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(HE] B WEHMIT 25 B 7 %48 1k B € V5 I 22 95 (COPD) Kk B0 26 ¥ 5 43 I & Noteh {75 5 1 % AH 5¢ 2 11 Notch3,
HES i KR53 Z4H1 L3 58 F L(HES 1) M52, BT HAEFAHLE . 773k 8% 48 K SD KRB ML Jy 25 4L BEIIZ kil 25 5
F GO, A 12 Ko 5 1~12 8], SR FH A 0 0 55 % 5% BG5S 02 A U e 1k il 4 COPD s 91 R U A 5 56 13~20 A
25 AR RS AL 25 7 A SR K E B IR IT AL T AR 2 ) B (R £ 7 41 3.7 g kgt d ! EZSEAL 54 mg-kg'-d!) o 5520
JEIE B 45 o JE TR, 005 il 2 250 I RS I A BRI T R il Y6V Uk e MR IR FE Bl F - (TNF-a) , F1 4B R -6 (1L-6) , B
SAC(MUCSAC) Flfiili 414! Notch3 ,HES1,MUCSAC mRNA 5 & A RiEK T, &R : 525 A4, BRZ K BUN D) g W 55 1%
fIK(P<0.05,P<0.01) , T 359 il 3t 4 8k 35 B A (P<0.01) , Jili 36 51 35 # B 0 25 7 173 (P<0.01) , il 4 9 Y6 ¥ TNF-a, IL-6 Al MUCSAC
TR (P<0.01) il 412! Notch3 ,HES1 Al MUCSAC 3 5 2 (1 32 3K .25 T (P<0.05,P<0.01) ; SRR 2 Lo 55, M 25 1 O 21
A1 APL 41 fili 2 A il s 3 45 45 8 2 o3 (P<0.05, P<0.01) , fili ¥ ¥ Pk ¥ TNF-a, IL-6 Al MUCSAC & 3 B I (P<0.01) , il 21 21
Notch3, HES1 fil MUCSAC J& A 5 2 11 3¢ ik B B BRI (P<0.05, P<0.01) . £5i8 : #Mili 25 15 J7 1 1] COPD ok Bl /< 38 Bh Vi &5 43 Wb
HALH] 5 ¥ Notch3 ,HES1 A XK.

(i ] Hhli25 B J7; M8 Pk BH 224 il 2% (COPD) ; Notch3; HES % & IR 4> R M JC 1438 7 1 (HES1) ; UIE B
GadlA
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[ Abstract] Objective: To observe the effects of Bufei Yishen prescription on airway mucus

hypersecretion and Notch signaling pathway related protein Notch3 and enhancer of split homologue 1 (HES1)
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in rats with chronic obstructive pulmonary disease (COPD) and to explore its action mechanism. Method:
Forty-eight SD rats were randomly divided into the control group, model group, Bufei Yishen prescription
group, and aminophylline (APL) group, with 12 rats in each group. The stable COPD rat model was established
via cigarette smoking exposure combined with Klebsiella bacterial infection for 12 weeks, and the corresponding
drugs (3.7 g-kg'-d"' Bufei Yishen prescription and 54 mg-kg'+-d' APL) were administered by gavage during the
next eight weeks. After the last administration at week 20, the lung tissue was sampled for observing the
pathological changes and the rat lung function was detected. The tumor necrosis factor-a (TNF-a), interleukin-6
(IL-6) , and mucoprotein SAC (MUCS5AC) in bronchial alveolar lavage fluid and the mRNA and protein
expression levels of Notch3, HES1, and MUCS5AC in lung tissues were assayed. Result: Compared with the
control group, the model group exhibited significantly weakened pulmonary function (P<0.05, P<0.01) ,
reduced average number of alveoli (P<0.01) , elevated mean linear intercept (P<0.01) , and up-regulated
TNF-a, IL-6, and MUCS5AC in bronchial alveolar lavage fluid and Notch3, HES1, and MUC5AC mRNA and
protein expression in lung tissue (P<0.05, P<0.01). Compared with the model group, Bufei Yishen prescription
and APL remarkably enhanced pulmonary function, alleviated its pathological injury (P<0.05, P<0.01), and
down-regulated TNF-«, IL-6, and MUCS5AC in bronchial alveolar lavage fluid and the mRNA and protein
expression levels of Notch3, HES1, and MUCS5AC in lung tissues (P<0.05, P<0.01). Conclusion: The
mechanism of Bufei Yishen prescription in inhibiting airway mucus hypersecretion of COPD rats was related to
its regulation of Notch3 and HES1.

[Keywords] Bufei Yishen prescription; chronic obstructive pulmonary disease (COPD) ; Notch3;

enhancer of split homologue-1 (HES1) ; airway mucus hypersecretion
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WA — 5 R B b T ks R AR e S i
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W A 5 U b s, 1 2R B8 T DL BE SRR, R,
Wi B 38 1, SR FH 70% £ R 3 45 B, gk, i Y [l
CRERTLRIR, 5 RS I NS R
ARy, 5 IR A IO AR R, TR S 2
a1 g2 AR 25 3.45 g T T 2 4 g
oS 24 K2 DR B T 0 25 38 A A 2015 4R (AR A
PR 0 ] 24 ) R OC R E 5 2 2% B8 (Ll P R 2450k
R F] E 25 S H14020283) 6
1.4 B{H FHAKFE-P4 (HE) Y @i 7 & , DAB
i 3R & , ECL Plus # i & J% W (b 5 Solarbio
oy d L 55 4y 5k G120, DA1010, PE0010-B)
SABC it 2 20 fb ¢ 41057 & (L 16 Boster 24 1), 515
SA1020) , H v & -3-% 2 it =i (GAPDH) , Notch3
PUpR, W 2P g fe 2 BR 2 1 (1g) G (32 [# Proteintech
2 E, ]S 4 BN 10494-1-AP, 55114-1-AP,
SA00001-2) ; HES1 Hi {4 ( 3¢ [E Gene Tex 2~ ], 1 %
GTX108356) ; K . M 8 8 %€ A F -« (TNF-a) ,
F 48 M A R -6 (IL-6) i B G 52 W B I e 3 5
(ELISA) X # & , B 25 H SAC(MUCSAC) Hit ik (+
] B 3 iy % 23 &, B8 45 43 %I b E-EL-R2856¢, E-EL-
R0015¢c, E-AB-40037) ; K fl MUCSAC ELISA i 7
GE(PHEELELEY TBEARAR, ]S CSB-
E16223r) ; HiScript® II 1" Strand ¢cDNA Synthesis
Kit, AceQ” qPCR SYBR” Green Master Mix( ' [E Fg
U MERE AR W RN A BR A WL AR5 43 A R211-01,
Q111-02).
1.5 {¥4#% FinePointe PFT !zl 4 Iifi T e 6 ) & 58
(£ E DSIZA #] ) ; Multiskan GO 42 i1l K il A5 A (25
[E Thermo /A 7] ) ; QuantStudio 6 %l 52 A 5¢ % & 4
5 M 5% 20K (Real-time PCR) X (2 ABIZA A ),
ChemiDoc MP %! 4= fig # il f&% & %4t , Mini Trans-Blot”
I 5 1554, Mini-PROTEAN®-Tetra H 7k {X ( 2% [H Bio
Rad A F] ) ; TS100 %4 {31 & 5 4% ( H 4 Nikon A F] ) o
2 Fik
2.1 COPD KRB A £ R 7 40 4 55 22 W Bk
A I AN B IR Y ] 4 COPD K BB ' 48 1~
12 Jel 75 00 0 25 T W, TN AR M 55 Uk B2 Ol (3 000+
500) ppm, & K 2 7%, 40 min/¥R . 55 1~8 J& I & fili %
TR AR R A B, 0.1 mL/H LS dAR . 3B
s i W2 25 SCHk 6], 38 o il Ty B il s R 45 A
T, BPAT A A
22 SHSHY K48 HRRBBENL > N2 H 4l
BERL AL kbl 25 Al R R AL, Rl 12 H
55 13~20 JE , 25 F1 41 MR R 4] 45 T oA H LR K
. 70 .

(2 mL/H ) BEE bl 25 B O 4L %8 T Ab i 25 T
(3.7 g-kg'-d")HEH , A AU &4 T A AR B
(54 mg-kg'-d")HEHE 520 A &5 R 5 B . R 55
R R R A A XGRS R D =D ),
(HI u/HI, ) < (W /W, ), D 50 38, HI O 4R 1)
B, WK

2.3 K4 b

23.1 Jfivhae olTESS 0,4,8,12,16,20 4
J&i . >R B il T BE R DU R g K I KRR ]
(V) , W W3 3 (PEF) o 78 BB B A4S S FE 7 i 1%
i (FVC) f1 0.3 s F 71 MR %8 U(FEV,,) , IT 5
FEV,,/FVC,

2.3.2 A ZUREE R 10% Hootk A il 4l
241,72 h g EAT A W K HE Y, A 5K fili 41 21
IR B AT A 6 1> i v 40 5 1 R, A 181 e ok i
oS TR RS BT ) il 6B (Na) | Il 7 B %K
(Ns) WK (L) T FL(S) A=, i
S ¥ # BE (MLI, wm) =L/Ns, - ¥ Jiti ¥ % (MAN,
/~/mm?)=Na/S.

2.3.3 Il AL (THC) K il fili 20 205 3 U1 B 41
LAY R B S LR AR E L AR S T AL A
—${ MUCS5AC(1:200)4 °C3f % , —#i % it 30 min,
DAB W 4 , ;s KRB Y, R EH R E, R
Image-Pro Plus 6.0 54 47 EME 43 #r o

2.3.4 ELISA K I Jifi ¥ % ¥ W 1L-6, TNF- a #l
MUCSAC /K- 5 it 360 98 k00 J5 B 3 FE A
WL P I ACKRE & B0 AR 1 A 100 wL, 2R )5 #R 95 ELISA
R U B A3 A R R SR A RO A A R
Pk TAEW B 45 G TAE W R W% R 26 1k
T, Fe e TE R 450 nm 35 A0 AG T AR 43 W G B 14 .
2.3.5 Real-time PCR % il il 21 21 Notch3 , HES1 #il
MUCS5AC mRNA £ik R H RNA #2 Bl & 52 1
JifiZH 2 G RNA FI0 o v B A AR AR5 — 4% cDNA
A GRS RNA W5 50 cDNA L #it4E SYBR IR
UL AT IR A, BAE M 95 °C 30 s, PCR Y 1Y
40 MIBER,95 °CHEPE 10 5,60 °CiB 2k 30 s; SR JFARYE 222
BT A FEAR mRNA B FHXT 25 5190 H R s
& B A R BRA W5 et R 1 AR, Noteh3
514 5'-CCCTGGCACACTGGGAGTTC-3', il
51%) 5'-GACAGATGCAGCGGAAGTGC-3'(257 bp) ;
HES!1 [ 7514 5-TGAAAGCCAAGTAAAGGGGA
CG-3', Fi#514) 5-TTGGAATGCCGGGAGCTATCTT-
3' (324 bp) ; MUCSAC Lk % 351 # 5-
ACTGTGACGTTGAACCTGGG-3', F % 51 ¥ 5'-
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AAGAAGGTAGCGTTGGCTGT-3'(119 bp) ; GAPDH
3519 5-CCGCATCTTCTTGTGCAGTG-3', | i
5% 5'-CGATACGGCCAAATCCGTTC-3'(79 bp) o
2.3.6 1R NI 1L (Western blot) A Il fifi 25 21
Notch3, HES1 % [1 &5 HUifi 41 41 50 mg 55 i J5
T 1R A% RIPA 24 fif W, 28 4 20 1 i A R )5
12 000 r+min" &> 15 min (& .02F42 5 cm) B E W,
K HI BCA YEW & & F Wk B2, i AT & H A8k, e,
60 V HL Jk 30 min, 100 V H 3k 1 h, 200 mA T i 5%
2 h, 5% A W5 Ky % iR T B 1 h, Notch3, HES1 —
HL(1:1000)4 °CHEF &5, #F BEAE TBST H Pk
4K, B 10 min, =l FE —H0(1:5000) 1 h, 5k
Jo B BEAE TBST H 58 5 4 ¢, 53 1R 10 min, 5 J5 2K ]
A REALSAR R G I T

F1 EZEE A3 COPD KRV, MM (X+s,n=12)

2.4 GiilErik SR SPSS 22.0 4o it # 1R kA7 5K
P& 531, B0E DA xes 327N, AL 1R) HL AR R B IR 2 22
0T, 255 R /N3 25k T EAR SRR
JH Dunnett's 73 ¥, i 3 P K i B a=0.05, L)L P<0.05
FoREFAGITEE L

3 #7

3.1 X COPD KEfidhfemszm 525 HAl thig,
B R4 R BL V, AT PEF M 55 8 A JT 1A B 3 R AR
(P<0.01); SRRV Lb 3¢, b il 25 W5 J7 40 1 APL 41
55 16~20 il V., B & JH s L 55 20 J& PEF & #E T &
(P<0.01), 5= A, HBAHKKFVC,FEV,,
M FEV,,/FVC B i F& K (P<0.05, P<0.01) ; 5 A1 4
P A, b il g5 B O A A& s B 2H FVC, FEV,, #l
FEV,,/FVC B i T} 5 (P<0.05,P<0.01), W3 1~3,

Table 1 Effect of Bufei Yishen prescription(BYP) on V_ level of COPD rats (x£s,n=12) mL
20 5 il /g kg 0 4 8 JA 128 16 20
2 1.36+0.10 1.84+0.06 1.96+0.24 2.15+0.16 2.37+0.22 2.54+0.32
LAY 1.43+0.12 1.68+0.03 1.46+0.26 1.18+0.18% 1.26+0.19” 1.23+0.18%
N =i 3.7 1.44+0.03 1.74+0.36 1.59+0.36 1.19+0.11 1.92+0.24% 2.31£0.17%
2PN 0.054 1.44+0.15 1.68+0.32 1.63+0.26 1.26+0.12 2.09+0.13% 2.14+0.08"

TE 52 T E Y P<0.05,2 P<0.01; 5 BB 4] 45 Y P<0.05,% P<0.01(F 2~8 A ) .

Fz2 #EES A COPD KR PEFRISN (Xx£5,n=12)

Table 2 Effect of BYP on PEF level of COPD rats (x+s,n=12) mL-s™
215 Fl /g ke 0 4 8 JA 128 167 20 J&
ZE M 16.17+2.29 17.22+3.81 17.82+2.12 18.65+2.81 19.66+1.47 20.42+2.82
LAY 16.14+5.78 15.26%2.95 14.71+3.46" 12.46+0.89% 12.90+5.02% 13.81+0.92%
#M i 25 B 7 3.7 15.65+1.52 15.43£1.50 14.90+1.45" 12.80+1.71% 16.00+1.34 18.86+0.63
A 0.054 16.29+2.86 14.93+2.92 14.60+0.75" 11.96+0.73% 15.67+1.75 18.05+1.77%
£3 A 'E A COPD KR FEV,,,FVCH FEV /FVC KB (F+s,n=12)
Table 3 Effect of BYP on levels of FEV ,,FVC and FEV ,/FVC in COPD rats (X£s,n=12)
250 /g kg FEV,,/mL FVC/mL FEV, /FVC/%
2 H 17.97+1.47 21.09+1.28 85.92+6.60
LY 11.76+1.43% 15.85+1.37 74.37+8.55"
ENIIERS = 3.7 15.72+1.67Y 18.62+1.29% 85.09+13.43%
A 0.054 15.83+0.89" 18.37£0.94" 86.36+6.28"

3.2 X COPD KR H 4UR HUE S W m pF5E
G5 WOR A AR BB Il AL L85 4 1E R L
o FHL A0 A R AR 20 K BRUBE T AR A 40 TR I I s
Pk, Al R T 2 PR IA T 4 H AT DA/ 4% RE A i
R, CE s R . 5 AL g, R 4] MAN
i AR (P<0.01) ,MLI &t 2 JH 7 (P<0.01) ; 545 71

2 LB, DT 25 B O AR S A MAN B 3E T
(P<0.01) ,MLI 2 E ML, ZR B A RIT¥E X
(P<0.01), WF%4,E 1,
3.3 X COPD K Rl Mili 21 41 MUCSAC 1 5% M
MUCSACTE R EH AP ERE, 5 AA K
B BIR] MUCSAC £ ik 3 1 5 (P<0.01) ; 5%
. 71 .
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F4 A E ST COPD KR MANFI MLIB RN (X+s,n=12)
Table 4 Effect of BYP on levels of MAN and MLI in COPD rats

(X+s5,n=12)

21 51 Fl 4 /g kg MAN/4/mm? MLI/pm
2 284.24+10.58 44.81+1.29
i 123.16+10.70% 86.92+3.27%
PN =i 3.7 262.59+14.48" 53.46+2.84"
2PN 0.054 247.72+27.29" 52.23+3.19%

F5 ApzEE X COPD K RAHH LR MUCSAC HISME (X+s,n=12)
Table 5 Effect of BYP on MUCSAC level of COPD rats (x+s,n=12)

21 5 il /g ke 14
%2 13.42+0.97
LA 23.73+2.70%
HMil 25 B I 3.7 14.38+1.83%
AR 0.054 15.14+1.65%

A ZEHH ;B KAH  Co Fh AT ;DL A S IR (A
2,3[[)

Bl1  #0l & 77 34 COPD X B Bili 48 4R 75 B2 2 25 B9 # Wil (HE , x200)
Fig. 1 Effect of BYP on Pathological changes in lung tissues of
COPD rats (HE, x200)

UL B 5, Il 25 B 5 41 APL 41 MUCSAC ik

I ERER(P<0.01), W3R 5, K2,
3.4 X COPD K [ fili ¥y # ¥k W TNF-«, IL-6 Fll

Bl 2 #Af#EBE A COPD X R A H 22 MUCSAC K & Mg
(IHC,%200)
Fig.2 Effect of BYP on MUCS5AC level of COPD rats(IHC, x200)

MUCSAC (520 525 FIA4l Fe A, 1580 2 K BB 3
Uk W P TNF- «, IL-6 fil MUCSAC i # 1 &
(P<0.01). 525 F12H LL A, #h 25 B Jr 21 R0 22 2% ik
20 K R ¥ 3 B W TNF-a, IL-6 Al MUCSAC 3%
FEAK (P<0.01)., W 6.

F6 S A X COPD X R Al # % i TNF-o, IL-6 F1 MUCSAC MR (F+s,n=12)
Table 6 Effect of BYP on levels of TNF-a,IL-6 and MUCSAC in BALF of COPD rats (x+s,n=12)

21 5 il /g kg TNF-a/ng-L" IL-6/ng-L"! MUC5AC/pg- L™
egE| 52.22+10.83 212.26+63.02 0.80+0.16
(eS| 115.94+32.99% 506.97+139.28 2.42+0.59
HMili 25 B O 3.7 65.10£21.03% 316.34£101.36" 1.03+0.23%
A 0.054 67.14+18.33% 326.28+88.48" 1.02+0.15"

3.5 X} COPD K R fiti 44 2! Notch3, HES1 A
MUCSAC mRNA EikWysZm 525 14 i, &
%2 Notch3, HES1 Fl MUC5AC mRNA ik i & 7
# (P<0.01) ; 5807 21 L, # il 45 B O 4l Fn e 4%
B8 21 Notch3,HES1 fl MUC5AC mRNA % ik i # %
iR (P<0.01), W% 7.

3.6 X COPD K [ Jifi 2 21 Notch3, HES1 4 [ 3K ik
MM 5285 4 L, B 40 Noteh3 A1 HES1 &

2235 B B FH 3 (P<0.05) s SR AU 4] b 4%, i 25
. 72 .

R7 Al 773 COPD X Rl 48 4 Notch3, HES1 1 MUC5AC
mRNA RIEHFM (5ts,n=3)
Table 7 Effect of BYP on expression of Notch3, HES1 and

MUCS5AC mRNA in lung tissues of COPD rats (x+s,n=3)

215 Fl4k/g-kg'  Notch3 HES1 MUC5AC
= 1.00£0.06  1.00+0.09 1.00+0.08
B 3.02+0.34%  3.07£0.10  2.53+0.22%
AT 3.7 1.49+0.15%  1.33£0.25%  1.23+0.08"
A 0.054 1.72£0.16Y  1.83+0.15  1.21£0.10%
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5 4 Notch3 Ml HES1 & [ £ 5 & 3 %K (P<0.05) .
LS, K3,

F8 A5 773 COPD X R Afi 44 4 Notch3, HES1 & 5 RIE M
2 (x+s,n=3)
Table 8 Effect of BYP on expression of Notch3 and HES1 protein

in lung tissues of COPD rats (x+s,n=3)

21 5 #4t/g-kg' Notch3/GAPDH HESI1/GAPDH
EgE| 0.31+0.05 0.42+0.08
[l 0.52+0.12" 0.78+0.22"
Al 25 ¥ 5 3.7 0.32+0.10" 0.49+0.13%
BRI 0.054 0.37+0.09 0.51+0.03%

Notch3 e A S S . (.
st - — 0 0

nvon - .

A B C D
B3 COPD kR L Notch3, HES1 T B RiX B ik
Fig. 3  Electrophoresis of Notch3 and HES1 in lung tissues of
COPD rats

4 iTig

COPD Ja& H = Jifi ik ™ Wi 55~ I iK™ 55 0 1
COPD Wi #L A & F 2 RARIE M, BRSNS, I 9
AR AR AR HE BR S OE AU S COPD 2 G AL,
1F 2 48 il AL B 8 T DA R R A IR L LA R 3,
SR A I E R B BH BRI i R S 4
AN R AR i1 M I Tl R A e 7 3 7 (1]
R ME &2, 36 DL SR IE AL R0 il B RO IE A
COPD Fa A = BEGE " IA DL AR il 25 5 42 LAk 7
KR B T e A i 25 5 7, r T AN S A
SR A JC R B H IR AT A 2R R R AN S
AR Z I 5 IR AL AN S 2R R, TR
I 2 R, R AR B B T Z BORE AR
B A5 C DA AR BRI i Ak 98 55 A 24, 4 7 2 23 b it
i B AR Z 8. 1w KL COPD £ e 1
K BRI Ty 68, D8 A5 it 2 2008 R 405, AR A R
R AIG il 21 20 Jie JR O AR N 3 R 4 R B A K P
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