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Abstract

e AIM. To investigate the mechanism of action of
Qingxuan Runmu Yin ( QRY) in the treatment of dry eye
( DE ) based on transcriptomics and network
pharmacology, and to validate the efficacy and key
targets of QRY through a animal model of DE.

e METHODS : RNA - sequencing ( RNA-seq) technology
was used to detect differentially expressed genes ( DEGs)
between mice in the DE group and mice in the normal
control group, the active ingredients and potential targets
of QRY were screened through database, and gene
ontology ( GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment analysis were carried out
after overlapping the results and obtaining key targets.
Additionally, “ drug - component - target signaling
pathways” network was built and the protein - protein
interaction (PPl) was analyzed. Mice were examined for
Schirmer | test (S | t), tear film breakup time ( BUT),
and corneal fluorescein staining (FL) every 7 d from the
beginning of the animal experiments. Hematoxylin-eosin
staining ( HE ) was performed to observe pathologic
changes in mouse corneal tissues. Enzyme linked
immunosorbent assay ( ELISA ), Western blot and
quantitative real-time polymerase chain reaction (qRT-PCR)
were performed to verify the mRNA and protein
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expression levels of the core targets in mouse corneal
tissues.

¢ RESULTS : Totally 2 234 DEGs, 233 active ingredients and
457 related targets of QRY were collected, with a total of
64 key targets obtained. GO function and KEGG pathway
results showed that QRY was closely related to
inflammatory mediators, and 19 core targets such as
interleukin- 1B (IL- 1) were screened by PPl network
construction; S | t, BUT and FL results in the QRY group
were statistically significantly different compared with the
model group (all P<0.05); HE staining showed that
corneal epithelial cell stratification was disordered and the
corneal morphology was changed in the model group.
However, QRY treatment significantly improved corneal
morphology and disordered stratification, with a close
morphology to the blank group; ELISA, Western blot and
qRT-PCR results showed that the protein expression and
RNA levels of IL- 1B, IL-6, and tumor necrosis factor
(TNF-o) in the QRY group showed a decreasing trend
compared with the model group.

e CONCLUSION: Through the combination of multiple
components, multiple targets and multiple pathways,
QRY regulated the targets such as IL-6, IL-1B and TNF
through quercetin and other main components, thereby
inhibiting AGE - RAGE/TNF/IL - 17 and other signaling
pathways, thus achieving the treatment on DE.

¢ KEYWORDS: Qingxuan Runmu Yin; dry eye;
transcriptomics; network pharmacology; inflammation
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TR BT B DL K HC 3y ) 2 5 5 S TH AR 2 2k
B FECTIR(DE) P A ) F 2, T IR B 2 IR
PRI FOGIIH S R Y AR I R R B, H 2 AT IR
TG S8 BB RAE N o R IR & 9 %
H219%-30%"" , IF H A B s, IH AR 259 A
PUR A T P BETE T HRIAYT T A 3220712 (EIX 2L 25 W) s
IR KA Rt ) H 5 S BOR R R ok
22 Bl PRAGE W, R 2597 I AE 107 T IR 7 T B AT oY
R S R AR AR HAe e m I3 © &R T
FHR Y FE 2R W I K ( qingxuan runmu yin,
QRY ) S Wk e 2 T+ M L[R]3 7 P 48 5 B B4 R
JE IR A2 307l el A R 3 S RE S I 484 0 T 9
WA e AR IR SR BB AR 2, A R0U0E T IR A A AE AR K T
J& o ARHAYT T IR A B AR R ORI P AL i R T
Ko AFRT YT HBAE LY AGTR Y, h ey i B A
ARG Z2 0L 2 R AE T 2 R i, 45 24 3
SFADRE Gy B AR PR ] 2 G R AT s R R
RNA & &M 5 ( RNA - sequencing, RNA —seq ) J& — 1 i
R R SR RO, AT AT 3 BN ] ) 25 8, 4n I
P AR 2 Ok R ) 22 57 4% 3K BE 9 (differentially expressed
genes, DEGs) 121 A F S5 [0 4 25 H % 15 5 3 41 1
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& B, 3R QRY 5 I7 A FL & £ ( benzalkonium
chloride , BAC) 175 5 (1) - HR AR AU /)N A9 08 76 7 R0 0 AR

HHLH

1 ##F A %

1.1 #F#l

1.1.1 S4B 8 JE# C57BL/6] /N B, M, 44 i &

18-20 g, il TRAAEWHARBAY A RA FHRAL, P& 46
JES SCXK (1) 2020-0001 , A< 525 phy 2 Jp 71w B 25 K 2F
ST SIS T ZE 2 HEME (No.2023092203) , /N Bl 35 T
IRV R 25 K2 SPF L5 s bty , A AR K At
B IR Ry 2225 °C, 1@ 5 h 50% - 60% ,
12h/12h BAREE#5
1122 QRYHHAAR 10 ¢ £& 10 g. X5 10 g /LM
B10 g B 10 g HH 10 g 846 10 g 755 10 g KA
10 ¢ ARZ 10 g 4R, Tk F W B PR IR VLA 255Kk 7 A
FRAT, BRI E REh S 2B EEES
&, BB R VL B 24 R 2 B s B — B e 24 700 BH %, o A
WM 1 g/mL,
113 EERXFIRMNEE  BAC( LR Hr T AR AR
D) IR R (BRI R A YR A BR AT 5/
Bl TNF-o IL-1B }% IL-6 ELISA #&Mak) & ( FigvrsesE
YR EBR /N E]) ; All-in—one First Strand ¢DNA Synthesis
Kit II for qRT-PCR (with dsDNase) ,2xSYBR Green qRT-
PCR MasterMix II ( Universal) ( ZE 3SCEIH (db50) A Y RkH%
AR IL- 1B TNF-a HLiA (proteintech ) ; IL-6 HL ik
(affinity) , FQD—-96C 5L 5% Y22 5 PCR M A (b
HEHE B A R AW o
1.2 Ak
121 WY EARES
1.21.1 FIREER G & M4 SCHk[ 13 ] #E, il &+
IR /NEURE R, WUIR B A 5 pl 89 0.2% BAC 5K, K
2R, iELE 14 d, %6 15 d 17 Schirmer TiRE (S T t) JHIEmE
SLE RN ( BUT) | 1 B2 6 4% 0 56 (FL) &, AR
iR ST t<3 mm/5 min, BUT<10 s H FL FA¥E T 1R sh s
R 28 B FRHE
1.2.1.2 RNA-seq /MR HI& 40 H 8 JH#% C57BL/6] /MR
REHL AT R E H A TR A, A2l 20 H, 1 5 41/ BURE R
2 BRI A 5 WL (B IR £ 28 wfiRcii I, i 22 14 d; T
AR ZH /N 1.2.1.1 PEATSh R il 45
1213 TWWIEMRSAREZ ¥ 60 H 8 i
G57BL/6) /N BBl HL 43 o 25 4 (20 ) Fil BAC 4
(40 H) 25 (IR Y93 A 5wl B 8 R £h 22 i i
AR AR 2 YR, 48 14 d; BAC 3% 1.2.1.1 AT sh Py ml
il 5515 d R A A B 1 BAC 41/ B BEAIL 73 A 1
RUZH A QRY 41, B 40 20 H. 25 11 41 R A2 4 I
31.5 ¢/ (kg - d) IFI G TAEBRERKHE R K 2 1k,
LR 14 d;QRY 4518 31.5 ¢/ (kg - d) BUFI 44T QRY
WEE L ER 2K, ESE 14 d,
1.2.2 RNA-seq # M EFH/MNR S FHRE/NR K DEGs
RNA-seq /)N B & B0 5, WAR IE W 415 T IR A F
RNA-seq M fI AL ZURE AR, N 2 Al REA & 4R B 3 4>
RNA FE i 2 K5 56 A 4% J5 # #E cDNA SCIE, ff A 1llumina
NovaSeq 6000 4l J57 °F- {5 217 RNA —seq, LA | Log, FC | =
1.0H P<0.05 & B {E 1% DEGs,
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1.2.3 QRY &7 TR EE S FEH S F

1231 Y- KR-ERREEFAZTELANFE &
TCMSP 4% % (http: //temspw. com/temsp. php ) #T1f] QRY
bR 2 B A RO, DL IRAE P A B =30% M 22y
PE=0.18 Jg i 6 4 44 I 76 TCMIP %48 )% (hitp://
www.temip.en/TCMIP/index.php ) ¥ 28 TCMSP 040 22 7 14
KRSk By i B2l LSS 2 P AL ( druglikeness weight )
=0.49 i e 25 PF10 4 0 2 1 A B A I de Rl £ A
ARG B AE R QRY BYA BN 4, i i RNA —seq
R HL DEGs J5iz Venny ( http://bioinfogp.cnb.csic.es/) P
HUQRY A R0 4 A & #E 5 H DEGs (1) 3 [] #1356 PR AR
QRY A7 T HR A SC R £

1232 EFAA GG EENERERSERATREH
BEE AW AR RBCR AR S ) David 2585
(https ://david.nciferf.gov/ ) #7475 A AR (GO) BREHT
R A E R 1 (KEGG) il % 43, K45 P<0.05 #£47
Gtk ) E 15 - B (hitp://www. bioinformatics.
com.cn/ ) AT AR |5 AR S I X 25 SR A s k17 T AL
G307

1233 “AH-HH-BR-ESBR" NEREAR-F
BEREEERAME#BE  FIH Cytoscape 3.7.2 B A 3R
O G HERE A QRY A 887 S KEGG T ) 15 = e %
FHTE A A 2540 — B3 — 8 A — (5 5l N 4%, i
String BdE 1% ( https ;//string—db. org/ ) 3 W o R B TR Y
B E FUHEAE IR Cytoscape 3.7.2 ##E 8 H - H
JEAH HAE ( protein —protein interaction, PPI) S s it &
PPI M 2% v 4 4> 35 5 19 JE A (degree, D) | A o JiE
( betweenness centrality, BC ) & 2 i " 0> B ( closeness
centra]ity,CC)E&%ﬂ‘%ﬁ,ﬁ*&ﬂﬁ?%?np{jﬁﬁ%
B GAESN QRY 10T THR A OB R

1.2.4 FREXIEREN 55 THESFHREH0.7.14 d
13 S 1t BUT FL &,

125 HELABYRABRALRETH KA1 H/AR
FAREAH L 4% BRARE 7 R DR A FOHLL (HE ) e ta, Olds
Tt EAE AL

1.2.6 Western blot 5 ELISA # i fARA LA s TNF-o A
IL-1B R IL-6 EBRIE HAHXM 9 HU/NE M IRA
41, 24 B DB L, SDS-PAGE 22 B2 (4, NC Bt — B3R
PR IR N REIRE A 1 h JF A 1:1 500 ) TNF-o

A Voicano Plotp-value<0 05 &8 |log; FC>1

-0g-cp-vale

log; FoldChange

1 RNA-seq #ill FARE 5 IE %4 DEGs

IL-6J% 1:2 000 /9 IL-1B —¥i,4 Cab &, Vel )G — P&
1 h, FREEG A ECL & (0% A Ak 2 K 6 A% o0 b
ZGEG, A Image) BRAF4HT 47 .

BRAAEHCS H/N R AR 20 AR 4l TNF-o IL- 18,
IL—-6 ELISA il i 751 &5 158 BH 45 1 5 b o &, JnRE I 8
FREFRIRE 1 h, ARG IMA—30, FRRIEF 1 h 5k
M, BEFL PO AR R PR TR 37 CHRH 30 min, VEHG
INAJESREEIR E 15 min, A ZLAERG 10 min N
FRACHE 450 nm ABAS I 45 LI S AH
1.2.7 QRT-PCR #& M fBE A LA h TNF-o #0 IL-1B &
IL-689 mRNA Fix A& S H/NRAMA B4 L, R
il 5 7 AR K A ISR SRR A I AR & D TR A
FRHL cDNA FEA #E4T qRT-PCR 4" K2 )i . qRT-PCR %
He e 5 W3k 1, BAFEM ) qRT-PCR 43 Hr— X =
5y, R 27 ik, X RRIE GAPDH #E 47 235 KF 14
—1k,

B it22 4307 A8 ] SPSS 25.0 B4 T4, % TR
WG B 225 B, 38 A T LA 73 AT K 56 R Fisher A 6 4G 40 iF
TTEPE 53 M1, R FH Benjamini — Hochberg J5 3 4% 1E 45 1% &
A (FDR) . Hdli DA S b 25 3R, 2 8 LR
FHE R R Dy 2001, P ELBCR T LSD -1 K 560 5 AR &
IEZASA A, LR B0 U4 %) #6110 R
IS R, P<0.05 NESAGEHFE L,
2R
2.1 RNA-seq #& il DEGs 5%  F| ] RNA-seq £ A&, 3k
PRAFA 0 1 25 4 1 IR /N B 1E % /N BU DEGs 3t 2 234
A HAP IL-18 IL-6 . MMP-9 %5 1 391 /> mRNA 23k [
4, MAPKS8 LSS (ALB 4% 843 > mRNA Zi5 FFE, WLIE 1A,
FHRZL 5 1E % 41 DEGs Fih /K- E R, TR /MRS
IEFA/NRAFTE B RIR 225 WWE 18,

*1 oRT-PCRER5I¥FF

AR 2l

TNF-a F CTCAAGCCCTGGTATGAGCC

TNF-o R GGCTGGGTAGAGAACGGATG
IL-6 F CCTACCCCAACTTCCAATGCT
IL-6 R CATAGCACACTAGGTTTGCCG
IL-18 F GAGTCTGCACAGTTCCCCAA

IL-1B R TCCTGGGGAAGGCATTAGGA

GY-vs-KB:pValue<0.058& |log2FC>1

2

ZR  A:DEGs K1 ;B:DEGs kKA
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22 QRY BT TIRMEBES FHRATNLER

221 Y -KHF-EFREERATELEANIFE &
TCMSP J% TCMIP BUE FEXT AR  EXR X5 A B
RH R S w5 i RS TR & RIS 5
PEAAE ) QRY A R4 233 4, 33845 MMP-9 | IL-6,
NOS2 %545 RO o3 A S HB 15 457 4>, ¥ 457 4> QRY T 7E
HU S5 F1 2 234 > DEGs 1833 Venny 53] 64 4> JCHEHE 5 UL
& 24,

222 GO 1 KEGG EE A K 64 /> 4§ 538 1
David $CH5 FE#E4T GO T BE Al & 42 43 M7 , IR 1545 4 i 1
FAFER GO 45 H EHL GO S H P A Y 2# B (BP)  4f
MIZH 43 (CC) A FIfie (MF) HIRT 5 & BT 608
22 & A o B g5 R %, QRY xiF T IR B A Y AR A
Yy~ B b 35 B K Rk A VR M ) 0 B N 40 B X R
oM B SN | A8 E S 2 AT A A BB R I Y 4
BR 43 40 S5 S AN B Ah A 6] 45 5 o I RE EE W K
M EASA WS G . EARYS A%, WE 2B,
KEGG & & Hr M 85 P (H ¥ B At 15 i Bt 1T

A B 0

-logl0PValue

SWELH, EES R ER,QRY AIF TIR EEW K&
A5 5 18 % 6 15 B PR S O & JE B9 AGE-RAGE {5 5 il
% TNF {55 38 i 1L 17 {5 538 %  TLR {5 5 i B% f1
Relaxin fﬁ%ﬁﬂ%,ﬂ 2C,

223 “tiY - o -ME-KHF-ESEE WMEHE K
e 2] A 233 4~ QRY A 8RS .64 A AT KEGG
BRI 15 2505538 DL QRY B+ 25
A Cytoscape3.7.2 1, W B TG 3% 22 () il 7 9 5505 A2 L 24
W) — G — W0 5 B — 15 S B AR Y 5 TR R
FRH degree fE#EK, WHE 2D,

2.2.4 PPI MEHE H 64 1 LHH S F A String B
FE, R E R O M AR R4, R R AR S A
Cytoscape 3.7. 2T Al AL AL B 5453 60 A~ HE s Fl 357
iR PPT W 2% &1, 5 B 1 R, 260 bl IR 3R o L
degree fEEE K, WLE 2E, #£HL D BC,CC =AM hihS403Y
KFET A E AT, 015 19 LS, ULE 2F
ZERPLR IL-6 IL— 1B TNF 2548 S5 n] fE7E QRY VAT THR
P R R RO VER

C

Lipid and atherosclerosis { [ ]
Fluid shear stress and atheroscleronis ¢ [ ]
AGE-RAGE signaling patvway in disbetic complications | )
TNF signaling pothway |
IL-17 signaling pathway | °
Amocbiasis{ °

Rheumatoid arthritis ¢ L]
Newrooctive lgand-recepeor intracton @)

Toll-like receptor signaling pothway | @

Relavin signaling pathway |~ @

ge S 3Z2357

0 10 20 30
Degree

B2 QRYBFTFREOBES FRAMUER A QRY AR MK TS DEGs It [ #5845 BIE; B GO 7 & 44 2R C
KEGG Z3Hr45 31 15 A A8 S IAT D - 25497 — 73— 5 — 15 5300 % I 265 (41 5 B« SR L i B o E A P P 4 8T F A L A

Degree HEF AL
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2.3 Y LIWIIE LR

2.3.1 FERMEXIGEREN IRy EAFEE, =4S 1t
BUT X FL W, Z R A G #E L (S 1 t: Wald X5, =
221.877, Wald X}, = 58.360 , Wald X7, = 251.734, 35 P<
0.01; BUT: Wald X}, = 216. 875, Wald X}, = 131. 403,
Wald X3, 0 = 125. 444, ¥ P < 0.01; FL; Wald X},
258.557, Wald X}, = 133.632, Wald X, iy = 149.054 , ¥ P<
0.01) . /NRTF 4R E B AT, 525 AU H, BERLZE T QRY
S Tt BUT 2 F &A%, FL 835 75 (35 P<0.05) , R
THR /NSRRI, JAIT 14 dJ5,QRY I S Tt 455 5
BERVA AL, 22 5 B A 41t 2% 5 X (P<0.05) , #&78 QRY
THUS T WA DUA FTGE s QRY 4119 BUT 4521 545
BRI HA, 22 R A G128 L (P<0.01) ,$275 QRY
10T LA ACHE K H IR 24 5) [B] 5 QRY 4R FL 4 S48
BRI A, 2 5 BA G2 E L (P<0.01) . QRY 4L ST,
BUT J¢ FL B RMCGE L THRIRAL, L3R 24,

232 HE $f& BIAIA/NEUMA I bR M 4y 2 2L B
BB & A A, QRY 4 BEA %% BAC 5 5 1) £
JEARE Moy IR ZE AL AE L IBIT IR IR R IR S 1A, I
El 3A,

2.3.3 Western blot #: il &% ELISA #& M Western blot 5
EE LN A Hd B QRY 4 1L-18.1L-6  TNF-«
T FREZEF RG22 L (F=75.12 .44.50 26.55 , ¥ P<
0.01) ; Horb 525 [ 2 A1 L, B8 20 Rl QRY 4 IL- 1B,
IL-6 TNF-o % 5 (P<0.01) , SR8 ZH b, QRY 4
IL-1B IL-6 3K (P<0.01) , TNF-a [FAR{H 2 R TS5
P27 L (P>0.05) , WK 3B,

ELISA R4 5 on , 25 (141 BEAI4] QRY 41 1L-18
EARBEZEFAAEGITE L (F=84.48,P<0.01) ,IL-6
KRB EFAEAG I ¥E L (F=7.57,P<0.05) ,TNF-«a
KirEZERAAESIT¥E X (F=11.92,P<0.01); 55 H
AR BERIHIL- 18 INF-a & TF i (3 P<0.01) , 4
HIZH IL-6 T (P<0.05) ,QRY 41 IL-1B &3 7+ (P<

0.01) ; SHIA 1L, QRY 4 IL- 1B B EFEIK (P<0.01),
TNF-a J¢ IL-6 FEfIK () P<0.05) , WLl 3C,
2.3.4 qRT-PCR #&ill i qRT-PCR 47, 25 FH 41 5
RIZH QRY 4 IL-1B . IL-6 TNF-a mRNA F£ikH2EFH
it L (F=29.09 64.83.165.40,%) P<0.01) ; 52 H
I A2 IL-1B IL-6 & TNF-o 8 2 FhE (1 P<
0.01) ,QRY 41 IL- 1B F+ &5 (P<0.05) ; 5HI A4 [t , QRY
2H IL-1B P& (P<0.05) , TNF-a 2 IL-6 35K (1 P<
0.01) , LKl 3D,
3itit

CRAX - FREEAY AN Z B, R 3T
H”, h BN B A B OWH 3 H R, Bom 3w
AL TR AW HL, BRI AR B, SR IR T K 4Y, &
JEL B THE B B T il Sk < K 2 Rl B AR
ot RTS8 R KT, VAT KRR 5 s 5 Ty B O R AR
- U ov S i e S W [ B I B B R A Na e SR
WA A A, SR ZE N TH W, e H Bk 2 Rk, BhiE R &
AR R SE B 7E M I RGeS R, DL AC I
L BRSSO R YT TR AU 56 7 36 120 H Ak, H Bk s
HHAR EL EE XS BN EEE 5SS
BECH R ARES S Hrp R (N AR, 22 A il A,
HA R 2 LRG0 AR A R A AT R
M TR AR, XS AN, NS E XM A2 7,
A R A A A AT 22 B B X e g | 22 2 vk KU
W AR I 25| 42 B, B2y B AT, O E A, HER
LRBAT TSk S, W HER, T REAE A ME | 4R E
HARHE; 4 R A0 AR RSk B 2288, 8 S i 1k
FE LR Z AR RS A0, 5 A R O, 1 a2
Uy, BE AR v A2y M 525G, Il R 3R R
HR LA H 2k, 2 AR R BT, QRY A Lk
EH AR E R IR e RE , T T AR5 26, a5 23R
JSPHI, BT QRY & & L E Rl i fb 2% i o, SO X T
AR (367 AL 1 AT 2E

F:2 ZHRTEIESItEREER [M(P,s,P;5) ,mm/5 min]
e » i 7 77 14 d
2SR 40 4.80(4.73.5.50) 5.50(4.80.,5.90) 5.00(4.60.5.20)
R 40 2.60(2.20,2.95)" 2.40(2.00,2.80)" 2.60(2.00,2.80)"
QRY & 40 2.50(2.23,2.90)" 3.10(2.60,3.40)" 4.30(3.80,4.90) "¢

1 °P<0.05 vs 25 440 ;°P<0.05 vs BEFIZ

*3 ZHRITEIEBUT £&RER [M(Py,Ps) ,s]
205 n RITHT RIT 7 d 1BY7 14 d
ZHA 40 14.00( 12.00,14.00) 13.00( 11.00,14.00) 14.00(12.00,15.00)
FEEFRL 2 40 5.00(3.25,6.00)" 5.00(3.25,7.00)" 5.00(3.25,7.00)"
QRY #1 40 5.00(4.00,6.00)" 6.00(7.00,8.00)" 10.00(8.25,11.00)"*

. "P<0.01 vs Z5H4H ;" P<0.01 vs HEHIZH

Fk4 ZHBITRIE FLERER [M(Pys,Pss) 57 ]
2057 n IRITHT BIT 7 d IRIT 14 d
ZHA 40 0.00(0.00,1.00) 0.00(0.00,1.00) 0.00(0.00,1.00)
PRI ZH 40 9.00(8.00,11.75)" 10.00( 8.00,12.00)" 9.00(8.00,12.00)"
QRY 4 40 10.50(8.25,12.00)" 7.00(5.25,9.00) "¢ 2.00(1.00,4.00) "

1 ."P<0.01 vs 254 ;°P<0.05,"P<0.01 vs HBIZH
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