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W E B HPRAITE TR M E AR % (COPD)BEA K R AT e e B EAF A o 7 % o SD KR AL 4 x4 A
4R FAME At B (M A Rk, 0.09 mg/kg) A 4r ik & ZAK P EH A 2 40(5.10.20 mg/kg) , AR 10 R XK, HAAEL 11 R K
Roo s Bash, B RMKAVESE S B0 ik 24 COPDAEA . #B R /s , s B AAREA 28 K R B S hAn A2 3
ROBBMERAEGY, BRKR,ELE 128, KRG HE, KA BRI R MR IE 0 K R f & P I3 758 B Fa(TNF-0) . @
A2 (IL-6) IL-8 2K -F 5 5K A o &, AT AUK M 4 fo & o B 35 AR [Bh Wk &5 /& (PaO,) . do Ebb Fe JE (Sa0,) . 3h bk = 8485 5 JE (Pa-
COL) RT3 KR Al o e A M UG KR o RE 36 AR [ 7% & (FVC) (1 # B A °+ 4. (FEV1) \FEV1/FVC s X *+ 4. (PEF) . ;. X
o S0 P A7k (MMEF ) J7K - ; 5% Al Western blot 7% #i) K S 2022 F Toll 424k 4(TLR4) \#% B F«B(NF-xB) .NF-xB #7#] & &
(IxBa) A R F 5 R FAMAFLL L EE IR X A ARG RLZH I T, SR 5B A 8 X K e i P TNF-a,
1L-6 IL-8 K, A~ o P PaCO, /K- VA B A 40 4% F TLR4 NF-kB & & £ A KT B % H 5 (P<0.01) ; A # Pa0.,Sa0. /KT, il 7
#2 4547 FVC.FEV1 .FEV1/FVC .PEF . MMEF /K- VA B A 28 42 P IxBa %k & & A K T34 B 5 AR (P<<0.01) ; Al 2842 b & 4m gL o FLRA
RAy R IR, MR R A A RA KA, HERME LR E T AN AR R P LR BT KT A e AR
ARIR T 2 A3 AR R T R4 4 o AR R R G 6 A KT (K] B 4049 IxBalk 91 ) 39 B 3% 1 45 (P<<0.05 3 P<<0.01) ; MiZA 2% k&
mALIRIT JL KR A LA AR AR E . Bk itk &K R B AE COPD AR AL X R a9 M 4k SLAE R AL T 4k 55
) K g% B F AL, 845 TLRA/NF-«B i@ 34548 % F G 09 F A %,

KEIA i G R A T AT R % K E B T Toll B4k 4 42 B T« B

Improvement Effects of Safflower Yellow on Lung Function of Chronic Obstructive Pulmonary Disease
Model Rats

BAO Hailan', Terigele’, Qimuge’ (1. School of College of Mongolian Medicine, Inner Mongolia University for
Nationalities, Inner Mongolia Tongliao 028000, China; 2. Network Center, Inner Mongolia University for
Nationalities, Inner Mongolia Tongliao 028000, China; 3. Dept. of Mongolian Respiratory Medicine, the
Affiliated Hospital of Inner Mongolia University for Nationalities, Inner Mongolia Tongliao 028000, China)

ABSTRACT OBIJECTIVE: To study the improvement effects of safflower yellow on lung function in chronic obstructive
pulmonary disease (COPD) model rats. METHODS: SD rats were randomly divided into control group, model group, positive
control group (dexamethasone, 0.09 mg/kg), safflower yellow low-dose, medium-dose and high-dose groups (5, 10, 20 mg/kg),
with 10 rats in control group and 11 rats in other groups. Except for control group, other groups were given lipopolysaccharide
combined with fumigation to induce COPD model. After modeling, control group and model group were given constant volume of
normal saline intragastrically, and administration groups were given relevant medicine intragastrically, once a day, for consecutive
12 weeks. After last medication, the levels of TNF-a, IL-6 and IL-8 were detected by ELISA. The levels of blood gas indexes
(Pa0,, Sa0. and PaCO.) in whole blood were detected by blood gas analyzer. The levels of lung function indexes (FVC, FEVI,
FEV1/FVC, PEF and MMEF) were detected by lung function analyzer. The expression of TLR4, NF-kB and IxB-o protein were
detected by Western blot. HE staining was used to observe the pathological changes of lung tissue. RESULTS: Compared with
control group, the serum levels of TNF-a, IL-6 and IL-8, the level of PaCO. in whole blood as well as the protein expression of
TLR4 and NF-xB in lung tissue were increased significantly in model group (P<<0.01); the levels of PaO. and SaO. in whole
blood, the levels of lung function as FVC, FEV1, FEV1/
FVC, PEF and MMEF as well as the protein expression of

A& H - N5 BIRIX B RFF# 34 % B9 H (No.2020LH-

08012)
* B T . BRI i) < B2 252 5 22 A A IkBa in lung tissue were decreased significantly (P<<0.01) ;
fit. E-mail : bh17637@163.com there were obvious degeneration and necrosis in the epithelial
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cells of lung tissue, and obvious inflammatory infiltration in the interstitial cells. Compared with model group, the levels of

inflammatory factors in serum, blood gas indexes in whole blood and lung function indexes as well as the expression of related

protein in lung tissue (except for IkBa in low-dose group) were reversed significantly in safflower yellow groups (P<<0.05 or P<<

0.01) ; the necrosis, exfoliation and inflammatory infiltration of epithelial cells in lung tissue were improved in varying degrees.

CONCLUSIONS: Safflower yellow can significantly improve the lung function of COPD model rats, and its mechanism may be

related to inhibiting the expression of inflammatory factors and regulating the expression of TLR4/NF-kB pathway-related proteins.
KEYWORDS Safflower yellow; Chronic obstructive pulmonary disease; Inflammatory factors; TLR4; NF-xB

12 PR ZE PP (COPD ) J&— P A A It BH 2645
TE AP S8 RN (B Bl S, EZERBUON A T
it 1y B AR R Mk R AE SN, LI 5 L R R T
B2 FEEN IR FERE AL, i o 2255 Z R0 IF R, )
RFEE P E T RE W EME e, Bk, FHRAEEA R
IRYT s COPD W2y i Z H A 2 MK E XL ik
AR, Bl H R 2k Y & Rk K, Hr 25 7E COPD Jr T
EOIAZERY 3L 1| S AW o N i B Y NG AP EAR A ki
B —FRRER B TEEIEY, B R
RAPLC A BUAAL PUR DU S 2R E A, oF
FERIN, LI (A X COPD HoA — & VRS T AR,
AL FHPILE AT A

SIE N Y 48 E SR A2 COPD 14 T 42 %% 95 MLl .
COPD 8 E N BRI R A IR, O™ 28 K
fRE YR BE P F o TNF-a) | (40 & 6 (IL-6) \IL-8 R
i PR, SR A R . AT I, Toll 52
1A 4(TLR4) f 3435 AT 301384 NF-«B 40 1%, 51 & — Z 4
RAE "M BB A WF 5T E B, TLR4/NF-x B i % 78
COPD B E R NHHAE , 3-S5 5 T HARNE N 1 & i ik
FE, ST AR BT A EE COPD K FUSEAY , 5T 21
A6 ¥ €8 R COPD B 7R A [N By A 1) el 38 4 FH B Lk
TLR4/NF-xB i % B 52 0 , LS4 COPD Ry IIfs IR 1A Y7 12
e,

1 ##E
1.1 FE{UEE

AT it F AR AT - ABLIO B 1 A AL (|
Vg T AT KRR R T IR FRA F] ) L SCIREQ AV gl it oy
REASINAS (At mt ) AR &R B2 Hl ) \MR-96A #!
TS (RN B ) By 7 v T I A PR ] ) (KLO1A
RO AL O RS BILIA B AR A PR F] ) (FA2104 TR,
F R E PR ERA PR A F]) \DYCZ-40K U HL
WAL S —AEWRHEA R A D .
12 FEHBSIKA

A FE I 20 0 SRR 3E LA B B R X R
i (P 5 T 17 5 R R A BR S | L it 5 78281-02-4, 4
JE>98% ), W ZEAKMA () A g 25 A AT PR A WD
5 A14202002484 , BiLA% 0.75 mg) , JIE 22 1% (35 [ Sigma

HEZED; 2021455 32 5 131

75 E) L A5 08168 ), TNF-oufkir il GG S22 W f (ELISA) K3
M) 65 TL-6 ELISA £ 3ol 71 £ \IL-8 ELISA ik
& (Rt B AE R A BR 2 | L #4543 512 HO52 |
HO007 \H008) , BCA % [1 7 2 17 & (92 [E] Abcam 23 H]
2 ab102536) , B TLRA B sa B HLIA  Fa i NF-xB B
e BEBUMAR AR UEAZ IR T xB ] 2 (IkBo) B 58 B 4T
A | R -actin B g BEPUIAR | ILEBT/INR AE BREE 1 G
(IgG) Pt . LI FHi e 1gG — P (FE[E Abcam A A] L5
4351k ab22048 , ab32536 ,ab32518 . ab8226, ab205719 .,
ab205718) ; HA I A S0 2 H FHRAK , K M alifoK .
1.3 zh¥

AAIFFE T FH s A A BEPE SD KRR, SPF 2%, 45T
(200 +20) g, g H DR T s e, shi A
BHAES N SCXK (55)2017-0004, K FlUiA 35 T % i
20~25 °C AH X B 509% ~60% (1) 34 b 9, i XL R
I RE A MoK, &R SR LR 5 517 )5 22
S
2 FHik
2.1 A BEES5%YH

W KBRS X IR 2 TR0 4 | i 2 K A 2 (B A o)
B8, 0.09 mg/kg, 77l 7t 2 2% SCHK[16]% &) FIZLE T A R
% B 4 (5,10, 20 mg/kg, 7S % SCHR[17]1%
B L BRXTREZE 10 HRRAN, KA 11 KRR, 2%
SCHR[18] 73k K bioxit B2l 2 A K BUE T A il LB
BEAEN B HAE 1 h, K 20 /M, 3F T2l R )G
557 14 21 R HAEE NIESE 20 (1 mg/kg, 10124
HANEIH) K522 8 i, LA COPD#EAY . sEiiZs i)
BRoxt BRZLA1 , HoA A5 A1 BB L R AL BE 5 B 2
21 TR A AL AR . YK U ZH 20 52 B o 2
JEA, ELIG b Bz AR 1 IRBE , 4t ] B Ak A R R
IR, FRBH RS RIRE o dE AR L X HE 4 RN
T A BRI 1 S AR BRER K, 4% 4 24 20 K R W5 A
25 Cliés F B DA AE BRER 7K %), B A8 10 mL/kg,
BRI, ES 12K,
2.2 HARE

RIR G5, 45 R BUE I 5T 2% 186 T L 22 4
(30 mg/kg ) AT IR, 15 i F= Sl KBUME & , —F 5028
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MR BR R BUEEAL IS B ORAE VR A AR i s — 343
Lk 3 000 r/min #5.0> 10 min, B W&, V6 M L35 FE 5 .
FEWE it D RE 8 A KT 5, AL FE A5 2R BR , il BRI Al 2
21, —FB 5 F T AH S B (1 B K W R, — 554 61 7
P PR SR
2.3 KM% RERE FKFRNE

H2.27 30T 25 2H K BRI A o, #% ELISA 8 &
Ui B AR L SR FHIEFR A T 450 nm BT, M0 il
T RE R T TNF-a IL-6 . IL-8 ftI /K-
2.4 KR S HEXIERRK FHNE

2.2 BT 4% 2 K BR A A St , ol P I 043 B 10K
DA S il SR DG A8 A [ Bl k423 R (PaO.) | Il 48U FR 11 2
(Sa0.,) Bk ki3 (PaCO.) 7K
2.5  KERAIhEEFEIR/K FHINIE

220 K BB, SR BB MO L T il S e AG:
AP, FEUEA TSRS, AR5 10 s R BRI D RE A8 b [
&5 (FVC) 1 1A 5t (FEVL) \FEVI/FVC. . fix K
WS i (PEF) 5 KSR H A (MMEF) K-
2.6 KRAHZE4 Hh TLR4/NF-kB i@ B HH X E B Rikk
Sz 0l

K FH Western blot J: 4 7RG I . H“2.27 35 45 41K
BRI 20 2, YDA v i3 4 g il 20 23 (BE 1] 3 mm
b )3 i AR AR R R BCR A L 2R )E LA 12 000
r/min .0 10 min, )2 E AW, DL BCA & 1€ i
RN R . B AR AN S  SEA T R
T - SR TR s T e 5 s FEL DK (SDIS-PAGE ) 5 #5159 it
RE WIS 7E 2 R A 2548 7 24P 1 h; DL TBST ¥ 1% 5 minx3
K, LA TLR4 \NF-kB . IxBa . f-actin — 3¢ (F B 5 24y
1:1000),JFF 4 CHRMAFTFWEE LR ; DL TBSTIH S
minx3 Y, JIIAFHR. —Ht (R RERE 4 R 1:5 000) , T2
A FEE 1 h; LLTBST i ¥E 5 minx3 K, il A ECL &
R EE, BT 2 ANBRKREER RGPS . R
Image Pro Plus 6.0 ;4 tr KR, IHME R S5 NS
B-actin IR BEAE 1 LU IE RO H AR IR IAKF.
2.7 KBRMARREFHENE

Be2.27 00 45 4K R A1 4, F 109% H s
B 3 KJa, Al YR (5 um) , FREA T R ARG -
£ (HE) Je o, SR 5 T S AR08 T WLl 28 2 (1 3 22 T
A
2.8 Git=ESHh

K I SPSS 20.0 GE 2 B A X HicH i 47 93, &
KA 7RIS AT A IE S A TR PR A x + 5
R, Z A A) O ABCR SR 3R 7 22900, I 2H a] F R
FHLSD#i . P<0.05F/RZERALGITFE L,
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3 &R

3.1 AXFEBRIARMEFRERFKFHHI
5508 B2 P A, SR 4K BRI ¥ Y TNF-a IL-6

IL-8 7KF- 2 25 T (P<<0.01) 5 SRR RUZH LA, s 28K

PAZH FNET AL B 0,28 45 7] o 20 K R o F iR Fe s K F

R (P<0.01) PRI 1,

x1 BHARMBEPRERFRKENNESER (x L5,

n=10,pg/mL)
Tab 1 The levels of inflammatory factors in serum of

rats in each group(x+s,n=10,pg/mL)

it TNF-a -6 -8
R4 45841912 92.6416.62 64294771
fA 164.74+8.58" 26.78+1234 199.11£5.63
IR 83.67+8.76% 111.3649.72% 0429+5.86 %
HF G el 118.94 +8.56" 15492+7.76* 13134842
AFEEE TR 105.62+5.05% 138.82+ 746 1138746917
AEEEE R R 92.87+10.04% 121.85+ 6357 96074620
T SN IR A, < P<<0.01; SHETIL Hha, #P<<0.01

Note: vs. control group, “*P<<0.01; vs. model group,”P<<0.01

3.2 AEEEBRMKR LM P NSEXERKFRHZ N

0 R L, AR A R 4 L P PaO, | Sa0. 7K -
) @ AR (P<0.01) , PaCO. /K- . 3 F+ 755 (P<0.01);
EIRTZE LA, M FEORKAZH AL AL ¥ AR A5 R A K
(1) Pa0. , SaO. /K- 44 {2 T (P<<0.01) , PaCO. /K- 43
B E AR (P<0.01) , L F 2(F P, 1 mmHg~0.133
kPa).
x2 BAKXRREMPMSEXERKFERHNESLR

(x*s,n=10)

Tab 2 The levels of blood gas related index in whole

blood of rats in each group(x+s,n=10)

b Pa0;,mmHg $a0,, % PaCO,,mmHg
T4 8275287 99.44£0.65 51454089

fAH 52884243 73.33£023° 5942£057°
WERIA 7234+ 1.68% 92.52+0.39* 52.79+0.57*
ARFEEEHEA 59.77+ 1507 786740447 56.01£0.54”
AFHEGE PR 6712517 84.61£0.72° 54824038
HE AT el 6815+ 1.13% 89.58£0.75" 52634063

SRR A, ** P<<0.01; SR LA, ¥ P<<0.01

Note: vs. control group, **P<<0.01; vs. model group,”P<<0.01

3.3 AR EBEXKRIMINEEIEIRKFERZIT

Ejouh R b, A 41 K B FVC . FEVL, FEV1/
FVC .PEF .MMEF /K V-3 i 2 %K (P<<0.01) ; 55714
FLAC , L ZEK PN AT AL ¥ (0 R 25 F AR B iR R A5
KO BT (P<0.055% P<<0.01),1EILFE 3,
34 fEEBERIKRAMEAL P TLRY/NF-kB & %18
KEBARIZKFHIZM

BN BEA s, AR 21 K BT 41 40 TLR4 \NF-xB
R R K B TR (P<0.01), IkBadk [1FR1k 7K
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#3 BHKBRMINGEERKFEFRNUESR (xts,n=
10)
Tab 3 The levels of lung function indexes of rats in

each group(x+s,n=10)

i FVC,mL  FEVI,mL  FEVI/FVC,% PEF,mL/s  MMEF,mL/s
poy 808£033  644%050  82.16%08 2590+277  25.64+282
i) 4474038 275£041°° 5264071 170742307 15034269
IR 7070487 507£0217 715040977 2335+ 1107 2093+3.08”
AREAEIARA 50020657 327£058%  59.65£046% 1923£159° 17.96%2.62°
AEHRGETARE  592:066"  413028" 66451066 2097+2.60" 1848+2.80°
ARHEERARE  650£047° 45410457 69.03£061% 2199£275° 21.62£345%

SR H A, * P<<0.01; SHIRA AR, 'P<<0.05,7P<<0.01
Note: vs. control group, ** P<<0.01; vs. model group, "P<<0.05,
"P<0.01

TR EFRAR(P<0.01) ; SBIRIL L, b ZERAN L FNET
A6 (828 25 50 i 4 K BRI 4 40 TLR4 NF-xB £ 1 3=
TRAKOE 1 BB AR (P<0.01) , IkBa(£148 5 5, 25 (%57
BRI R R AR B E T E (P<0.01) , FEILE 1,
4,

IKBo  — -

32 kDa

NF-KB v — — A — — 05 kDa

TLRA s S cm— W —— w— 05 \Da

factin w— - — — — —_— ’KDa
X4l gL i&%ﬁkm %%Eéf %i%ﬁg’%f %_X%Uﬁ%%ﬂ?

1 HAKXRAMMAL TS TLRL NFxBH IkBoEAE
LB Rk E

Fig 1 Electrophoretogram of protein expression of
TLR4, NF-xB and IkBa in lung tissue of rats
in each group

*4 LAKXRHAL D TLRA NF-kB.IkBeE R RKIE
KERMELER (x£5,n=10)

Tab 4 Protein expression of TLR4, NF-kB and IxBa
in lung tissue of rats in each group (x +s,n=
10)
ikl TLR4 NE-k B IkBa
popiel 0.14+0.03 0.10+0.02 030£0.02
R 0.86+0.06™ 0924003 0.06+0.03"*
IR 0480027 0.5740.04 022£0.057
AR EZEA 0.63+0.04* 0.75£0.06° 0.09+0.03
AfeHEE PR 052+0.07% 0.64+0.04% 0.14+0.03%
AR EERAEA 045£0.04” 0.54£ 0,04 021£0.04%
VE X IR e, Y P<<0.01; SRERIZE i, " P<<0.01

Note: vs. control group, * *P<<0.01; vs. model group,“P<<0.01
35 AEBEINARMALREFZESNZI
Xof B2 K BRI 2 2R A5 1 58 3%, 1 R MR s LR
B JBi , 20 M) SR e IR A M e B 4 2 A S T
TR 20 R BB 4 21 R At o B ) S ) A B AR 1 IR

2GS 2021 AR5 32 45 13 1)

Y , 2 1] S5 AT B A R PR IR T IR s h FE R AL AN 2L
AR (0 2 455 5 21 K SR 20 B A IR B v R
PR 8 S DU AN [ RE E Ml ks, TR LRI 2.

EL1AE R s gl FLIAE (0 K w7 el
B2 HBAKXFRMAEALFREZESFZEHME(HERE,x
200)

Fig 2 Micrograph of pathological morphology of lung
tissue of rats in each group (HE staining, x200)
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K, 72 NF-«B i (9 U5 501, TLR4 § 80 Jm Al ik
— VT NF-«B 38 % , 100 1238 3% 10 T e RE AR
Gl — RV RAE " TNF-a IL-6 ,IL-8 B2 UL
RAE 5, HAE COPD S M N Y /K-F- 2 835 The , A
T A0 A R R Y X & A S, A T 0 A 2 2
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F AT LA B BR2G EA T AT
AHFE KB, COPD AR [ #75 H* TNF-a IL-6 |

IL-8 /K P24 i 3 T i3 5 42 1L 7 PaO, |, SaO, K it BEFE A

FVC.FEV1 .FEV1/FVC .PEF \MMEF /K-35 i 3 [F#{% ,

1M PaCO. 7K 838 T 5 il ZH 21 TLR4 \NF-xB 2

128K 35 B35 T IkBadk 11238 K B 5 A

R U ZH 2 B 0 A e R R . X 4278 COPD

BRI B N TLRA/NF-kB 4 i 38 5 90 | £ K B

PN SRAE SRR, TR s 65 1 R BRI, (H 2241 4E

O TS SR, KEUME T FRRAEF /K- 14 i

AR, I BT AR K V- Rl 21 25 28 15 L 5 75 21 B 2

2, 4140 TLR4 NF-kB 2 [ 5K F- 3 1 1%

i, IkBa (248 B (0 22 IR B 2H BR AT ) & KK 2

FIbE o UL UL, 2048 B (0 5 AT BB 1 4 i TLR4/

NF-«B {5 518 A9 35, P TTTID JAE S Y & A, iF
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BRIl RE K- o
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