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Establishment and evaluation of animal model induced by
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[ Abstract] Objective To establish and evaluate the animal model induced by inhalation injury of airborne fine
particulate matter (PM2.5). Methods We manufactured equipment for rats aerosol inhalation with PM2. 5. The effects
of several facters such as concentrations ( 100 = 10 pt.g/m3 150 =10 ;.Lg/m3 200 =10 ;.Lg/m3 ) Jtime (1w, 2w 4w 8w,
12w) .method ( non-exposed intratracheal instillation method and aerosol inhalation) and animals ( Wistar rats, BN rats and

guinea pigs) were investigated to establish the model. The respiratory rate, forced vital capacity ratio of forced expiratory
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volume (FEV,/FVC) and arterial partial pressure of oxygen (PO, ) were measured, the pathological changes of bronchial
and lung tissues under light microscope were observed. The success animal model was builded as the pneumonia was
observed from the pathological changes of lung tissue. Results The Wistar rats exposed to PM2. 5 aerosol inhalation for 8
weeks, we can see that the weight growth rate of rat decreased, WBC count and mononuclear cells count increased, the
macrophages ratio decreased in BALF, the respiratory rate of lung increased while arterial PO, and FEV,/FVC decreased,
inflammation and pulmonary fibrosis changes were observed by bronch and pulmonary pathology, inflammatory changes with
a dose-response relationship were observed. Exposed to PM2. 5 aerosol inhalation for different time(1 w.2 w.4 w.8 w.12
w) with same dose, the score issue lesions of lung and bronchus in Wistar rats increased and the 8w group is obvious. The
Wistar rats exposed to PM2. 5 with different method (aerosol inhalation and non-exposed intratracheal instillation method )
for 8w, the aerosol inhalation worked as effectively as perfusion while mortality rate of aerosol inhalation is lower. Different
animals ( Wistar rats, BN rats and guinea pigs) exposed to PM2.5 aerosol inhalation for 8w, the same results were
observed with three method respectively while mortality rate of Wistar rats lower. Conclusions The optional conditions
that the Wistar rats were continuously inhaled for 8w PM2. 5 with a dose of 150 + 10 wg/m’ were established. The animal

model could be used on a national scale, especially in Fujian province. The results would be useful for the development of
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the research of the prevention and countermeasures of PM2. 5 pollution.
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R1 Wistar KERTE 50T RALES

Tab.1 Results of weight growth rate and mortality rate in Wistar rat

KM Weight of rat

il R
o o RBEERG)  REREE() R e
BW before BW after Weight growth rate
1E % 2H Normal group 10 163.2 £10.6 217.8 £17.4 31.8+7.9 0(0/10)
%5 141 Control group 10 168.7 £13.7 211.8£16.3 25.6 +4.9 0(0/10)
EHE 4L High group 9 164.8 +9.4 193.6 £11. 6 18.5+1.9" 10.0(1/10)
Frk 4 Middle group 10 167.8 £15.3 207.6 +16. 1 23.9+5.4 0(0/10)
R4 Low group 10 160.8 £10.5 200.8 +16. 8 25.4+7.2 0(0/10)
P < 0.05, 5IER AL,
Note. “P < 0. 05, compared with the normal group.
R2  Wistar KEUMIREFE ARG 25
Tab.2 Results of pulmonary function in Wistar rat
5 i D fie 545 Pulmonary function
Group " PFISR (K - min ™) FEV,/FVC(%) Pa0, (mmHg)
Respiratory rate
1EH 4 Normal group 10 97.2+6.7 22.8+1.8 124.7 8.9
%5 14 Control group 10 99.9 4.5 21.2£5.1 122.1+9.7
BV EA High group 9 116.1+6.3" 16.1+2.6* 99.8+6.2"
Yk EE2H Middle group 10 104.2£9.4* 17.8 5.3 115.7+5.5*
fRHEE2H Low group 10 98.9 +11.5 19.3+2.1 126.9 +4.5
WP < 0.05, 5IFEHA L,
Note. “P < 0. 05, compared with the normal group.
F3  RERAE MG (BALF) 40532540 i 45
Tab.3 Levels of leukocyte count in BALF in Wistar rat
215 HALEROTE( x107/L) BRI x 107/1) FE AR LE R (9% )
( Group) WBC count Mononuclear cells count Macrophages Ratio
1EH 2 Normal group 10 5.9£0.9 7.1£2.8 79.4 £16.7
25 141 Control group 10 5.4+0.7 7.9+3.4 68.7=13.7
BV EAL High group 9 15.5+2.6* 21.6+7.7* 95.3+11.4"
Fyk EEZ Middle group 10 12.6=1.8* 20.1+8.1° 85.1+14.9"
RHEE2H Low group 10 12.1+0.9" 18.7+8.6" 78.0+13.8

P < 0.05, 5IEWALE,
Note. “P < 0. 05, compared with the normal group.
D W BTOOCEE; S R 4 G K G248 | =Tk
HGIERH A WEEFIE(P < 0.05) ; mikkE
HEWHET- % 10. 0% (1/10) , IEHH 525 HAHHh
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T\ Pa0, W/, & VR R 5 OE A B
EZH(P <0.05), FAHASEWH LK ITZES M
(P >0.05)(%2),
2.1.3  AUEMTEREVEM ( BALF) 405025114
IR EL BALF, IE % 415 25 AL |, 1 YL 2
SRR P, (H 35 0 B B WUR DAL, BALF 41 il
THECH, = AN YL Bk BE 4 11 40 LS B0 T RO B A%
iilioNa e b SN R O S D= b7 (3 R
T HEABE®ET(P <0.05), A4 S5IER
AT ZERIE(P > 0.05) (£3),

2.1.4 =45 HLSURPARAL
SRBEDCEME N IEWAH S S HAKRRSE.

Ry ok 2l T o R W = A UV b 7 N 1
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AR, I S5 109 2 7, Ml 2L 2 il ] o A K o
F14) 2 T 200 M i D) B o 7k e, it ) o 34 52, ] A,
BCEFAEANM , 52 4% B £F 4 Ak, LA 10 21 Bl AR B e i
(BN R 2 (& 1,2)

G I SV e AR Y i R P T R 45 AL B
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W (A) IEH 4 (B) 28 A4l ; (C) il ; (D) Hhfl sl ; (E) G244,
1 %4 Wistar KRB HLURBEEEUER (bar =200 wm)
Note. ( A)normal group; ( B) control group; ( C)high group; (D) middle group; (E)low group.

Fig.1 The pathological changes of bronchial tissues under light microscope

e (A) IEH A (B) 25 A4 ; (C) Sl dl ; (D) Rl 4l ; (E) IR 4,
2 4 Wistar KU SV G MER (bar =200 pm)
Note. (A)normal group; ( B) control group; ( C)high group; (D) middle group; (E)low group.

Fig.2 The pathological changes of lung tissues under light microscope

MRFEHRIAEA B 2R PE(P < 0.05) , P LL
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2.2 AEHREREN PM2.5 RSB E T
A

BEULFER A E R . Yo rg S T R 2 i, Yo
8 JEIFET K 10% , Yeiif 12 JRFET ik 30% ;R B K
BRI AELE ; 25 H A A HA T S 28 KA
R T (30% .50% 80% 100% 100% #l 30% .
40% 80% ,100% ,100% ) ; E % LL YL 5 4 JH 224k
W BIERAA BEEREP < 0.05), H 55
A R —E A, 25 A 5IE% 4 b, 4538 n

TRFEZERIE(P > 0.05) , HEATHYLREM ] ZH 7] 2
HERF AR 30 K M E W AZ LW E 2Z 7P >
0.05) , Ml 204U 2 A B 25 (P < 0.05) 45
BIETH G EY IRILA 8 JE (6 5) .
2.3 ARFEFHEN PM2.5 RN\ ShREE ST
=21

KRR EI R 7 i R 5 AR R 4L 3
FET =415 30% F1 10% ; P Y 35 4158 F i 21 21
WAEH R EFASABAREERE(P <
0.05), Fa A5 IER AL, S8l % 2
SHE(P > 0.05), FEATRIYLRELL ) (B R AR5 A&
I BEZFVE(P > 0.05) , % &R 7 125508140
M IR TR TR AT (R 6) .
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F4  Wistar KEUUE i BARLE R (n = 10)
Tab.4 The pathological changes of bronchial and lung tissues under light microscope in Wistar rat
1) AR R iR s 2
(; ” Tissue lesions of bronchus Tissue lesions of lung
rou
P - + 4+ F o+ J{H Means - + 4+ 4+ H4{H Means
1E# 4 Normal group 10 0 0 0 0+0 10 0 0 0 00
25 12 Control group 9 0 1 0 0.2+0.6 9 1 0 0 0.1+0.3
FEv EE 4 High group 0 1 1 8 2.7+0.6* 0 1 1 8 2.7+0.6"
HRR 2 Middle group 2 2 2 4 1.8+1.2% 1 2 2 5 2.1+1.1%
B BE 4 Low group 5 2 2 1 0.9+1.1" 5 2 2 1 0.91.1"
TE:"P < 0.05, SIEW AL HLEL,
Note. “P < 0. 05, compared with the normal group.
RS ORFEGAER X PM2. 5 WA SR  REIRZE R (n =10)
Tab.5 Results of different time to model induced by inhalation injury of PM2. 5
iNGR A R il 40 AE K
21 51 T-%(% ) (%) Tissue lesions of bronchus Tissue lesions of lung
Group Mortality rate Weight H{E Pl
+ o+ o+t - + ++ o+t
growth rate Means Means
1E % 2 Normal group 0(0/10) 36.7 £16.5 9 1 0 0 0.1+0.3 9 1 0 0 0.1+0.3
%52 Control group 0(0/10) 32.9+£19.5 9 0 1 0 0.2+0.6 9 0 1 0 0.2+0.6
1w 0(0/10) 8.2+4.2 7 2 1 0 0.4+0.6 7 2 1 0 0.4+0.6
2w 10(1/10) 14.8 £6.2 5 2 2 1 0.9+1.1 6 1 2 1 0.8+1.1
4w 0(0/10) 18.9 +14.8 2 2 3 3 .7+1.1° 2 2 3 3 .7+1.1°
8w 10(1/10) 25.7+£25.1 0 1 1 8 2.7+0.6" 0 1 2 7 2.6+0.6"
12w 30(3/10) 26.2 +£22.9 0 1 2 7 2.6+0.6" 0 1 1 8 2.7£0.6"
TE:"P < 0.05, SIEWALLE,
Note. “P < 0. 05, compared with the normal group.
F6 AR LN PM2. 5 WA SR TS5 R (n = 10)
Tab.6 Results of different method to model induced by inhalation injury of PM2. 5
TR REHKR A R Tl B
21 5] (%) (%) Tissue lesions of bronchus Tissue lesions of lung
Group Mortality Weight e Y{E
rate growth rate + A + Means B + ot Means
1E# 2 Normal group 0(0/10)  23.3x15.2 9 1 0 0 0.1+0.3 10 0 0 0 00
Y=t
. ) = A 0(0/10)  25.7+11.2 1 0 1 0 02+06 10 0 0 0 0+0
HETE Control group
(perfusion)  ¥EVEYLTES
P (E{f,*ﬁﬂ 30(3/10) 18.9 £22.6 1 3 3 3 1.8+1.0" 1 3 3 3 1.8+1.0°
perfusion group
2= HY
. ZH4 0(0/10) 21.5+16.5 1 0 1 0 0.2+0.6 10 0 0 0 00
A Control group
(inhalation) ALY
RAREA 10(1/10) 18.0 £19. 1 2 1 4 3 .8+1.1" 2 1 3 4 .9+1.1"°

inhalation group

TE:"P < 0.05, SIEW AL HLEL,
Note. “P < 0. 05, compared with the normal group.

2.4 ARFEFIEZHWT PM2. 5 WA SEEH
= RvA A

P Wistar KR BN KR K B SR 5256 30
YIAGLFELE R SET %5350 0% 20% 60% ; BN
R BRI A B T 18 K 83/ 5 A8 I 2 40 78
HSR 5k 80% 80% 90% F11 90% 80% ,90% .

2 YL BR8] 1Y S 55 i 20 205 A% $5 (R 2E 47 40 [) Ak
ARG Z B E ZFYE(P > 0.05) , B E=FishY)
SUOCRA Y, 25 A sh LT R AE I, % 8 BEBE Wistar
KR, B2 A5 IEF A, &8P T i % 2
SHE(P > 0.05) (7).
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KT AFRELISNPIS PM2. 5 WA SIPBR BTSSR (n =10)
Tab.7 Results of different animal to model induced by inhalation injury of PM2. 5

ANE SN 5 N A R Tl B
21 5] (%) (%) Tissue lesions of bronchus Tissue lesions of lung
Group Mortality Weight YE Y{E
rate growth rate + ot Means B + ot Means
o
w4 0(0/10) 25.3+14.0 10 0 0 0 0=0 10 0 0 0 0=0
Normal group
Wiste g8 sk
ar KL STHEL g 010) 2365231 100 0 o 0 050 10 0 0 0 00
Wistar rat ~ Control group
I P
&/\,Kﬁﬂ 0(0/10) 19.1£27.5 2 1 4 3 1.8+1.1 1 1 4 4 2.1+0.9
Inhalation group)
Y
Eid 0(0/10) 22.1+14.0 10 0 0 0 0=+0 10 0 0 0 0=0
Normal group
BN K k5 sk
KB, ) =AM 10(1/10) 24.3 +£14.1 10 0 0 0 0+0 10 0 0 0 0+0
BN rat Control group
I YuzEs
&/\.*ﬂzrﬂ 20(2/10)  17.5£22.9 2 1 4 3 1.8+1.1 2 1 3 4 1.9+1.1
Inhalation group)
A g)
Ew4 0(0/10) 26 £19.1 9 0 0 0.2+0.6 9 0 1 0 0.2+0.6
Normal group
%Eﬂ‘ . A4 10(1/10)  22.6 £10.5 10 0 0 0 0=+0 10 0 0 0 0=+0
Guinea Pig  Control group
WA T4
BASRA 60(6/10) 17.4+£24.9 1 2 3 4 20+£1.0° 1 2 3 4 2.0+1.0

Inhalation group)

P < 0.05, SIEH 4L HAEL,
Note. “P < 0. 05, compared with the normal group.

3 it

PM2. 5 XML = A 23 L 288 S i,
JE—MEE K B AR A AR R R G
BEEARE AR T H B0 58 22 LUt 4147
SR B AT ULE Al 8 R bm oS I HLEE R
AR B A7 | AP SN AR B 38 I 2 A S S K
BRAE A K, ARBFFER I PM2. 5 B ATE , 45
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