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Effect of flavonoids in Qingfei Oral Liquid on necroptosis in RSV-infected mice
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Abstract: Objective To explore the effect of flavonoids in Qingfei Oral Liquid (i i I IR %) on necroptosis in respiratory syncytial
virus (RSV)-infected mice. Methods BALB/c mice were randomly divided into control group, model group, flavonoids low-, high-
dose (30, 60 mg/kg) groups and ribavirin (46 mg/kg) group. RS V-infected mice model was established. After continuous administration
for 4 d, HE staining was used to observe the pathological changes of lung tissue; qRT-PCR was used to detect interleukin-6 (/L-6),
tumor necrosis factor-a (7NF-a) and RSV-F mRNA expressions in lung tissue; Flow cytometry was used to detect necroptosis rate of
lung tissue cell; ELISA assay was used to detect lactate dehydrogenase (LDH) and high mobility group protein B1 (HMGB1) levels in
bronchoalveolar lavage fluid (BALF) of mice; Western blotting was used to detect protein expressions of receptor-interacting protein
1 (RIP1), RIP3, mixed lineage kinase domain-like (MLKL), phosphoglycerate mutase 5 (PGAMS), dynamin-related protein 1 (DRP1)
in lung tissue; Immunofluorescence was used to detect the co-localization of RIP1 and RIP3, co-localization of p-MLKL with epithelial
cells. Results Compared with model group, pathological damage of lung tissue in flavonoids group was alleviated; /L-6, TNF-a and
RSV-F mRNA expressions in lung tissue were decreased (P < 0.05, 0.01); Necroptosis rate of lung tissue cells was decreased (P < 0.05,
0.01); HMGBI1 and LDH levels in BALF were decreased (P < 0.05, 0.01); RIP1, RIP3, MLKL, PGAMS and DRP1 protein expressions
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in lung tissue were decreased (P < 0.05, 0.01); Formation of RIP1/RIP3 necrotic complex in lung tissue was decreased, fluorescence

expression of p-MLKL in lung epithelial cells was decreased. Conclusion Flavonoids in Qingfei Oral Liquid may inhibit necroptosis
by regulating RIP1/RIP3/MLKL/PGAMS/DRP1 signaling pathway, and improve lung inflammation in RSV-infected mice.

Key words: Qingfei Oral Liquid; flavonoids; respiratory syncytial virus; necroptosis; receptor-interacting protein 1; receptor-

interacting protein 3; mixed lineage kinase domain like pseudokinase; phosphoglycerate mutase 5; dynamin-related protein 1
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Fig. 1 Effect of flavonoids in Qingfei Oral Liquid on body weight of RSV-infected mice (X + s, n=6)
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#P <0.01 vs control group; “P < 0.05
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Fig.2 Effect of flavonoids in Qingfei Oral Liquid on lung histopathology (A) and mRNA levels of IL-6 (B), TNF-a (C), RSV-F (D)

in lung tissue of RSV-infected mice (X + s, n=6)
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AR OBRR BTN 7% RSV R/ R AHLE LR AIAFE M T% (A. B) & BALF ## HMGBI (C). LDH (D) X

Fig. 3 Effect of flavonoids in Qingfei Oral Liquid on necroptosis rate of lung tissue cells (A, B) and levels of HMGBI1 (C) and

LDH (D) in BALF of RSV-infected mice (X £ s, n=6)
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MLKL | . - e e | 54x10t

GAPDH | S S S . - | 3.7 10%
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RIP3 FR AN Rk R
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1.5 I *
T3
1.0
0.5
0 T ‘-l- T T
X OB 30 0 FIEFHk
Fla/(mg-kg™")

X OBE 30 60 FIELFipk

Fla/(mg-kg™)

4 EREORREEREIZRL X RSV BERA/ MR AHLELR RIP1. RIP3 A1 MLKL EARIEAIFM (X £s,n=6)
Fig.4 Effect of flavonoids in Qingfei Oral Liquid on RIP1, RIP3 and MLKL protein expressions in lung tissue of RSV-infected

mice (X £s,n=26)

RIP1

100 um
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DAPI
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il

S
2

Fla 30 mg-kg ™!

Fla 60 mg-kg! FIELF R

5 JEMOMREREIEM 7 Xt RSV A/ NRAFLELAF RIPI/RIP3 SR5EE ST ALEIFIAE (X 400)
Fig. 5 Effect of flavonoids in Qingfei Oral Liquid on necrotic complex consisting of RIP1/RIP3 in lung tissue of RSV-infected

mice (% 400)
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FER O AR R B 2 %) RSV B9/ MR ATZA4E p-MLKL EH R/

‘:n .

Fla 60 mg-kg™!

AT K

208 (X 400)

Fig. 6 Effect of flavonoids in Qingfei Oral Liquid on p-MLKL protein expression in lung tissue of RSV-infected mice (x 400)
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B ORGSR 73T RSV B0/ MR ATZELE PGAMS # DRP1 EHFRIA

R ThRE R R 35 BEMEH . t— DRI S 5K
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7~ SXTHRAAH L, RSV FEUNRTZHZF PGAMS
A1 DRP1 & ARIEKFEET = (P<0.01), %4
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PR ZEEL (P<<0.05. 0.01), 7RSSR S 7T B
AL HNH PGAMS/DRP1 JREEAFEERI TS, 352k
KA IIRE o
4 g

RSV P g N fERE, JLHEXNBY)L. &

FNNFIEIREB G B, G R E K55
i ]
X
z
W14 :
i %W

xﬂﬁ M‘t 30 60 I
Fla/(mg-kg™)

30 60 FlEFik
Fla/(mg-kg™")

YN (X +s,n=06)

Fig. 7 Effect of flavonoids in Qingfei Oral Liquid on PGAMS5 and DRP1 protein expressions in lung tissue of RSV-infected

mice (X £s,n=26)
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%o HATHLAER T RSV TR A1V TT 259 5 1l J9ie
FIBRFRGTAR] S AROO AR PR 2 35 (UE B T RSV %
L) w5 & 1, 1EI7 RO 22 A T T A AE 407181,
% Tl PR FC ISR 1E B T il DUIRAATT RSV 4
WS 7T REBTH, BAMEERRBE, KK
R, RSV JBGY 1)/ BT 2L 2R A sl L s B 455 S P A%
1%, BiZH 2V BE AR MK b, 28 PR i DR 7K~ B
Thimr, Pz @ R T AT Ml AR A S
WA EITJG, RSV-F+ IL-6 Al TNF-a [f] mRNA %A
KPR FEAC, M RIS, S
C RSB ZE o % RSV Bl 480 B 14
FEH

INBEMEPE 1238 P BORE RRE R R, 2
— MR AR TS 075, fE RSV R KA S K
Ry EE BN A A, RER TR N
Annexin V Al P XUFHPESL 5, f1:FE%E HMGBI1 18
TRUA S A MO AR, T LDH R T8O 40 B o3 Ll
IRIFR 02, 8RB 22 BF 70 Y 7R B R R B 70 B
BIFCHEF T ER, T Re e ) A A R
22 2L )F 35 A B H 8 (mitogen-activated protein
kinase, MAPK) /#%[X-¥--«B (nuclear factor-xB, NF-
KB 18 I O AR 15 5 R 5 A R BE P U 1200,
P B FEBE @R ] RIP3/MLKL A S (3RS0
T, eEpIE bR BERREAR, DT 2 M o6 S M B R
NS R P Wi ZE I RS S R
KBS T 1 (signal transducer and activator of
transcription 1, STAT1) H1 NF-kB & ¥ R X 5
B REWIT 5 /N T A MRy M1 SR, AT ek
DRI TN IR SEPE P T2 FEART T, RSV
3 T AH MRS T, S8 HMGB1
A LDH BJ8 3| BALF o, i Al AR AR SE AK
53 0] LA RSV I GL 5 il 2H 240 B U IR BB R T2
Jf:F#fik BALF " HMGB1. LDH 7K.

WFEME T BB B RIPL BUSEBhN, B
RIP1 FIRIP3 . INSEE G, S 4R - AL MLKL
HH, PRI, &R, MLKL
{1%) Bk T2 A R I ) S 2 SR SR TR T 1) B 4 AT 35
RIP1 17 Nec-1 7 LLAE RSV 53 L B2 40 i
RFEMEPE T2 LA S HMGB1 B AR 5 45 R R,
T I R R B 2 R A3 Be /> RSV IR GY 5 it
g1 RIP1. RIP3. MLKL ik, FRHEDIRIEE
BV, BEITE N LR RS T L2 5
W75 RIPI/RIP3/MLKL {5 Sl # . il b 540 2

RSV B BHEANAE, p-MLKL 5 LR 4ifds &
Y E-cadherin (763 E M 7R, 18 AR A
B0 =it I e TR 7 R 2 e N
g5 O Ut B Il 1R R R TR 2 R 43 T DA d i 45
RIP1/RIP3/MLKL %% RSV JE#L J fifi b Jz 40 B (3R
FEMEIE T

INBEMER T AR B M 28 ) B, BAE Gk ik
TEAMIReERG . ZhifAEH PGAMS H1 DRP1 #
T JE SRR S WA T ISR TS, 4
il BRI PGAMS A& AT LIS 4] DRP1 93/b 0
JULAH LR SR SO T2, OS5 B R AR JBE PR AT AR R 4
AT At o LSBT ML/ R B A 24 AR T v, I A
1 R 5 B 28 1 P ARG RSV I GL f5 /)N BT 20
2l PGAMS #1 DRP1 & HERIE, FETE M Ok
TR 2S5 vl LUE L % PGAMS/DRP1, 4%
RSV i SR FEHE R T bR TR 6L

Zx PR, AT R I M R B R S s A3
A (eI %] RIP1/RIP3/MLKL/PGAMS/DRP1 4
SIRFEMEIE T, WA RSV 5 2500 il 50 28 i 453
P, AR T IR PRI PR S FH S (it 7 44
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