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[ Abstract] Objective To compare differences in chronic obstructive pulmonary disease (COPD) models induced
by smoke inhalation through the nose-mouth plus lipopolysaccharide (LPS) or smoke exposure through the whole body plus
LPS in rats, providing a new model for COPD. Methods Ninety male SD rats were randomly divided into normal control,
whole body exposure, and smoke inhalation groups with 30 rats per group. The whole body exposure group was placed in a
smoke box, whereby smoke contacted the whole body of the rats, whereas the smoke inhalation group inhaled smoke via the
nose-mouth in a quantitative smoking device. Animals in both groups were exposed to smoke once a day for 60 min over 8
weeks. LPS (1 mg/kg) was injected through the trachea on days 1, 7, 15, and 21 to induce the COPD model. Quality
control of the smoke generated by the quantitative smoking device and smoking box included verification of the concentration
stability and uniformity of the smoke particles and the particle size distribution of the smoke. At 4, 6, and 8 weeks of
modeling, pulmonary function examination, the content of proinflammatory factors interleukin-6 (IL-6) and tumor necrosis
factor-a (TNF-a) in alveolar lavage fluid, and histopathological examination were performed to compare the two modeling
methods. Results Quantitative smoking devices produced smoke with a stable concentration of 1.1 mg/L (total particles)
and 0.1 mg/L (nicotine) , with a median mass particle size of 0.86 wm ( nicotine) and a GSD of 2. 12. The deviation in
stability and uniformity of the smoke concentration produced by the smoking box was obviously greater than that of the
quantitative smoking device. Compared with the whole body exposure group, pulmonary function indexes FEV,/FVC and
pulmonary compliance (Cdyn) in the smoke inhalation group were decreased significantly, and airway resistance ( Penh)
was increased significantly. IL-6 and TNF-a levels in alveolar lavage fluid of the smoke inhalation group were significantly
increased at 6 weeks after modeling, and those in the whole body exposure group were increased at 8 weeks after modeling.
The lesion severity of bronchial inflammation after modeling was similar in smoke inhalation and whole body exposure
groups, but the degree of emphysema lesions in the nose-mouth inhalation group was more severe, and statistically
significant differences in emphysema lesions appeared earlier in the nose-mouth inhalation group ( after 6 weeks of
modeling) than in the whole body exposure group (after 8 weeks of modeling). The mean linear intercept ( MLI) in the
smoke inhalation group was increased significantly at 4 ~ 8 weeks of modeling, and the mean alveolar number (MAN) was
decreased significantly at 6 ~ 8 weeks of modeling. MLI was increased significantly and MAN was decreased significantly in
the whole body exposure group after 8 weeks of modeling. In the smoke inhalation group, significant abnormal changes were
observed in pulmonary function indexes (FEV,/FVC, Cdyn, and Penh), cytokine levels in bronchoalveolar lavage fluid
(TL-6 and TNF-a ), and alveolar histopathological changes ( bronchial severity and emphysema pathological score, MLI,
and MAN) after modeling. However, the coefficient of variation (CV% ) of each index was significantly lower than that in
A 1.0 mg/kg LPS endotracheal drip combined with whole body smoke

exposure or nose-mouth smoke inhalation both establish a typical rat COPD model. Inhaled smoke via the nose-mouth route

the whole body exposure group. Conclusion

shortened the modeling period. The model was established after 6 weeks of continuous smoke exposure, presenting typical
symptoms of COPD ( pulmonary ventilation dysfunction and broncho-lung chronic inflammatory infiltration accompanied by
emphysema) , and the difference between individual model animals was small (nose-mouth smoke inhalation vs smoke
exposure, CV% values were smaller).

[ Keywords] nose-mouth inhalation; chronic obstructive pulmonary disease; cigarettes; lipopolysaccharide; rats

Conflicts of Interest: The authors declare no conflict of interest.

1115

g Pk BH ZE M il % 9% ( chronic  obstructive
pulmonary disease , COPD ) J& fifi = b A1 ( ) 1814 3%
SR BN LLAE A 58 4] 3 A 52 PR O
R — A8 MEE I RG> . HATCHiGE
COPD ZhYIRBBITERR T AR Z A 45 B N R 12 (1 5

WA A8 AR (S0, ) WA IR 22 Wl A TR U L P I
S JEGE (F RN RS S RN T AR
HoR) ME G R E (RS WAH + LPS Hsh i +
RS B + PRI R ) 1 B IS
S BEL T o fie A 56 IR S B TR 38 22—, A 5 2% R 1



1116 rfE SIS SRR 2023 4E 9 AS5 31 #4559 ) Acta Lab Anim Sci Sin, September 2023, Vol. 31, No. 9

R NS COPD A9 B PR BT, DAL Gk ) W A
IR N2 COPD K JE R 77 178 {H 8
SR TEATAE IR 55 2 8 A5 A S 3 T ks, S 3
TEARF o s A, AR 18 A & — i As v, B
S Z B AR R A G R E R, I,
T FRAEAL BT B i 0 55 2 88 A5 F, XF COPD £ 7Y
TR EE R E B A R X, AR
A2 S AR 55755 K EL COPD #1838 i 41 55
e W ( AR 5 o A ) . FASORE ) ey
THER) B HN S R AR E M, O COPD A
RIEST AR AR S %

1 HRET®

1.1 ##
1.1 SE5sh

SPF i fdBlE SD KB 90 H, METE, 6 ~ 9 JH %,
R 180 ~ 220 g, W4T {3 v SR LB s WA
PR\ ] [ SCXK (1) 2019-0004 ] |, 45l 35 T 1 R 2 5 74
259 W 58 o0 A BR A B BEBE R 8 Sh A S 56 =
[ SYXK(1#)2020-0015), fal 35 mEK B E HEE
FRK , T SPF BURH( Co THEE) b atRHE B /1
T bR BR A AR (L, T 3R A8 . B A5 1 1 2 R
B IR 20.5 ~ 25.4°C, {BJ¥ 43% ~ 64%, A3
WS 56 25 1) e A B 35 24 0T 5T b0 A BRA H sh
TERE S A2 5t 2 I HE (TACUC-2021(2)022) .
112 EEH 5

FER A (1S A AR 11 mg, AR
FHBR L - 0. 9 mg, HS— %A LAk 13 mg,20 =</ 41, ¥
FHAEEIN)) s el T (41t 0830-RC-0003 , A= 7=
AL N R R B A R AW s BEZ 85 (LPS)
(HLAS . BRI 10 mg, #iE*5-. 000011064, F 2 ] %= .
2022. 06, 4 7= B3/ ; Sigma ) ; K f TNF-a 1L-6, TL-8
ELISA i) & (k534 . 092021, A= 7= B A 24 R VL
I S AT FR S 7)) o S B IR AR RS T
A B —FR 5 H SR (400 mm x 300 mm X
400 mm, IS RERHA AR BN
HRH-MNE3026 Z/Nalh s B 11 5 3 A8 B #E A
PeBE R G0 N2 R R AR (NGTD) (dE 2
HRAPHLABRA ) ; PET IS AERG I R 58 ( 1G5
R RERMHE AT BR 2 7] ) 5 LC-20AT =5 20 HH (5,35 A%
( HA ) s BG-800 1 it /< FL g Jo 43 A A (IR YN T
BRI T BR A ) 3 Spectra Max i3x K1 T
REREAR L (LI SEA 0T ) s B203LED A4 B it

(HRBFDCFALAF A BRA R A7) ; DFC 420C #!
s PR R S8 (12 1E Leica) .
1.2 FHi&
1201 FMRA s A i i) o e 42 il

(1) “RE WA B H0 35 A A A o e 42

TS B oy AR 2, 40 SR A ( Z Ak
fie ,— 4B AR EUA ALY R PR Ay I R A ) AN
FAR RS ey T IR AR Al e 25 ) - Herpre
Fii s i (A I A JEAL (B) #EAT 0 55 26 B, JT 48
NS ARBERS(H C.D.EF.G.H.IMAH) Kt
SER(C) HEAFEEE M (D), % Y d
FWE A TE (I F BT, 36 36 AN AGETE , Hi 4
AR TR AR T E AR IR | R 22 R
FIFRFSE I, F6 4% 32 /38 38 ¥ 0] F R B A Yy
)RS D B AKRN, i NFRIE
WA (G) Al <A B (H) B mfic, IF 20 g
BEH (1) L PERBR KRR, SR A IR LW A
WIE (F) RAEGBEG IR S B B0k (I8 AR T
WA= 1.0 I/min,fl’%éiﬂd‘rﬁj 10 min) PR R 4R
B A DA i 22 0H, IR 55 S BRI ok B (0
MEFE R 2EE/(1.0 L/min x 10 min) ), 33— 258
1o PR R € 3 A3 AT SR I A B P KR 25, AR AR AR
TR B A 55 UKL ( LA 55 S RE T, 1. 1 mg/L; DA
Rt TIF,0.1 mg/L) . 7EW A G55 Hij 43 0l i 47 %5
AR E PERIE — PR B, b 55 A AR 1k B0k R 2%
FLIW %5 A= UG AN R a] (an AR s 19 10,30,60,90

— ‘D A
E s ==
N an
I ==
E
E 00—
I

g L=
TE AR AR B A SR, Co BE I I, D R 25 2
BE(Z2) B R B A R E 4% F: WA R EREIE; G L H
H Al L g s B,

1 WA B ke R SR
Note. A. Computer controller. B. Automatic smoking machine. C.
Intake pipe. D. Smoke exposure tower ( three floors). E. Rat
inhalation fixator. F. Inhalation exposure channel. G. Air extraction
port. H. Suction pipe. L. Filter device.
Figure 1 Quantitative smoking device schematic diagram

of connection device
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Note. A. Automatic smoking machine. B. Intake pipe. C. Smoke
exposure chamber. D. Vent (including D1, D2, D3, D4, used for
communication with the outside for gas exchange). E. Aerosol
sampling port. F. Air sampler (for collecting smoke particles). a,
b, ¢, d and e are the five locations for sampling smoke aerosol
particles respectively. By extending the sampling pipe from
sampling port E to five locations a, b, ¢, d and e, atmospheric
sampler F is used to collect aerosol particles.
Figure 2 Self-made smoking box schematic diagram

of connection device
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Table 1 Stability and uniformity of cigarette particle concentrations in quantitative smoking devices
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Table 2 Stability and uniformity of the concentration of cigarette particles in the self-made smoking box
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Note. A. Characteristic liquid chromatographic peak of nicotine in cigarette smoke. B. Particle size distribution of nicotine in cigarette smoke.
C. Size distribution of nicotine in smoke particles in a “homemade smoker” .

Figure 3 Size distribution of nicotine in smoke particles
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Figure 4 Clinical observation of COPD rats
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Note. Due to animal death, whole-body smoke exposure group was modeled for 4 weeks(n = 9).

Figure 5 Changes of pulmonary function in COPD rats
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Figure 6 Changes of cytokines in alveolar lavage fluid in COPD rats
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Figure 7 Pathological scores of broncho-lung tissue in COPD rats
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Figure 8 Quantitative analysis of lung tissue morphology in COPD rats
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