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[ Abstract] Objective: To observe the intervention effect of artesunate (ART) and Qingfei Paidu

decoction (QFPD) on the mouse model of cytokine storm (CS) induced by viral mimic Poly (I: C). Method:
Eighty-four SPF male BALB/c mice were randomly divided into seven groups, with 12 mice in each group.
Mice, except for those in the blank group (n=12), were subjected to CS model induction by tail vein injection of
Poly (I: C) at 15 mg-kg', followed by drug treatments of low-dose ART (ART-1, 10 mg-kg'), medium-dose
ART (ART-m, 20 mg-kg') , high-dose ART (ART-h, 40 mg-kg') , Qingfei Paidu Decoction (QFPD,
2.4 g-kg'), and dexamethasone (DXM, 10 mg-kg"'). After 6 hours, lung tissues, bronchoalveolar lavage fluid
(BALF), spleen, lung, and peripheral blood were collected. The lung and spleen indexes were calculated and
the number of inflammatory cells in BALF was detected. The pathological changes in lung tissues were observed
by hematoxylin-eosin (HE) staining and the levels of tumor necrosis factor-a (TNF-a) , interferon-y (IFN-y),
interleukin-18 (IL-18), and IL-6 in BALF were detected by enzyme-linked immunosorbent assay (ELISA). The
expression of immune cells in BALF and peripheral blood was detected by flow cytometry. Result: The analysis
of lung and spleen indexes showed that compared with the blank group, the model group showed increased lung
and spleen indexes to varying degrees (P<0.05). Compared with the model group, the ART groups showed
reduced spleen index (P<0.05) and the ART-1 group showed reduced lung index (P<0.05). Additionally, the
QFPD group showed reduced lung and spleen indexes (P<0.05). ELISA results showed that except for TNF-a,
the levels of IFN-vy, IL-18, and IL-6 in the model group increased compared with those in the blank group (P<
0.05). Compared with the model group, the ART-1 group and the QFPD group showed reduced content of TNF-«
(P<0.05), and all groups with drug intervention showed reduced content of IFN-y, IL-18, and IL-6 (P<0.05).
The number of inflammatory cells in BALF showed a downward trend in the model group, and the number of
cells increased in the groups with drug intervention except for the DXM group (P<0.05). Flow cytometry
showed that compared with the blank group, the model group showed decreased number of CD3 in the peripheral
blood (P<0.05) , increased Ly-6G and F4/80 (P<0.05) , decreased expression of CD45, CD3, and F4/80 in
BALF (P<0.05), and increased expressions of Ly-6G (P<0.05). Compared with the model group, the ART
groups and QFPD group showed increased CD45 content in peripheral blood (P<0.05), decreased Ly-6G and F4/
80 content (P<0.05), increased CD45 and F4/80 content in BALF (P<0.05), and decreased expression of Ly-
6G (P<0.05). Conclusion: ART and QFPD have a good protective effect on Poly (I1: C)-induced CS in mice,
and the mechanism is related to the effective intervention in immune cell disorder.
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Table 1 Effect of artesunate and Qingfei Paidu decoction on
lung, spleen indexes in CS mice (x+s5,n=12) %
4151 Mgk RS 5L i i
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K2 HEWEBEREMAEZHX CS/VER BALF 1 TNF-o IL-18.IL-6 IFN-y B 550 (X+s,n=8)

Table 2 Effect of artesunate and Qingfei Paidu decoction on TNF-«, IL-18, IL-6, IFN-y in BALF in CS mice (x+s5,n=8) ng-L"
215 Fl /g k! TNF-a IL-18 IL-6 IFN-y

U 15.50+8.63 47.33+13.15 59.02 +22.31 38.23+8.45

AL 20 20.04+9.24 61.96+13.73" 110.44+35.16" 51.87 +5.99"
T BRI R 0.01 9.42+5.49” 34.78+8.18% 27.81+12.34% 21.18+6.32%
T BRI R A 0.02 18.48+8.28 44.95+11.89” 50.52+17.99% 20.21+9.87
T B = R A 0.04 18.18+7.33 39.91+9.08% 44.06+21.65% 21.50+7.87”
T Il 7 9 4 2.4 11.58+6.33% 36.31+11.78% 48.07+19.88% 11.38+2.29%
Hb ZE K FA 20 0.01 9.83+6.54% 40.19+8.70% 29.33+15.25% 23.83+5.43

%3 BEREREMHBZANCSARBALFRAMBIRMBY 55 (00 S GE — W R R
BB [M(P23. P75) =] VAT RO AR I . WL 1

Table 3  Effect of artesunate and Qingfei Paidu decoction on 3.7 X‘_J_ CS /J\ﬁﬁ[‘};:]ml&BALF *ﬁﬁ,};ﬁéﬂﬂﬂ@ﬁ%ﬂ/ﬂ
SZMR i AN A AR A D A ] I TR R AE AH i £ 2R W

inflammatory cells in BALF in CS mice [ M(P25,P75) ,n=8]

. Y 106
R T RERRICU MY R e, BUDAL CD3 OB 5 TR
- 03081, 1.59)" Ly-6G J F4/80 Lt 4 B\ 7} 5 (P<0.05) , CD45 L 4l
5 B U 0 A 4 0.01 2.18(1.81,2.95) AR RS 255 R 5 BURALIL R
T BEE hR 2H 0.02 1.43(1.19,1.85)% 41 25 41 CDAS LL G X UT 52 TF i85 (P<0.05) 5 77 5 5%
T B g 0 2 0.04 3.00(2.20,3.43)% P U558k 2L B o 6K 41 CD3 LG W 30 T 5 (P<
I Vs 233(1.66.3.22)" 0.05) , Hu Al 2 22 5 T 55 2 7 S5 e 5 i 4 24 1 4
i ZE KA AL 0.01 2.04(1.67,2.30) b, Hodp a5 4 25 41 Ly-6G H Bl ] Je e IR (P<0.05 ) 5

By 2 4 ¥ W SRR A A R I F4/80 He ) (P<
Jili 20 2152 Ak o 45 3 WoR T E BE IR X Poly (1: C) 0.05), W#k4,

T AL AL BRI CL H 3R IR IR S 41 D. 3 S 3R R T R 5k 41 B 55 8 3R T & ) ek 4 PO I HE B2 14 41 5 Gt ZE R WA 4T (181 2 1))
B1 BHERBEREMHSZHN CS/IRMALREZMNZM (HE, x150)
Fig. 1 Effect of artesunate and Qingfei Paidou decoction on lung histopathology of CS mice (HE, x150)
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x4 SEEBRBEMASZE CS/ARIMEAMPRERBYHRBHHIE (1=8)
Table 4 Effect of artesunate and Qingfei Paidu decoction on Immune cells in peripheral blood in CS mice (n=8) %
21 5 Fl /g kg CD45(x+s) CD3(x+s) Ly-6GLM(P25,P75)] F4/80(x+s)
25 H4l 0.51+0.09 0.30:0.04 0.19(0.18,0.27) 0.00+0.00
FER 20 0.46+0.09 0.07+0.02" 0.84(0.81,0.86)" 0.02+0.01"
T 8 BRI K] i 21 0.01 0.60+0.13% 0.15+0.02% 0.67(0.63,0.71)% 0.01+0.01”
HEBERE oA 0.02 0.65+0.09” 0.10+0.02 0.72(0.64,0.77)% 0.01+0.01”
H R = 0.04 0.67+0.11% 0.10+0.02 0.67(0.64,0.71)% 0.01+0.00”
T i HE 2 7 41 2.4 0.61+0.07” 0.09+0.01 0.85(0.84,0.86) 0.01+0.00”
b FE KA 2 0.01 0.66+0.14> 0.14+0.04> 0.66(0.58,0.70)% 0.01+0.00”

T 4 M R K I BALF o A8 AE 40 i s & B, 5
25 4 A, R4 CD45 . CD3  F4/80 L ] B i [
ik (P<0.05) , Ly-6G Lt W] i 2 /& (P<0.05) ; A Al
2 A, 45 45 25 41 CDA4S 19 EL 1] B 2 7 5 (P<0.05)

Ly-6G % W 2 [ A% (P<0.05) ; 75 1 Bl b7 4 21 K
Hb SR HA 2 1 CD3 Fe ] B W T 85 (P<0.05) , JL A 4%
2R TG R IEMHE R A A, &R
BALF H1 F4/80 L7 240 i $ f55 (P<0.05) , L3 5

x5 BERBERFMAEFH CS/IRBALF PR EHAMEB SN (2=8)

Table 5 Effect of artesunate and Qingfei Paidu decoction on Immune cells in BALF in CS mice (n=8) %

21 51 il /g ke CD45[M(P25,P75)] CD3(x+s) Ly-6G(x107, X£5) F4/80(X+s)

2 H4Y 0.87(0.82,0.90) 0.01+0.00 0.01+0.02 0.93+0.03

TR 4] 0.62(0.56,0.67)" 0.00+0.00" 0.03+0.09" 0.79+0.07"

W R AR a2 0.01 0.86(0.81,0.87)% 0.00+0.00 0.16+0.13% 0.87+0.04

W RS 0.02 0.89(0.80,0.91)% 0.01£0.01> 0.20+0.22% 0.93+0.04%

B R Al 0.04 0.88(0.85,0.91)% 0.01+0.00 0.09+0.22% 0.91+0.05>

I i HE B v 4 2.4 0.84(0.81,0.87) 0.01+0.00 0.13£0.06 0.83+0.05

b FE KA 2 0.01 0.86(0.83,0.87)% 0.03+0.01? 0.08+0.06% 0.87+0.03”

3.8 EHUTHT(PCA)  HERFE A Al it i 5 35 IR
N3 It HE 25 1 % Poly (1: C) i 3 1Y /N Bl CS LRI i) 3R
I AEHL, LAINAS (9 15 A4S 48 45 ok 48 8 iE 47 32 8043 4%
Br, 45 0L 6, T WL 5 A4 o IR AEE =1, 2
H S A 3 LA 1 BT 22 DT RN 74.308% . 1E fiff
JH SPSS #E47 W43 43 BT e A ik A2 v D RRIE (B >1
o BT 2 TTRk R >85% (1 i HoA — & At &
PENS S R F A 1 22 BT R N 30.331%, 5
Lt e, MBI+ %% 40 JE I Ly-6G .BALF Ly-6G Fil4h
JELIL F4/80 7 3 A4 1 b 1F 2% o7 55 5, bk W+ 2k 7 4
0 7 5 o A e TE R PR R EAE ALY 2 T
2 TTHk RN 17.291%, 5 L IR Z , BALF IFN-y,
IL-18 . IL-6 7E E W1 2 Lk far i , W3 7

PLPC1 A X G, PC2 Y il Al 32 A 43 43 #1543
I W = R R i £ 1 B o e o s ol W 20 1)
B, WAL R A R 22 5 AT A CS s i AR
™ ARE SN, 45 AR AT A A IR L S BB
JUE B S b K5 4 A o S R A A ot v A AR 4
rh P R 4 Y ER 2Y S A ALY 4 4% BALF R

ko6 HEE.FERHERERFTERHE
Table 6 Eigenvalues, variance contribution rate and cumulative

variance contribution rate

E W FEAE AR Jr 2T Y% BB 22 TTIR R %
1 4.55 30.331 30.331
2 2.594 17.291 47.623
3 1711 11.408 59.030
4 1.174 7.828 66.858
5 1118 7.450 74.308

ZH v PR 20 B R 2 D LR 25 4% R R A
o N AR A S A, A AR A R AR
A LR 2 B4R T I G5 AR GE 0, b ok 4R i
B T, I 1] B A AR il S R P e 2 Y KR
Sk 2 T, 6B A AR BT A R A
MR AR EW o 12 A BRI, #4524
A4 AT 0 ) Poly (1= C) 755 149 JWL i O, o 0 48 £k
YR A2 283 1E W K P HBR T Il HE 7 T 440, ek
5 2H 34 0 35 AR A1 A AL v R kL 4 i KB 7E BALF
.99 .
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Table 7 Principal component matrix

fetn Fr 1 EMGr2 EMGr3 EMGr 4 EWNSS
VLU 4 %5 0.827 0.062  -0.02 -0.03 -0.229
BALF Ly-6G 0.776  —0.108 0.045 0.203 0.356
BALF F4/80 -0.77 0.076 0204 —0.117 0.099
BALF CD45 -0.729  -0259  0.132  -0.195 -0.152
SMAE L Ly-6G 0.688 -0.462 0364 -0.138 -0.178
S JE I F4/80 0.656  -0.105  —0.181 0.251  -0.193
ShJE M CD3 -0.549  0.464  -0.487 0279  0.041
it ¥ 45 £ 0.505  -0.044 0.402 0.459 0.101
BALF IFN-y 0246  0.744  -0.011 0209  0.354
BALF IL-1B3 -0.025 0.681 0.442 0.053  -0.293
BALF IL-6 0384  0.632  0.098 -0.388  0.199
BALF TNF-« 0.118 0.601 0.531 -0275 -0.279
SN I CD45  -0.411  -0.418 0.529 0.294 -0.106
BALF CD3 -0.446 0296  0.171 0.592  -0.252
RUEMEITE -0299  -0.159 0.538  -0.013 0.65

L T R SRR AR A 95 RS b N I HE R
21 1 rp PR R AN B R T [ B AR AL Y 172, T E SRR
o ) R HJE DK R ZH AT R R R TR 2 Y 1/3 5 [ B X
BALF IFN-y IL-18 . IL-6 f§ #5 1Y tL i h £ 5 25 1 5

x8 EHARIREERRS

Table 8 Principal component score and composite score

Ll FE R AN A 35 72 PCT L S5 A6 R0 20 A1 22 B B 3R,
i i HE 2 7 41 e s BE TS IR B 41 7E PC2 I 5 R
T AH 22 R B RO, R 4595 1 BRI At 26 K AL AT g
e T e 9 e A e R R ) S R SR Y e A
FIRRSE 100 37 il HE 2 17 77 A 2 18 e AR 0 2% 40 g (R
TR JEE AR JAE HERR , UL AT 2.

61 . A
-B
« C
4t .D
- E
- *F
X 2+ G
a
L
g o
-9 .
a4
4 . . L
-4 -2 0 2 4 6
PC1(30.3%)

B2 EHHESH
Fig. 2 Plot of principal component scores

MG T80 5 0 K 2 G A o R T A, S [ 3R
T o BRGSO I HE#E 1% X Poly (1: C) 152 /B CS
B RS (36 97 ROR 19 256 VF 20 45 2R & 3% 1R AR
4> BRI e 7 R 2> b SE K A 41 >V il HE
21> 1 BE TR vh R A >R AL, L3R 8,

15 i;ﬁfgé}m iﬁ/&iéﬂz 3‘3)?326%\(3 jiﬁ/%ﬁj\Y4 iﬁ}zﬁYs s HA
154y (L2 (= [y (=
25 141 -2.675 2.238 -1.343 0.148 0.351 -0.540 1
BRI 3.991 1.498 -0.158 0.058 0.094 1.463 7
T 1 B IR A0 & 21 -0.163 -1.051 -0.533 0.119 -0.033 -0.286 2
T v BRI h ) 4l -0.168 -0.340 1.468 -0.105 0.536 0.090 6
T DR R 5 0 -0.825 -0.428 0.999 -0.455 -0.091 -0.251 3
T i 22 7 21 0.485 -1.546 -0.171 -0.688 -0.520 -0.231 5
Hb FE KA 4L -0.644 -0.369 -0.259 0.923 -0.334 -0.241 4
4 itig Y R o S5 M T A 900 98 TLR3, o] 35 5 5% 5 A F-«B

Z i R R R B E R Th BT S5 R CS
1 & A S B0 R AN R 7 1 38 TR 3G, BB I
PR 2% TR0 5 82 & B RF Ik A, O o B 40 Uk A
i R R L mRE AR B IS & & S ARDS ¢ MOF,
RAFHBEIT? . BT ERE N RAAE—
SE AR, % S 56 28 R A BRI AR, i ST 1T
BAR, 2R s W A5 L B,

Poly (1: C) /2 A T4 % 1) dsRNA % # K U4,

- 100 -

(NF-«B) (1 71 A6 1 41 g R - 1 7= 7, [ Bt dsRNA 4
eV 220 15 R Y AR i — B R L op R
i, Bk BF 8B T Poly (1: C) BB R R Y . H £
WFE % BT 51 Poly (1: C) J th Bl 1k % 44 4 i
- 223k T

EoEr B R b A 7.5.0 10, 1225,
15 mg-kg” Poly(I: C)iEE/NR CS B4, B M 7.5,
10.12.5 mg-kg" 3 47 &k /N B & 800 g b gl
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WERE, H.7.5.10 mg-kg' 24 4L AY /N BRUAE 8 h 22
HRE IEH I ORA, 12,5 mg- kg FlHHAE 14 h /2
AR EE IR, 15 mg-kg ' F R AHA/NFAEG6 h
Je AR SrFE T, 24 h A AT A BT R IE L X2
1 T Poly (1: C) I AN RE #E A7 & il , /N RE 47 22 4= il o
£ 1) dsRNA 5 TLR3 45 &, 15 5 A C RAE H T 19 3%
Ko BEXF12.5.15 mg- kg 24> 7 41 43 90 BB AR
2 40 AR 56 E &0 A 1l K% BALF H 4 40 M T ik £ 40
JH R 2 B R B - I A B e, AR R B
H AR R T A M R A A AR T
BRI RS 15 mg-kg! Poly(1: C)E Hy & i /N
B CS AU 1) 25 2 5] 3

HE 5 95 BE Y L 25 5L, 45 T Poly (1: C) J5 /N BRI
VI i o 45 4 1 L OB K R G RE R
76 [R) B 388, il s BB A L AR R /N BRI
RS E BH /Iy BRUNTT 35 4 B0 7™ B 45 497 5 XF ELISA 25 5 43
Br& B, £ A A 7 2 3 BT, G RLIL-18.1L-6,
IFN-y & 2 ; it =X 48 A AR X A1 J& 1 S BALF o 53 24 i
ORI -a 2 I T RS T N U B O R D S o S
/N ERUHE B R 4 B SNE SN i T T A A, X
45 R 34 55 0 O AL e IR i B il 8 (COVID-19) &
P14 I DA R AL S22 A5 7R 3 N7 Jl 2]

AT 5% 8 i Dk T 5 45 F Poly (1: € )i /R CS
BEAL, 5 5 BT SRR e T I ik 1 S Poly (1: €)Y
V53 4 B ROE J7 ik LU, R R Tk 9 Poly (1: C) AJ
i 55 B B 004 BB AL Ak G R RO T R o R
Nl B R AR A, HOR R K S AR S A M
1R R RS E

HHTXF 7 s BE R 00 I 5T A Sy, S AT LA
IL-6 . TNF-a FI NF-«B 1Y 33k , 1T 77 A2 — 28 B HT R
PRI, LA B9 J B G -3 18 3R IR & 1 R 8
Hh S R B B e BE O PR AL 225 Wk 3
e, 2021458 AL 5 DA 4L(WHO) & A3 L 6
O EERAE N 3 A Y T T Im RIB T L LAIEAL JL
TRAE BT 2 UK B 8 1100 XF I PR BB IR YT
KB I HEEE 6 2 R ORI Y oet R v B i A%
fi& HE Y BB ARAE PR K U80AR A AE R N X HIL AR
R0 450, AT B B AR 0 I DR E RO 4
RPN

A5 K BT SRR K B HE G ] —
T 1 74 o L P 40 L PR e 3, LA o 4 s 3R
P A 53 25 PR 228 Poly (1: C) 3 A A0 /)s BT 348 468 405
JC B S R RLOC R T I HE 7 1 T i 4 403 1 1A
H

3 o X il JUE % MG O i B o3 B A R, S 35 TR IS
7R 20 KT i HE 2 1 28 il 0 e 5 S 2 AR T At
SR UL TE G I, 1 B ALC R Y 7 S BE TR AT i
B 1 X 98 iE RN T 1 il 35 K e A — S 1 0 A
FH 5 TG AR B 0 Ik B4 28 B, BRAT 928 N 25 1
UG O T, R 4 /0N R B S G O P KA L L
A5 4 25 21 G R 48 B 0 3 AR L IR B 3R R AT
il 5 17 350 T 0 A4 PN R RE I Y R A

FE 9 BE G W, T R, 20
21 i 7 W A B B, ML W R A5 S AT TR
N, S S0 B A0 MR s D S O . FE AR S
S BLAN T i K BALF H#8E 5 4 1) 1 40 i 5014 A
4 2701 BT R A0 ML L 1 P
B TR Kk il HE 7 v 2 R 2 1 ¥ 3 S5 A R i A
JL, LA A B A O T R LA Tk B A A i
it 8 11 0 40 A, A S A0 e IR BT Sk e
TR Y S SN 5 M X BALF & 4 J& It 48 i 40
it ) 37 2 4 AR ARG & B A il S A A A
S 2 S5 A 04 R il VA, A AN R otk T
VB FH 9 J2 v M b 40 i, [ G 8 TG R R
40 Jf R BRI, DA IFN-y (IL-6 2 3, 3 1 40 i R 5
IR 1 K 5 45 4 24 20 25 T AN 40 i DL R B DT
M CS &k,

20 B TR XU Y 2 R AR 2 2 A i A
TS R g R AN M R R AR S A Y o B
AR O A e 3 B N Y A R 9 K A ) 4 i P
T 11 3 1K 2 B AIC A0 A PR XU SR I O B L T
5 B T B i i HE B 9 Y n] BEAIRAE CS HE R h R B
S 1) HR PR A0 R, L — R B L R 4% 4 i
PR 1 2o i e 3, DTG 328 381 0 26 v 58 88 R R 2 1V (1Y)
B,

i TR R # K ESS 15 mg-kg' Poly(1: C)if
SN B CS AR ] 5 N ), 5 3R R T I HE
XF Poly (1: C) 5 5 1 &k 42 B R AE SR A — 72 1 1P
A R, AT R 2 3 A PR S R 92 A0 M ) 8 0 R AL
B BRI TR R AL A Y S E N, 4 AR A% A
JieL AL 08 R 0N 22 3K DT 00 ) 40 i P XU 1)
A=, BRI 32 B0 4 B 2 VAN R, O TR 45 2 21
(0 2 32 2R 5 DV 43 o BRI AR ) o 21 > s BE T
o 7] it 2 > b 2 Kb 2H > il HE 55 9 4 > 5 BRI
TR B 2 >R A, 55 T B AN A 1 IR T AR B A
FL 8 BEER 36 97 RO TC I A ) AR . AR
WF5E B A6 N FH T 8 3% s ST Il HE B8 196 97 4 i 1R
TR X — S S RN I — i 1 SRR R
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