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O E: BW MNMHIEEREANM (alveolar macrophages, AMs) #E¥f i FE IR 7 AE TIESPTHF B HINT REHF 4k K
G EE H PR Staphylococcus aureus BIIZIHMLH] . 535 B HINL 46K S. aureus BULHEF T BIEEBGLERL, 4T
LYTHUE, BI/NRIET R EREAE., e, qRT-PCRIEG IR TE, THREETEIERN A EE, RT-PCR
1 ELISA ARGt HEY v TP (interferon-y, IFN-y). CXC &{LEFEE&-1 (C-X-C motif chemokine ligand-1, CXCL-1)-
HAZ ML B H-1 (monocyte chemoattractant protein-1, MCP-1) FlffJE A 3EK T-a (tumor necrosis factor-a, TNF-a) #
15; ELISA yEREIN 32 S M HEYEI (bronchoalveolar lavage fluid, BALF) 1 #&id AL IEE-DNA 454 (myeloperoxidase-
DNA, MPO-DNA) Fld Pk 4 # ¢4 55 [ B-DNA E 4% (neutrophil elastase-DNA, NE-DNA) 7KF; it 2040 B A i
AR AMs. FR PRI IR A A EL ], A A R I 1 BB E T 440 (Thelper 1, Thl) /2 BUHEBITE T 440 (T
helper2, Th2) ZUAELLBl. 4R S REGEML, mAERRAETESETEE/DN R R, SHERE N BN
a4 (P<<0.01. 0.001); #AFF TGS KA EHY W B RN S RMMEE (P<0.05. 0.001); HEAERHAET
TESPRAESM A T & N R BRARMTHE BOR Il 25 8 5 T TSkl 58y (P<<0.05. 0.01). #AF TGRS =2 ZH 4
IFN-y. CXCL-1 7KV 5 Z %, AMs LB ZETHR (P<<0.05. 0.01. 0.001), #3 T 15 w74 MCP-1 7K 5.3 Bk
(P<C0.05.0.01); HAFTIESF R mEA AMs bul & T B 5w b A A0 L 5o 4 (P<<0.05+ 0.001), CXCL-1 #I MCP-
1 KPR T Sk AUsmig 0 (P<<0.05. 0.01). #EE TSR AR E A Pk 4t B AN A% 4 IR I 25 2 2> (P<<0.001),
AT TS R R A TR R B R A B AR L TR 4 (P<<0.05+ 0.001). AETIESH S E 4 TNF-a /K723
TR (P<0.01), HETIEHRE. IKFE4 MPO-DNA H1 NE-DNA /KF &3 T (P<0.05. 0.001); HNE TS
FE 4 TNF-0, A1 NE-DNA PR T3k 038 4 (P<0.01). B TIESER . KFIE4] Thl/Th2 EEEZ R (P<0.01.
0.001), HETESEFEHMT LETERA (P<0.05). 45 AETHSIREA SEWH HINI 28K S. aureus &Y
WY, BB IE M Th B iiil, Wb IFN-y i, RE AMs L@, Wb S gmpiRiE, e 7 Ml 48 iE 4% o
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Abstract: Objective To investigate the mechanism by which Reduning Injection (# & T°7E 4f ¥, RDN) against secondary
Staphylococcus aureus infection following HIN1 influenza A virus infection by inhibiting alveolar macrophages (AMs) depletion.
Methods Lethal and sub lethal infection model of HIN1 secondary S. aureus were established and drugs were given for intervention,
mortality, body weight change rate and lung index of mice were determined. Lung viral load was detected by qRT-PCR and lung
bacterial load was detected using plate colony counting. The expressions of interferon-y (IFN-y), C-X-C motif chemokine ligand-1
(CXCL-1), monocyte chemoattractant protein-1 (MCP-1) and tumor necrosis factor-a (TNF-a) in lung tissue were analyzed by qRT-
PCR and ELISA, levels of myeloperoxidase-DNA (MPO-DNA) and neutrophil elastase-DNA (NE-DNA) in bronchoalveolar lavage
fluid (BALF) were measured by ELISA. Flow cytometry was used to assess the proportions of AMs, neutrophils and monocytes in
lung single-cell suspensions and the proportion of T helper 1(Th1)/T helper 2 (Th2) cells in peripheral blood. Results Compared with
the secondary infection group, high-dose of RDN reduced mortality and inhibited body weight loss and lung index (P < 0.01, 0.001).
Both high-and low-dose of RDN significantly reduced lung virus and bacteria levels (P <0.05, 0.001). High-dose of RDN were superior
to cefuroxime in inhibiting weight loss, reducing the lung index and decreasing lung virus level (P < 0.05, 0.01). RDN high-and low-
dose groups significantly reduced the levels of IFN-y and CXCL-1 in lung tissue and significantly increased the proportion of AMs (P
<0.05, 0.01, 0.001). RDN high-dose group significantly reduced MCP-1 level (P < 0.05, 0.01); The proportion of AMs in RDN high-
dose group was higher than that of oseltamivir phosphate group and cefaclor group (P < 0.05, 0.001), while the levels of CXCL-1 and
MCP-1 were lower than those of cefaclor group (P < 0.05, 0.01). The infiltration of neutrophils and monocytes in RDN high-and low-
dose groups was significantly reduced (P <0.001), and RDN high-dose group was superior to oseltamivir phosphate group and cefaclor
group (P <0.05, 0.001). The level of TNF-o was significantly decreased in RDN high-dose group (P < 0.01), while the levels of MPO-
DNA and NE-DNA were significantly decreased in RDN high-and low-dose groups (P < 0.05, 0.001); The levels of TNF-a and NE-
DNA in RDN high-dose group were lower than those in cefaclor group (P < 0.01). The Th1/Th2 ratio was significantly decreased in
RDN high-and low-dose groups (P < 0.01, 0.001), and RDN high-dose group was lower than cefaclor group (P < 0.05). Conclusion
RDN shows significant activity against secondary S. aureus infection following HIN1 infection. RDN alleviates lung inflammatory
damage by correcting excessive Thl-type immune polarization, reducing IFN-y expression, restoring the AMs ratio and reducing
effector cell infiltration.
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ARIFFL LA HINL 28 % S. aureus IR, B
S TE FOAONE AN B B R R L T AR T
VESHAT HINT k% S, aureus EGIEE: 110 54
TN TSI HINT YT IFN-y Rk
AMs FE3 LSS L2 T T E A 5 I e AR ek
BTSN 1 ZU5HBYE T 403 (T helper 1, Thl) /
2 MBI T 4080 (T helper 2, Th2) FaZSHIRHE
YEF . AWFFCNYERF Th1/Th2 FaZs. 40 IFN-y &
FIEFTEL AMs B M JE, RIS 1 G TR
il HINT 4k K S. aureus JEG< T 5 98 i PR i 46345 (1) 25
R, s T R R S 2%
1 M8
1.1 ¥, FESHHE

SPF Zufi Pk 3 JA#4 ICR /N B 58 A BR
], HEPRYERTIE S SCXK (&) 2022-0006, Fh4)
TFET B E & 4 s = . AR AN E
R TR Bk (BhAFEES 2024-1060) .

HIN1 (A/PR/8/34) HIRBIALIRAT, £ 9 Hi%
XS, X ICR /N EE 7709 1.5X10° LDso/mL
(LDso N¥HEIEE). S aureus (G, ATCC6538)
HH L 2548 B FH BB AR i A5 AR s e i it
1.2 AR5

W TS (B2 220050217, #t5
231019) MW ETLH RS2 G RRAF] s iR 5
At = R ] 24 v 7 H20223182, fit5 KE1F4020)
T H S 2 QR ARA R kA sois iR % ([
2517 H10930008, fit'5 230604) W4 H 1l 253 157
EHIZHERAR; FEbE Git'S 20121301 IWHIR
I B IR A AR A R A A PR A F] s BCA BREHREE
MERFNE S 061223231124) . FufE Ye(timin
W (iS5 080921240724) 14 H g3 = RAEYIH A
A IR A s CXC L FRifAk-1 (C-X-C motif
chemokine ligand-1, CXCL-1) X7 & (#t %5
20240410 ) . A% 4 1 #& 4k 55 9 -1 ( monocyte
chemoattractant protein-1, MCP-1) i{7l& (#t%=
20240410). IFN-y k76 (b5 202404100, #Eit
AALYIEE-DNA 454 (myeloperoxidase-DNA,
MPO-DNA) 7l (Ht5 202404100, ki i

MR A BE-DNA 44 (neutrophil elastase-DNA,
NE-DNA) 7 & (b5 202404100 W4 H YT B
MEFEAISER AT MIERIER T -0 (tumor
TNF-a ) & 7l & (5
A282H40237). FCBlock (anti-mouse CD16/CD32)
HHAPUE GItS A406133). CD4-FITC $itk (Hit5
A407423). IFN-y-APC #ifk (Hlk'5 A407451).
CD11b-FITC Jifk (fit5 A409252). CD45-PerCp-
Cy5.5 Pufk (b5 A410332). WHELIEPIE 6G
(lymphocyte antigen 6G, Ly-6G) -PE Piik (fit5
A410228).CD11c-APC Hiifk (41t 5 A409253).F4/80-
PE itk (35 A409153) 1 B AUNECEHEDIH AR
fR /A7) DEPC /K (iS5 2336252). 4% K HIEs (it
5 23333866) 14 [ Biosharp 2] /N AM & Lk E
Y B RT A (LS 240003001). E RNA $RHX
WAl (IS 240006004) 1 E bR R EE A
FRAF]; WRE4HEPT)RE 6C (lymphocyte antigen 6C,
Ly-6C) -APC #ifk ($it'5 WU116V2F0442) T4 H i
DU SRR AE R R A R AR s A/ R4
(interleukin-4, 1L-4) -PE $iif& (#it'5 2863205) i
H 2 [E Thermo Fisher Scientific A &; EvoM-MLV
SR A & (IS A5A3027).SYBR Green Premix
Pro TagHS qPCR iR 71 & (b5 ASA1470) W4 H
VR TREA TR A .
1.3 {4
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Eppendorf /A ); JXFSTPRP HUAE FFEEAL (i
FrE 9l AR A D ; DW-HL398 ALEBARE KA (h
B SEF MR B AR A PR A F]D; Scan 300 BY 1R V& 1t
ey (FEE Interscience AH]); M2e ML I REREAR
1 (ZE[EH Molecular Devices A F]); CFX B 5E
& PCR 1X. MyCycler  PCR 1X (3£ Bio-Rad 2~
F]); C6 Plus B4 ffafX (3£H BD A#]).
2 FHE
2.1 BORMRRAERIAIES KRGS

B BRI AR T EBEAL > AT IR . HINT B
ZH HIN1 48 % S. aureus [ 2H B R B =] 4ih =5 (21.2
mg/kg, MU TIRRERGIE) 4. Skl (106.3
mg/kg, 4T IRPREE RO D 4 A T =fE (11
mL/kg, 4T NIGRERFIER 4 5, DRI
RN R RO 7)) 4R HAEE 7 (K57 &= (5.5 mL/kg)
W, FH6 R NRERIIRRIT G, &G 0.2

necrosis factor-a ,
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LDso HIN1 (20 uL/ 5D, 3d JE i &8s 1 X105 CFU
S. aureus (20 pL/ 3R ) U7-181; 5ok HE 2H 35 B SEAAAR (1) A2
PREL K. FIRYE S, aureus A RIFURLR Y, IR L]
fbF52H ig R B mlfh F5 e, ki ig kit
TR IREE, BT KRS RERSS
B v IAEE TR, ARGk G v SF
WA AR ER K, 1 kid, HEEEAZ 7d. BRF—
I I EE TN BUIRES, AR E R &, FRai R
14 d.
2.2 WHIEMREREARBIAE S KA

IINER AT SR T R “2.17 T, S, aureus 1K
YR &% 1X103CFU (20 pL/H) 07181, Fie
aureus {RIFUIGE Yy, EEEA 54 d. RIRGH )G
2h, /NREFRGREE, SEVIFENTORE L,
LR E, VES 2 mL AFEERK, HIE AR
FEVEI (bronchoalveolar lavage fluid, BALF); JFREE
J5 R ATMEARTE, B H AR E R, A ERiHR
F 4% 2 KRB, FIRIG 2, S EGE
G, HRE-80 CUKFE, HTHE— R Hasib
T PBS B Je FH T 47 Ml B 4 P AR
2.3 qRT-PCR & MHEXEERIE

EUifiZHZ3 50~100 mg, £ RNA fiiiR 7 &k
A RNA, & EvoM-MLV g # Stk &3k 5
cDNA, H SYBR Green Premix Pro TagHS gPCR i
FIELHAT QRT-PCR Kl 45 1E: 95 C. 305 28
PE; 95 C. S5sfifBE, 60 ‘C. 30s iBKFIEM, JE
40 MBI R 2788CE R IR RIL &, Y
B-actin {E NN S HE R AT — 1AL . 514751 W
1.

&1 319575
Table 1 Primer sequences
R FP51 (5-37)
NP F: GTATGGACCTGCCGTAGC

R: CTCTTGGGAGCACCTTCG

CXCL-1 F: TCCAGAGCTTGAAGGTGTTGCC
R: AACCAAGGGAGCTTCAGGGTCA

MCP-1 F: GCTACAAGAGGATCACCAGCAG
R: GTCTGGACCCATTCCTTCTTGG

TNF-a F: CCAAAGGGATGAGAAGTTCC

R: CTCCACTTGGTGGTTTGCTA
IFN-y F: CAGCAACAGCAAGGCGAAAAAGG
R: TTTCCGCTTCCTGAGGCTGGAT
F: CATTGCTGACAGGATGCAGAAGG
R: TGCTGGAAGGTGGACAGTGAGG

P-actin

24 FIRESEITHECERNGES

HY 100 uL BALF #J5JIRAMAEEAT 10 cm (1[4
PREEFREERM, B 37 CIEEREIRAE 18 h, WiKIT
H A B A T A
2.5 ELISA #MfH4E4R CXCL-1. MCP-1. TNF-
o~ IFN-y % BALF & MPO-DNA. NE-DNA 7K

10 mg flZHZ3 100 pL PBS WHEE, B0
W EiE, KA BCA VENEHEEWKE, 1% ELISA
WA & U BRI EiEH CXCL-1. MCP-1. TNF-
o Al IFN-y 7/K°F. BALF E5.0HL 3G, %M ELISA
AU BRI MPO-DNA #1 NE-DNA 7K.
2.6 SRIVAABEARMMN AMs. o4k 46 FN 8 A% 2R
iial= gl

Bt E T 300 HIFM_E, 1 RIPM 1640 584
BE R B I 0, R A B A v R 300 H JE
HET 3R AR (5 2%864- M5 1) PBS)
Ve 2 IR, RRAMME, R EZMIRBERET
400 H Ui, RIFS il Ep 2 g v o200 i B A0 Ak P
N 5X 108 AN /mL, B 100 pL i B 4m 2, A
FC Block A3 4 “CilEYaE I 20 min, BEEIA
F4/80-PE. CD11b-FITC. CD11c-APC #itk, 4 Cili
JEEE 30 min, FEEMRIEDE 2 I, R
FRACKS I AMs (F4/80*CD11bCD11c*) Huffiis21,
i B2 0 B4 FC Block 3 FWE S, oA
CD45-PerCp-Cy5.5.CD11b-FITC. Ly-6G-PE. Ly-6C-
APC $iifk, 4 CEEIE 30 min, Y EmiiiEvt
20, R AN AR AR W v R 4
(CD45'CD11b'Ly-6G*) Fl H#Z 4l i ( CD45'Ly-
6G CD11b"Ly-6C*) L2224,
2.7 RENAREARKNSNE M Th1/Th2 Z8AREE )

INRARIRZG 2 20 J5, FIRBREUM, =ikt
SR FH 7N BR A7 R I o B2 48 43 2 VR ik 51 R SR ) B
HME MR Z AN, FR S SCRRIRIE (1) 77752, R H
U 2 M AR AS I 1 . Thl (CD4IFN-y*) /Th2
(CD4'TL-4%) 4t
2.8 MALRRIBET LN

PN B AT AR, YL, TR
KREAL (HE) Gett, 7ERME NI,
29 GtESH

iR SPSS 25 B AT Guit o0, 4R LA
X £ s, #id Kaplan-Meier 2E47 74T EL i A1)
W R xR HiR 2 EERARRE R Z 58
(ANOVA) Ftifiid Bonferroni yZ 3 TAZ IE «
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3 4 K, NRETIT: . AT E TR N R
31 ABTESRAUMBEMIEMYE HINI 4% S. MWRIBILIGEE 6 RITWGH AT . 54k KRG HH
aureus B INRILTHR tb, s TEsmEREdEFREEZRS (P<

WK 1-A s, A0 HINT BG5S B/ R AL 0.01, FHFFN50%), HEBREFMbFAH (A
T2, TM4kK S. aureus (1X105CFU/A) BRYLJEH 6 FN 66.7%) FELHTLIEH (EEEN 33.3%) T

A B
20- *x -
ok i e ﬁ
100 . - l;a) c\\c 4
*C 3
o\\c’ b —| ** o d i/_g
M 504 ¥ P E\;é
% . - f g
HINI swm Al—l
0 0 5‘ ‘#1??;# 1'5 -30 ? T ? T T T
01 2 3 4 6 7
YRS RS EPS T

SR EE NP mRNA FIX Feik &

A-BOETER RN RS B- BRI RAA TR A3, C-IfifR%: D-ii e, E-MitdtE; F-MRBy))T HE 4t (X400,
SRR TR, S ORTLROR AR, BOESRROR BRI, L OFIORMNL: a-X A b-HINTEEA; c-HIND kK
S. aureus JEYH; d-BERREEMMFH; e-LkIBTIEA; AT TIESRENEA; AT TIENTIGIES; SRANK: *P<0.05 #pP<
0.01 *#P<<0.001; 5 HIN1 48K S. aureus EYALLE: "P<0.05 "P<0.01 "*P<0.001; AFELF: 4P<0.05 &&p<0.01 &&&p<
0.001; T

A-survival rate of mice in lethal infection model; B-rate of change in body weight of mice in sublethal model; C-lung index; D-lung viral load; E-lung bacterial
load; F-HE staining of lung pathology sections (x 400), green arrow indicates neutrophils, blue arrow indicates monocytes, orange arrow indicates macrophages,
red arrow indicates red blood cells; a-control group; b-HIN1 infection group; c-HINT1 secondary S. aureus infection group; d-oseltamivir phosphate group; e-
cefaclor group; f-Reduning Injection high-dose group; g-Reduning Injection low-dose group; P < 0.05 *P<0.01 ##P <0.001 vs control group; "P < 0.05
"P<0.01 "™P<0.001 vs HIN1 secondary S. aureus infection; *P < 0.05 &P <0.01 &&&P <(.001 vs intergroup; Same as below figures.

El1 AETIESHEN HINL XL S. aurens FERNREFE., MREBTAER., Y. MHESHE. MESMNMEBRE
TR LAIRNE (X +S,n=06)
Fig. 1 Effect of Reduning Injection on survival, body weight change rate, lung index, pulmonary viral load, pulmonary
bacterial load and pathological changes of mice with HIN1 secondary S. aureus infection (X £ s, n =6)



- 2892 - PED 202648 B57% B8 Chinese Traditional and Herbal Drugs 2026 April Vol. 57 No. 8
ZEt e MEFTIERRACHIEHASETN 16.7%, 5 FIERF . W 2-A. B o, SxtHEZAHLE,

GhRIRGH T ZE T 3RO S R AR T RO
M HINL 46K S, aureus B B G R YER, A
BERNRIET R, KA AP A.

32 ASTIFRIUMBEITRENE HINT 4% S.
aureus B/ NRATREEMEE

WK 1-B Fros, A HINT YA S 30 RAKA 5
BRE N, M4kK S aureus (1X103CFU/H) &
Pefg 1d, DEERE RIS E TR (P<0.01). 1£
PhRIBGL G5 2~4 K, AE TS KFI=EAH
ANERAR R B R BRI R4 H] (P<<0.01. 0.001); H
TEAR R IR YL G 5 4 RINEE TR A E AR Tk
e (P<0.0D). W 1-C FvR, kREGe)s
54K, SXIR4AEL, HIND YA R
(P<<0.001), 4% S. aureus Y] it— 5T = iifa
 (P<0.001). S54kKBGAHMLL, E TSR
T 7 A R BUR B (P<<0.001), HAKT kY
FIEH (P<0.01), SR EMMTFHIZE R, #H
BTSRRI HE S 4k R IR G e 2

it # A Eos (B 1-D), 5 HINT BG4
L, 4Rk S. aureus &GS BN 5 23— 3N
(P<0.001). S54kRIEGLAA L, AT TVEHE -
IR R R R B L (P<0.05. 0.001);
AR 7 9 S A AL R TSk e
H (P<0.05), HEYiETHREAMFH (P<
0.001), filigd AN E R (E 1-B), XFHEZL. HINI
TR 2H N S A e 4 350 FLA ARG ELAH T PR it o
S8k RIRGHAALL, AT KT E
HELEE T (P<0.05. 0.001), {HA & Tk
TR (P<<0.001),

I 2H 23955 BEAEAG I o (B 1-F), S REZH il
SERITEMW, AR IR HEANIIRIE . HINT Y B
SRR, AR B AR s 4k R
YL RS R, RERIE . B E
WA T 5 22, IR His S5 4R BRI L,

REE TSR R B AU S A s, TR
AN AR AN EE A R L s AR TS

RARTR AL AR A 4k R R A s A 5, BT
AR RN AR IR o
3.3 AFTIEFHIRATG IFN-y Rk, %E AMs
EEf

B TR YL 5 R I IFN-y = RIA 3T AMs
FEIBU, PR SR 1R TSR TFN-y

HINT L] B2 Eifl IFN-y £i5 (P<0.001), 4
K S. aureus JEGINRE 71X —idfE (P<0.00D). 5
kRGP ARLE, AT TS S (KR E= 4 IFN-
y RIEVIRFZBFL (P<0.05. 0.001); H#MAEHTE
S E R4 PNy AP RT3k igd (P<
0.05. 0.0, SfgEalfhFHHILESR . 41
AAGI T i i b AMs Lefl, g5 Ranla 2-
C. D iR, SXHE4IAHLE, HINT B AMs L
BIFEAR (P<0.001), T4k K S. aureus YLt — 0 %
X7 AMs B (P<<0.001). 54k KR EGLHALEL,
BTSN AR AMs Eefl B E R (P<
0.05. 0.001), HFAEETVEHR S 7 E AT B B
Ff ARk A S 4H (P<<0.05. 0.001).

34 AETIESRARD SR 4 0 BB A LR A
i3, #1%l TNF-o F09 M4 40 B SBERF (neutrophil
extracellular traps, NETs) &/

AMs FE35 51 R K& RN 4 ol 5 5 DA Yo 4
PR GRO, nE 3 B, SXTRRZAHEL, HIND &
Yedl itk K7 CXCL-1 1 MCP-1 mRNA Fl%&
H#IEKFEET R (P<0.05. 0.01. 0.001); 4k
K S. aureus JEALAI NI —LFE (P<<0.001). 5
G EGLAMLE, RETENEE. KAEA
CXCL-1 mRNA I HRBEKTFEZFRFMK (P<
0.05. 0.01. 0.001), Fag TV HB =7 &4 MCP-
1 mRNA I [ FRIE KB EFIKL (P<0.001), #
BTSRRI E 2L MCP-1 mRNA Fik/KF B3
FEAK (P<<0.05); H#vEE TS 71 20 CXCL-
1 FI MCP-1 mRNA FliE [ FRE K BEKT L
TR (P<<0.05. 0.01).

SR FH e A A S 0 7 i o 240 i A
K0 AT AL AN L) . A5 RN 4 Fos, SR
HAHLL, HINT BRG] T AR 2 A B 2
1R (P<0.001); 4kK S. aureus JEYLR] NRIX —
AR (P<0.001). H4kRIEGLAFHLL, i T gt
TR~ AT R 2 v P A 00 R B A IR Vi S
b (P<0.001); H. 5 B ) At =5 A0 Sk A v V& 4 AH
bl, #GEE T GV e 7 L 5 3 ) b MR 4 i AN
FRZA IR (P<<0.05. 0.001).

WKl 5-A\ B fiiw, H5xXTIEZEAHEL, HINT B
A _EZHZY TNF-0 15 (P<<0.05. 0.001), 4kK
S. aureus JEYLHE—HRHE T TNF-a m&KiL (P<
0.01. 0.001). H4kREGLLHAR L, i T ER
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A E2H TNF-o #3853 K (P<<0.01. 0.001), H
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KPSk ig A 22 5, NE-DNA /KPR EFEKT
Sk TEIR 4 (P<<0.01),

a

10%,
10%

3.5 AETIHFRATINFEITEN Th BRER K

CD4" Thl B4 2 95 J5 A 8 G J [ a8 B
ZrWr B IFN-y ;=2 B B e 2 — R0l g AR
A I Th1/Th2 tefl, 4558 6 Frr, 1%
HINI EYEIA 5] & Thl ki (P<0.01).
R S. aureus YLt — LA TIX—id R (P<
0.001), Th1/Th2 EL{E# HINT JBYLHIRTFZ) 4 £5.
4k RBILHM L, T EswE . KHEA
Th1/Th2 LL{EHEZE T (P<0.01. 0.001), H#k
BT VESR 4L Th/Th2 E Al B8 Tk
KA (P<0.05), HBREAMFHTLER.

f g

vigz"”: ‘ B
e
103 10 10° 103 10* 10°
CD4

=

Th1/Th2 éfﬂﬂ@ EL 1)

10° 10 105 10° 10* 105 10° 10° 105 10° 10° 105 10° 10° 10°

E 6 RINAMAM Thl (CD4* IFN-y") HHAEFI Th2 (CD4* IL-4") ZHAALEH] (X +5,n=6)
Fig. 6 Proportions of Th1l (CD4* IFN-y*) cells and Th2 (CD4* IL-4*) cells detected by flow cytometry (X £ s, n =6)

4 itie

B TR SRR H TR YT AN R T B B
WS T SR G PR H 24K i, DRI LR A TR AR B3
2 tEE, 2005 F B EA O HRE 11 DU
AR AR R AL ATT T RERE, Hoh 4 BUN)L
T A ) FE R ARET28, S R AHRIE T I T
WREAPURBIREE DU PUR A G155
PEN2,16.29-301 - A FUAE SEAREE TSR A B
PLHIN1 4k S. aureus JEGEVE, 7] B2 BFHKEUE
PR RITET A, BRI BOE A e £ i
TR EE R A R 2, IR AR . BRI
TSR PUR B S A LR A5 PUETE T
AN BRI TS, AH R B AR TR SRR I
JRENIE PR LTk A%, SR
BRI R .

A HRE B, B IiEIT LT 5%
AERR T e RS, (B BN T E R . X
PRSP 7N I B 98 0E S B A2 it 2 4 A 4 R J L vy
BURTER OGN ER . A TSR PR IE T O
Tz RIEPO, AHE TR RIS 2 4R AR R I
KEEF ZZ—AMs ¥E, MM AMs Feul 1 IR
F T A TIESR AR HINL 28K S. aureus YLt

FUHEIE P45 (1 24 RO L« AMs J2 B B T AR
/1N BRI A ) 2 B G e AT 431, A v R R
TR TR AR 77, A A R PR T HEAE 2 K
b B L 1) 55— T B 2R 2 7E 41 B IR G 3 AMEs DA
ANFELEAR 9 I B 77 A RO BRAE B, TG R R 5
H PR M, B T S S R AR AR T TAV
JEYL TR I TFN-y KERT F30 AMs #6385, I
NICATREIISZBE - ZRRiRThREREIR . Bk

BRARANBET -3 4504351, (T AMs (ORESE, Hidki
2 P AT R A 2 M K A B DS 4 B R, B
IR “ 4R 5 AR AN AT G dth i j 1 208
B0, WAk, TAV BRGS0 MR 4T ks v 5|
K AMs FE R FRIE A 7742 TFN-y Il TNF-a 242 K 40
HERF 05 AP0l AH FE R I, 54k R KL 2R A
be, $E TR B HH] IFN-y 263k, $RTH# AMs
ol BAR SRR I A TSR BT HINT A
FEER B EAR A . BUBRTEVEA RSk A v i, (A
TE SRR B AL IFN-y P SRR B =4 5 4140
o, BART ki dl. EMERNE, METE
S VIR v 7] e L T T B ) b 5 R Sk A o % BE AT
AT AMs Hofl. BB T SRRTEDUR AR
(R [R)IN) F 7 H T SRR TFN-y I AMs 81505 Pk .



* 2896

PED 202648 B57% B8 Chinese Traditional and Herbal Drugs 2026 April Vol. 57 No. 8

PR PR At 3 OGP E 1, RVR YT S I B RS 2
THBEER], XATRES M TR TR N, AE R
453 ) S PR s [ PE470 11 e B ) P A

5 AMs HUAFI TS R R) e R T S R e 71
BT CXCL-1 Al MCP-1 KPR, Hid
L £ L R B 0 L )9 k2>, I S 1 48 4 M PR 1
TNF-a /KPR, BRI Tk A1 50 1% 41,
FAE ) w4 RN BRAZ 40 R g T AR T
R B R M A5 4 . NETs 2 14 4 i 77 1 sk 2R 470
AR B E T By, (HAEHIRGH B i Rl (e 2t 1 R
R AR G FUARIE § AR TSRO
il 22 24 JF 35 A0 B8 TP (mitogen-activated protein
kinase, MAPK) il #5401 NETs JE &, N2 b
SRR, AR, BAARE TE
S EA Bk H B A E SRR E, &)
iR B E Al B BH B R T &, {H NETSs 5
VAR T kA wig dH, SRR 540
ZE 5o IX SRR P UGIE B T #AEE TSR FE )
NETs #7535 M

AT S 75 328 IR RO R IR G AT 15 5 Thl fjk
Wetk, i IFN-y 28 Thl Z940M0 B %825, 1
IFN-y XA IE S s E G 58 Thl 704k, k35
ik IFN-y HRIE120, PRI ACHIF FE 4R SRR TE | #4EE
THESHBOM Th1/Th2 R . 45 R3%
B, 5 HINI R, 4kK S aureus [EGedt—5
IR T Thi See it . BAR m IR S TR R
PUHINT iGPESS T B B m) fh 55 Ot & AR, 5
H Th1/Th2 bl S8R B A fh HAH T E 7. R
B TVESRAE BT B A [RIIN A% 1 JRSLH Thi
TP IEIEE -

gk, AWHFTRGE 7 TS RE A
HIN1 48K S. aureus JE&ILTE M . 18IS 55 WL B =] 4th
FoARA eS0T B, RIN T R T AEIR YT IR AR K
2 AT SRR P R s HEURE R S R T LS . IR T
S AT EIIAZ IE HINL 48K S. aureus G A 18] FE
(¥) Th1 B2 tfeAl, $0H) IFN-y @5 1E UK AMs
FEIR, /DR IR T R B RIERR T . AT AT
K DR FEE TVE S VREA Mh PR N Y R A % 0k A 4 T TR
B IR T iG PR 2% .

FBAFR ALY FARGEAEF G R
SE 3k
[1] Okahashi N, Sumitomo T, Nakata M, et al. Secondary

streptococcal infection following influenza [J]. Microbiol

[2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Immunol, 2022, 66(6): 253-263.

Morris D E, Cleary D W, Clarke S C. Secondary bacterial
infections associated with influenza pandemics [J]. Front
Microbiol, 2017, 8: 1041.

Majumder S, Li P, Das S, et al. A bacterial vesicle-based
pneumococcal  vaccine against influenza-mediated
secondary Streptococcus pneumoniae pulmonary infection
[J]. Mucosal Immunol, 2024, 17(2): 169-181.

Parajuli N, Subedi K, Solone X K, et al. Epigenetic control
of alveolar macrophages: Impact on lung health and
disease [J]. Cells, 2025, 14(9): 640.

Ghoneim H E, Thomas P G, McCullers J A. Depletion of
alveolar macrophages during influenza infection facilitates
bacterial superinfections [J]. J Immunol, 2013, 191(3):
1250-1259.

Sun K E, Yajjala V K, Bauer C, er al. Nox2-derived
oxidative stress results in inefficacy of antibiotics against
post-influenza S. aureus pneumonia [J]. J Exp Med, 2016,
213(9): 1851-1864.

Santos Rizzo Zuttion M S, Parimon T, Bora S A, et al.
Antibiotic use during influenza infection augments lung
eosinophils that impair immunity against secondary
bacterial pneumonia [J]. J Clin Invest, 2024, 134(21):
¢180986.

Sharma L, Singh R B, Ngeow C, et al. Therapeutic JAK
inhibition does not impact lung injury during viral or
bacterial pneumonia in male mice [J]. Physiol Rep, 2025,
13(3): €70232.

e N RSEATE TAE RS, DA AT R T ER (A
HINI REZSIT TR (2010 FERR)) KB (2010 455
79 5) [EB/OLY]. (2010-04-13) [2025-04-23]. https://www.
nhc.gov.cn/zwgkzt/pyzgl1/201005/47250.shtml.

EART, BEBEHK, FhE, S BGEE T SR BT Y
HINT B2 FHALEIBT S [7]. B2y, 2014, 45(1):
90-93.

B, i, TSR, & AT PUR YR S
VER BHLHIT A [J]. 257854, 2023, 58(6): 1596-1602.

MR/NE, HIERER, XIEE, &, #ER TS OE T )
JUE 228 A 410 o 952 ¥ 0 2R A1 200 i R 1 DXL R 4P 9 2 /) B
[J]. PEFZE4E, 2022, 47(17): 4698-4706.

Liu Y, Mu W, Xiao W, et al. Efficacy and safety of Re-Du-
Ning Injection in the treatment of seasonal influenza:
Results from a randomized, double-blinded, multicenter,
oseltamivir-controlled trial [J]. Oncotarget, 2017, 8(33):
55176-55186.

XE, W, SO, & IAEE TR RO R AR 7
TGN BRI ZH 43 HE RIAR 5% Z0E PR 52K~ BRI 2 [J].
FpE S 2UE, 2019, 28(2): 225-228.



PED 202648 B57% B8 Chinese Traditional and Herbal Drugs 2026 April Vol. 57 No. 8

» 2897 »

[15]

[16]

[17]

(18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

sk, FLLME, WIEME, . G TR BT R R
G EERWTTT (7], AR A BOR — T BE 2 IAR
1k, 2015, 17(5): 1056-1060.

ks, R¥E, R, & M T BE RN
2 VERTIT [7]. L2, 2024, 55(9): 3015-3026
Zhao J, Wang Y T, Huang X D, et al. Liu Shen Wan inhibits
influenza virus-induced secondary Staphylococcus aureus
infection in vivo and in vitro [J]. J Ethnopharmacol, 2021,
277: 114066.

Song J, Zhao J, Cai X J, et al. Lianhuagingwen Capsule
inhibits non-lethal doses of influenza virus-induced
secondary Staphylococcus aureus infection in mice [J]. J
Ethnopharmacol, 2022, 298: 115653.

Neupane A S, Willson M, Chojnacki A K, et al. Patrolling
alveolar macrophages conceal bacteria from the immune
system to maintain homeostasis [J]. Cell, 2020, 183(1):
110-125.¢el11.

VR, BT, JEI. INAHIAR S0k B ELE
MK E (1] REEERR R, 2017, 52(11):
1596-1600.

Janssen W J, Barthel L, Muldrow A, et al. Fas determines
differential fates of resident and recruited macrophages
during resolution of acute lung injury [J]. Am J Respir Crit
Care Med, 2011, 184(5): 547-560.

Kimball A, Schaller M, Joshi A, et al. Ly6C" blood
monocyte/macrophage drive chronic inflammation and
impair wound healing in diabetes mellitus [J]. Arterioscler
Thromb Vasc Biol, 2018, 38(5): 1102-1114.

Xie L L, Zhong Y, Chen Y, et al. Cryptotanshinone
alleviates immunosuppression in
targeting MDSCs through JAK2/STAT3 pathway [J].
Phytomedicine, 2025, 136: 156227.

Wang T, Zhang J J, Wang Y L, et al. Influenza-trained

endometriosis by

mucosal-resident alveolar macrophages confer long-term
antitumor immunity in the lungs [J]. Nat Immunol, 2023,
24(3): 423-438.

Geng Z K, Li Y Q, Cui Q H, et al. Exploration of the
mechanisms of Ge Gen Decoction against influenza A
virus infection [J]. Chin J Nat Med, 2019, 17(9): 650-662.
Zhu X L, Zhu J F. CD4 T helper cell subsets and related
human immunological disorders [J]. Int J Mol Sci, 2020,

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

21(21): 8011.

FiEO, W, EHFHE, 55100 249 FI3E TEESRL
IR R 2R RTIE I 2 ol L KA EERE SR
W (3], e, 2024, 49(12): 3396-3403.
sottee, REE, SR, SF. PRRZGIRYT )L E TR KN
FERE (2024 4F) [J]. HER4E, 2025, 66(9): 973-980.
Yang C X, Song C L, Liu Y T, et al. Re-Du-Ning Injection
ameliorates LPS-induced lung injury through inhibiting
neutrophil  extracellular  traps
Phytomedicine, 2021, 90: 153635.

Wang Z, Chen W, Li Y'Y, et al. Reduning injection and its

formation [J].

effective constituent luteoloside protect against sepsis
partly via inhibition of HMGB1/TLR4/NF-kB/MAPKs
signaling pathways [J]. J Ethnopharmacol, 2021, 270:
113783.
Lam TY W, Nguyen N, Peh HY, et al. ISM1 protects lung
homeostasis via cell-surface GRP78-mediated alveolar
macrophage apoptosis [J]. Proc Natl Acad Sci USA, 2022,
119(4): €2019161119.
Panahipoor Javaherdehi A, Ghanbari S, Mahdavi P, et al.
The role of alveolar macrophages in viral respiratory
infections and their therapeutic implications [J]. Biochem
Biophys Rep, 2024, 40: 101826.
Martin F P, Jacqueline C, Poschmann J, et al. Alveolar
macrophages: Adaptation to their anatomic niche during
and after inflammation [J]. Cells, 2021, 10(10): 2720.
Verma A K, Bauer C, Yajjala V K, et al. Linezolid
attenuates lethal lung damage during postinfluenza
methicillin-resistant Staphylococcus aureus pneumonia
[1]. Infect Immun, 2019, 87(10): e00538-19.
Gao X C, Zhu B B, Wu Y, et al. TFAM-dependent
mitochondrial metabolism is required for alveolar
macrophage maintenance and homeostasis [J]. J Immunol,
2022,208(6): 1456-1466.
Gao X C, Zhang W J, Zhang N, et al. Multiple death
pathways of neutrophils regulate alveolar macrophage
proliferation [J]. Cells, 2022, 11(22): 3633.
Yi T, Ding W X, Hao Y Z, et al. Neutrophil extracellular
traps mediate severe lung injury induced by influenza A
virus HIN1 in mice coinfected with Staphylococcus
aureus [J]. Microb Pathog, 2022, 166: 105558.
[FTHERE F 2]



