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[ Abstract]
(BALF), lung tissue, and serum of a rat pneumonia model induced by inhalation of lipopolysaccharides ( LPS).

Methods

Objective To investigate the changes of inflammatory factors in bronchoalveolar lavage fluid
Three days after modeling by LPS 4 mg/mL inhalation, 15 min/d, was conducted while monitoring the
particle size distribution and aerosol concentration of LPS, the degree of inflammation in lung tissues of rats in each
group was observed via HE staining, and neutrophils in BALF were counted by microscope. The contents of interferon
gamma (IFN-vy) , interleukin-1 beta (IL-1B), IL-4, IL-5, IL-6, IL-10, IL-13, tumor necrosis factor alpha ( TNF-
The lung

histopathology of model rats displayed focal and diffuse alveolar epithelial necrosis with shedding and the aggregation

a), and KC/GRO in lung tissue, serum, and BALF were detected by Meso Scale Discovery. Results

and infiltration of inflammatory cells. The particle size distribution of atomized LPS was as follows, Dv(10) = 0. 6974
pwm, Dv(50) = 3.387 um, Dv(90) = 8.836 wm. The aerosol concentration of LPS was 4.08 g/m’, and the
calculated inhalation dose for rats was 47. 10 mg/kg. The neutrophil count (P < 0.01) and contents of IL-13, 1L-6,
and TNF-a (P < 0.05, P < 0.001, P < 0.001) in the BALF, and the contents of IL-18, IL-6, and KC/GRO in
lung tissue (P < 0.01, P < 0.05, P < 0.01), of model rats were significantly increased. No biologically significant
changes were observed in inflammatory factor levels in the serum. Conclusions In the acute pneumonia model
induced by inhalation of LPS, significant changes in inflammatory factors such as IL-1B, IL-6, KC/GRO, and TNF-
a were observed in both lung tissue and bronchoalveolar lavage fluid ( BALF), while no notable changes in these

inflammatory factors were detected in serum. This indicates that the inflammation responses are primarily localized in

the lungs.
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Figure 2 Continuous monitoring map of aerosol size during LPS atomization
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Table 1 Statistics of main pathological changes in lungs of rats with acute pneumonia

JIE &% AL T (e BRI X HR2H
Organs Pathology Grade Model group Positive control group
+ 0 4
g 4 e Y1 ++ 0 6
EP@*M.'E.H@&{I{.] + 4+ 8 0
Neutrophil infiltration
++ + + 2 0
fiti &9t Total 10/10 10/10
Lung + 0 0
- B AHAEIRBENL IS e 0 0
Epithelial cells ++ + 6 0
necrotic shedding o+ o+ 2 0
43 Total 8/10 0/10
W+ G+ + R+ + P o+ T
Note. + . Slight. + + . Mild. + + + . Moderate. + + + + . Severe.
E XA TR FF oy HE2H
Blank control group Model group Positive control group
-y A

(& | AN

3 RV 9 R R BE A A

o~

Figure 3 Pathological picture of lung in rats with acute pneumonia
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2.3 Ffii R R A R 2

525 FO0 RR A g, AR 2 Mk 2 i d
TR (P < 0.01) , MAEFRL AL 4 il 38 Yeir vl
DI B AL v B T 4 22 0 b MR A0 i
EL A Ak L, DLER 2 FiiEl 4,
2.4 RKERAF
2.4.1 flHZ MR FHI7AE 1L

525 PO R L g, BEAVZH () TL-18 ,1L-6 Fil
KC/GRO & REMF R (P <0.01,P <0.05,P
<0.01), B4 TNF-o &8 EHTE HER
TEME(P > 0.05) , HAbRMFF20EN,
B mEEAL, W3,
2.4.2 i VEDER R ER AR

525 AR IR Ldss, SRV 2 1Y TL-1B8  1L-6 AT

TNF-o S B T (P < 0.05,P < 0.001,P <
0.001) , 1L-13 55 IL-4 7 it 2 3 P& W p R A
T A2 HoAth S PR 25 00 B & ARk, WF LR 3
DRI AU 2 it o E R 1 A Ak R B R 2 L i
HAML, W& 4,
T2 RN 4 R T HE R ok
E(x £ s,n = 10)

Table 2 Number of bronchoalveolar lavage fluid neutrophil

in rats with acute pneumonia(x + s,n = 10)

Zil PR E (% 10°/1)
Groups Number of neutrophil/ ( x 10°/L)
75 FAXTERZL Blank control group 0.19 + 0.06
FRIYZH Model group 1.24 £ 0.43™

T 9 X IR LL, ™ P < 0.01, (TR
Note. Compared with the blank control group, ™ P < 0.01. ( The

same in the following tables)

7 0 A 25 [ AR A H B
Blank control group Blank control group Model group Model group
= _ wp- Z ) . y :
o > 3 i \
Al A2 a Bla t o B2 ue ee, ’,
i s s g7 /“*:‘ @ < -
A
« ¢ & g &
4 \ ~ . » * s \ ? - s
L3 3 )
‘ 2 ot iy @
; Y ~ % P \ao. o
2% T : 00 T 4 2 H y go
Lk ¥ sl ' auliy P e B e T e

TE AT EHET K P YRR ; 28 U HT Sk . FORZANE  aR GRSk R LR
4 FERESEROIR A
Note. Red arrow. Neutrophil. Yellow arrow. Macrophages. Green arrow. Lymphocyte.

Figure 4 Bronchoalveolar lavage fluid smear

®3 MARRIENTHIER (% £5,n = 10)

Table 3  Statistical results of inflammatory factors in

ARILE AR A U IR B0 il v R A IR 1
MR, B RAE RO, WS,

R4 AR RN THITER (2 £ 5,0 = 10)

lung tissue(x = s,n = 10)

RIEHT ZEAXTRA/ (py/ml)  BHLL/ (pg/ml) Table 4 Statistical results of inflammatory factors in
Inflammatory Blank control Model group/ L
factor eroup/ ( pg/mL) (pg/mL) bronchoalveolar lavage fluid(x = s,n = 10)
TFN-y 12.33 + 2.47 11.88 + 3.23 RYEHT 25 FIX HRUL/ (pg/mL)  BEHIZ/ (pg/mL)
1110 2245 0.52 215 + 1. 41 Inﬂz;mmatory Blank control Model group/
113 1.62 = 0.45 1.33 = 1.06 aetor group/(pg/mL) (pg/mL)
IL-1B 43.07 +5.12 227.96 + 107.18™ IFN-y 0.59 +0.27 0.67 + 0.58
1L-4 2.34 + 0.40 2.01 £ 0. 18 IL-10 0.45 + 0.63 0.40 + 0. 66
IL-5 14.97 = 2.58 13.92 = 4.82 .13
1.-6 408.22 £ 270.13  1391.75 + 1416.57" I1p 13.80 = 15. 51 32.98 + 18. 80"
KC/GRO 131. 68 + 49.29 1113.29 + 711.09 ™ -4
TNF-a 7.46 = 1.97 25.87 + 22.08
— IL-5 5.04 +2.95 5.57 + 1.49
S AXRAMLL, TP < 0.05, (TER)
Note. Compared with the blank control group, “P < 0.05. ( The IL-6 32.78 £ 22.53 136. 18 + 75.87°"
same in the following tables) KC/GRO 167.31 + 39.92 220. 66 + 105. 49
e e TNF-a 2.86 = 2.73 12.83 £ 5.95™
2.4.3  MAFRIEHTHIZAL T+ 57 FIXTRATHIIL, © P < 0,001

52 FO IR AR e, AR AT 1 35 4 7 DA 1 2

Note. Compared with the blank control group, ™ P < 0.001.
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®5 MERENTHIER (2 5,0 = 10)
Table 5 Statistical results of inflammatory factors

in serum(x = s,n = 10)

RAEH T ZE AR HRAL/ (pg/mL)  BIAILL/ (pg/mL)
Inflammatory Blank control Model group/
factor group/ ( pg/mL) (pg/mL)
IFN-y 5.08+£0.13 4.99 +0.27
IL-10 6.00 = 0.57 5.48 +0.43
IL-13 5.98 = 0.46 5.99 = 0.30
IL-1B 0.58 = 0.23 1.10 £ 1. 42
IL-4 1.67 £ 0. 16 1.65 +0.18
IL-5 18.68 + 2.71 21.23 + 1.48
IL-6 399.57 + 32.90 412.39 + 39.13
KC/GRO 89.30 + 27.40 80.70 + 14.99
TNF-o 2.34 £ 0.40 2.01 £ 0.18
3 iTit

ALL AU & — 57 B, =S 30 R
E SR AR 22 Il 0 (A0 P I 30 25 A AE 18
RELfr S s 21 4 Ak 25 ) 19 52 30190 A8 s sh g5 I
TE U8 P20 1) & A e T o R v 8 E S Ho g ol
FEA R AR T LPS 755 B Al 451 40 45 75 2
FEIHR 9 AE fie A R s i Al > — i
i A LPS AT 45 25 7 sUL o Al 8 1 55 1k
WAL 25 BRI S A Mg A9 i 3m i 3
U2 PRAET L B AR A MR AT, B il AR
RARES R FEE A B — e IR %
e AL 25, Z5 A 4 K /N5 TR 350 07 4%
PIAHG, — &M &, AR < 5 wm P0RAE R 5
A A RS SR, T AR R AR
FE 1 ~ 4 pm B Bl RLAR 538 K A0 A4 25 B Dt
AR A LN 1) YK - NANSEAL /) b X L 3
A Ok, B 220 2k B E LPS Wk E R
4 mg/mL, PRUE A FEUT WV A Pk EL 25 5 W5 I
S O 25 A0 S TR R B W 25 2R R S5 4K 1
min PN 45 245 J AR 1) A T Tk B 3k B A A O 2 AR

LPS 519 ALL IR 5 1 fili 2450 it D) g &
TEMHE bR A1, 98 A8 PR 746 00 A 2 JF 30 28 1 45
Fro ERTX TR AE B F 58 5 B TR A5 A4 45 i
LU il R RN 25 Ak 45 24 R i S R 1)
Y52 2GR T I 4 21, ) Rt i Sy IR
W By, H R E I N T RE IR 2 SN 7E 4 B, [N
ARSI RGNS LA T i v VR R Y i 4 2T

TH A R 1 el 7 D R 2 5 T =0 A SR
6 bs S AU bR

R R & — 25 F A 8 40 A 1) ] DL
T RE I A AT RS B S E N /N TR
5, HUARSZ RIS RIS , R AR A9 CDATT i Bh 40
M1 4346k Thl 4HMIA Th2 40, Thl %y N A
S 0 5 A R R A A O ) B B N B (R R
JiE 3 Th2 Gefs S 07 ) 2 3 3k 43 06 Th2 4 i P51 -1 3l
W B YU A e AP, B g R T
YRt 9 J5 , A0 A PR R B ) R R 4 O AR R
MR- L 08, IFN-y J& THRHAERL) Thi
VAN A 7 SR 2E Th 4053k % Th 20, 41 i
Th 4§ 15 Th2 40 f 5546 TL-10 to & —Fhoi
BRI KT, & mT LA IR 2 40 i B - 1 & %
B Ayt IL-13 {2 i g R M Ak R B R
JIC 5 IS PN R AR R o ek T TL-
18 J&@ T W A 02 4 20 i 1R, ] DASCTS P9 B2 4
L, 2 33 52 A 22 T 4% 41 MY ( poly morphonuclear
neutrophil , PMN ) % Bff 17 St -4 W\l D
Th2 BIGH PR F-ad i ek S 8O 18 v 40
11L-5 AT DURRS P 9 5 25 01 R AL g R MR 4 i, 5|
S ) P 8 R SR A 8 iR X A E S A Y
RIVER 38 AT DL e B 09 VR F T 10058 N &2 I g
PR PR A0 B, 258 0 e A1 =2 B0 B4 RS B (o TR 25 5
FERIURE , 5 RS A A B i S R TL-6 S
PEWIA B FL B 0, AT A S A v T ik
ECL 40 it F 254 4 43 Ak , B4 58 1 SR A% 405 40 i ( NK 24
fi) 1, B 5 RN Y WA R TL-6 T
SR B IR R AR KC/GRO & —Fhoi
B g rh e b PR T, SRy BRUZ 40 R v R A i
MAL2FFE T, P RETE JAE H DL H 20 Jr =X Y
R A0 % FEAE T . TNF-o J2 IS AL 1 % B
WA A = A ) RT AR O e 35 6 RE S I, AR
LA PN Bz 40 e 3 a5 1, b rh MR 4 i, DA i
SAME RO TNF-a 38 1] DL & H 28 1 I
T TL-510-6 55 9 B, 1 Ak Pz | 5 g 40
He, SR AL BT R L A L LPS i & A B A5
HIE BCHL =295 WAy T, B S, LPS AT L
ELFENT PN R AN A = A A A 3k 3 40 i PR E
K7 FIALZUR T B 38, 51 & N Bz 40 i 4 4
Y B AJHTS, Uk, LPS iR BE SIS 1 32 0 3R A5 B
DN, 3 — 3 R v B K A0 i DR T R TR T 1Y
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225, A& G]1R R AR R AE A iR T
2 AR ORI T PMN (3R AE 1
A, FE TR R AR 19 RAE K1, BT LA F 52
JEHUT IFN-y IL-10 IL-13 IL-1B IL-4 IL-5.1L-6,
KC/GRO \TNF-ou %5 Rl F- A TR

ASSZHG PSR Y 58 HL AU 5 48 bR A0 45 41
AV R A OUE N IRuRE SV RIS E i ke w4 4 29N 4il
LI R RORT AL T TP B R PR IR 1 o B
R ARRZH R B B T ™ E Y b B A0 G
T INFE LA L il v P 0 L 32 91, £ DL J e A 1 e
PEIRFE , [RII i 960 78 1 V8 v %) v s 200 i 5 e
Xt fili 4 B PR AL Al FE Sk i vV e T
PEAH B HEAT BT, 5 2 X B L, B A A 1Y
PRI SR T (P < 0.01) , LIRSS
PR

P PR A6 45 2R S B RY 2 it 3 N 9
il A& R - 381 A i B i = 1k A Ak T AE il 2H 27
1 IL-18 . IL-6 A1 KC/GRO #F B & F+ & , i v
VR IL-1B IL-6 LA K TNF-or Y83 T, fili
ZH LU 6, T8 VR R b 7 A AR A ) S R -
J& IL-1B IL-6 KC/GRO LA M TNF-au, #EM 42 B &
Th1 4 M [ 325 1T, Th2 46 K52 6 A
XD SRR RAETT 10 &, 458 LPS
AR AL — 2L 7 Ml LPS M AR , 5
s £ M 45 & % H ( lipopolysaccharide binding
protein, LBP ), LPS 3% & 14 ( cluster of
differentiation 14, CD14) 43 T 4% & I A LPS-LBP-
CD14 ZEY),¥5 Toll ¥E3Z 4K 4(toll like receptor
4,TLR4) 256 A5 516 B AN 0S4 51 HE
FE 4316 A 7 88 (myeloid differentiation factor 88,
MyDSS) , {8 14 20 JL A -1 % b ( interleukin-18
receptor, IL-1R ) #H 3¢ 28 [ 3% il % 1R 1k, &b (5=
EHHF kB (nuclear factor kappa-B, NF-kB) F1££
24 )7 36 16 B P ( mitogen-activated  protein
kinase, MAPK ) X W 25 i %, s X B S =4 T
TNF-a IL-6 DL Jz —SE L N 125 [ i) NF-«B
BT LIS NOD FE B2 AR P 1 45 A0 JRE O 2 1
3 ( NOD-like receptor thermal protein domain
associated protein 3, NLRP3) 2 /MA | it — 251
S =R 1Y K A IR A8 1 /K A It 1 ( cysteinyl
aspartate specific proteinase-1, caspase-1) HJ ¥ 1% ,
X IL-18 #EATI0T, BEAE R A ML X+ 1L-18, ¥

5 N B A M, A2 7 58 B PMIN 286 FRFAT 0 T

HHIEF KC/GRO By F+ i, 23175 3 rh PR b 40 i 25 55

AR 2 K, R i AR Y ARORE R B, XA LPS

W A 175 B IS 8 A Joy 08 0L o) A 20 | HL AR R 457 32

BURAEMER R, 4 B B9 S5E ROV AR BT &L, MA

il 25 S b v DL 528 O B A H, U

PR RN F TL-18 FEMT AL (9 A8 £k LU 7E il 6 iE 3k

WP AR o 2 (MU P < 0,01, fili o 7

YEWE T P < 0.05) , Bl IL-1B TEMZH 2 b 28 Ak o

BP0 ; T TL-6 1 TNF-cu W) 2 76 Jifi JE0 08 PR b 19 A8

AU LT 2 2 rp A AR A B I 38 (T-6 A il v 7 Pk ik

(P <0.001) ,7EMidHZIH (P < 0.05) ) ; TNF-«

TEMEHEVE W T (P < 0.001) , fEflisH 4 (P >

0.05) , i TL-6 FIl TNF-o 7 i 60 8 356 & 16 28

T E IR, ¥k KC/GRO TE i 20 h A i

EEAEAL (P < 0.01) , Jili v Pk vk v ) G =5 1

B (P > 0.05) , 3] KC/GRO FZAEliZ] 41

EIEH,

LPS if5 31 ALL & — D aEEH E 4t #2, Al
il WA S8 AT A AR S A DR AR 4 SR
M, A LPS 7553 R B ALL AR o i 7 58 14
PRI TG BA A 4k, 150 B i8S 10 4 B J g e 4 Jidi
LSRN 6L HE PR 2 1 IR AR AR AR L BB
{EJEANR MR T 78 — 38 v I SRR I AN M T
FLARTT R 4l 50 50 75 BEBE B A 3E 1Y R AR XS AH G 1Y
SN - HEA TR
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