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[ Abstract] Objective
combined with chronic kidney disease (CKD) in rats. Methods Forty SPF grade SD rats were randomly divided into
Control group, COPD group, CKD group, and COPD combined with CKD model (COPD + CKD) group, with 10 rats in
each group. The COPD rat model was prepared by cigarette smoke exposure combined with the bacterial drip method, the

To establish and evaluate a model of chronic obstructive pulmonary disease ( COPD)

CKD rat model was established by adenine induction, and the COPD combined with CKD rat model was prepared by both
method. Results  After successful modeling, lung function indexes incluidng forced vital capacity ( FVC), forced
expiratory volume in 0.1 s (FEV,,), and FEV,,/FVC were significantly reduced in the COPD + CKD group (P <
0.01), and lung histopathology showed emphysematous changes with alveolar wall fracture and fusion as well as
inflammatory cell infiltration. Serum Cr, BUN, and 24 h urine protein were significantly increased (P < 0.01). Renal
histopathology showed glomerular mesentery proliferation, basement membrane thickening, tubular dilatation, and
interstitial fibrosis. The ultrastructure showed that glomerular capillary loops were partially closed, foot processes were
fused, renal tubule mitochondria were fused and disintegrated, and lysosome was increased. Serum 1L-6, 1L-13, IL-1B,
and TGF-B1 levels were significantly increased (P < 0.01) and were significantly higher than those in single model groups
(P < 0.01). Conclusions

successfully establishes a model of COPD complicated with CKD in rats, and the inflammatory response might play a major

Cigarette smoke exposure combined with bacterial infection and 2. 5% adenine induction

role in the process of COPD complicated with CKD.
[ Keywords] chronic obstructive pulmonary disease; chronic kidney disease; rat model
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R1 KEUNTIEERE M (x £s,n = 8 ~ 10)

Table 1 Pulmonary function of rats(x + s,n = 8 ~ 10)

4151 FH 3 7% e (mL) 5 0. 1 BRI (mL)
FEV, ,/FVC(%
Groups FVC(mL) FEV, ,(mL) o1 (%)
4
Control 21 8.19 = 1.46 7.51 + 1.03 92.28 + 3.79
Control group
COPD 41 B
COPD group 6.07 + 0.44 4.70 £ 0. 14 77.66 + 5.13
4
CKD AL 8.05 = 1.70 6.77 = 1.04 84.97 £ 5. 14
CKD group

COPD + CKD #1

COPD + CKD group 4.80 + 0.71

2.72 £ 0.76™" 57.36 + 15. 54

.5 Control HAH L, P < 0.01;

5 COPD 4iMILL," P < 0.01, (F#F)

Note. Compared with Control group, P < 0.01. Compared with COPD group, P < 0. 01. (The same in the following tables)
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Table 2 Renal function of rats(x £ s,n = 8 ~ 10)

21 51 JRZ A (mmol/L) JULEF ( wmol /L) 24 h JREEHE# (g/24 h)
Groups BUN( mmol/L) Cr( pmol/L) 24 h urine protein( g/24 h)
g
YHRAL 9.39 £ 1.73 69.85 + 29.23 27.91 + 6.22
Control group
CoPD 4 a aa
COPD group 14.23 £ 1.02 179.50 + 27.36 70.59 + 14.60
KD %
‘C il 17.40 = 2.44* 299. 60 + 47.86™ 166. 70 + 22.95*
CKD group

COPD + CKD 41
COPD + CKD group

32.48 + 7. 33%abbec

577.20 + 111. 30" 194. 60 + 26. 52

T2 4 Control KA, P < 0.05; 5 CKD 4iARIL,°P < 0.05,°P < 0.01, ( F&[)
Note. Compared with Control group, *P < 0. 05. Compared with the CKD group, P < 0.05, “P < 0.01. (The same in the following tables)



[ S B4R 2023 4F 10 A% 31 55 10 ] Acta Lab Anim Sci Sin, October 2023, Vol. 31, No. 10

1275

COPD#. COPD

Control . Control group

HEHE
HE staining

PASH:
PAS staining

Massoneft,

Masson staining 4

B2 Kk

group

e

B L2 Ui 2

Figure 2 Renal pathology of rats

Control 28 Control group

COPD 41 COPD group

CKD 4 CKD group COPD+CKD %1 COPD+CKD group
5 R o~y

B /haR A :
Glomerulus
- s'_/asw
BANE
Renal tubule |
5 um P S/m 5 um
3 KREREHL ML
Figure 3 Renal ultrastructure of rats
®3 ORI RAEH TRIE(x 25,0 = 8 ~ 10)
Table 3 Serum inflammatory factor expression of rats(x + s,n = 8 ~ 10)

il FA2-6(pg/mL) Fi/%-13(pg/mL) HAE-18(pg/mlL) Fedb A KA F-B1(pg/mL)
Groups IL-6( pg/mL) IL-13( pg/mL) IL-1B( pg/mL) TGF-B1( pg/mL)
POyt

63.06 + 12.47 22.80 £ 2.99 5.95 £ 3.70 4.62 £ 0.58
Control group
4]
COPD 103.40 + 13. 04" 35.32 + 3.22¢ 48.34 + 20. 82" 11.88 + 1.69
COPD group
2
CKD 41 119.90 + 10.93* 47.03 + 3.45" 44.41 = 15.42* 22.21 £ 7.83"
CKD group
4]
COPD + CKD 41 176.30 = 21. 00 65.41 + 15. 61> 91.58 + 16. 04bbee 54.45 + 8. 98ubbee

COPD + CKD group

3 iTig

MR 22 I IFST 20, CKD J& COPD (I B4
FHIEZ —, HT CKD R B , 57301 % JC W & I IR
AR, B & B D) RE K £ 2 B E AN 2R
BB ARG YT, i TG R0 1 it A E 28 ) e

f7, CKD 7 COPD 4 BEF7 HE 34 H 7
iz IR T COPD By FE T KUK AIA Y7 R 12

Kk, & 37. CcOPD & Jf CKD K R A, X o B
COPD 5% CKD Wy4rFHLil, F- KB iiRy7 FB 2
KL,

COPD K FUBL A 4y I R R B & B R ik
S R AU N ) R R A A T
TERE AT, IR COPD KRB, 45 K]
R TR COPD BRI & A2 COPD A3 A 21
FFAE, LSRR ) s . A58 R H COPD 218



1276 oh [E SE I M4 2023 4F 10 A %5 31 4555 10 8] Acta Lab Anim Sci Sin, October 2023, Vol. 31, No. 10

S bR B Al DI B ARSI 245 45 il B 27 2% % ) COPD
KB 45 20 H COPD + CKD ZHfilishhESs
bR FEV, , .FEV, /FVC & ZXF COPD 41, fili 41
i A5 e K 4 240 9 1) T B

AR SR BF ST HRIE Ba— COPD ALY BV Al 5] & 5 4
B, BRAAETT AR LR S A T AR 2 s T
i1 28 d #57 COPD KRB, &I COPD 41 KR
Cys-C 35 0 T+, B B R B 0] DU /A 1 2
240 iR, R B 45 # BICE ; Pabon 4511 L SR 4 A
Fh7% 6 1~ H @37 COPD /)N AR A, % PHME 1 7 A 2
BB /BRI RS JE 1) o S L RRUR N
AR IRUURY, ARBFFELs R 5L Lo A —5L,
COPD AR HIM Cr &% 24 h JREAEE B ET S,
INBRIER AT L SR, B /INE AR i ik, S A A D
b B) I SR AT 4 £

CKD Wi kA FART W =55 %, %
JEEN T ARBRAEFE T 8w AT T A 20 45 A
BRI R RIS 5 3 d 37 CKD K RS
B4R Cr . BUN 24 h JR#E 1 E &7 CKD 1l
PRIZ I J7R0H 5 | o) P s AU A s v HL A 45 o T 22
LA BRIEERS R A I A BOMETA MERY 2, 8-
SERR RS A B /NG TR B AR G I Ce A
BUN JK-, =R B FUBR , I0175 & B /NS 265 4 R[] Jo
LFYEfk, X 5 CKD B I A BEARAE AL,
DU RIS 5 S i Bt T2 0 FH TR R CKD & ML
AT B gE Y ARBIRIE 4G & B T BE 2 4l
21 B AF AL AIE 52 CKD K RS AL & il B 2y, ] s
COPD + CKD 41 Uifig$etr b 3 = T CKD 41, /)
Yk KA LT 4T B D, AR A R R BN
YA P BRI DORL DA 85 RIESE COPD AT
CKD K BRI 45 21

WF5E 3¢ B £ s B4 BRALHIE 3 coPD 5
CKD B , Her A M R 175 & Y e 88 S I
A fiEfE COPD &JF CKD Wi #IEmEMEH ™, A
B AR R ARG g% B B — B B 2k, 52 45 Fh AN L ER B
AR G} A I D s RS S e o s e N R |
T T 20 P A P AT T 2 i S 22 e 2 A
B ETRE, B TL-6  TL-18 25 2R 42 2 41 i R -1 A1
R T A S O 4L VRN P2 A Il A R
2 BRAGEI P 48 R e 012 VR AT 4 B R R A
S &M A & NIRRT TGF-B 28 B, i
LT YA SR AL | R 0F B S5 AN M A A0, 5 S TR
YL AR, CKD B FH RN 1L-6 1L-13 | IL-

1B S TGF-B /KT i, H R AER SN E 5 5 o
AE N RERIEASE S WA, BG5S T R AEN
TR BRAN 2, SOAT 3 — 20 i i il 38 2 s, A 5 41
1B CKD /NFRUTZH 20 4% 40 i 3= 30, 8] ot 41 4 1k, Ak
73K S T v 00 5 B e ot R R BB AR o
TNF-a 7KV TR, 175 R Il SRE T 45, T2 B iti 5 53 4t
0 A1 R0 AR BF 9T 45 S & B COPD ., CKD,
COPD + CKD Z IfiL 7 R AE P 57K V- 24 b B 5 21
T 2, m TR — AR XS g R —
UESE T RAE N FE COPD &3 CKD H i B E H

g5 b, 38 X U T R S 2 S B A A R
25 B R FH A R AR 55 2 5 6 5 A TR IR e 9 2. 5%
RN S 7 AT BT #4 ## COPD & Jf CKD 1y
KR AHAE T 5 — B A IF B R A fili B
AE HZUEAS: RAEFE bR 7 R I I 2 00 22 5
UL AP AT L B A AT i — 2D R ke i e, 5
G RAHAF A, v W HF COPD & 3 CKD ) L fil i
%o (HH T B ErX i & IF AR 0 AH S92 i AS 72
gy A it — DR EAG AR M AR M

£ % X #k(References)

[ 1] Global strategy for the diagnosis, management, and prevention of
COPD. GOLD Reports [ EB/OL]. [2023-05-30]. http://
www.goldcopd.org/.

[ 2] Mortality and global health estimates. WHO [ EB/OL]. [ 2023~
06 — 03 ]. hitps://www. who. int/data/gho/data/themes/
mortality-and-global-health-estimates.

[ 3] Putcha N, Drummond MB, Wise RA, et al. Comorbidities and
chronic obstructive pulmonary disease: prevalence, influence on
outcomes, and management [ J]. Semin Respir Crit Care Med,
2015, 36(4) . 575-591.

[ 4] Kiani FZ, Ahmadi A. Prevalence of different comorbidities in
chronic  obstructive  pulmonary disease among Shahrekord
PERSIAN cohort study in southwest Iran [ J]. Sci Rep, 2021,
11; 1548.

[ 5] Recio Iglesias J, Diez-Manglano J, Lopez Garcia F, et al.
Management of the COPD patient with comorbidities: an experts
recommendation document [ J]. Int J Chron Obstruct Pulmon
Dis, 2020, 15; 1015-1037.

[ 6] Yoshizawa T, Okada K, Furuichi S, et al. Prevalence of chronic
kidney diseases in patients with chronic obstructive pulmonary
disease; assessment based on glomerular filtration rate estimated
from creatinine and cystatin C levels [ J]. Int J Chron Obstruct
Pulmon Dis, 2015, 10, 1283-1289.

[ 7] Kalantar-Zadeh K, Jafar TH, Nitsch D, et al. Chronic kidney
disease [ J]. Lancet, 2021, 398(10302) . 786—802.

[ 81 GBD Chronic Kidney Disease Collaboration. Global, regional,
and national burden of chronic kidney disease, 1990-2017: a

systematic analysis for the Global Burden of Disease Study 2017



o [ S0 sh 2 2023 4F 10 A5 31 55 10 8] Acta Lab Anim Sci Sin, October 2023, Vol. 31, No. 10

1277

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[J]. Lancet, 2020, 395(10225) . 709-733.

Gembillo G, Calimeri S, Tranchida V, et al. Lung dysfunction
and chronic kidney disease: a complex network of multiple
interactions [ J]. J Pers Med, 2023, 13(2): 286.

Visconti L, Santoro D, Cernaro V, et al. Kidney-lung
connections in acute and chronic diseases: current perspectives
[J]. J Nephrol, 2016, 29(3) : 341-348.

Lisspers K, Larsson K, Johansson G, et al. Economic burden of
COPD in a Swedish cohort; the ARCTIC study [J]. Int J Chron
Obstruct Pulmon Dis, 2018, 13 275-285.

Chen W, FitzGerald JM, Sin DD, et al. Excess economic burden
of comorbidities in COPD; a 15-year population-based study [ J].
Eur Respir J, 2017, 50(1) . 1700393.

S, FL, TR, S5 N E T R K U EL Y 2 Sr
S0 (1], PESER AR, 2020, 28(2) : 230-235.
Zhang D, Xia Y, Fan L, et al. Establishment and evaluation of
rat models of chronic obstructive pulmonary disease [ J]. Acta
Lab Anim Sci Sin, 2020, 28(2) . 230-235.

LiY, Li SY, Li JS, et al. A rat model for stable chronic
smoke

obstructive pulmonary disease induced by cigarette

inhalation and repetitive bacterial infection [ J]. Biol Pharm
Bull, 2012, 35(10) . 1752-1760.

Bouwens JDM, Bischoff EWMA, In’ t Veen JCCM, et al.
Diagnostic differentiation between asthma and COPD in primary
care using lung function testing [ J]. NPJ Prim Care Respir Med,
2022, 32(1): 32.

s, whAE, BT, AF. A8 M BH 8 U K BLUR Cys-C
mRNA 35 B 2 (B A DG PEER I [J]. AR W B TR AT
5%, 2012, 31(4): 224-228.

Zhang W, Han J, Yao YQ, et al. The expression of the cys-c
mrna of copd rats’ urine and the study of correlation between
lung and kidney [ J]. J Biomed Eng Res, 2012, 31(4). 224
-228.

Pabon MA, Patino E, Bhatia D, et al. Beclin-1 regulates
cigarette smoke-induced kidney injury in a murine model of
chronic obstructive pulmonary disease [ J]. JCI Insight, 2018, 3
(18) : €99592.

Diwan V, Brown L, Gobe GC. Adenine-induced chronic kidney
disease in rats [ J]. Nephrology, 2018, 23(1); 5-11.

Shuvy M, Nyska A, Beeri R, et al. Histopathology and apoptosis

in an animal model of reversible renal injury [ J]. Exp Toxicol

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Pathol, 2011, 63(4) : 303-306.
Lopez-Novoa JM, Rodriguez-Pena AB, Ortiz A, et al
Etiopathology of chronic tubular, glomerular and renovascular
nephropathies ; clinical implications [ J]. J Transl Med, 2011,
9. 13.

Corremans R, Neven E, Maudsley S, et al. Progression of
established non-diabetic chronic kidney disease is halted by
metformin treatment in rats[ J]. Kidney Int, 2022, 101(5) :929
-944.

Satta E, Alfarone C, de Maio A, et al. Kidney and lung in
pathology : mechanisms and clinical implications [ J]. Multidiscip
Respir Med, 2022, 17(2) . 819.

Kumar H, Kawai T, Akira S. Toll-like receptors and innate
immunity [ J]. Biochem Biophys Res Commun, 2009, 388(4) :
621-625.

Lv W, Booz GW, Wang Y, et al. Inflammation and renal
fibrosis: recent developments on key signaling molecules as
potential therapeutic targets [ J]. Eur J Pharmacol, 2018, 820,
65-76.

WM, e, SRUTER. 2 AUE A M A0 S RS ()],
I R B HIER 243, 2021, 21(9) ; 780-784.

Yao DH, Xiang HY, Zhang MX. Type 2 innate lymphoid cell
and kidney disease [ J]. J Clin Nephrol, 2021, 21(9). 780
~784.

Dai Y, Zhang W, Wen J, et al. A2B adenosine receptor-
mediated induction of IL-6 promotes CKD [J]. J Am Soc
Nephrol, 2011, 22(5) : 890-901.

Nowak KL, Chonchol M, Ikizler TA, et al. IL-1 inhibition and
vascular function in CKD [J]. J Am Soc Nephrol, 2017, 28
(3):971-980.

Soomro A, Khajehei M, Li R, et al. A therapeutic target for
CKD: activin A facilitates TGFB1 profibrotic signaling [J]. Cell
Mol Biol Lett, 2023, 28(1) : 10.

Nemmar A, Karaca T, Beegam S, et al. Lung oxidative stress,
DNA damage, apoptosis, and fibrosis in adenine-induced chronic
kidney disease in mice [ J]. Front Physiol, 2017, 8. 896.
Yousefi H, Ahmadiasl N, Alihemmati A, et al. Effect of renal
ischemia-reperfusion on lung injury and inflammatory responses in
male rat [ J]. Iran J Basic Med Sci, 2014, 17(10) ; 802-807.

[KFEEHHI] 2023-06-29



