 1R R 3 .
1 HMRl57E=*E
1.1 #%
1.1.1 SZ5GshYy M 6 ~ 8 JE i BALB/c /MR,
s (20+2) g, W EAKETCIRE YA
ARFAEATF, LY TIES SYXK ()
2018-0001, #a]F% -7 AR 22 BL Al BE 2% e 52 50 5 4
Huts, IEMPEMESRE S d JEITIRIERNSEE
1.1.2 J5# H B HIN BREUR R (B S
A/Puerto Rico/8/1934) 1R-1F T FH MR KA FLal =24
s T A )2 O 2
1.1.3 i 5Es . SG CGEAARIEREZG M B4y
HERAF], AP S 210980132) ; Trizol (ZE[E Ambi-
on NH], $75 15596-026) ; 4% HE (P IE Solar-
bio 2N H], $85 P1110); SEZRF5¢ G E f# PCR (Real-
time quantitative polymerase chain reaction, RT-qPCR)
& (Hid: Roche 24F], 525 04913-001) 5 %k sf
IF& (Z2E Thermo AF], T8%5 K1622); fbA DU
2 (AHIESL) (95 Sigma A W], T84 23401); a-
BRER (P85 111631) | Wl (575 111622) A H
FEE 2R E SR BE, {EF: RT-qPCR X (EH
Ap-plied biosystems oNE], HS Step One) ; AU KTl
B (3£ Bioteck 24F], S Step One) ; kiR
LW EEAL (H Servicebio 7y ], #15 SWE-FP
PLUS) ; i &l 25 0L (35 E Thermo 24 H], IS
Fresco2l) ; FEHVEE/KIAE ( MRS F AU
B AR ], HIS HSS); mPVEIR T (i
P2 IR, S DHG-9053A)

1.2 ik
1.2.1  MIZE5 225087 {8 TCMSP 208 75 2 1A

SG FE RS mfb &Y, DIRRHIZE25ME ( Drug-like-
ness, DL) =0.18, &¥ F| HE ( Oral bioavail-

ability, OB) =30%Jy 25110 B 1% PEAL & 4 0T 2 il
FCHE R, FIFH Uniprot 2098 215 B AR UEAL 1Y 85 1 44
FR; iMid MalaCard Fll GeneCards (¥ %, LI “In-
fluenza” Sy SCEEIRI AT IIBSIR FE s 1T venny2. 1.0
P 2221 SGFNIAL RS S HE 8 i 3 UAT s A B HE A
Hir A STRING %448 ZE A4 @ 25 11 )5t HAE  ( Protein-pro-
tein interactions, PPIs) M % [&; H] H Cytoscape
3. 9. 0 FRAFAHYE Degree {H U E SCHEATN 25 ; 7E Metas-
cape, Omicshare 5 22 H 17 3L I AR RS ( Gene
Ontology, GO) FN i #RIL N 5 H K40 A FBl &4
(Kyoto Encyclopedia of Genes and Genomes, KEGG)
RER LN LA S A

1.2.2 /PECEECEOE RN E T BERR Fh 22 vh K
(Phosphate buffer saline, PBS) i)k 3% & 2% F Bt
Fei A 107", 107, 107, 107, 107, 107 fFdk 6
AR e BE VR, TR T XY BRAH K /) BUBE AL
Sy 7T (R4 10 K, HUNR & B A
50 pL YRR, WREEIF 05/ BRARAS B AE T ML .
% Reed-Muench A= 31H8E/N BREEEIEE: ( Median
lethal dose, LDy) fH.

1.2.3  SEERSMH . WEBILAM LA BALB/c /)
FBRERLIT D 6 ZH (BEZHAS 10 H1) o IE WX BEZH
B | SGARFAIEEZH (250 mg/mL) | SG HFfl 4]
(500 mg/mL) . SG &gl (1 000 mg/mlL) I i%
B IR BAPEXTREZH (500 mg/ml) , FESFARAY . XF4%
ZH IS S R 45 2 (IE WX IR BR SN ), B H 22
T2 A 40 wL % 10 £ LDy, TiBOR R, 1EH T
AR A LUAH A Oy 20 S 55 5 PBS, 452477k 1EMNTE
JRYLHT 3 d TP, ZAWNGIT AR 1 IRFEH 4R 2y
(AIEE 0.2 mL/ H) , R#EERYYHT 2 h 45 2h, ELien
255 d. IEHXT IR MASERYZH 25 7 A5 AR J ALK
1.2.4 JHZUR B A R0 I AbFE/NEL, /N
i ZH LU E T 4% Z SR W, B R WK I Bt
AT O, VIR )RR S wm, A7) R 2EA T A |
Kk, FHBAARE PO Y A (Hematoxylin-eosin,
HE) #7446, 7E0%% WA T WL % Jpg B AR
e S DS IR A IR %

1.2.5 RPERFRRFEXFRBERM  BCN R
ZH4130~50 mg, ANA 1 mL Trizol ¥ FE/ 213, =
U RNA; PR RNA G958 558 cDNA #itie, it
SYBRs Green Master Mix &5l &i#4T RT-qPCR W,
B B-WLsh # FH  ( Beta-actin, B-actin) VE N PN =3t
B, SR 27 {5 253155 s 3K 26 I T~ ( Tumor
necrosis factor o, TNF-a) . X% RNA A6 M 25 3
fiff ( Protein kinase RNA-activated, PKR) . #f1kH -+
B 10 (C-X-C motif chemokine ligand 10, CXCL10)
I/ 2£-10 (Interleukin-10, IL-10) . FI4HAES ) 2%-
6 (Interleukin-6, TL-6) . HANMIS2Z-18 (Interleukin-
18, IL-18) VIKAZPF-kB (Nuclear factor-kB, NF-
«B) FUAXIERIAE, SIWIFSIILER 1,
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Tab.1 Primer sequence
HA NADEIEY| AEEIEY|
B-actin 5'-GATCAAGATCATTGCTCCTCCTG- 3/ 5'-AGGGTGTAAAACGCAGCTCA- 3’
TNF-o 5'-CGCTCTTCTGTCTACTGAACTTCGG- 3’ 5'-GTGGTTTGTGAGTGTGAGGGTCTG- 3’
PKR 5'-ATGCACGGAGTAGCCATTACG- 3’ 5'-TGACAATCCACCTTGTTTTCGT- 3’
CXCL10 5'-CCAAGTGCTGCCGTCATTTTC- 3’ 5'-GGCTCGCAGGGATGATTTCAA- 3’
IL-10 5'-CTTACTGACTGGCATGAGGATCA- 3’ 5'-GCAGCTCTAGGAGCATGTGG- 3’
IL-6 5'-CTTCTTGGGACTGATGCTGGTGAC- 3’ 5'-TCTGTTGGGAGTGGTATCCTCTGTG- 3’
IL-13 5’-GAAATGCCACCTTTTGACAGTG- 3/ 5'-TGGATGCTCTCATCAGGACAG- 3’
NF-xB 5'-ATGGCAGACGATGATCCCTAC- 3’ 5'-TGTTGACAGTGGTATTTCTGGTG- 3’

1.2.6 ARSI~ MUVERES . £ 4HH 100 pL gk
JE /N B TE, A 500 wl B B5 S W3R ie 3R 3%
5 min, 4 C4/F 13 000 t/min B.0» 10 min ( .0
A =8.6 cm), B EIEHATRHR T, 1985k,
FIHAAIA 100 pL RS (HEE : k=5:1) &
W, ASRRIIAEA (%454 . ACQUITY UPLC BEH
C18 #£ (1.7 pwm, 100 mmx2.1 mm), FzhtH A N
0. 1% W R/KEW ; Hishtl B b 0. 1% W R 2 hE %
W, BEEVERL (0~2.0 min, 90% ~10% A . 10% ~
90% B; >2.0~26.0 min, f#¥F10% A, 90% B; >
26.0~28.0 min, 10% ~90% A. 90% ~ 10% B; >
28.0~28.5 min, 90% ~ 10% A, 10% ~90% B) ,
AR 30 °C, ViiE 0.4 mL/min, Ui EAf. RA®
Mt 35 B 1 Y8 ( Electrospray ionization, ESI) 7E
ESI' | ESI" PR R 4l A, 49 4% 8 [/ 100 ~

1500 Da, EYH4E H K 3.5 kV (ESI") ., 2.5 kV
(ESI'), BTFUIRE N 150 °C, #FEE S pL",
1.3 Siilefrsk

>R GraphPad Prism 3458 B ) o0 Ar, 52
TSR R AT S IE A4 A, 4 B dse 3k A
SIREAR ¢ KBS, ZAA LR E T =0T (4
(] P PR LU %R Tukey #56) , Rk ifE a=0. 05,
2 R
2.1 SGIAYTH B HINT i 8% 1 305 1 0 43 A% #I0 A
i 6

2035 f5 He AT SG TEPERL S 132 Fh, &G
BT IR 2, ¥RV 43 HE 92 Fh Fzrt 29
B KEM 108, SR LA A5 1R, TIOR3
SG WAL 1 077 A4, W AY HINT i /s S HE
2810 4, PHEBRGHMS BN AS 114 4>, WHE 1,

T2 SG GRS

Tab. 2 Core bioactive constituents of SG

3 s LEY OB(%) DL

Kt MOL002309 #& E 41 (indirubin) 48.59 0.26
Znf/H MOLO000098 il iz 2% ( quercetin) 46. 43 0. 28
KAt/ Fnf MOL000358 B-7 5 I ( beta-sitosterol ) 36.91 0.75
H MOL000422 1L Z= W ( kaempferol ) 41. 88 0.24
RERE-A MOL.004328 Hil1 Bz # ( naringenin) 59.29 0.21
Fnt MOL001439 A6 DU 2 ( arachidonic acid) 45.57 0.20
FEAR MOL000449 5 % ( stigmasterol ) 43.83 0.76

influenza disease

1‘(7!]]])()[”!1]\'

696

BEl 1 SG MRS —F A HINT FRiss 4240 5 5 BLE
Fig. 1
components of SG and Influenza A (HIN1) virus

Venn diagram of intersection targets between active

2.2 SGAITH A HINT 3BT PPls P 2% 1 2t 5
SrAT

fdiFH SG 5 H A HINT HiiJ&nd 114 DA HEND S
FEE PPIs %%, DL 2, iz H 114 AR X 0
AR 1 459 AR A BAESR RLM AL, FRIEEEN
25. 6, TS BY Y AT U 458 45 v i 0 R e
HAY AU ReBOCHE, NF-kB 5 TNF | IL-6 & 147
TEHBABEAE R, R HATREEN T SC HLH
I HINT F/ER 55 RO A AZ o8 5
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Fig.2 PPIs network of SG active ingredients and Influenza A (HIN1) targets

2.3 GO fil KEGG ThREMHT 3 5 WA 2 B 5 B2 (Biological process) | 4 i i

HUSG 5 HI B HINT /e ss B2 80 &5 T GO IJj FE (Cellular process) KM KW # )2 . ( Response to
HEVEREFN KEGG & #4081, WK 3, GO 5}*}?,\ ! stimulus) 45, EHEPTH A HINT HiEN B B YL
H£55] 55 LIAEEE (P<0.01), /R SG A fig YEM .
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Fig.3 Histogram of GO enrichment analysis for SG anti-influenza A (HIN1) targets

KEGG i# f 53 #1 i 7n, 48 P<0.01 A count>10 Kot i 4, WK 4, iR, TNF 5 53 3%
T ve S E 83 45w AL W, 45 A A SCERIRIE (TNF signaling pathway) A1 %1 375 85 B¢ (Inﬂuen—
T i 5 A HINT JE & 2 & e ) S B, e HR za A virus) B EE IR EEMAX R Z, 7Y
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Fig. 4 Bubble plot of KEGG enrichment pathways for SG anti-influenza A (HIN1) targets

2.4 /MERLD,, MIE

YRR RS A 107 ~ 107" B, AR ZH /)N B4 38
FETT (BET-H N 100%), W3 3; M N 107
mf, /NERIET-H N 90%; #E—EWMBE=E 10° 1 10°
B, SEEGLH/NERICAET I (BET%8 0) . 115145
IR/ N LD, Sy 107, BIE Y HINT 3 E0R 2
JERRRREZE 1077 75, 3R 40 plL Alfd2HUNRAET

=3 WAL HIND FBYETEX /NP LDy, 2
Tab.3 Determination of the LDj, of the Influenza
A (HIN1) virus in mice

(%) (FH (F) (%)
10" 10 0 10 100
1072 10 0 10 100
107 10 0 10 100
107 10 1 9 90
107 10 10 0 0

107°° 10 10 0 0

2.5 SG XTH A HINT 785 75 8 e/ BRI B 9 0
T35 B A5 114 57 Wil

TE B X6F BB 4 /)N B AT o0 465 4 355 BT B R, il SR
B ICH  ABEARYZH /)N BT 4 49 5 B ™ 0 AR AR
AT O S RN MR v, il S5 A R SR B R, Al
(B . AN SZ AR BE A il BE YA 10 B I SR B e i AR
TR 90 P et B 2 /)N B 94 85 A T T, A P At i
AR D SG 455 a2 Al R S A 8 405 24 A A
TIZH I W gl 2, E IS L5 SG Ok JEE 52 77 4K f

e, UWE S, £8 LRTIR, SG &R T L RE W
S TR HANT Y B B R e 5 | & 14 i &8 2 g
Ag, HAR 7 ROR 5 8 AL T S X IR AR I

EHF B
X0 B."" d .

AL HEAE T P X 2
) | N -

5 SG X HI Y HINT /s 7 g /) BUI 2 2R ) g
M (HE Jeta, 1 A8 =50 pwm)
Fig.5 Effects of SG on lung histopathology in mice infected with
Influenza A (HIN1) virus (HE staining, 1 scale unit = 50 pm)

2.6 SG XFH K HINT /a2 R 4L /N B8 22 M
R F22 3k 2

& PKR DLAL, S5 1FEH XTI b, FE A 240 /)N
Bl girp R TR R T, WKl 6, 2
TN T A IR e 51 & /N BRI S 9 R I v, Ikl
ARG LA, SR L. SC FiRIT4
NF-kB. TNF-a. IL-6. IL-18. CXCLIO mRNA ik
I BEREAL (P<0.01); SG W&, &Hla
1, PKR mRNA 7KFBEH & T (P<0.001), 45
RIEIR SG A LI 2 M T mRNA ik, Miidm
B Y HINT 70885 | AL A Al 28 0
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Fig. 6 Effects of SG on mRNA expression of inflammatory factors related to Influenza A (HIN1) virus infection
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Fig.7 PCA loading plot of metabolic profiles in serum under ESI* and ESI” ion modes
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Yy, SIEHE XA b, BRI e 147 Fh i 4E MK ( Drotaverine ) | 6-JIi 4 -y-1LI 47T ZF&  ( 6-Deoxy-
EXESREY, Uik 4, SR LE, SG &l gamma-mangostin) | 12 (r) -FF3E + R = R
A LR e Y 48 BRI A 2 AR Yy, I 2 [12 (1) -Hydroxyeicosatrienoic acid |, 8 (9) -
AR 7 4~ T HERE (Tebufelone) | ¥HE1-/\ EpETE. [20: 4 (7E, 9E, 11Z, 13E) -30H (5S, 6R,
W _—J# 1%  (hydroxyoctadecadienoic acid) . %h @ il 158) /P-18 :1 (9Z) ], W5,

|4 IEE TR AR i WA A TP S E 22 e AR

Tab. 4 Differential metabolites identified in serum samples from the normal group—the model group

B fwZE  SCIME PR EA IR TE]

75 R ) P1{E VIP H B HMDB
(ppm) (Da) (min)
1 Norethindrone acetate 0 341.211  15.68 0. 005 2.066 HMDB0255731
2 Tebufelone 1 301.216  15.70 0. 005 2.096 HMDB0258763
3 Octadeca-8,10, 12-trienoic acid 1 279.232  16.01 0. 003 2.073 HMDB0246901
4 Drotaverine 1 398.233  24.09 0. 006 1.848 HMDBO0015669
5 PE-NMe[ 20 : 5(57,87,112,14Z,172)/ 3 804.551 28.26  <0.001  2.291 HMDB0113493
20 : 2(117,147) ]
6 PS[18 : 1(12Z)-20H(9,10)/18 : 1(9Z) ] 8 820.527 29.03 <0.001 2.176 HMDB0281581
7 17-phenyl-18, 19, 20-trinor-prostaglandin D2 8 385.199 15.68 <0.001 2.116 HMDB0062679
8 8(9)-EpETE 1 317.212  15.70  <0.001  2.060 HMDB0341284
9 LysoPE[ 22 : 4(7Z,10Z,137,16Z)/0 : 0] 1 528.309 15.82  <0.001 1.985 HMDBO0011523
10 hydroxyoctadecadienoic acid 3 295.227 16.02  <0.001 2.048 HMDB0253281
11 PC[20:4(7E,9E,11Z,13E) -30H(5S,6R,15S)/ 0 838.560 16.70  <0.001  2.024 HMDB0289778
P-18 : 1(9Z) ]
12 LysoPE(0 : 0/18 : 0) 1 480.310 16.70  <0.001  1.764 HMDB0011129
13 12( r) -Hydroxyeicosatrienoic acid 5 321.242  17.42  <0.001  1.955 HMDB0258142
14 LysoPC(17 : 0/0 : 0) 0 508.341 19.10 <0.001  1.903 HMDB0012108
15 1-pentadecanoyl-glycero-3-phosphate 4 395.219 20.70  <0.001  2.023 HMDB0062324
16 Promestrienum 0 327.233  20.71  <0.001 1.763 HMDB0256803
17 4-Amino-8- ( 2-fluoro-6-methoxyphenyl ) -N- 3 353.141 20.80 <0.001 2.020 HMDB0248777
propylcinnoline-3-carboxamide
18 6-Deoxy-gamma-mangostin 2 379.156  21.38  <0.001 1.868 HMDB0038552
19 all-cis-7,10, 13,16, 19-docosapentaenoate 5 329.247 21.39  <0.001 2.015 HMDB0304261
20 12-Hydroxy-12-octadecanoylcarnitine 4 442.352  22.76  <0.001 1.801 HMDBO0013154
TS5 BIAIH -SG5y 7 i 2 LI REAS o S5 1 28 S AT
Tab.5 Differential metabolites identified in serum samples of the model group - high-dose SG group
[ P Bkt 2e  JE ﬁﬁé’.ﬂﬂ‘l‘ﬁﬂ Pt VIP S HMDB
(ppm) (Da) (min)

1 Tebufelone 1 301.216  15.7 <0.001 1.716 HMDB0258763
2 PE[P-16 : 0/14 : 1(9Z) ] 6 646.477 16.85  <0.001  1.992 HMDBO0011336
3 Ttopride 4 359.195  16.85 0. 005 1.940 HMDB0253722
4 Methandriol 2 305.247  17.41 0. 008 2.229 HMDBO0254517
5 3-(4-Carboxybenzylidene ) -6-hydroxycamphor 5 301. 142 24.15 0. 004 2.585 HMDB0245779
6 Drotaverine 1 398.233  27.05 <0.001 2.616 HMDB0015669
7 Betamethasone 5 393.209  27.92 0. 003 2.953 HMDB0014586
8 PC[18 : 1(12Z)-20H(9,10)/DiMe(9,3) ] 8 830.561  28.14 0. 003 3.027 HMDB0289272
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KT, 5. 2T (OB R U8 HINI VERR A0 FE L
gxs
. o Biitf2e  SCONAE b‘%%’ﬁl‘ﬂ P VIP PR HMDB
(ppm)  (Da) (min)

9 Embelin 3 293.175 12.08  0.028  2.159 HMDB0251767

10 9., 10-Epoxyoctadecanoic acid 1 313.238  13.44  0.014  2.239 HMDB0061650

11 17-Aminogeldanamycin 1 544.266  15.62  0.003  2.607 HMDB0259661

12 17-phenyl-18 , 19, 20-trinor-prostaglandin E2 8 385.199  15.68  0.004  2.641 HMDB0062612

13 8(9)-EpETE 1 317.212  15.70  0.024  2.107 HMDB0341284

14 9-Hpode 3 311,222 15.80  0.020  2.309 HMDB0242602

15 PC(TXB2/P-16 : 0) 0 830.555 15.80  0.026  2.215 HMDB0289464

16 hydroxyoctadecadienoic acid 3 295.227 16.02  <0.001  3.387 HMDB0253281

17 (88,9S,10R, 13S,14S,175)-17-(1, 0 331.228 16.38  0.017  2.317 HMDB0260195

1-Dihydroxyethyl) -10, 13-dimethyl-1,2,6,7,8,9,11,12,
14,15, 16, 17-dodecahydrocyclopentaphenanthren-3-one
18 Methyl palmoxirate 5 297.242  16.40  0.013  2.494 HMDB0254605
19 PC[20: 4(7E,9E,11Z,13E)-30H(5S,6R,158)/ 0 838.56  16.70  <0.001  3.102 HMDB0289778
P-18 : 1(92) ]

20 12(r) -Hydroxyeicosatrienoic acid 5 321.242  17.42  0.005  2.564 HMDB0258142
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Fig. 8 Analysis of differential metabolic pathways in serum
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