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IG5 3 [ NF-«B 5 T I8 B 10 W0E . DYY BoA CRIM DI RE (4E H, R IAE DYY % HPH BoA R AF 02528, TRy 24
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Abstract: Dayuanyin (DYY) has been shown to reduce lung inflammation in both coronavirus disease 2019
(COVID-19) and lung injury. This experiment was designed to investigate the efficacy and mechanism of action of
DYY against hypoxic pulmonary hypertension (HPH) and to evaluate the effect of DYY on the protection of lung
function. Animal welfare and experimental procedures are approved and in accordance with the provision of the
Animal Ethics Committee of the Institute of Materia Medica, Chinese Academy of Medical Science. Male C57/BL6J
mice were randomly divided into 4 groups: control group, model group, DYY group (800 mg-kg™), and positive
control sildenafil group (100 mg-kg"). The animals were given control solvents or drugs by gavage three days
in advance. On day 4, the animals in the model group, DYY group and sildenafil group were kept in a hypoxic
chamber containing 10% + 0.5% oxygen, and the animals in the control group were kept in a normal environment,
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and the control solvent or drugs continued to be given continuously for 14 days. The right ventricular systolic
pressure, right ventricular hypertrophy index, organ indices and other metrics were measured in the experimental
endpoints. Meantime, the expression levels of the inflammatory factors in mice lung tissues were measured. The
potential therapeutic targets of DY'Y on pulmonary hypertension were predicted using network pharmacology, the
expression of nuclear factor kappa B (NF-«xB) signaling pathway-related proteins were measured by Western blot
assay. It was found that DY significantly reduced the right ventricular systolic pressure, attenuated lung injury
and decreased the expression of inflammatory factors in mice. It can also inhibit hypoxia-induced activation of
NF-«B signaling pathway. DYY has a protective effect on lung function, as demonstrated by DYY has good
efficacy in HPH, and preventive administration can slow down the disease progression, and its mechanism may be
related to inhibit the activation of NF-«xB and signal transducer and activator of transcription 3 (STAT3) by DYY.
Key words: Dayuanyin; hypoxic pulmonary hypertension; right ventricular systolic pressure; pulmonary

vascular remodeling; inflammatory factor; nuclear factor kappa B signaling pathway
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H 41 ffi /- % -6 (interleukin-6, 1L-6)- IL-1 25 41 i K F 4
SEARIEL, 51 2R R

H 1 PH 1967 254 3 B AL P R 32 2 AR5 P07
TR TR I S5 0okl 711« 7 270 B 25 8 25 W R AT I 1k )
TR A A il i 5 7 25, X e 2 A — SRR B K T
SR A A I ], AEVE P A BT il 3 ik i 45 i A7 9K, I
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BRI ER, FEER N 25.50%. BUX R BYNR &
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M3REESZ, EHXBAMBEMNHAESS T
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Table 1 Primer sequences used for real-time quantitative polymerase chain reaction (RT-qPCR). /L: Interleukin

Gene Forward primer Reverse primer
-Actin TGAGCTGCGTTTTACACCCT GCCTTCACCGTTCCAGTTTT
IL-6 CCCCAATTTCCAATGCTCTCC CGCACTAGGTTTGCCGAGTA
IL-18 TGCCACCTTTTGACAGTGATG TGATGTGCTGCTGCGAGATT
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PH&EfFHEXE = Ll “pulmonary hypertension”
N 9% ## 15] £ “DrugBank” (https://go. drugbank. com/)+
“GeneCard” (http://www. genecards. org/). “OMIM”
(http://www.omim.org/) 55 £ 95 P H 38 45 5 d 4 p Ak
(K], I FH UniProt 48 2 % $E 50K (8] 0 44 R AT B YE AL
oL

MEDYY M PHEXUE-SEIEEN
4 HUDYY 3 1 R KR DR S B R A A
4, MR LA S B RS B . BADYY X PH A Fl B A
FH R B 50 DR D R, S3- HI0HE R] ut S P 9 128 ok 20
S 2, K3 DY Y3 1 B — R DR 22 TR A ELAR
FH 281120, X % ] 00 1 B 9 s L5 3 A 5 ) R
oy FRESEERA B E K R, JF3R13 DYY Fill PH AH
IRIBK ) 22 o e 7 AT s 1R

MWEDYYH PHERBAHEERME Kt
H #E 5 5L R A N STRING %0 #% FF (http://string-db.
org/), ¥Fh % N “Homo sapiens”, B A& B 5 4 0.99, 3k
BEAZRME/ER (PP {5 8. FIH Cytoscape3.8.2
% PPT M 2%, DL 4 F S 5 (E (degree) A 1K 4R i
B, FE LA SR /N I SR I, R ER O e w2
DY 7E Tl PH I HE b 52 58 SO B F 3 i 3
Hik 2, ZHE S EDYY BT PH L RS b i /R FHBROR

DYY fif5 PHEE S EEMEXBREE S F
F Metascape ¥ & X DYY i[5 PH [ #5252 (K] 75 51
ik 47 40 B 20 K (cellular component, CC). 4> F I fg
(molecular function, MF). AE#J L 72 (biological process,
BP) % #t F1 KEGG (Kyoto encyclopedia of genes and
genomes) K B LT EESITE R, KUERFT
£ X CC.MF.BP 1 PAE /MR 10 #4725 2R o, )
I % KEGG 38 #% 7341 v PAE B/ T 20 BE4T JR R .

Fhi¢A 2R o IL-6 AN IL-1pRYFRIA i SER) & 5%
& M 5 )X N (real-time quantitative polymerase chain
reaction, RT-qPCR) #a il fifi 2H 2R o 48 i K ¥ 1) 3R ik
RT-qPCR & %&: 2xAceQ Universal SYBR qPCR Master
Mix 10 pL+ 10 pmol-L" Primer 1 uL. cDNA 5 uL.
ddH,0 4 uL, M2 TAE M 95 °C 5 min, 63 Jx
N (40 ¥K): 95 °C 10 s. 60 °C 30 s, il fif i £5: 95 °C
15560 °C 60 s.95 °C 15 s, f# ] ABI7900HT #4729
SERIHT. LA -actinfE NN 2, KM 22NEGTH T
FE R B AR R & o

ELISA SE 4@ /N R I 3E 1 IL-6 By Rk MUK A7
T--80 °CHy /N R ML, UK _EV g, 250, B E3EH T4
W, BB R v WU A5 .

Western blot # Ul /v iR A 20 22 & A9 STAT3.
NF-«B.ERK1/2 F1PCNA BJ3RIE  [A] 50 mg fiti 4H 24

BN 0.5 mL RAPI 2R 2 i, A BE VK 22 30 min,
4 °C .12 000 r-min" & > 15 min, ¥ £ £ %, BCA
(bicinchoninic acid) % & & 73 #r, ¥ H8 LU N\ € &1
Sx L REZE PR HLO, 100 °C il #4 10 min 4 85 A8 1% .
5 [ f# 1 SDS-PAGE # 1T HL 7K, Western blot £ Il /] &
fiti 40 44 b STAT3 .NF-xB.ERK1/2 F1 PCNA KRk .
%GitE755% KM GraphPad Prism 9 K H4F K,
K 2H R FH HL R R 7 Z 93 HT (one-way ANOVA) #4741
PGt o A, 218 P EL A A Dunnett 5458, BT A
BRI LAY £ s R, PLP<0.05 /R BB L3 .

%R
1 DYY X} HPH /)R IxERIS N
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AR F I B ) g N RAR EER (B 1A).
2 DYY X} HPH /)R RVSP B9800

SLUG K I, A5 0 A VAR I 2% 41 /)N B RVSP,
PASEAR B il 3 ik e o 25 AN 1B C B, 5 18 )
FECZH AH B, B2 2H /N BRI RVSP T &1 T 55.7%, 44
DYY FI7G Hi A8 4E 5 RVSP & 35 [&AIK, SRR AL, 7
WA T 22.3% F1127.9%.  H MG 5808 300N B0 R
Itk (B D), 4 T AL dE R DYY £ — e F2 13
HIE, H LS % E 5.
3 DYYX HPH/MREHRF[EHEALEREEH
(right ventricular hypertrophy index, RVHI) A%

ISR 2 0 /0N B P 1) 22 U 88 36 A5 4%, @ it 1k
SR RVHI R L Ath 25 JE 25 48 25, VP40 (5 00T /0 B 28 A
FHOIIRERIREM . 45 R EoR, 5 IEF X A b, i
AT FE SR E TR, 45 T DYY &, SR /N R
AH EE AT 48 25 3 PR, 45 R 1E PR, R DYY
A BA G E TARA SRR N BRI . A, R
T /N BB B 7 AT e, {HLO I 4R £ RVHI
RV Ath T 25 48 £ B AR Ak, WA S R G 22 B
BT RN, R DY'Y X & I AR SO B B
Wi, W1 1F~T i o
4 DYY Xt 5 % iE 40 AR A9 52 Mg

R FE ALY 43 BT ASCRT /I B3 Pk af w1 400 B A7 T
O3 M, 45 B R AR D T HPH /)N 5L bk B 4
o, Wn T BAZ AN AR (K 2), RIS DR
e — 5E I RRE RS, T DY'Y 14 4T 8 o 35 X Fil 4
N
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Figure 1 Effect of Dayuanyin (DYY) on body weight, right ventricular systolic pressure (RVSP), heart rate, right ventricular hypertrophy
index (RVHI) and organ index of hypoxic pulmonary hypertension (HPH) mice. A: Body weight changes; B: RVSP of HPH mice; C, D:
Statistics of RVSP (C) and heart rate (D) in four groups; E-J: Statistics of right ventricle/(left ventricle+septum) [RV/(LV+S)] (E), lung index
(F), heart index (G), liver index (H), spleen index (I) and kidney index (J). n = 8-10, X £ 5. "P < 0.05, P < 0.001 vs control; "P < 0.05, “P <
0.01, P <0.001 vs model. Sild: Sildenafil
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Figure 2 Effect of DYY on monoplast and lymphocyte in HPH N .
mice. A: Lymphocyte (LYM); B: Number of monoplast (MON) in BT ivﬁzd\’ Mt 2T AL R L WA S R o 5 B
the blood; C: Percentage of MON in all white blood cells. n = L5 PU I ARALAR L, DY'Y 25038 i 358 2T 4 A AT s/ i i
8-10,x £ 5. "P < 0.05 vs model EEREE AR LT .
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Figure 3 Effect of DYY on pathological changes of lung and
pulmonary vessels. A: Masson staining of lung tissue of HPH

mice. Scale bar: 200 um; B: Wall thickness of pulmonary arteries of

HPH mice. n=6,x+ 5. “**P<0.001 vs control; P <0.001 vs model
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B3 St HRE RO B At SRk It M
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Table 2 The number of core target genes of key active ingre-

dients in DYY

Serial number Name of compound Number of target genes

GC4 Quercetin 134
BS7 Kaempferol 52
BS5 -Sitosterol 32
HQ4 Baicalein 30
ZM2 Anhydroicaritin 28
HQI19 Stigmasterol 27
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Figure 4 Network of “DY Y-active ingredients in DY'Y for the prevention of pulmonary hypertension (PH)-core target genes”
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Figure 5 Protein-protein interaction (PPI) network of 108 core

targets of DY'Y against PH
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Figure 6 Gene ontology (GO) enrichment analysis and Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment analysis
of predicted target genes of DY'Y against PH. A: GO; B: KEGG. BP: Biological process; CC: Cellular component; MF: Molecular function
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Figure 7 Effect of DYY on IL-1f (A) and IL-6 (B) expression in
lung, and TL-6 in serum (C) of HPH mice. n = 6-10, x + 5. P <
0.01, “P < 0.001 vs control; "P<0.01, “"P < 0.001 vs model
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Figure 8 Effect of DYY on the nuclear factor kappa B (NF-«B)
pathway in lung of HPH mice. A-D: Densitometric analyses of the
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relative amount of p-NF-«xB (A), phospho-signal transducer and
activator of transcription 3 (p-STAT3, B), proliferating cell nuclear
antigen (PCNA, C) and phospho-extracellular regulated protein
kinases 1/2 (p-ERK1/2, D) compared to NF-xB, STAT3, f-actin
and ERK1/2, respectively. n = 6-10, x = 5. "P < 0.05, "P < 0.01,
#p < 0.001 vs control; P < 0.05, "P < 0.01 vs model
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