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[ Abstract]  Objective To establish a susceptible pneumonia model of mixed bacteria, including Staphylococcus
aureus , Streptococcus pneumoniae and Escherichia coli, and provide a useful animal model for drug efficacy evaluation.
Methods Thirty-six healthy adult SD rats (50% male and 50% female) were randomly divided into the blank group,
model group and erythromycin group, with twelve rats in each group. After the animals in each group were anesthetized with
diethyl ether, the model group and erythromycin group were instilled with 1x10® CFU/mL mixed bacterial solution (0. 5 mL

each rat) , and the blank group was instilled with an equal volume of saline. After 2 h, the drug was administered three
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times for 10 min each time in 4 h intervals, followed by continuous administration for the next 7 days. During
administration, the general state of rats in each group was observed. On the 3rd and 7th day of modeling, the lung function
of rats was evaluated, and the number of white blood cells and percentage of neutrophils in bronchoalveolar lavage fluid
(BALF) were determined. ELISA was used to detect interleukin-6 (IL-6) and tumor necrosis factor-a ( TNF-a) in BALF.
HE staining was performed to observe the pathological changes and count the bacterial cultures in lung tissues. Results
Compared with the blank group, the model group showed significantly increased body temperature, WBC, Neu% , TNF-a
and IL-6, significantly decreased FVC, FEV200/FVC and VT, damaged alveolar structure, a large number of infiltrated
inflammatory cells and interstitial lung thickening. Compared with the model group, the erythromycin group exhibited
significantly decreased body temperature, WBC, Neu% , TNF-a and IL-6 and significantly increased FVC, FEV200/FVC
and VT. Rat lung histopathological changes were significantly alleviated. The number of Staphylococcus aureus , Streptococcus
and Escherichia coli were significantly reduced. Conclusions In this experiment, a mixture of Staphylococcus aureus,
Streptococcus pneumoniae and Escherichia coli was instilled into the lungs of rats through the trachea to establish a model of
bacterial pneumonia, and this model can be used to evaluate the effect of drugs.

[ Keywords] bacterial pneumonia; rats; mixed infection; inflammatory factors; lung function
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R ASHAREAIF E AR AL (x £ 5,n=6)
Table 1 Comparison of body temperature changes of rats in different groups at different times(x + s,n=6)
PRI (°C ) Body temperature (°C.)

2651 X " : . m : 5
Groups EAES H2 K EHEES EEPS HisK EAPS CPS
D1 D2 D3 D4 D5 D6 D7
23 % R 2
2 HXIRAL 37.0+ 1.2 36.6+0.9 35.9+3.9 36.2+ 1.2 36.4+0.8 36.7+ 0.4 36.8+0.4
Blank group
SR IR 4
BUAX AL 37205  36.6x 1.1 378077 37.5+0.6" 37.5+1.2" 371057 37.6%0.3"
Model group
I EY
flﬁ%'ﬂ 36.5+ 0.5 36.6 + 0.7 37.7+ 0.5 36.8 £0.37 35.7+0.5° 36.3+£0.7" 37.2 £ 0.5
Erythromycin group
T S AR IR L, " P< 0.01; SR IRLAAILL, * P < 0.05,
Note. Compared with blank group, **P< 0.01. Compared with model group, * P < 0.05.
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Note. Modeling D3, D7 lung ventilation function map of blank control group, model control group and erythromycin group ( The blue and red arrows represent
the maximum expiratory and inspiratory flows respectively) .

Figure 1 Lung ventilatory function map and lung function index of rats in different periods

R2 M 3 RASULR BT RERR PR AL (2 = 5,n=6)

Table 2 Comparison of lung function indexes of rats in each group 3 days of modeling(x + s,n=6)

ZH 5] Groups Vy(mL) f( X/ min) MV (L/min) FVC(mL) FEV200(mL) FEV,,/FVC(%)
ZZ KT IEZH Blank group 1.77 + 0.35 112 £ 26 0.19 + 0.02 4.02 + 0.35 3.74 + 0.31 93.31 + 0.77
FEHINT BEZH Model group 1.41 £ 0.43 153 + 31 0.21 + 0.03 2.77 £ 0.26*  2.21 +0.26 79.96 + 6. 16
2185 24 Erythromycin group 1.59 + 0.39 132 = 27 0.20 + 0. 02 3.12 + 0.52 2.84 + 0.54 90.65 + 4.78 "
F SR AMBHLE, P < 0.05,7P < 0.01; SHETIXTBA HE, P <001, (FE/ER)

Note. Compared with blank group,*P< 0. 05, P< 0. 01. Compared with model control group, ™ P< 0. 01.( The same in the following figures and tables)
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K3 OEM 7 REUK BT RERRR LA (2 + 5,n=6)

Table 3 Comparison of lung function indexes of rats in each group 7 days of modeling(x + s,n=6)

ZH ] Groups Vy(mL) £( ¥/ min) MV (L/min) FVC(mL) FEV200(mL)  FEV,,/FVC(%)

25 X IR Blank group 1.78 + 0.23 116 + 10 0.21 + 0.03 4.75 £ 1.89 4.43 £ 1.70 93.58 + 1.50
FERI%HHEZH Model group 1.22 + 0.22%* 125 + 15 0.15 + 0. 01 3.55+0.45 2.93 +0.63 81.63 + 7.70*"
2155 £ 4 Erythromycin group 1.67 £ 0.24™ 130 = 25 0.21 = 0.01 3.68 + 0.20 3.40 £ 0. 12 92.36 + 2.94*

2.4 HLAKR BALF fF WBC 5 Neu %t 5

W 4 iR, A 3 K, 525 Axf I g,
R AR A A H B & 3 (P< 0.05) 5 515
RUX IR L3R, 2T A A i A H B 3 0D (P <
0.01) , PP 4 M H 5 LE (Neu% ) ol F M2 R,
ERES 7 K, 525 (0T A A Lo g B R 21 1 41 i

BE PR E S ER (P < 0.05,P <
0.01) ; SHEEAIT BRAL L5, T B EZ AL Al g B 34
WEB/N(P < 0.01), (EARKERE, BRI K RAE
WRE S 7 K40 B3 E 55 3 KA —E W
FEAR, B il R KR AAE RSB 5 55 7 Rl R A &
FEE2N

x4 ANFEEHYS L KR BALF H WBC Neu( %) K (x = s,n=6)
Table 4 Comparison of WBC and Neu(% ) in BALF of different groups of rats in different periods(x + s,n=6)

LSS 3 K 3 days of modeling

2153 Groups

WEAREE 7 K 7 days of modeling

WBC(10°/1) Neu(%) WBC(10°/L) Neu(%)
25 FXF IR Blank group 0.34 + 0.06 44.6 + 18.0 0.14 + 0. 11 38.4 +11.8
HERIXF B2 Model group 1.71 = 1.21* 55.1+7.1 0.64 +0.17* 55.5+ 11.0"
214524 Frythromycin group 0.89 + 0.37* 57.4+5.8 0.33+0.18™ 45.7 + 12.2

2.5 KLAKR BALF # IL-6,TNF-« LL 3

WM s Fron, AR 3 K, 525 (x4l Lt
RN R 1L-6 \ TNF-o i 341 (P< 0.01) ; 54
X ARA L %8, 218 R 4 1L-6 B — & e FE BRI, (2
TG it F 25 TR TNF-o BRI R ZH B 35
W/N(P< 0.01), RS 7 K, 525 AN R4 LR,
PRI B2 11-6 \ TNF-o {2 311 (P< 0.01) ; 545
RIX B A, 415 R 4 11-6, TNF-a ¥ i 35 BRI
(P< 0.05,P< 0.01)
2.6 BHAAREREHE

W 2 fis, 25 E xR 2 U DL K fii [a] 5

AL GG R 35 S TE T O A v, A5 280 6T 2 it 3
SER BRI, i 70 BE B S0k 29 R | a T L i o BE 1 A S
ML, HAE 240 L R i 352 10, 20 % 2% 4 1 ] AL il o B 4
JE, it B I A AT Rl T L, SR AR R T il 9 4
Ae S (EL L A B S0 A TR X T 2 2 A ) 8 v
o AU FR IR Xof 8 ] it 76 B 1 JE B S, mT AL i
Y BE I /D B S AL, A8 AT 20 M R R R (AR T
RS2 | A YR A A 75 S R L il 4] 2 % i 4 L 32 1
7 TS T UK Ak F) A I D%, 5 il 8 R i 96 98 0k ¥
F AR A R A — 2, SRR %l R EERRT d
A—E Y,

x5 ANEBHYAH KR BALF H IL-6 TNF-o H# (% + 5,n=6)
Table 5 Comparison of IL-6 and TNF-a in BALF of different groups of rats in different periods(x + s,n=6)

LSS 3 K 3 days of modeling

WA T R 7 days of modeling

2} 5] Groups
IL-6( pg/mL)

TNF-o( pg/mL)

IL-6( pg/mL) TNF-a( pg/mL)

75 AN B2 Blank group 129.8 = 1.8 270.4 + 20.2 121.14 + 4.8 256.7 + 6.3
FERIS} B2 Model group 152.2 + 6.2** 326.6 + 8. 1** 152.6 + 8. 1** 310.6 + 24.7**
1B Y Erythromycin group 146.3 + 4.4 298.1 + 4.4™ 141.3 £ 3.9* 258.6 + 11.9™

2.7 BHAMMEEFEITE
W 6 A, SRR Mo, i el 3 K,
LTEE R AL B W Il 2 2 rh K i 1 7 T L 4 B R 4 BR

B il 28 BEBR B K0 H R 2 A A (P< 0. 01) |, 3 A
557 R LG RAD YA R D RIHIRA T 4
R BRI i SRR R H R BERREAR (P< 0.01)
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Figure 2 Results of hematoxylin and eosin staining in lung tissues of rats in different periods(n=6)
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Table 6 Comparison of bacterial culture counts of lung tissue in different groups of rats in different periods(x + s,n=6)

%5 3 K(CFU/mL)

Number of bacteria D3( CFU/mL)

%57 R(CFU/mL)
Number of bacteria D7 ( CFU/mL)

415
Caoupe ens | GWAMSRE WRESRE  KBRAEE GRS IR
Escherichia coli Staphylococcus Streptococ.cus Eschen'chm Staphylococcus Streptococ.cus
aureus pneumoniae coli aureus pneumoniae
TR Y5 AR 4]
LRI IR 3100 + 544 5027 + 1017 4730 + 1062 3712 + 1102 5389 + 2012 5290 + 1881
Model group
AR S ¥
AL R AL 447 £ 146 ™ 633 + 146 ™ 1223 + 287 ™ 243 + 89 ™ 245 + 70 301 + 103 ™

Erythromycin group

3 g
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St PR 5 ST R T BB Z R, LA S
T o BT W A 3 S TR R R P T AR
5T R R AL B FEV,/FVC B 5
REARR, PR 8 T LE 7, $ s Bl 5 o A ) A o A8
R R S il S Re 2 ft, 4 TaBmRS L
W AGRIT G, A R R, FEV,, /FVC 5, 4558
TIN5 R AR YT 0] DA% figk 20 B S e P 42 il 9%
T R il S T RE Az

SV O B BRI R BEBR TR K IR A TR R
152 A WL Ae 5 | 20 B I 00 3k 240 i PR 5 7
AT TNF-o0 HA T IZ B AR 3 A 2 RE 40
HLR -, BT P 2R e AR i A A
TNF-a 7355 1L-6  1L-10 25 98 5E [ F 19 7= 4, il R



806 P E S2I0 B4R 2021 4F 12 A 5529 %545 6 5] Acta Lab Anim Sci Sin, December 2021, Vol. 29, No. 6

S 0 1) 5 T v R A, O 5 B R A 5T
1L-6 j&=—Fh Z DR 4i M I 5~ , 5 98 hE 26 VAR ¢, BF5E
TR KRG P 1L-6 B & T RSz g
RN, @R 3.7 KAl R A AI4] K Bl BALF H
TNF-o IL-6 & 5 ¥ W1 -, $2 7 4 0 60 40 %5 2K
TR iR BEER TR | K 5 A TR BOR B TNF-ac IL-
6 IKFFHE, A F RN, 46T 4% R5IRTT
Ji il R Bl Al VR T ) TNF-a 1L-6 7K F- 5 2%
FRAR X 2 A 21 8 28 25 1k 2h 25 BE A 2 1 IR il 8 K B
TNF-a \IL-6 [ 7K, 25 fi# TNF-o [ 1L-6 575 R %
N, KSR R A 5 21 85 R AL 3h W Il AT 40 B
F B, eI A R BOR A R ERIT R S
it T 4 €0 5 R B | i AR BRI K IR A T
BH A B A R R BRI RE
P 4 00 ] A PR TR il AR i K TR L K IR A A AE
it v B4 B A

XoF S It R B A R R R — A
RO i 41 4R S e s B AR i O k) e
S e R e il S8 A i 3 235 A4 v 41 i A S TR R 8
T e 4 A A R 4 e ) R S A A AR
JEE BB ARG, WA by T T B R A R R I
il e P B AR B BOARAE Y ARSI ZE R WO MR T
25 X IR, AR 3.7 RASRINT R (i H
H P 20 T b 34T B G 3 i 3 3 AR AR X R 4
SR BT SRR SN il 2 255 B A4 UL 5% R
Jii 0 235 4 o e RS, il ) Jof B S 4 RS | K % 1 4 i
12, TR Wi 4L 0 P il s BT I R, 4
TUARREFAIARIT I, B o0 W) i 6 3 e b 40 g
BH kL2 i R A BH 5, 2 B R 3 il o i
HAE NS B T B S 28 A | il 20 205 3 2 L5 4
IR N S W ) g A B R B AR . A NESE
(I, 555 3 RAALL , 7E48 7 RATERYH IR A i o6 7
VRV P AR IS BT R I O, I L 4 4
PR AEAE—E I GE , AL R — 2 A @
FA, 5 ORI AR —E B R EIE G it R
R TE 5 EAE ALY K R I R, SR TR
PRI M AR S 56 SR FH R B AN B 28 0 SR UK 4 24 1) o A
753, I B 255005 5 S0 b Bk, 755 7 K,
KB 7S X BEK R Eb , B K RRATS AT B S % il
RIGE, KRN T AR LR 45 RABDEA —E S
M (E, AAEE S5, FATTE 23 X A TR S
PR SRR ST 7 VA EA T R B AL, IR R A [
AR S0 0 A R R B A e o ) DA % R R R T 1 O

Z, W BEET I DA A 5 A1 ) R0 i i AR, A B i
RETYIA BV FVE FALH T 58 2 7 A2 e 19 il
RIGHY
4

&g

25 L RTIA i AR AR A O BRUA IR | I 2 RE 2 A
A, I IRLHE VRV S RE 20 5 AR E DR DA R i 4
SV I AR AL T I 2H 23 40 T 85 R 1A S R b A2 4k
A5 I Ry ok P 4l 6 2 K T | T 48 S R T L R
WA IR G 5 28 T A K BRI, 207 15 BE A
Ty a3 A R J e M T 4 R R | it Ak, R BRALF
RIEW AL 250l R K BRI RCR B

& % X #k(References)

[ 1] Rudan I, Boschi-Pinto C, Biloglav Z, et al. Epidemiology and
etiology of childhood pneumonia [ J]. Bull World Health Organ,
2008, 86(5) : 408-416.

[ 2] WETy. PGS REE & HUA: FIRTT X AT P il 58 183

PRAEARIG R B SR REG# [T]. PIERZSYISIRIR, 2017,
17(4) . 584-586.
Chang JL. Effect of Tanreqing injection combined with antibiotics
on the cure rate and recurrence rate of clinical symptoms of
bacterial pneumonitis [ J]. Chin Remedies Clin, 2017, 17(4) .
584-586.

[3] Bk, BEK, A, 5. BRAESEIRIE G 7 8 R 0 i H

A PG b 4 0,3 28 TR T A BRI R A TR 194 I IR) 50 B4 T B
7% [7]. "hEEZY, 2016, 47(17) ; 3070-3073.
Xie YC, Gu SX, Zhu L, et al. Synergistic antibacterial effect of
association of Callicarpa nudiflora and Vancomycin Hydrochloride
towards rat model of MRSA pneumonia [ J]. Chin Tradit Herbal
Drugs, 2016, 47(17) : 3070-3073.

(4] SJFT, Ffde, FRLra, S5 ¥ i o KO0 il 48 5 3K T4 i

R it 5 58 TR 5% R BB ALt 2 40 TNF-or IFN-y IL-6 %
IL-10 S AR RASE R [J]. P25 4, 2014, 20(5): 10
-12.
Zhang KY, Tong JB, Ji HY, et al. Effect of Lung-Clearing and
toxin-resolving beverage on TNF-a, IFN-y, IL-6 and IL-10
content changes in lung tissue of streptococcus pneumonia and
klebisella pneumoniae model rats [ J]. Guiding J Tradit Chin Med
Pharm, 2014, 20(5) . 10-12.

[ 5] Russo TA, Davidson BA, Carlino-MacDonald UB, et al. The
effects of Escherichia coli capsule, O-antigen, host neutrophils,
and complement in a rat model of Gram-negative pneumonia [ J].
FEMS Microbiol Lett, 2003, 226(2) : 355-361.

[ 6] Cillsniz C, Civljak R, Nicolini A, et al. Polymicrobial
community-acquired pneumonia; An emerging entity [ J ].
Respirology, 2016, 21(1): 65-75.

[ 7] Bartley PS, Deshpande A, Yu PC, et al. Bacterial coinfection in
influenza pneumonia; Rates, pathogens, and outcomes [ J].

Infect Control Hosp Epidemiol, 2021, 23, 1-6.



o S SR 2021 4F 12 H55 29 %% 6 ] Acta Lab Anim Sci Sin, December 2021, Vol. 29, No. 6

807

(8]

[10]

[11]

[12]

[13]

[14]

[15]

Kato H, Yamagishi Y, Hagihara M, et al. Antimicrobial activity
of solithromycin and levofloxacin against a murine pneumonia
mixed-infection model caused by Streptococcus pneumoniae and
anaerobic bacteria [ J]. J Infect Chemother, 2019, 25(4) . 311
-313.

Kato H, Hagihara M, Yokoyama Y, et al. Comparison of the in
vivo activities of garenoxacin and levofloxacin in a murine model
of pneumonia by mixed-infection with streptococcus pneumoniae
and parvimonas micra [ J]. Jpn J Infect Dis, 2019, 72(6) . 407
-412.

XK, TIIRE, ARE. BOTR G A0 T IR B SR i 48 I PR
FEAESPAT [J]. MBI R 222808, 2017, 35(4) : 417.
Liu B, Wan CH, Lin Y. Analysis of clinical characteristics of
adult mycoplasmal pneumonia with mixed bacterial infection [ J].
J Prev Med Chin PLA, 2017, 35(4) . 417.

HVTHE, Tr—I. IS BERR B EOR VLB B BT AT S HE R (7).
AR, 2002, 22(2) : 39-41.

Meng JP, Yin YB. The newest advance in pathogenic mechanism
of streptococcus pneumoniae [ J]. J Microbiol, 2002, 22(2) : 39
—41.

E3E, AR e P A AR B 2 TR A M 48 BU L R b
WRFEHERE [J]. ARG, 2012, 24(5) : 43-46.
Wang Q, Hua C. Research progress of methicillin-resistant
Staphylococcus aureus in the pathogenesis of pneumonia [ J].
Med Pharma J Chin PLA, 2012, 24(5) : 43-46.

ZRaliE ) LB, SPRRI. T R I A AL B S R R
[ 530 80 T A IR TRAE R 7 0 [ ], vl el s 0 2 R
BE2%, 2001, 13(12): 39-41.

Li JS, Kong GL, Guo SD. Changes in intestinal sIgA and tumor
necrosis factor in aged rats with Escherichia coli pneumonia [ J].
Chin Cratical Care Med, 2001, 13(12) : 39-41.

Warner SM, Knight DA. Airway modeling and remodeling in the
pathogenesis of asthma [ J]. Curr Opin Allergy Clin Immunol,
2008, 8(1) . 44-48.

i), 2R il 58 SIS ¢ 48 )L TNF-o IL-6 I IL-8 3
KRR [J]. HEBEZHER, 2013, 11(13) : 189-190.
He QL, Li YL. Expression of TNF-a, IL-6 and IL-8 in children

[16]

[18]

[20]

with Mycoplasma pneumoniae clinical
significance [ J]. Guide Chin Med, 2013, 11(13) . 189-190.

BEBE. M SR BEBRTE dnal 5 [ G BA X /) B 98 SRR LA TR AR
PRI [J]. hIEAEYH AR, 2013, 26(2) ;21

—-26.

pneumonia and its

Cui J. Effect of dnaJ gene defect on natural immune response in
mice infected with Streptococcus pneumoniae [ J]. Chin J
Biologicals, 2013, 26(2) : 21-26.

SRR, IREEHER. 4 v 6 BRI A% B I PR R 2 ) SRR
PG (D], HEEEZY, 2014, 9(7) : 973-975.

Gong Y, Xu WX. Clinical features and antibiotic susceptibility of
staphylococcus aureus pneumonias [ J]. Chin Med, 2014, 9
(7):973-975.

FESCHER, B8, HEDURL, 45508 I eV i A T s 77 e 28
BUXIRAE LA RS i [J]. PRz LR
k2%, 2013, 28(4) : 258-260.

Ren LX, Guo W, Dong HQ, et al. Value of bacteria culture and
antimicrobial susceptibility test of bronchoalveolar lavage fluid in
diagnosis and treatment of refractory pneumonia in children [ J].
Chin J Appl Clin Pediatr, 2013, 28(4) . 258~-260.

TRICER, XV R, ZEMRER. AR NHEN 58 B I AR B S
A1 I 1 A0 B AR AR G I R AF 5T [T, AR R 2 2
i, 2008, 12(3) . 1076-1078.

Zhang YB, Liu LY, Li YX. Clinical study on correlation of
leucocyte level of peripheral blood with degree of pyretic
pulmonary syndrome in different bacterial pneumonia patients
[J]. Chin J Tradit Chin Med Pharma, 2008, 12 (3): 1076
-1078.

w—M, INICF, 0, A5, BRI AR A ST il 48 i IR T
PPN 58 /N BB AL [T]. I AR S E A, 2011, 23
(11): 966-967, 971.

Meng YM, Sun WP, Yang G, et al. Establishment of a
pneumonia mice model infected with Streptococcus pneumoniae
by natural infection route [ J]. Chin J Microecol, 2011, 23
(11): 966-967, 971.

[WFEBEHA] 2021-07-01



