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ME:BH  JETHE T E2 MOCHE T 2(NRF2)/PTEN 75 i€ i 1 (PINKI)
TP PR R SRR R B X 18 1 BEL 8 Y Ml 5 ( COPD) KRR B A 1T, B2 X <
B ERBEEMEEER. Ak AMERS ER T2 JriEf g CoPD
KRBT, I BEL A TR X B RIS R T s SRR 2, A2 10 5 5 K
10 FUEH K RAENIER 4L, A% w92 sh 4144 10 mL - ke ™ 505 43 515
JEEESE 15,30 160 mg - mL ™" S4BV 0F BRATH 10 mL - kg™ 7] EHHE 1 45
F4.05x 107" mg - mL" AFERYE JE M s 1F 5 2 AVSERIZH RS IvE T T 45k 0. 9%
NaCl, 6 R RAFRLGZ 1 R, FELL 45245 28 d. FHI/INgl Wy fiti 2y RE I 5 10 2E
SUAES 1 AT (FEVL) FI I35 4 (FVC) | BG-GB X 6
I il YEPE VR T AR A 2R (IL) AR - y (INF =) B7KF, 2 B Ep
TEVEIE ffZH 40 PINKL H1 NRF2 S RYRBKF. SR b s e
FU PR BEBY2H L GE H 4R FEVL 435524 (5. 17 £0.16) , (6.36 £ 0.12) |
(5.06£0.07) .(2.24 +0.20) F1(6.84 0. 11 ) mL,FVC 2351 K (6.71 £0.13) |
(7.56 £0.12) .(6.81 +0.07) (4. 46 +0. 14) FI(7. 92 +0. 11) mL, i@ HE G b
IL = 12 K450 (7. 08 £0.51) (9.03 £0.54) (7.92 +0.79) .(3.61 +1.01)
F1(10.15 +0.82) pg - mL ™"y BEVEI P 1L — 9 A4 31k (22.49 £2.27) |
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0.53 £0. 071 1. 64 =0. 11, v 5 7 5246 20 A BRALAY Bk febr SRR A
L TESE 2 R RIS L () P <0.05) , 8510  RAEE IR AE S
il COPD B JAE SN , #5035 COPD R BRI BE , 182 COPD R LA <iE
B g, AL AT RE S5 5 NRE2/PINK 5 #% A G

FRBRAF : S5 B 5 15 VR ZEVE T A% K 7 E2 OG5 2/PTEN 35 S i8E
T 1 B

DOI:10. 13699/j. enki. 1001 - 6821. 2025. 01. 014

hE SRS R28 XEREREE: A

NEHS 1001 -6821(2025)01 - 0065 - 06

Abstract; Objective  Based on nuclear factor E2 associated factor 2
(NRF2) /PTEN induced hypothesized kinase 1 ( PINK1) pathway,
explored the ameliorating effect of rutaecarpine on chronic obstructive
pulmonary disease ( COPD ) rats and its repairing effect on airway

epithelial barrier. Methods COPD rat model were established by smoke
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combined with airway infusion of lipopolysaccharide ; and were randomly divided into model group, control group,and
experimental — L group,experimental — M group, experimental — H group, 10 rats per group. Another 10 normal rats
were selected as the normal group. Experimental — L, — M, — H groups were intraperitoneally injected 15,30 and

60 mg + mL ™'
mg - mL ™" prednisone acetate at the dose of 10 mL + kg ™' by gavage. The normal and model groups were given 0. 9%

rutaecarpine at the dose of 10 mL - kg™', respectively. The control group was received 4. 05 x 10 ~*

NaCl by intraperitoneal injection. Six groups were treated for 28 days with once a day. The first second forced
expiratory volume ( FEV1) and forced vital capacity (FVC) of rats were measured by minor animal lung function
tester. The levels of interleukin (IL) and interferon —y (INF —) in alveolar lavage fluid were determined by enzyme —
linked immunosorbent assay method. The expression levels of PINK1 and NRF2 proteins in the lung tissue were
determined by Western blot. Results
control group,model group and normal group were (5.17 £0.16),(6.36 £0.12),(5.06 £0.07),(2.24 +£0.20)
and (6.84 0. 11)mL; the levels of FVC were (6.71 £0.13),(7.56 £0.12),(6.81 £0.07),(4.46 +0. 14) and
(7.92 £0. 11 ) mL;the levels of IL — 12 in alveolar lavage fluid were (7.08 £0.51),(9.03 £0.54),(7.92+0.79),
(3.61 £1.01) and (10.15 £0.82) pg - mL ™' ;the levels of IL -9 in alveolar lavage fluid were (22.49 +2.27),
(15.02+1.41),(17.47 £1.84),(38.72 +1.28) and (11.78 £0.94) pg + mL ™' ;the levels of INF -+ in alveolar
lavage fluid were (13.18 +0.54), (16.25 £0.60), (15.23 £0.43),(6.97 £0.89) and (17.22 £ 1.15)
pg » mL ™ ;the relative expression levels of PINK1 protein were 1. 10 0. 06,1.30 £0.09,1. 18 0. 15,0. 42 +0. 03
and 1. 61 % 0.05; the relative expression levels of NRF2 protein were 0.91 +0.05,1.46 £0.03,1.35 +0.07,
0.53 £0.07 and 1. 64 0. 11 ,respectively. The differences of above indexes were statistically significant between the

The levels of FEV1 in the experimental — M group, experimental — H group,

experimental —M group, experimental — H group, control group and the model group (all P <0.05). Conclusion
Rutaecarpine can inhibit inflammation , improve lung function and repair airway epithelial barrier in COPD rats, and its
mechanism may be related to regulating NRF2/PINK1 pathway.
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FAAEIRT TR 22 , BB M PEAIRSE Bk i, BT COPD {597
259 B i B R AT R T 2S5 2 —o AR,
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(PTEN —induced putative kinase 1, PINKI ) i % & 5
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it B A 2 % B 3 38 (enzyme linked immunosorbent
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6 LK BURF A2 1 IR, 184525 28 d,
2.4 /NEhYIRTH AL RE (U T K R A9 AB Th AE

TARKEGZ) 24 h J5, KGR AR, T/
B4 it 3 RE I S0 R 45 2H K BN Il T e A4 2R
1 FhH SIS 23 FH (forced expiratory volume in the first
second, FEV1 ) F1 [ J7 fifi i & ( forced vital capacity,
FVC) ,3E11E FEVI/FVC,
2.5 ELISA ZMZER@ER KD IL F1 INF -y By
7J<$M

TARKLGZ) 24 h 5, KBRS ABERE, 175
EAGE IR Eh 2 v 5 mL FEVEINAH LY, T3 K,
WCEEREVR IR, B0 0 B T U, ™ e R ) 6 U

PP BRI THRAE, 1 ELISA 34 0 7 it 360 o vk v v
IL-12 IL -9 IL -4 IL -13 IL - 18 FI INF — vy ()3
KK
2.6 [MJ/REIE - FHLERE K ( Alcian blue — periodic
acid Schiff, AB — PAS ) 3 & i% iUl & X B #4K 48 Al
Ee 5t

KRG THERL AR AR IE )5 , o B iid1 2, H 4%
PER I [E E 12 h, A SRR S wm (9Y) 5, H
TR S, V) R 28 BE SR, FH B OR S i
5 min J5, ARAKPE, A MUER Y4 (2 10 min, 7515
KGR, 35 R YL£8 30 min, ZE 1 KIE TR, 4R 5
AKGYe 1 min, WK GBI B R 76 B T s
TR TR L9 . ARARZH AR L 51] = AB — PAS
FHPE T A/ ST AR x 100%
27 THWE=EPCR ENEMALF ZO -1,
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RS B G UL B P R TR . RNIAR R
Bt DNA 1 pL, IE ] 5194 0.8 wL, PCR iR
10 pL, FAZEIBKAN R 20 pl, KW ARF:92 CHiAs
P£3 min,92 °C Z84% 30 5,55 C i k 30 5,68 C 4 fi
30 s, 4891 30 NMFEIR . LUH M EE - 3 - BRI A
( glyceraldehyde - 3
GAPDH) } N2, DL 2 2l % Z0 -1 \E — cadherin
PINK1 I NRF2 mRNA FHEXF 357K,
2.8 EAMRIMITENERALF ZO -1.E - cadherin,
PINK1 #1 NRF2 &g #yFRikkE

I LA Z, R e o R ), B0 B T,
ZHUKAT G R, R AR = R B 1 b 23 5
GAPDH .ZO - 1. E — cadherin, PINK1 , NRF2 % $i {£&
4 CHFF R (1:500 Tk ) , SBEIRER 22 MR E IR ,
AT R U IRIEE 1 h(1:2 000 #i%E) , il i &
A% & 45, L GAPDH 4 N 2 % A, ] Image J
vl. 8.0 #fFit+4E Z0 -1 .E — cadherin ,PINK1 FI NRF2
B AT 8K
3 GitFAE

FH SPSS 26. 0 B AT 1T/ Hr. TH =R
x + 53N, A A LI B R 28 22 40 M, A LA
LSD #5549 .

— phosphate dehydrogenase,

# R

1 REWREXT COPD X RAHIhEE R0
R, H. & 7 &= LA R4 T 15, 30,
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60 mg - mL ™" ) 5 ZE B YR R IR A1 45 F4.05 x 1072
mg + mL ™" [ B BR K JEF 5 15 W LRI Y 41 35 45 T 4
H0.9% NaCl,

RS2 5 1F % 4 ek, FEVL FVC f1 FEV1/FVC
BB, it EE R A S E (Y
P <0.05) A%, . e 7 S50 41 Ao BRAL Y FEVIL
FVC 1 FEV1/FVC S8R B & T fEgeit2= b
LRI FEL (B P<0.05), 45RIE 1L,

2 REEREIT COPD X 5 A& & P RERETF
Sap=A

TRV 5 1E 8 21 LA, Iy 8 e i v IL — 12 0
INF — 7K 44 b Z 0%, IL - 9 IL — 4 IL - 13 Al
IL - 187K BT e it L 22 R A it
B (H) P <0.05) % A s 77 o 5 3 20 Kok REZAL Y

R1 6 HRRUIMTIAER LA (2 £5)

Table 1 Comparison of lung function in 6 groups of rats(x +s)

IL =12 INF — y /K-35 A 4 & 35 7 v, IL - 9,
IL -4 IL - 13f1 IL - 18 7K V-3 B 2] I 2 B AIR, 7
Gt L ESWASITFRE X (¥ P<0.05), 451
2,
3 REFHEXRET COPD X AR 2 AR LE B 5 52 i
AB — PAS Jefa 25 SR ARG P | ) SE IR AL RN
X REAL | B 7Y 2] | I AL A AR IR 40 M e 91 4y 1 R
(24.55£1.93)% . (19.02 £1.59)% . (12.72 +3.45)% .
(13.94 +2.84)% (32.80 +3.84)% F1(9.55 +1.20)% .
PRI ZH 5 00 20 He A, AR 20 MG He 19 (2 3 T, R S
W E2ZRAEGI R X (P<0.05) ik il
S ARG BE AL BRAR 40 L 051 249 s A5 R0 41 8 3 o
K EGE 2 LR E ST L (¥ P <0.05),
ZESR LI 1,

Group Dose(mg + mL~") n FEVI1 (mL) FVC(mL) FEVI/FVC(% )
Normal - 10 6.84 0. 11 7.92 0. 11 86.39 £1.32
Model - 10 2.24£0.20* 4.46 £0.14* 50.37 £4.97*
Experimental — 1, 15.00 10 3.65 +0. 13* 5.93 £0. 13* 61.60 +2. 14*
Experimental — M 30. 00 10 5.17 £0. 16 6.71 £0. 13*4 77.10 +2.55*4
Experimental - H 60. 00 10 6.36 £0. 12%/4 7.56 0. 12%/4 84. 11 £2. 4704
Control 4.05 %1072 10 5.06 +0.07* 6.81 £0.07* 74.33 +1. 43"

FEV1 ; Forced expiratory volume in 1 second; FVC: Forced vital capacity ; Compared with normal group, * P <0. 05 ; Compared with model group,*P <0.05;

Compared with experimental — L group, 2 P <0. 05 ; Compared with experimental —M group,4 P <0. 05.

T2 6 HIREUMILIE e SAE TR B AT I L (pg - mL™" 3 £5)

Table 2 Comparison of expression levels of inflammatory factors in alveolar lavage fluid of 6 groups of rats(pg » mL ™" x *5)

Group IL-12 IL-9 IL -4 IL-13 IL-1B INF -
Normal 10.15 +0. 82 11.78 £0. 94 20.82 +1.38 9.81 +1.02 33.17 £2.57 17.22 1. 15
Model 3.61£1.01* 38.72£1.28* 46.02+1.95* 30.16 +1.83 * 68.85 +2.36* 6.97 +0.89 *
Experimental — I, 5.45 +0.91% 30. 80 2. 20% 38.46 +1.61*% 24.41 £1.16* 53.13 2. 38" 10.29 +0. 77*
Experimental — M 7.08 £0.51%4 22.49 +2, 27*4 30. 56 £2. 00*~ 18.76 +1.20*~ 46.26 +2. 14*2 13.18 +0. 54*~
Experimental — H 9.03 £0.54%24  15.02+1.41%24 2577 +2. 6724 14.28 £1.24"2A  36.78 +2.55%AA  16.25 +(. 60*24
Control 7.92 £0.79% 17.47 +1. 84" 28.25 +1. 60" 15.55 +1.07* 42,15 +1.71* 15.23 +0. 43*

Dose and n refer to table 1;IL;Interleukin; INF — -y Interferon — ~y; Compared with normal group, * P <0. 05 ; Compared with model group,*P < 0. 05 ; Com-

pared with experimental — L group, P <0. 05 ; Compared with experimental —M group, P <0. 05.

B 1 6 I RUMZH U ARAR A0 ) 2 1% B0 (BT/R 3 - SRR T R e, x 400)

Figure 1

Goblet cell staining in lung tissue of 6 groups of rats( Alcian blue — periodic acid Schiff, x400)

A :Normal group;B:Model group;C,D,E;Experimental — L, —M, —H group, respectively ; F': Control group.



Chin J Clin Pharmacol

69

Vol. 41 No. 1 January 2025 ( Serial No. 423)

®3 6 ARBUTHL PHABUNGTEN 1(Z20 - 1) KE - #5558 11 (E - cadherin) \PTEN % S{B0E 38 1 (PINKL) %1 E2 4156

A7 2(NRF2) mRNA FIE Rk K0 (& 5)

Table 3 Comparison of mRNA and protein expression levels of zonula occluden — 1 (ZO - 1), E - cadherin, PTEN - induced putative

kinase 1 (PINK1) and nuclear factor erythroid 2 — related factor (NRF2) in lung tissues of 6 groups of rats(x +s)

mRNA
Group
Z0 -1 E — cadherin PINK1 NRF2
Normal 5.74 +0.26 6.08 +0. 13 5.55 0. 13 6.44 0. 18
Model 0.76 0. 09 * 0.55+0.10* 0.90 =0. 06 * 0.65 0. 08 *
Experimental — L 1.39 +0.07* 1.24 +0.11* 1.39 +0. 14* 1.00 +0. 13*
Experimental — M 2.98 +0. 06~ 2.58 £0. 17%4 2.88 £0.04%2 3.40 £0. 04*2
Experimental — H 5.00 £0. 1624 4.76 £0.20%24 4.08 0. 0824 4.98 0. 1124
Control 4.17 £0. 16* 4.05 0. 13* 3.25 +0. 05" 4.00 £0. 12*
Protein
Group
70 -1 E - cadherin PINK1 NRF2
Normal 1.30 +0.02 1. 47 +0. 09 1.61 +0. 05 1.64 0. 11
Model 0.20 +0. 06 * 0.20 +0.04 * 0.42+0.03* 0.53+0.07*
Experimental — L, 0.49 £0. 05* 0.47 +0.01* 0.70 0. 02* 0.65 =0. 04*
Experimental — M 0.74 0. 10*4 0.66 0. 12#4 1. 10 £0. 06*42 0.91 £0. 05*2
Experimental —H 1.07 £0.07%24 1.21 0. 0344 1.30 £0.09%~4 1.46 £0.03%24
Control 0.92 +0. 05* 0.97 0. 06* 1.18 0. 15* 1.35 +0.07*

Dose and n refer to table 1; Compared with normal group, * P < 0.05; Compared with model group,* P < 0.05; Compared with experimental — L group,

AP <0. 05 ; Compared with experimental —M group, 4 P <0. 05.

o1 (@) e —- - .-
& - - =™
> [ ——— -
v [ — - - -
S |- - — — om— o—

A B ¢ D E F
B2 AEEBREEELN 6 HRRMAEAL P 20 -1,
E - cadherin ,PINK1 1 NRF2 & [ 9 &35 0
The expression of ZO - 1, E - cadherin, PINK1 and
NRF2 proteins in lung tissues of 6 groups were detected by

E-cadherin

Figure 2

Western blot
A —F refer to figure 1.

4 REBEXRFEIT COPD KRHALRPF 20 -1,
E - cadherin . PINK1 NRF2 mRNA % 2 (5 ) 2
AL 5 0E W A R, R A Z0 - 1,
E - cadherin \PINK1 .NRF2 mRNA F & H X F1hK
VR R EEAR RS B ERA G E (Y
P <0.05) ;1% e 700 £ S 5 25 X R 2 il 20 24
70 -1 E - cadherin .PINK1 .NRF2 mRNA J & [ #H X
FRKEB B ET R TEG A EER YA SRR

(¥ P<0.05), ZRIIE3 FE 2,

i

-~

H i, 6 R o 6 COPD [ 897 77 15 4 BB AL
BRHERMNE 2B S, B AT COPD 697 259 (il i
AR TAEE 2 —o S48 30 R e A 25 44
FABT RIS B AR S, BA TR i
WM BETOAE L, 558 5 U A 3 K R
TR B il < A B 1 R i A5 T B S T A
o) FEVI FVC fl FEV1/FVC & )5 W fiff 2 g i
BLEAR , HOK PRSI DI B T PR E B bRk . AR5
Ik R, 4 5 IR YT )5, COPD KLY
FEV1 Il FVC 7K -2 52 T i, 327 22 2R B IRl g %
ik COPD K R RE AR

M E Ve b IL - 12 IL - 9 IL - 4 | IL - 13,
IL — 1 INF — y 7K P2 S B K BT 20 2 % e R A 1
FESERR Y ARSI A R R W], 4 R 4 IR E
7 )5 , COPD K U #E Y v v TL — 12 A1 INF -y /K
PRRBLRI A | L IL -9 1L -4 (1L - 13 )1
IL — 1 B7K - Y e A R 2] (2 PRI, 3 1 A 228 4 o Yk il
A% 12 751 2 008 1 b 55 2 10 i) COPD K BRUAiT 6 4% i
R, A A F ek COPD KB TIfE

Z0 -1 }% E - cadherin /K25 {k 5 COPD ) % £
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Mt YIfHE . 20 -1 J E - cadherin /K555 38
R BRI REAE K, P Z0 — 1} E - cadherin 38 %
Al g2 dE COPD K BUACIE b Bz B B8 &2 00 0%
U MR AR g S T R, LT 4 e T
S5 BRI ) 15 0 B T 4 4R R SE AT A 5%, B AR
PR EL 5 W) BB % 10 ) <3 ARRE B 1, A 2 fifi By ek
SN ARSI A FAIE ST, S 4K B R B AE A% T COPD
KERMiZH4iH Z0 -1 }2 E - cadherin [ 3835 7K, 1)
AR A0 M LA, £ 2 K BRARE D fig S S5 A B IR &2
AT RSB RAE 7. A5 UESE , NRF2/PINK] 8
5 COPD [y k& A e it AH G, NRF2 ik K- T+
A DL e Il 2 4 B S AL BE O, B E kiR T gt
PINK1 2 5 5 18 40 M 0/ T2 S S0 S b 19 & A2, 32 1
PINK1 3K 7KF-RE6S . 2 B AR B By, 8 < 2
Mo EmE " X EA R NRF2/PINKI il % o] e 234
§7 COPD (A RGRIZM Tk, ARILIEERERM, R
YT AE S % TR COPD K U141 NRF2 I
PINK1 [ 3235 K, B8 KR B Bl D g, 48R 5 28 8
YR AE S I 1 BT NRF2/PINKL 3 % , 4041 i £ 4
PR R S RAES 7 , A2 il D R PR 2 o

AMFFRIER : R GOR B RE D ] COPD KR &
SE SN, B COPD K Ui Uy EE, &4 COPD KA
i b B 5, LA AT AE 5 R Y NRF2/PINK 3
Ax,
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