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W E: B ETRALEFHERAFEARLE G S TR RIREAE, Hit &R DR (Jinzhen Oral Liquid, JZ) i
TIEIRE RS (lower respiratory tract infections, LRTIs) AHI¢ 98 5E & A XALHIMERMLE]. 735 2T TCMSP 3 ik
1Z 3EYERSy, 18 SysDT SEvETMIAE FHBE 5 o A J 2464 - R - B 55 X 4% e A% o BE bR, I35 Metascape ~F & 3E47 & (R A4
(gene ontology, GO) MK it#RHEHF 5K H HFRI4 T (Kyoto encyclopedia of genes and genomes, KEGG) &/ #T. KH
AutoDock AN ARG ME R A SRR ALEE AT > TR R, S LRTIs B AN M AL r) 22 57 3R I8 K (differentially
expressed genes, DEGs) 5 JZ TIWAE S, FiEILAEARIEHATIIRE T . MR Z HERLE v TR B T I A4 280
AL, 2457 0.67. 1.34. 2.68 mg/mLIZ FHUSHATH AT, KA qRT-PCR A N ARRHFZ L. R 3R1F 34
AVEME RS B 210 ANTETEAE R AL, Jorp 83 AN AH S HEAR 2 2 & £ T IRIA BB A7 (tumor necrosis factor, TNF). 41
M/ %-17 (interleukin-17, IL-17) {55 (P<<0.05). 294 A LRTIs Hi5% DEGs 5 JZ #0 S4T30 4, 315 11 Doefddt
B, ¥ EIRFERG. TNF X IL-17 {55088 (P<0.05). HAZANA R T D 2 66%IIG RHHE DEGs. i+ H. &#lE
IZ T M IE 76.4%- 83.1%F0 88.7% ) i F Rk, I551H#% TNF. #[HF-xB (nuclear factor-kB, NF-xB) %Fif %
qRT-PCR £ B7R, JZ BEFIEAHNEH T TNF. IL-6. &L FEFEE 2 mRNA Fik (P<0.05. 0.01. 0.001), B3F Lif%t
P4 BE AN 9 Ml SMAD3 mRNA £iE (P<0.01. 0.001). Ji x4l I AN &5 FAF L JZ T HAT BRI CD86* M1 M S g4 i
Eefil J TNF-o 73 (P<<0.05. 0.01). £51& JZ @il £ 58 S r[E S TNF. NF-xB K& IL-17 5 510 8%, SRR IFE 9
TPEFRAS, M RAEYT LRTIs fEH .
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Mechanism of Jinzhen Oral Liquid on ameliorating lower respiratory tract
infections-related inflammation and immune dysregulation based on systems
pharmacology and transcriptome analysis
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Abstract: Objective To investigate the mechanism of Jinzhen Oral Liquid (£&#& 1 R¥%, JZ) on ameliorating inflammation and
immune dysregulation related to lower respiratory tract infections (LRTIs) using an integrated approach combining systems
pharmacology, transcriptomics, molecular docking and experimental validation. Methods Active components of JZ were screened
using TCMSP database. Potential targets were predicted using SysDT algorithm. A herb-component-target network was constructed to
identify core targets, followed by gene ontology (GO) and Kyoto encyclopedia of genes and genomes (KEGG) enrichment analyses

using Metascape. Molecular docking was performed to key active components and herb targets using AutoDock software. Differentially
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expressed genes (DEGs) in peripheral blood mononuclear cells from LRTIs patients were integrated with JZ-predicted targets to
identify overlapping targets for functional analysis. A model of human monocyte inflammation induced by lipopolysaccharide and y
interferon was constructed, and transcriptome sequencing was performed after the intervention of JZ (0.67, 1.34, 2.68 mg/mL). The
expressions of core targets was verified using qRT-PCR and flow cytometry. Results A total of 34 active components and 210 potential
targets were identified, of which 83 immune-related targets were significantly enriched in the tumor necrosis factor (TNF) and
interleukin-17 (IL-17) signaling pathways (P < 0.05). A total of 294 LRTIs-related DEGs were intersected with JZ targets to obtain 11
key genes, involved in viral infection, TNF and IL-17 signaling pathways (P < 0.05). The monocyte inflammation model successfully
recapitulated 66% of clinical DEGs. Low-, medium-, and high-doses of JZ restored 76.4%, 83.1% and 88.7% of dysregulated gene
expression, respectively, modulating pathways including TNF and nuclear factor-kB (NF-kB). qRT-PCR demonstrated that JZ dose-
dependently down-regulated TNF, IL-6 and chemokine ligand 2 mRNA expressions (P < 0.05, 0.01, 0.001), and significantly up-
regulated the mRNA expressions of matrix metalloproteinase 9 and SMAD3 (P < 0.01, 0.001). Flow cytometry confirmed JZ reduced
CD86* M1 macrophage proportion and TNF-a secretion (P < 0.05, 0.01). Conclusion JZ exerts anti-LRTIs effects by synergistically
regulating TNF, NF-xB and IL-17 signaling pathways through multiple targets to alleviate inflammatory symptoms and remodel
immune homeostasis.
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SR DR (Jinzhen Oral Liquid, JZ) J5#H JL
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BT A ML Se HoxT B 9% 0 2% i) 42 A E B 5 R 4l
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ZE B R, DAl ey 38 s N
R IREE, Dy 252 28 L AT S RS 12 9 52
BT R UO), AR F T PR T S e R v 2
VROAH €8 - 3 BE i % Cultra-high-performance liquid
chromatography-tandem mass spectrometry, UPLC-
Q/TOF-MS) Hlj iy R4 AR 3 - = = DY AR AT Jog 1%
(UPLC-triple quadrupole mass spectrometry, UPLC-
QQQ-MS) AL EM JZ 92 P, KH &
G B AL L AR, RGUHT JZ 1697 LRTIs
FHOG SREAN G B Z5BLIAE AL, JRiEd qRT-PCR
AL QAR B A FL P A O B AT SRR, N JZ
I PR . FH BB I E 9 Fr 2k S Ak 4
1 #H
1.1 ZHAE

NHZ400 % THP-1 HHAb 50 N R R
W, AR TG R TR DL 28 H .
1.2 AR5

JZ (HZ#ET 210970018, k5 240106) HIT.
TG AN K AR A AR M R 2R
(lipopolysaccharide, LPS, fit*5 12190801). ffhJk s
( phorbol 12-myristate 13-acetate , PMA , it 5
P8139), —HIIE AR (HL 5 67-68-5)1 H 32 [H Sigma-
Aldrich A7%]; y F#&E (yinterferon, IFN-y, #t5
RAX2824071) ) H 3£ Bio-Tech A #]; PBS (#t5
BC20240228) Wy H M AN AN AR ER A7
RPMI 1640 752 (L5 6123095). HHR-HH %
W (A5 2424800 JE4-IYE (fetal bovine serum,
FBS, #lt'5 N2765792P). 0.25%/#ReE MR it
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5 3027124) T H 3£ E Gibco A F]; AO/PI 4Ltk (it
5 B2401D) W H Ll AEMRHE AR AR MTS
Y1 o 38 FE A IR ) B (RS G3581) T H 3£
Promega A 7]; CD11b $ifk (45 2835660). CD86
Pifk (5 26967480 MR FER F-a (tumor
necrosis factor-o, TNF-a) i ($it'5 2869657).
SEWRE AR (b5 2507022) Mg HEE Thermo
Fisher Scientific /A @ ; RNA #HURA & (L5
7E1351H4). c¢DNA & #idifl& (it5 7E760A3).
PCR ik#& (b5 7TE1432H4) W A g 5t i meRE 4=
VIR AR A .

1.3 Y&

Thermo 3111 B! S AL R ES 7248 . Nanodrop One
RIS €AY . Qubit 4 FURZER 2R 1190t 2 A
Quant Studio 3 A SLHF % & PCR X (£ H
Thermo Fisher Scientific 4] ); CytoFlex i x4H
ffufx (Z£[E Beckman Coulter A% ); T100 Thermal
HBREE PCR X (3£[H Bio-Rad A ); TapeStation
4150 B EH s b H ik R4 (L E Agilent A 7] ); JXCL-
6K T = 4 B0 v VR B A C i (5 Sk R FR A TR
AF]D; RWD MI1324R B mil A B0 bl R
IIFIREA A BHEA R A7) )5 Centrifuge 5804 R A
AR E Ol (fEE Eppendorf /A 5]); NextSeq
2000 % AR (3£ Nlumina A 7]); CKX31
U5 E B (HA Olympus A ); Count Star 7
4 E BT (BB E R A TR A
A ); SpectraMAX iD3 Y £ ThRE Mg AR A (3£
Molecular Device A ] ).

2 FHiE
2.1 RHBHEZSH
200 RSB R A TR iE JZ AT
AL 94.50 g, P UIBEE47.25g, K3 31.50 g,
5% 1575 g, HEEA1575g, AE 23.62g, AL
44 945 g, HE 3150 g N T AU IZ 1124
MRS, RS AT @ UPLC-Q/TOF-MS Al
UPLC-QQQ-MS Hi AR EFF 1) 92 Ml 73 HAih |,
H4 TCMSP 5 PERT 2R AN SCRRAZ IR, M3 JZ i
B e . AR5 R ADME S50, RIEEZM: (drug-
likeness, DL)+ IR 4% FH £ (oral bioavailability,
OB) # Caco-2 4 idids M ik JZ B3 Moy
2.1.2 EEATRIN T SysDT Sk ABEHLARM
(random forest, RF) 53 FFHEAHL (support vector
machine, SVM) #iY, RGHT IZ B I~

FE DRI 2H 27 J 2 B 27 54l DI04 FH B 012l
BERE N RF=0.8. SVM=0.7, fiiif il {5 )
PR HAER R
213  HF-por-HE S R SR Cytoscape
ARV R (Mo AR D H5ii GHEARRD
(AR, I R O K R A b SRS e
VPl 25 - B -HE R AR 2% TR R SRR A, I
HRYE LRTIs A5 B AERE 9 5 0 G . ROEAN 47
3 K.
214 EWTEE AT T Metascape V5 AT A
AIAAE (gene ontology, GO) IRE M 5t #lHE K] 5k
K4 H R4 (Kyoto encyclopedia of genes and
genomes, KEGG) @ &£ 7. i, GO Iifg
B HTRDE /> FIIHE (molecular function, MF).
A5 Ccellular component, CC) MEW)4idF2
(biological process, BP) 3 KA, IRAIRITH:
BB S I DIREREME . KEGG 1B & 5 53 B PR 47
S S ERIEERAECR, AT HRRAYMHEEY)
FHUH . RE LR AR MEE Y P<0.05.
215 HEHM-EABAMEEIEN (protein-protein
interaction, PPD) M &5 @it STRING £¥s
F Cytoscape #{F#) % PPI %%, WRIELES HAEVE
5r=0.9, T RIEREE =10 AR R, TR 4
FE AWM EHTE (molecular complex detection,
MCODE) #EAT#NEI T, 12T
2.1.6 7 TXHEWIUE RH] AutoDock 4.1 # AKX
RSB E R 9 (matrix metalloproteinase
9, MMP9) . HiZl IR &= N T AL & B 2
(prostaglandin-endoperoxide synthase 2, PTGS2). [
A /%-6 (interleukin-6, IL-6). TNF 5 JZ W)i%
PERA AT 7P . SRR AR G Re . TOEBAELE
R By sk 1156240, ik mai a5,
22 IEAREREFERIE S

M GEO #udfa it 3RHL LRTIs 52 41 Mtz
g (peripheral blood mononuclear cell, PBMC) #%3%2H
KAt (B35 GSES3543). FIH] limma (LA iE
Z R RIEFEA (differentially expressed genes, DEGs),
bR e Nlogy = 4541 (fold change, FC) |>1 H.
P<0.05. LRTIsDEGs 5 JZ TRAE sidb AT 35504t
TS JZ VR FHEE 500 LRTIs HVEFERZH o
2.3 BZMMRRAEER AR RIE ST
2.3.1 ZfaREFE THP-1 B Z40HH 2 10% FBS,
1%7 55 3R -BE 5 7 I TN RPMI 1640 581772,
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1537 C\ 5% COy 55 FEEFR, & 2 R 1 ks
Frks, DABRORZNML W A KRNI 5 .
2.3.2 MTS ¥EH THP-1 4HHfEiE R B3k
KA THP-1 40, LA 1X 105 /mL $#F 96 4L
B, E37 CL 5% COy 251 FHEFE 24 he WEXT
HRZH NG 252, s 25 7 mI N 0.08. 0.17. 0.34,
0.67. 1.34, 2.68. 5.39. 10.77 mg/mLJZ 15773,
YRR E LT AL, BHR 3 NER,
BT R4 EER9E 24 he I\ 100 pL & 0.5
mg/mL MTS R 3 FR 2k, BT854 h i g
2 h, {§ FH 2 T REBEAR ORI 490 nm AR IR (4D
i, HEMEEEE.

MMIAEIE R =A ws/A
2.3.3 EMEHENRIL K JZ T THP-1 FAZ 4
PL 5X 105 AN/mL #/hT 12 FLH, A 100 ng/mL
PMA %55 24 h, {5408 MO ERE4n a3, % E
STHEZH . BEARIALRN JZ K. . EFE (0.67. 1.34.
2.68 mg/mL) H, BFHK 2 ANEL. AN 2
mL ¥R, BRI NSRRI 100 ng/mL LPS.
20 ng/mL IFN-y 557745, K425 2H/E 4L+ LPS Al
TFN-y 78 i F T Atk B InNAS 5] B S R FE I JZ
Mo T 37 C. 5%CO, 51 F4kLlii % 24 h, W2
JZ %F M1 B R0 B R B AR Ak 1) R 42 4
2.3.4 RNA fEEURFE 8595 24 h JEMEH 0.25%
JoREE IR E AR, T8 RNA $RHGR
FEARAEAL IR AR R B RNA o 5 A% 1% & S AR I
& RNA REE R Alifs, a3 st ik &gk
WS RNA 8B . R 2 it E I E >50 ng/uL,
RIN 15 >7.0, Azeo/A2s0>>1.8, it RNA>1 pug I/
& RNA FEAH TR 800 Fp SO
235 W SCRER A AR SR A R
TR T SO, T J5Ks cDNA SCERRRE 2 EREIR
J&%, T Illumina Nextseq 2000 Wl /51 & L iE47 X
s, ARG BEA 150 bp 80U 2 .
23.6 AR THLURGEIE S fastp
Chttps://github.com/OpenGene/fastp ) %KX 141347 il &
e, Bk EERFIAMEREFS], 53
R IR S A AR E I HISAT2 #AkL
XTRINKZHFL A, [ StringTie FRAFR 3 5L
MR RAT e, G EERE AR A T ()R A
. FH DESeq2 # A FRA SR ZH | A
M5 JZ 2541 DEGs, fiidetsu NllogaFCI> 1.
g<0.05. fJa¥:T KEGG #lE X DEGs #1718

= T

24 SEIGIIE

2.4.1 gRT-PCR BRiFAZ.0rE 5 mRNA Rk K
PEHUAN A RNA, $% cDNA & Al A1 & 150 10K RNA
5N cDNA, JEiE PCR A & K& Nk &R, 7
Quant Studio 3 SEI %1€ & PCR %t 58 PCR
SN o MEHE NS IE N B-actin [IFTE AN 2728 7y
THE MMPY. PTGS2. L& 40 55t 73+ 1 (vascular
cell adhesion molecule 1, VCAMI1). Janus g 2
(Janus kinase 2, JAK2). SMAD3. 2'5"-5: R H R &
HlE 3 (2',5'-oligoadenylate synthetase 3, OAS3). C-
C F b N FHc ik 2 (C-C motif chemokine ligand
2, CCL2). TNF Fl IL-6 S5#% O 55 1) mRNA £iA
Ko BIVIF A 1.

&1 519F5)
Table 1 Primer sequences
S SIS (5°-37)
p-actin F: GGCCAACCGCGAGAAGATGAC
R: GGATAGCACAGCCTGGATAGCAAC
MMP9 F: CAGTACCGAGAGAAAGCCTATT
R: CAGGATGTCATAGGTCACGTAG
PTGS2 F: TGTCAAAACCGAGGTGTATGTA

R: AACGTTCCAAAATCCCTTGAAG
VCAMI F: CAGGCTGGAGATAGACTTACTG
R: CCTCAATGACAGGAGTAAAGGT
JAK2 F: CGAATGGTGTTTCTGATGTACC
R: GTCTCCTACTTCTCTTCGTACG
SMAD3 F: AGAGAGTAGAGACACCAGTTCT
R: GAAGTTAGTGTTTTCGGGGATG

OAS3 F: CTGTAAGAAGGATGCTTTCAGC
R: GTTGACAGTCCAGAAAACACAC

CcCL2 F: ACCAGCAGCAAGTGTCCCAAAG
R: TTTGCTTGTCCAGGTGGTCCATG

TNF F: GCAGGTCTACTTTGGGATCATTG
R: GCGTTTGGGAAGGTTGGA

IL-6 F: CACTGGTCTTTTGGAGTTTGAG

R: GGACTTTTGTACTCATCTGCAC

2.4.2 i 40 MR 56 E A 0 R R R A KCP
I 0.25%JB M A RE A E A0, B O USSR
PUBE. FITA R PBS BN, %UtHH2HmA
FITC #ricHIPT A CD11b BT FEHAR PE Fric Y
L\ CD86 HiigfEduifk, + 4 CEENHFH 1h. PBS
TEVE 2 a2 B R AR 34T [ e A Ak
H, IEROERMN 1 h. SiEHEMTRTERE A
APC HRiCHIPT AN TNF-a BgEEHIA, 4 CHEe
H 1 h. 4004 PBS {EBEIFEHEESE, H 200 HIE
WRERT, it I A s, 12 A Flow Jo
BAF4> M CD11b 4l g #E CD86*. TNF-o 4 i EL 5]
243 SiFESHT SRR GraphPad Prism
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9.5 WAFATG 0T, BG4 2 7R
R )7 Z (One-way ANOVA) 56, % LA
X+ SEMRNo

3 &R

3.1 RGHEESH

3.0 JZIEMERGYTRE BT TCMSP 34 e A ST
BRZEL, KA DL. OB 1 Caco-2 4 ff i i 11 A% 7
XTHTHASE B0 92 PR/ AT RGiTHIE, AR
27T 51 MfFA ADME SE 0k is s . Wil
1 i, IXEepsr FECRYE T K% (DHD. HE
(GC). HE (HQ). “FIHE (PBM). AT
(RGNH) Je HAARIH 5 o 2580250l R, P I

1

BE5 N T A SR B ERHAM DL A, R
HEAAHEMMRLAE ), BEMEFHER, HE
F& 6 PRI OB {HHIE 60%, $RRHE
BRIFWAEDR AR, mES. HEdauEs
e R AT AR

3.1.2 JZ B EEATIN & T TCMSP 23 FE 140
EERRAY 4y HbRUE, X IZ RREE . HEL EE L PN
BERN LA IR AT RS 5K, @il
Degree Ratio AL & 7028 HIAEXT L2444 o R AH XS
FJE . K 2-A Fros, Ko UERRZE (71.4%) Fiiy
g (28.6%) NF, HHELIEEZE (96.8%) Fl =i
& (3.2%) NFE, HEHEEGE 100%, 1 IIEELL

1
s gh @H ?@P &8 @p 80 & ;_H ) g ® :
° (5} Oe " e
en i %g 0 H o &
0 sy 9% 8 < 60 $ R w| | e off ©
2 2 ey o 1 2 of °f of Sf o
A O 40 ° ) ) § ® i ) o
(-]
-1 % ® i e o ° é -2 0|
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201 & ? o % = §b 8 %) CX
o @ o o ° 8 -3 o .
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E 1 JZEMRSNARFITE

Fig. 1 Pharmacokinetic evaluation of active components in JZ
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A-degree ratio of various components in different herbs; B-distribution of targets in different herbs; C-heatmap of component-target interaction analysis.
B2 JZ R
Fig. 2 Target prediction of JZ components
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PEZ (80.8%) FIAEMINR (19.2%) NHFIE, ANT4
B 58 4 HAE VTR 2R (100%) 4. SR JEFIH B
P T TSRS, RIS B 34 FPyEHE R4 (U
& 66.7%) 5 210 MEE/E S SRS DL . %
25 HOHE S AR B (& 2-B) A48 pAH HAE
W (E 2-C) R, 34 63 MRS 2 DL B2
MILE, MATAE, Em5, HE, IR R
SRIEH 64, 29, 19, 16 Fl 4 ANEF PR F#E S
Peak, JEE R (181 4y FIEE (119 4Y) [1IH
KRG S HAE R B T HAR A 5y, BN H W REAE
JZ 1) 2 88 R RE R R B E T

3.1.3  ZM-R BRI R R T LRTIs 63
FRAE, A JZ B 210 ANEE s i i tH S5 R0E
G EVE SRR E AR 83 ML bR, XL
SEFRAT IR E JZ 77 iR 27 FpEPERSY . R
Cytoscape A4 14 2 244 - B - B8 550 EL AR ) 246 5 3

¥ T W 3 Fow, NIIEAT AR LM I
HEy, RIFEAT SACE 83 MNMlhy, ERLRME
ER KR B B s ey oS B R, Ml
W PSRBT s, BRI RUE. SR SRAHE
FRAy U FHE (. GO A ATART . T
KW, IZ 5 0T AN 16,53, 22 M
FEM RS (=10 MRS I35 (1) 22 48 25 08
fE. FEMEHEART S PETER D BRI ES R (34,
PFHEES), WER 1, JHEHEZD). e ER (19,
FEEHE). RHERQ7, JEEHED A w17,
TR E AR o IR EE M A NI JZ 23
it FPu o A Gz TR F D UE SR04, kAR,
38 NIEESEAR (45.8%) 52 2 P LA Lot [F) 1 %
Hr, PTGS2 #iHHE R FHE R, HEFE 14 Fh
WA S FRE, & JZ VER TR JOREM
o 1 48 (A% R S 2 —
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Fig. 3 Herb-component-target network
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3.14 HATIREESESNT R GO Uike & KEGG
A B R T VERRNT TZ TR s T BRI
AN I 4. £ 2 Fis, GO BEMH
J&/R T BP. MF. CC 3 NAR NI 15 M6 H .
{t BP JZ1f, ¥AREEET CWENE. FAEDIR

DN OESN
iz JRE AW S Y Fd . MF Z I E 2
%SRBG « BRI 3 S5 R F-I05 « RNA
fitg 11 45 71 DNA
AW KT BRI I 2 i 4 . CC 2 ) 3= 28
SERERRLE . BERX S /N B Sl I I T A S 45

BIRITRTE . AR S Y R

X
R

A RN A A AR

Ryt
KEGG M & £ R (B 5), m B ERE A
SOOER & ooosa10 .
401 P{A
GO:0007305 10
GOi0G08202
30 30:0015850 20
GO0 = G0:0045121
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20 | Go:00451 MF
GO;6298531 cC
GO0044853 () @Bi0004570
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El4 GO INEEEEDH
Fig. 4 GO function enrichment analysis

. . . hepatitis B
Kaposi sarcoma-associated herpesvirus infection

®2 GO IEEEHENET 15 T 5H
Table 2 Top 15 entries in GO function enrichment analysis

95 S H 448k

0097305 response to alcohol

0009410 response to xenobiotic stimulus

0031667 response to nutrient levels

0015850 organic hydroxy compound transport
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