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Mechanisms of Qiqiao Qingwen Jiedu Granules in Alleviating Lung Injury in
H1N1-infected Mice
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[Abstract] Objective: To investigate the protective effects and molecular mechanisms of Qigiao Qingwen Jiedu granules
(QQQW) against viral pneumonia induced by HIN1 influenza virus infection in mice. Methods: Thirty-six male Balb/c mice were
randomly assigned to six groups (n = 6 per group) , i.e., blank control, model, QQQW low-dose (1.25 g-kg"'), QQQW medium-
dose (2.5 g-kg'), QQQW high-dose (5 g-kg"') , and oseltamivir (20 mg-kg"'). Except for the blank control, mice in the

remaining groups were intranasally inoculated with HIN1 virus at 1.5 x LD, to establish a pneumonia model. Drug administration
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began 2 hours after infection, once daily for 7 consecutive days, and relevant indicators were assessed 24 hours after the final dose.
Lung pathological damage was evaluated using hematoxylin-eosin (HE) staining combined with histopathological scoring. Liquid
chromatography-mass spectrometry (LC-MS) was used to identify blood-absorbed prototype components, and network
pharmacology was applied to predict core targets and signaling pathways. Human non-small cell lung cancer A549 cells were used
for in vitro verification, including cell counting kit-8 (CCK-8) assay, flow cytometry for apoptosis, and Western blot. Results:
Compared with the blank control, the model group showed significant increases in lung and spleen indices, lung pathological
scores, and serum interleukin (IL)-17, IL-6, IL-18, and tumor necrosis factor (TNF) -« levels (P<0.01), along with significant
decreases in phosphorylated phosphatidylinositol 3-kinase (p-PI3K)/PI3K, phosphorylated protein kinase B (p-Akt)/Akt, and
phosphorylated glycogen synthase kinase 38 (p-GSK3B8)/GSK3B ratios in lung tissue (P<0.01). All QQQW dose groups
significantly reduced organ indices, pathological scores, and pro-inflammatory cytokine levels (P<0.05), with the high-dose group
showing effects comparable to oseltamivir. The high-dose QQQW group significantly upregulated phosphorylated protein ratios in
the PI3K/Akt/GSK3B pathway (P<0.01). In A549 cells, 100 mg-L"' QQQW significantly increased cell viability, decreased
apoptosis, and upregulated phosphorylated protein ratios in this pathway compared with the HIN1 infection model group (P<0.01).
These effects were reversed by the PI3K inhibitor LY294002 (P<0.01). Network pharmacology analysis identified GSK38 as a key
target and PI3K/Akt as the core pathway of QQQW. Conclusion: QQQW (1.25-5 g-kg"') dose-dependently alleviates HIN1-
induced lung inflammation and tissue damage by activating the PI3K/Akt/GSK38 signaling pathway. The high dose (5 g-kg")

shows comparable efficacy to oseltamivir (20 mg-kg™).
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Table 1 Effect of QQQW on general status and organ indices of

mice infected with HIN1 influenza virus (X+s,n=6)
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w4 % ] b 2 ) R 2 4 B A
FO0 R LW BOOE 4 3 W K (P<0.01) o UL
F1#£2,

A A4 B R R4 C.QQQW K5I 41 ; D.QQQW Hil 41 ; E.QQQW i il & 41 ; F. B wl b 5 41 (I 2 [d])

1 QQQW3Xt HINI B /MR M ALFERM (HE, x400)

Fig. 1 Pathological changes of lung tissue in H1N1-infected mice (HE, x400)

#2 QQQW X HIN1 B /NRA M AR KBTS (X5,
n=6)

Table 2 Effect of QQQW on pathological scores of lung tissue in
H1N1-infected mice (x+s,n=6)

28 51 /g ke LV BT 43 /53
254 0.38+0.63
TR 2] 9.91+0.48"
QQQW Ik fit 41 1.25 8.34+1.59%
QQQW il 4l 2.5 5.67+0.51>
QQQW = il & 41 5.0 2.12+0.52%
B b S 20 0.02 1.96+0.74%

3.1.3  QQQW X HINT 4L /N i R AE N 57K -1
R 55 H A R R R A B IR R YT

IL-17 . IL-6 . IL-18. TNF-«a /K ¥ K& ¥t % K F IL-4,
IL-10 7K F 35 8 3 T & (P<0.01) ; 55 45 80 41 bb 4,
QQQW 1K 71l # £H /N B I ¥ 1L-6 . IL-18. TNF-a 7K *F-
W 4 B A% (P<0.05) 5 QQQW H iy 71l 2 2H B B i) Al
5 £/ BUM & A & 1 IL-17 .IL-6 ,IL-18 , TNF-a /K
- ¥ 5 3 BRI (P<0.01) , Bt & P 7 IL-4 (1L-10 /K °F
B T (P<0.01), W3,
3.2 BT R4 2 B2k 5O AR 4 2 BT QQQW 1 T
TEAE FHAIL )
3.2 B EFRIAE B TR AR
QQQW & 44 24 3L 1) Wy I S fitk B v A6 /B ML, A< F
T Jo ok H LC-MS $ R X} 25 24 J5 /N BRUIAL 3 T 10 25
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F3 QQOQWt HINT B R/NR A R IEREFARFHHEM (x+s,n=6)

Table 3 Effect of QQQW on inflammatory factor levels in serum and lung tissue of HIN1-infected mice (x+s,n=6) ng’L"

21 51 Flh /g kg IL-17 IL-6 IL-18 TNF-a IL-4 IL-10

2 H4 13.23+2.32 43.92+56.12 7.61£16.12 5.20+7.12 8.80+20.12 19.78+6.12
AR 241 39.50+7.14"  239.54+28.12"  171.56+9.87" 59.55+7.89" 116.72+12.34" 74.47+15.67"
QQQW fikifl 4 1.25 35.73+5.06 205.24+29.12%  150.43+14.12Y  46.29+5.12% 125.20+20.12 87.16+£16.78
QQQW sl 4 2.5 27.26+6.95"  189.28+27.45°  138.53+14.56"  41.34+10.23" 132.22+20.45”  102.96+8.45>
QQQW i i it 4 5.0 20.42+5.97°  169.11+44.127 98.86+28.45%  38.31+7.45% 150.68+24.56  123.83+13.56"
B E] il 41 0.02 14.11£5.78”  156.34+21.78% 84.58+9.87% 30.83+4.12% 165.43£17.897  141.67+18.23%

Yoy BEAT A b . AR IE BB FRLUR (QQQW A
I8, 43 T i e DL, 34 5 R B b R ) %5 3 2 A TR
F QQQW & Jr iy Ji B i 43 Je JL AR 38 7™ ¥ (QQQW
N4 AR A 2 D g R B A k) £ 4 A
HER CRG M AR S XS AL 5 B
TRTE I 253800 T S il

3.2.2 EE - (A BLOVE FH (PPI) I 2% ) 44
T UL E AL RS, il 3 TCMSP , GeneCard 25 % &
JE i 38 VR AE 0 A TR A, 0T 5 HIN 38 JAH 5%
PRI A0 KU B L 3R AT QQQW IR T L B A% L ¥R 7
B A5 5 e 3 RN SR T F 3(STAT3) .GSK38.
Wi 7L 3 P B A A 2 FE A 1 (mTOR) | Ji i & A Jun
(JUN) \# 4K 52 2 14 90l (HSP9OAA1)  PI3K i 5
i 3% (PI3KR) | i 28 %8 3% IR 1 52 14 1% 240 R U8 I 1
(NTRK1)% . QQQW-ifi 4 i 43 -HIN 1 Jiit B AH 56 52
9 35 DR ) 245 P )l A 97 HLINL 300 JB6 A A 0 I8 45 D
et R B A

3.2.3  SCHERD L NAIR(GO) (Rt #5534
AFA B (KEGG) AW INREIER X A% 088 s k47
GO ) fiE & 4 7 Hr M KEGG il % & £ 0 i1 . GO 43
B &8 S R, 3 S 0 R A T AORE S 4 i

F£4 QQQW I HINT B /NRAM AL PIBK/AKt/GSK3IB B RIEXEARIE

P T A R Y OE 1 A R RN AR YT R
KEGG il # 43 #r 45 S 42 7%, PI3K/AKt {5 53 [ | it /2%
P B SR UL A5 T BB S QQQW Y G B A 1 I % .
QQQW Xf TAV J& ¥ /|y ]l 22 5 B 11 19 T i ' 4 DL 34
gif L RSB kL R

3.3 QQQW X} HINT B4/ i ' PI3K/Akt/GSK3B
B BT R GSK3B R R MG S5
UL R I 5475 TE AH 56 HIN e £ 3 1 F I p-Aket [
MR H B MR AL K- 51 & RAE ST 50 0E W 4% 24
2 T 25 B, R A Western blot A& Yl T fili 40 21
PI3K/Akt/GSK3B 15 5 il [ & 5 2 14 19 il 11 1k 7K °F-
Hos G4 R, BRI p-PI3K . p-Akt }2 p-GSK3B &
HRIAH W E T, 225 B4 5001 % 5 L (P<0.01),
1M PI3K . Akt &2 GSK3B & 1KLL B2k, 42
Yo+ wUE  SERE A LL R, QQQW H L ) i 20 N2
7]l 5 41 p-PI3K ,p-Akt & p-GSK3B & 1 £ ik 14 it
EEF,EZSFEASI ¥ E L (P<0.01), H & i
QQQW WYZBUR 5 W w b FH AHAH T . &5 UL, I
¥ PIBK/AkU/GSK3B 17 % il 1% /& QQQW % fi HINI
JEC Y Fi B B 5 0 OBy P UL 2 — o T
4 K2,

Y80 (x+s,n=6)

Table 4 Effect of QQQW on expression of PI3K/Akt/GSK3B pathway-related proteins in lung tissue of HIN1-infected mice (x+s,n=6)

215 Hl /g kg p-PI3K/PI3K p-Akt/Akt p-GSK3B/GSK3p
EIEE 0.91+0.07 0.90+0.07 0.89+0.07
T 2] 0.29+0.05" 0.27+0.06" 0.31+0.06"
QQQW ikl 2A 1.25 0.38+0.07 0.36+0.10 0.44+0.06
QQQW & 41 2.5 0.56+0.05% 0.54+0.08" 0.57+0.06
QQQW i il 41 5.0 0.680.09% 0.71+0.07> 0.72+0.05>
R fib 5 20 0.02 0.78+0.06% 0.74+0.08" 0.74+0.04>

3.4 QQQW RS HINT s B 4E H B9 8 5%

3.4.1 U EE VR R 2 Kbt HINAE 2% 1 0 i
CCK-8 il .75, QQQW 11 ] A549 4l g 12 h

Bf 2% W B 35 0 4 5l 0 VE s fE 24 hoRd, 1~
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100 mg-L"'QQQW 4}y £7 1 % >95%,200 mg-L"' i
FEH B [ BB 2 1~100 mg- L' R 28 4 9k 10
. WEkS.
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Akt S — — e S— -  56-62kDa
p-Akt S - e e - 6062 kDa
GsK3p N D S S S . 46 kDa
p-GSK34 '. — - S o a‘ 46 kDa
PI3K (e IS SIS D SN0 e 110 kDa

PPI3K gy « = = = e g g 110-123kDa

el T T L L L
A B C D E F
B2 fFANRMALHBEXEARIZEK

Fig. 2 Electrophoretogram of expression of related proteins in

42 kDa

lung tissue of mice in each group

£S5 QQQW It AS49 PRI AN FIIEA (x+s,n=3)
Table 5 Cytotoxicity of QQQW on A549 cells (x+5,n=3)

20 51 SR e /mg - L 12h 24 h
R 0.89+0.03  1.38+0.05
QQQW 4 1 0.87+£0.01  1.32+0.03

10 0.86£0.02  1.19+0.05

20 0.85£0.03  1.23+0.06

50 0.85£0.03  1.28+0.06
100 0.85£0.02  1.41+0.05
200 0.82+0.05  1.35+0.03%
500 0.82+0.01  1.51+0.01>

ZH 210 M3 ) 3 B AR (P<0.01) , 740Y-P 4H 4 M 3% )
ERIgit¥E X, WERT,
K7 BEBRIAEFIX HINT B AS49 AREFE DK (x£5,n=3)

Table 7 Effect of pathway regulators on viability of HINI-
infected A549 cells (x+s5,n=3)

4151 G J1/%
LT 4] 99.96+1.86
QQQW 4 125.50+3.79"
LY 294002 4 113.36+2.79”

740Y-P 41 123.38+4.32"

RUZH AS549 21 L3 77 W 35 BEAR (P<0.01) s SRR 2 [
B, QQQW 1K v . i 71 it 21 K B ) by =5 21 40 B v )
0 5 T = (P<0.05, P<0.01) ; QQQW = 71 1t 41 41
JHL 3% O 5 B A 2 S R B 2 M L 2% R T G o
S, E 50 mg- L' QQQW HL HINT By e A 52 5
WRE, W6,

*6 MHINIVERZGRE (x+5,n=3)

Table 6 Screening of conditions for anti-H1N1 activity (x+s,n=3)

4151 Wz 4 H 1 1 /%
2 H 4 99.80+2.00
AR 2 69.15+3.07"
QQQW Ik i 1 10 mg- L' 73.04+1.65%
QQQW il i 4 20 mg- L 82.81+3.95"
QQQW il i 41 50 mg-L"! 92.81+2.98%
B 5 41 5 wmol-L"! 92.84+2.46%

3.43 G PR HINT B YL AS49 40 g 1% 1 1Y
o HEON A HEL, QQQW ZH AS49 41 i i 1 i
F T (P<0.01) ; 5 AL 21 L4, 740Y-P 21 40 il 7%
J1 8 3 T (P<0.01) 5 QQQW 4 Lb ¢ , LY 294002

7 : QQQW 4 ¥ J¥ 100 mg-L™", LY294002 41 ¥k J# 100 mg-L"'+
25 pwmol-L™; 740Y-P 41 ¥ & 20 wmol- L' ; 5 HERIL L4 V' P<0.015 5
QQQW 4 45 ¥ P<0.01(£ 8. % 9[F)

3.4.4 PR IHEEFIXT HINT SR YL A549 40 i I T 119
W 5 HINT 4 AL, QQQW 41 . 740Y-P 41 A549
A0 JE TR B PR (P<0.01) ;5 QQQW 4l 4,
LY 294002 41 21 Jitd 8 7~ % & % T %5 (P<0.01) , 740Y-P
AP TR ER LG HE L, WES,

R8 WEEVFEFIX HINT B AS49 WA T BN (X+s,n=3)

Table 8
infected A549 cells (x+s,n=3)

Effect of pathway regulators on apoptosis of HINI-

215 I ML T %%
HINI1Z 26.24+1.63
QQQW 4 9.02+1.33"
LY 294002 £ 16.42+1.12%
740Y-P £1 10.24+1.74"

3.4.5 QQQW il I RIAMME HHINIA
b3, QQQW 4 . 740Y-P 4] A549 41 it p-PI3K/PI3K .
p-Akt/Akt. p-GSK3B/GSK3B 1 &l # JF & (P<0.01) ;
5 QQQW 4 H. % , LY 294002 41 4il iff p-PI3K/PI3K .
p-Akt/Akt. p-GSK3B/GSK3B ¥ i 2 [ fik (P<0.01) ,
T40Y-P 2H 41 il 2% 85 R Ak 2 11 U (B 22 S R Se i 7 &
Lo W9 K3,

£9 QQQW Xf HINT B3 A549 40 ffl PI3K/Akt/GSK3B i 8% 48 3%
BORENHEM (Gxs,n=3)

Table 9 Effect of QQQW on expression of PI3K/Akt/GSK3B
pathway-related proteins in A549 cells (x+s,n=3)

41 51 p-PI3K/PI3K  p-Akt/Akt p-GSK3B/GSK3p
HINT 4 0.61+0.04 0.36+0.04 0.44+0.04
QQQW 4 1.09+0.06" 0.91+0.05" 0.91+0.04"
LY29400241  0.83+0.04” 0.57+0.05> 0.65+0.05
740Y-P 21 1.02+0.05" 0.85+0.03" 0.80+0.04"

4 iTig

TAV g g 2 ™l 4 3R 20 3 AR B WP G T A%
+ 125 -
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Fig. 3  Electrophoretogram of expression of related proteins in

42 kDa

cells in each group

o, HBOw B AU Ko B H R, S
T3 B G g A E BN A BIAR OGRS R
B 2540 B E] Al T AR A0 B A P AR AR T 24
PE K G P8 T SR B AR ) e B 2 7R B R
J7 T8 D7 508K, AR O RS R AR Y 1 B
Xof 5 B M B T Ry S B . ARk, 2 IS
TR 2y Brm AL o B AR
WF 5% 2% B, ff 22 18 B J7 ]l o 08 #2 Toll £ 57 {4
(TLR) 7/%2 34 J5 1% Ak 25 11 3% B (MAPK) /8% e 5 A
F-«kB(NF-«B) {5 5 il [ 08 2 B 3 i % ; GUO 21
K BK AR E AR R R 8 -l R s T
fE F T B TERE B R o A F 5T 3B A T R AR I R S
e i SR R AF B ACR 19 QQQW L &R GE AN X
HINTEG /N U A AR 3897 1 L R N 25 30-9)
J AL A 2 T HAE F AL .

LC-MS 5 A 5 W 4% 24 Bl 24 J5 56 i) 25 4 2 il
) R v 24 52 7 A T BL R B B ZEAE Y R I . LC-MS
AE 8 42 TR AE rh 285 52 Z 4R 2 b i A I B 45, TR L
VR A 10 24 20 T R BT T 4 24 A D) S o A
IR LR i 2 A I BN AT P A RN A
22 I W R AR A A S TR TAV BIF 9 SR
%07 U N T 2 A 25 5 07 AR AL A%
B, a0 ¥ 2% 0k W AT 3E o i T TLR4/PI3K/AkY/
NF-«B {5 5 i [ % ¥ B it 8o 8 v i 5 78 3,
ZHANG %5V g 38 5 2 B B3 4 07 38 o 9845 TLR/BE
FEA3 46 I 7 88(MyD88)/NF-«B 5 5 2 B/ F 1AV
SIS B 45 405 . AR 98 R AN 3 LC-MS B AR B g
T QQQW I A I 43, 74 38 2o o) £ 245 3 F5 ) A%
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O R B0 S 2 4 T RAE RN A LR T 55 A
i, KEGG i # 73 1 i#F — 25 4 75 PIBK/Akt {5 53
% AT g LG R A HGE B 2 — X A B Z B
Bt TAV HLH 4 AL 7 8 i 4 A

GSK3B J& A iff 5% i i A il 5 43 53 A7 i 22 19
QQQW #Z Ll i Z — , WF 58 K W] GSK3B 1Y 57+ i
T 55 A 2% Ml 0 T AH O, 90 S AT e R AR I AU
T2, A HINT R 2538 3 14 p- Akt AR 5 12 1k
K5 K HRE SR T, PI3K/AKt 5 5 18 #AE R
41 A N A S e T A A R B R 1
R ¥R E G AR R AR . IR AR A R B AR TR
F A HR SN PISK/AKE MY 38 B 3006 2 4k 35 40
PO AS AR AP A 0 O S AL ] . AE TAV S R
W, M A0 AT I S O B S S P TR T
—J5 1, p-Akt AT B 4% W IR AL R T AH DG AR, R 4R
LA P8 T 38 B S 5 55— O T, p- Ak 1T i A
5 GSK3B Il /2 48 A 1 32k B2 BRI, 3k fi AR i KL 2
Xif Bl 4 200 kY . B AR IE S TE TAV K
Y /N BRURE R FR T S At TS AR T AT G 3 R IR
Jils 2 2N B R T U e I v A A IR X S AR
8T “HIN1+740Y-P 41 4 Jl 1% J7 & 35 [l A 04 72 %
FEEAR 7 (R 25 L w5 B — 30, i — D B9 UE T PI3BK/AKt(R
30 BT It R G rh i R A AR T

SR, 1% 38 % [ I A7 7 8 % 2 5 458 A 19
B o TAV R SC8L 5 5 5 fe s ik, nT ok 5 g
i 1 AF 25 48 25 1 32 o A 45 PIBK/AKt 3l % . B 9% 3%
B, TAV i NS1 2 4 1l 5 PI3K A4 i 45 7 % p85 H %
GG 5B 5 S —— X R E IR AR T
PR3P 1 5 40 M, T2 58 o 02 6 7 RNA B9 A% B s
P AL 2R Y A e A Y 3 AR BB
Bl A PI3K/Akt 8 [ Y 1 B 3005 38 ] fE S
ok b R 25 A A R Y 3R 3R L 3G 0 4 L A R 2 B AR
R Ol B A AR A R BB R, X
SRR SRR W E AL 2 — . AW
7R HINT & e A5 0 21 /)N B 40 22 h p-PI3K
p-Akt.p-GSK3B I Kk KV i EREIK, X — L FE
2155 9 B 0TS T B B A58 P JiE L SET R BT TAV
JE Y AN [H] B Bl % 1Y Bl A R R AR < A R
(1~2 d), %% 2 AT GE 3 i NS1 4 B i 1§ PI3K/Akt i
% LUK T 52 1] 5 AFLBE B % e 0 Ji (7 d, AR BIF 53 SR A )
] ), 47 252 B 73 400400 5 0 BE RIE S N 4% S B
&I REAEYE . — 7 T, K Rk 2 ] PI3K Y
PR TG P 5 53—y T, A O A 3 A0 I Y B 0K &
T BE PGB A A O D e 2 3R BN TE K
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IR ALK B, 2% 25500 40 ML DR AP VR T . T QQQW
T i Ja , vl @ % F A p-PI3K . p-Akt.p-GSK38 ) ik
KV, L3 ol i 45 B3 R AR AE S B A T
B, 25 ) 4 B RS KA S B AR iR S LA TR
AF £ B 1ML 7 TL-6 . TNF-a 7K 7 FEA il 21 2 56 P 3= 1
W . X RN QQQW JF Al AT B YIS 7 B )
%, T 2 3 S 22 o3 O )P L 3 O B R IR
01 1) 38 5 T BE FE 3, (W) B akE G 38 I B0 7 B R R
FH B 38 5 38T 3 % R PO T PR LR
S S A5 S (T 5 BE L By 1k Db e B AR A SR A
FIZ&AF

HE— 20 55 G A M S 3 25 2R 4 B, 2 A PIBK
il 7 LY 294002 J5 , QQQW Ay i 41 3% 1 P T 5%
D7 B 8 0 55, 33X LA I B 25 4 6 HINJ86 s 41 it
B 3P FH AR T PISK/ ALt i K 08005 5 T 5 6 7
EIESENL s R ORI e N N T L PR 7
TG S I T A WL 25 B i i 0 v, RN R
PR 8 DR 7 0 40 A 08 TR TR YL 2 R X
— 10 I 24 W ot 3 I 1) R s EL R ) R v, AT X
ST 9 i XT3 1% ) Bl 1 RO o

5 Rk, AR B 5E UE S5 QQQW RE A AL 4% fi
HINT g% G BT 25 it 28 A AR, AR FHBL I 7T 62 5 B0
PI3K/Akt/GSK3B 15 5 i i 0 il i &8 aak B 4% AE i i
Ao AWEIEA AN 5250 A B IR T 3% 6 R G 24
A4, A Ry FL I AR - S Al - I DR 1 BF 5 B AR B T AL
il J2 T 04 S, O i — 20 R L T T A T
B AR QL 1 B IR SR AL T R AR o A B AT A AE
— Ry BR P L A T S ) 4 2 B 2 R B B IR
WA E T PI3K/AKY/GSK 3B 18 B Y ¢ 4 €0, , [H %}
T2 7 T B AR JE WP LA A O A SR B Tk —
AR WS . BT UL, S S A 5K T T 4%
3 F ARSI RS, IR A B QQQW Y 43T HL il
P L IR STUEE |, O S Ll R N S R

[MFEHR] ARG EALITHE R,
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