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HEE: AR GE B AE AR S A WA I8 AL 5 T4 BEL It 52 42 4 BHL € 14 )6 %97 (chronic obstructive pulmonary disease,
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R0 10137 < il 41 23 (5 & 17A (interleukin 17A, TL-17A).CC #1k K -F & 7 (C-C chemokine ligand 7, CCL7).C-C
JE R a4k IR 7 i 4 20 (C-C motif chemokine ligand 20, CCL20) & & ; qRT-PCR 32 4%l i 40 23 vf IL-174. CCL7
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on rats with chronic obstructive pulmonary disease (COPD) of phlegm-heat obstructing the lungs. Animal
experiments were approved by the Experimental Animal Ethics Committee of Henan University of Chinese
Medicine (approval number: JACUC-202506002). Sixty male SD rats were randomly divided into six groups:
control group, model group, erythromycin group (100 mg-kg"), and low-dose (206.55 mg-kg"), medium-dose
(413.1 mg-kg"), and high-dose Zhisou Huatan Wan (826.2 mg-kg") group. The rats were constructed with COPD
of phlegm-heat obstructing the lungs by using smoke inhalation combined with intratracheal injection of
lipopolysaccharide (LPS, 1 mg-kg") and cold air stimulation. The lung function, cough frequency, tracheal phenol
red excretion, the degree of pulmonary tissue edema, arterial partial pressure of oxygen (PaO,), arterial partial
pressure of carbon dioxide (PaCO,) of each group of rats were detected. H&E, Masson, and PAS staining were
used to detect lung tissue lesions. The levels of apoptosis, oxidative stress and mitochondrial membrane potential in
lung tissue, and peripheral blood immune cells (neutrophils, Treg cells, Th17 cells) were detected by flow
cytometry. Transcriptomics analysis was used to screen core targets and signaling pathways. ELISA was applied to
measure the levels of interleukin 17A (IL-17A), C-C chemokine ligand 7 (CCL7) and C-C motif chemokine ligand
20 (CCL20) in serum and lung tissue. qRT-PCR was used to detect the mRNA levels of /L-174, CCL7 and CCL20
in lung tissue. IL-17A protein level was detected by Western blot. The results showed that Zhisou Huatan Wan
significantly improved lung function, increased the level of blood oxygen partial pressure, mitochondrial
membrane potential in lung tissue, and Treg cells in peripheral blood, promoted tracheal phenol red secretion,
alleviated pathological lung injury, and reduced cough frequency, carbon dioxide partial pressure, the degree of
pulmonary tissue edema, apoptosis and oxidative stress levels in lung tissue, as well as the levels of neutrophils and
Th17 cells in peripheral blood. Zhisou Huatan Wan reduced the content of IL-17A, CCL7 and CCL20 in serum and
lung tissue, and the corresponding mRNA levels in lung tissue, as well as the expression level of IL-17A in lung
tissue. Transcriptomic analysis identified 78 differentially expressed genes, and primarily enriched in IL-17
signaling pathway, the chemokine signaling pathway and cytokine-cytokine receptor interaction. The results
showed that Zhisou Huatan Wan had a significant improvement effect on COPD rats of phlegm-heat obstructing
the lungs, and its mechanism may be related to the IL-17 signaling pathway.
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SCISENM  SPF 2t SD KR 60 K, 6~8 J& 4,
4 # 200~220 g, ¥ H Jb 5 4 B R A M R I A A BR
A A, WHE S SCXK (&) 2024-0003. 4 37 i J&
18~22 °C, AIXF I B 40%~60%. ™ 1% i 53 5 ) 1A 7%
FrRUEGEAT 1R IR, 1R B B IR OK . SR s
T A PR 24 K S B0 B A B D s kv (e S
IACUC-202506002).

AYSIRF] I EWA AL B M B R 2 A
AR AT AL, LS 15424010, 208 K FEH LI E
il E R AR R AR A A, 585 50k
C17234736.C17375142; LPS 4 H 3 [# Simga A 7], &
51 L2880-100MG; 4L 1 %= 75 iH W [ 0] me A Tl A
FRITAEA T (FEE: 10 mg, MR E: 0.8 mg, 1S
— S AR & 12 mg); ek A T H A7 A I ) &
(JC-1)+ & RNA $& BUR 7 &V BCA 5 11 ik B2 W e 3R 771
B IS PES (reactive oxygen species, ROS) 5 iR 7 &
T B AL R ER AR A, 585 7 518 M8650.
R1200. PC0020. CA1410; ¥ 1= 7 & W H 3 E BD
Biosciences 2~ &, 5% %5 : 559763; RIPA % fi# i (5)+
PMSF (100 mmol-L™") 1 H & = K AEVFHE A R A A,
125 43 3~ PO013B.ST506; 15% PAGE ¥ i (41 1)
Tt T A e 38 E ) 7R £ L cDNA S B 3% 5 £ L 2x
Universal Blue SYBR Green qPCR Master Mix 4 H &
DIRAE IR LR BR & 7], B85 70 0 e G2045.
G3330.G3326; it 2Pk CD4. H /% 17A (interleukin
17A, IL-17A). CD25. Foxp3+ CD3.CD11b/c. LY-6G 14
H % [E Invitrogen 2 &, 1% 5 4 5l 4 : 11-0041-82.
45-7177-82. 12-0390-82. 17-5773-82. 46-0030-82.
46-0110-80- 11-5931-82; IL-17A. CC #4 1k K 1 Fc 44 7
(C-C chemokine ligand 7, CCL7).C-C & ¢ a1k A 1 fic
A 20 (C-C motif chemokine ligand 20, CCL20) ELISA
I B VL7586 e AR R A BR A w185 2 il A
MM-0101R1.MM-70049R1. MM-71817R1; IL-17A #i
14 | p-actin AR B BN Z 1R w AV FHE A R A A,
55 5 N A0688 AC026; G i 2¢ )t — Pl [ £ H
LI-COR Biosciences A i, 575 : 926-68071.

{88 Bio-Tek £ ThReMgrix (35 E A 2A R
AR BEVI RSN RS (32 50 B sl 4 4]
A B2 7]); DSI Buxco®4 & AR id kil & 4t (351
Data Sciences International /A &]); BD FACS Aria III Ji
A 41 M4 (3£ [H BD Biosciences A 7 ); ABL90 FLEX Ifil
AT (BT KRR R 97 4 A PR 2 7)), 402A1 24
A (L5 MR IT W& I 0 IR A 7]); Quant-
Studio™5 L 7% 7 %€ f PCR &4t (35 [F Thermo Fisher

A); 1658001 AL HL K AX \DY'Y-7C B4 - 5% A H
% [ Bio-Rad Laboratories A 7] ; Odyssey CLx ¥ 4]
AN e Ri% 2 4t (35 E LI-COR Biosciences /A ) )

BWRMESSE ENERIET KRG, BEYLHE
10 LK SRAENIE® 41 (CON), HA KR B 1.14
26 RAEMIELPS 1 mgkg'. 75K BIKEE, T 1
B EHZ 1 em &e#ATRE VIR, KR AEAEAN
LPS, A J5 70 FUAR R PRBR FI L8 & . KA A il
HAE (7R A 50 cmx60 cmx90 cm), & K M &
1R, BER 10 S B MR E 2 h, 18] <015 min, <5 %
WM RAATINE . WSS, SLZIH S °Ch 2R
T b, B R 1R, ISR 28 RS, LUK B H 2 ik
KAT LAY B RN EAS, BHIThReani@ < & (minute
ventilation, Mv). iz KW S it i (peak inspiratory flow,
PIF). i KIS J i (peak expiratory flow, PEF) I 3 [
I, S 5 8 TP 8 COPD K BRUEE 7R o) 4% g T U119

VR R T 1) K BB AL 2 AR B AH (M) FH 24
417 £ 4 (HMS, 100 mg-kg™)- 1b Wk 4k 58 H A 751 & 41
(ZSHTW-L, 206.55 mg-kg™). 1k W {1k 3% Hu o 7) & 41
(ZSHTW-M, 413.1 mg-kg")- 1k Wk Ak 9% AL 77 & 4
(ZSHTW-H, 826.2 mg-kg"). bWk 4k 3% 115 B3 4 3 e
NHFIEAN VRIS, BR1IR, FHEO0.153 go 1L
A AT R B IR R E 2.295 g, MR AR
SRR AR R BT 5, KRG IR S5 R0 & 207 mgkg™,
I3 EA 1A 2 A5 R0 4 65 WO R A A,
B 206.55.413.1.826.2 mg-kg'. CON 4141 M 4 14 %5
TIRMAFR R ZE K HE B, 294 RE B A B2, 1 IRVR,
EL 14K,

—MARFSINER S Id (AW 52 K B — M Id o, B
B R OFE GRS IOKEE & 5 sh 1 &6 AR
T ) RO

FEIhBER M % F WBP 4 & AR iC R B &
G0 %F % 2H K BRI il T BE 33k AT K W, 4T JF Fine Pointe
TM WBP R 4t, B 55 KRR IR B TR id i
P4 5 min J5, £ %2105 3 min Mv.PIF.PEF.

ZBORBREM  RIRG TS, BURRIT 2
IIRETE % 5] e AN, BA 25%~28% 2 /K W5 55 5] 1% 15 s
B, DAOR B B LA 4 5K 2 IR b e, K
B 2 min P PRI B

[ FARE| 5= v/ I R S50 Vi e e : 9 M N
41 1 mg, il PBS F1/b & 50 mg-mL"' NaHCO, ¥ 7 ¥ fift
J& % #% %2 50 mL &l A, H PBS & 2, il i 2K iy 410
10 mg-mL™" F bR 7 5 V8 . K 25 IR B b 3R Sy 41 v
T, I PBS K HA% LURR R AN IR FE A6 2, F PBS T 2%,
FHBGEARAXAE 546 nm ALK WK 6 AR, 22l bm e i 26
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IR 25 30 min Ji, 38 I8 E S A TR 5%
Py 2174 B R 7K ¥ 7 0.3 mL/100 g, 30 min J&, K BEAT
IR, B I U B ) AL I v Ak BT
o AR OK RS BY HUR (R 7 B R B R, I
J#46 2 mL 5% (¥ NaHCO, ¥ ¥ EP & 1 7% % 30 min, HX
- IH W 200 uL, B BRSO 546 nm WO BE, BRI AR
HE D28, THE K BRI 41 5

111 1 T 1 el R W T a8
6 2% 2H K R 2l ik If 40 43 £ (arterial partial pressure
of oxygen, Pa0,) &) ik Ifl. %A b 5% 73 & (arterial partial
pressure of carbon dioxide, PaCO,) 7K.

Bk PRFE BN HOOK BRI 4 24, A= 2 3R K ke
T, DEARI T Ky FF AR E . B b il 4L 450 47 i 7K
Ji R R VA, VR S, BB T e TR
EP &, B 65 cCHET, 24 h 5l e T2, 4% B
TARBAT I T = i =/ E; a5 K
B =(RE-TH)RE, iR = &MEHE/AE,

LRANTRIBEFARM B AL, AT B K SR A
AR A YD A, K D) R & B S i AT
H&E.Masson & PAS 4etf . % & Smith i 452 15 1°F 5 b5
HEHEAT H&E W21 AR 8 it 4 21 £ 4 A0 A2 P f L &1
TR O0~3 2, HA 0 N T4k, | R FE 4 4
10, 2 BN B AR YA, 3 N E FE A 4k 4k . PAS FH
T AR VE 4 bR S0E B TE R L 0 4 B Al
B <25% #F 1 7; B A > 25% H <50%#24); &
T > 50% H < 75% % 34; B A2 S, H i >
75% #4457 o

RAMEAAR HUERMAL T 1.5 mL & 0EH
BIE, O 1 mL R E A 25 40 B 52 F00R, 1 is &k
WAL U, WA, 1500 rmin” B0 5 min. F L
V5 BN AR FEAC 40 M . #%F8 AnnexinV-PE/7-AAD 1= .
ROS J 28 1A 55 Hi A7 A6 00 38 771 5 56 B 45 3k 47 e £ 9
A8 it 4 B AGEEAT A

A BEHLE 3 W KR AN A T s R, 5
LY-6G il CD11b/c $t #A b5 ict H 14 K7 41 fiid, CD3 . CD4.
IL-17A $i#A471c Th17 402, CD4.CD25Foxp3 Hiikbr
0 Treg 41/, 0% & ML AN, Yok s AL

BEREMFE  HCONM K ZSHTW-M 4 & T Fil
4 RNase-free (5 /7255 1, AW B 3 NEEFEAR, ¥
A3k BN N AP E AR B A PR A 53R4T 5 55 4
¥ 53 4, A BRI A 2 °F & (www.omicstudio.cn)
T8 R T

FR B S SR IR B (ELISA) SA46 M KRR BH LR 4R | I 7
1 IL-17A. CCL7.CCL20 7K ¥ K & 1§ F s ik K
1fiL, 3 000 r'min” 50> 20 min, B _FiE, 345 L35 FE A

HOE & 21 43, In 421 & 9 £i5 14 PBS, A il ik
A 2RI AT B, K 21K G IFE AR 5 000 xg &0 10 min,
B S AS M H 2A5) 3% o 42 TR 0 0 B ARG 00 fk 2H 24
MLy # IL-17A.CCL7.CCL20 /K°F-.

SERF S E B PCR (qRT-PCR) 450 Bt 48 40 48 3%
mRNA K EHUK RT3l 27, 18 A 2 RNA $2EL
T G U 2H 24 RN A, 4% 39 7 534877 460 10 BH 5 7 )
T8 S OBIAR R, K B SR A5 31 () cDNA K 4 SYBR
Green i 77 & 1 19 5 0 AN AH 5% 51 9 22 SYBR Green i
TRV C 1] QRT-PCR J B4R ZEAT 473, 40 B K B 41
U [L-174. CCL7. CCL20 mRNA # ik /K °F, i it
28T mRNA FIAH X RIA & . 5] P38 i sl 3§
YeRAEMFHA R ARG (R 1),

Table 1  Primer sequences. IL-17A: Interleukin 17A; CCL7: C-C
chemokine ligand 7; CCL20: C-C motif chemokine ligand 20

Gene Primer sequence (5'-3")
CCL7-S CAACCAGATGGGACCAATTCA

CCL7-A TTCCCAGGGACACCGACTACT
IL174-S TCCTCTATTGTCCGCCATGC
IL174-A ATTTGTATCCCCTCTGCGCC
CCL20-S CACAAAGAACGTGTATCATCATGC
CCL20-A GCATCCGTTTTTACATCTTCTTGG
GAPDH-S CTGGAGAAACCTGCCAAGTATG
GAPDH-A GGTGGAAGAATGGGAGTTGCT

Western blot ;£ #& U fifi ¢H 28 TL-17A & B &R I& K
SEORREUSZH K BRI 41 2129 100 mg, $% 18 1010 [ A7)
N & PMSF [ 8 A 28 W, 78 UK b 78 o i B
12 000 xg .0 5 min, £33 & FE W, K BCA VX &
FEAT & . EAH R B AT R AE, kS
¥4 PVDF B, SR NHE M 1.5 he JINIL-17A (1:500).
B-actin (1:50 000) HL14, 4 °CHFE H LA MNP —
P, EWEME 1 he KA Odyssey X il 441 4% R i
HATEHE T

Gt 54T F SPSS 26.0 BAFHEAT HE 43 4,
PE P IME + bRUEZE (x £ 5) o, B BRI 7 257
HT (one-way ANOVA) #4720 [H] L %, P < 0.05 KR 2
SHGEFE L

R
—RARR

CON 41K BUASFUIR S R, O R, BRIK
Jull, WP RS MK s 43, BET AR,
DU IS . g, S ALKRI— BCIRES B M
A P sE, WZ WOREPRRRAE, L EBR AL E AL H
BEES YIS
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Figure 1 Effect of Zhisou Huatan Wan on pulmonary function in COPD rats of phlegm-heat obstructing the lungs. A: Mv; B: PIF; C: PEF.

n=6,Xx+s."P<0.01 vs CON group; "P < 0.01 vs M group. CON: Control group; M: Model group; HMS: Erythromycin group (100 mg-kg);
ZSHTW-L: Low-dose Zhisou Huatan Wan group (206.55 mg-kg"); ZSHTW-M: Medium-dose Zhisou Huatan Wan group (413.1 mg-kg");
ZSHTW-H: High-dose Zhisou Huatan Wan group (826.2 mg-kg"); COPD: Chronic obstructive pulmonary disease; Mv: Minute ventilation;

PIF: Peak inspiratory flow; PEF: Peak expiratory flow
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5 CON A #H Lk, M 21 K iR 1) Mv. PIF X PEF {& 3
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P <0.01), H WAz b Al s o s ok o, 5
P 25 41 5 2 4 A 24 (K 2).

o0

g -

= )

o S 8

= 5]

s} =~

o o

G

o gg

g ;

&0

2 2 Ze6

g £ 3
|

g 835

& £

2 o 4

[_‘

Figure 2 Effect of Zhisou Huatan Wan on cough frequency and
phenol red secretion in COPD rats of phlegm-heat obstructing the
lungs. A: The frequency of coughing; B: The amount of phenol red
excretion. n = 3, X = 5. P < 0.01 vs CON group; P < 0.05, “P <
0.01 vs M group

4 IEBRACER AR AR AT R COPD KR IS 43 #7486
e =N 0pAl

5 CONAH E#, MK it PaCO, i3 T+ (P<0.01),
PaO, i 3% [ (P < 0.01), 45 %j )5, HMS 1 Jx ZSHTW-
L.ZSHTW-M.ZSHTW-H 41 PaCO, & & [£ ik (P < 0.05
5 P<0.01), PaO, ¥ & Fh 5 (P < 0.058( P <0.01), H.

TP A R 2 TSR SRR P 2 AL B R AT
ROAELE (B 3).

PaCO, /mmHg >
5 2

Figure 3  Effect of Zhisou Huatan Wan on blood gas analysis in
COPD rats of phlegm-heat obstructing the lungs. A: PaCO,; B:
PaO,. n=3,x*s. #p <0.01 vs CON group; "P < 0.05, "P < 0.01
vs M group. PaCO,: Arterial partial pressure of carbon dioxide;

PaO,: Arterial partial pressure of oxygen

5 IEBRALIR AL TR A BA AT B COPD K R B 7k 2 &
EppA)

5 CON41AH L, M 4 K BRI 98 BE il A 5 7K &
T 22 £ 56 A S AR b 3 T (P < 0.05 8% P < 0.01), JE
BT Mt 45245 )5, HMS 41 .ZSHTW-L.ZSHTW-M.
ZSHTW-H 21 (g il T 2 b il s 5K 2 S5 il R 504 B
Z T (P<0.0580P<0.01). Ferbr, 1EmALIR AL w7 &
HHCE R T AR UK AN R R (B 4).

6 LEBRALIER AL TR AR AT B COPD X 58 B 2 £ fis 18
= 03-A1

Jeta g IR, CON 41K R &5 M B e, T8
BN /D5 M IR, AR L SR SR A TR, RE
PN TG B SR BV Wk, 5 CON ZEL K SRAH B, M2 K i
SEMPREIR B, MG oK, i BEAR G R A K A
YHMLIZIE (P < 0.01), BRI LR 4 pTAR SIE A RE o i 2
EWZ (P<0.01); SMAML, S5, SHRRMH
LU S MR, 98 PEATMLIR I R BR 4T 4 DTAR (3
TR WA S IR/ (P < 0.05 5 P<0.01), 28 B 1Rk AL AL
Xof 9% # BEL A B4 COPD oK B it 41 2005 B AR A0 A 235 (1 ek
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Figure 4 Effect of Zhisou Huatan Wan on the degree of pulmonary edema in COPD rats of phlegm-heat obstructing the lungs. A: Wet
weight/dry ratio; B: Total lung water content; C: Lung index. n =3 or 6, x = 5. "P < 0.05, P < 0.01 vs CON group; "P < 0.05, "P < 0.01 vs

M group

VR R, o 1w g8 R ) B 2 AT RO AR (1 S)
7 BB AL X R PR AT BY COPD X 5R A 2H 22 4 A
BB \ROS FIL R AR B L 7K S A 82

5 CON 41 K BUAA e, M2 K BREUAR il 400 g o 1
A1 ROS /K F32 35 FH i (P < 0.01), 28R 44 i e fi7 7K

7 iR % % (P < 0.01); HMS.ZSHTW-L.ZSHTW-M.

ZSHTW-H 41 ) % T2 F1 ROS /K “F- ¥ & 3 T % (P <
0.01), ZSHTW-M 2 4 Fir A4 fist oL A7 7K1 32 3 s (P <
0.05), ZSHTW-LZSHTW-H 2H £ 47 44 5% e 457 /K 7 T
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