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[ Abstract]
in ameliorating chronic obstructive pulmonary disease (COPD) , predict the binding affinity between active ingredients and key

Objective: To investigate the potential active ingredients, key targets, and signaling pathways of Daturae Flos

targets through molecular docking, and validate the therapeutic efficacy and mechanism through animal experiments, thereby
providing experimental evidence for the clinical application of Daturae Flos. Methods: The active ingredients of Daturae Flos were
retrieved from the Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP) , and their
common targets shared with COPD were identified. Key targets were subjected to Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment analyses. Molecular docking was performed to predict binding affinity. For
animal experiments, 48 SD rats were randomly assigned into normal control, model control, positive control (ambroxol
hydrochloride, 40 mg-kg"'), and low-, medium-, and high-dose (9, 18, 36 mg-kg', respectively) Daturae Flos groups. The
COPD model was established by intratracheal instillation of lipopolysaccharide (LPS) combined with cigarette smoke exposure.
The drugs for intervention were administered by gavage at corresponding doses per day. After 3 weeks of intervention, hematoxylin-
eosin (HE) staining was employed to observe the pathological changes in the lung tissue, and Western blot was employed to
quantify the expression of related proteins. Results: A total of 24 active ingredients of Daturae Flos were screened out, with
221 common targets shared with COPD. Key ingredients such as hydroxyphenyl and atropine may exert their effects by regulating
targets including protein kinase B1 (Aktl) and epidermal growth factor receptor (EGFR) , as well as signaling pathways such as
phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt). Animal experiment results showed that compared with the normal
control group, the model control group had obvious inflammatory cell infiltration and alveolar structure destruction in the lung
tissue, with an increase in mean linear intercept (MLI) (P<0.05) , a decrease in mean alveolar number (MAN) (P<0.05) ,
up-regulated protein levels of cleaved cysteinyl aspartate-specific proteinase 3 (cleaved Caspase-3) , EGFR, matrix
metalloproteinase-9 (MMP-9) , a-smooth muscle actin (a-SMA) , mucin SAC (MUCS5AC) , and non-receptor tyrosine kinase
(SRC) (P<0.01), and down-regulated protein level of phosphorylated protein kinase B (p-Akt) (P<0.01). Compared with the
model control group, all drug intervention groups showed alleviated pathological damage of the lung tissue, with a decrease in MLI
(P<0.05) and an increase in MAN (P<0.05). Medium and high doses of Daturae Flos downregulated the protein levels of cleaved
caspase-3, EGFR, MMP-9, « -SMA, MUCS5AC, and SRC (P<0.01) and upregulated the protein level of p-Akt (P<0.01).
Conclusion: Daturae Flos reduces inflammation and oxidative stress in the rat model of COPD by multi-ingredient, multi-target
regulation of the PI3K/Akt signaling pathway, thereby ameliorating alveolar damage and delaying the progression of COPD.
[Keywords] Daturae Flos; chronic obstructive pulmonary disease (COPD) ; network pharmacology; molecular docking;
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Table 1 Active ingredients in Daturae Flos
T4 Iy TR i ke I3 F 2R
MOD.01093 L H R E M (Apohyoscine) MOD.011507 2 [ % 1¥ F(Daturameteloside F)
MOD.001554 7R E %5 % (Scopolamine) MOD.011519 KAlIF % (Hyoseth)
MOD.011470 12-JIi 40 B 3 X K (12-Deoxywithastramonolide ) MOD.011520 K 5 3% (Hypaconitine )
MOD.011484 2 ¢ 2 4 A(Daturameteloside A ) MOD.011531 7 2k 5 2 B 2 % (Secovithametelin)
MOD.011486 2 [¢ % 4 B(Daturameteloside B) MOD.011539 Y3 2 ¢ P % (Withametelin)
MOD.011487 2% H B_qt(Daturameteloside B_qt) MOD.011540 HiE 75fi P4 1§ D ( Withanolide D)
MOD.011488 = [ % H C(Daturameteloside C) MOD.000544 I 7ifi JE 2 (Withaferine)
MOD.011490 = BE % 2, % (Daturaetlin) MOD.000422 111 45 B (Kaempfero )
MOD.011491 = Bg % = (Daturaetine ) MOD.005406 BT 4G ( Atropine )
MOD.011495 B £ A gt(Daturametelin A_qt) MOD.000631 Yo} 7 55 Ik 1 i ( Coumaroyltyramine )
MOD.011499 2 [ 2 bk A(Daturameteline A) MOD.007922 #4755 (Hydroxyphenyl)
MOD.011505 2 [ % bk E( Daturameteloside E) MOD.000098 #it 2 2 (Quercetin)

F2 H£TERECOPDMZLEE
Table 2 Key targets of Daturae Flos in prevention and treatment

of COPD
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Table 3 Core active ingredients of Daturae Flos for prevention

and treatment of COPD
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Caspase-3 .EGFR I SRC # s 7 3% BHL i 5 K 245 & 1%
J1, A 4 A BB K T -5 keal-mol !, iKE T 5
T ARG, XU T /Ny F 5K F2ZH
1Y)t JE SR R 43 A G 1 3 W AR X D 4 5
st B i A 6
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BRI L) 7 s T S8 4 A U 45 i
IR A ML RE R DL 98 M 240 i 352 ) wl i Y0 45 o AR
A 7R 2] (1 fid 35 U] S B Y S A g ER A AT, T SR B
R R R N L % SR i T R ) W 2R i 9 1Y
WK KRG e AT T AR O o R R
FRRA BRI A /D B R0 3R 3 | Tl 45
oA M A= O A o < A g R ik 2L il 21 2 B
i 1 DL 15 IR S TR 2R A AL 1H 8 M 40 i 3 v
5 i 4 AR AR R 2 A A e B 5 B 4 AP 4 9
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i 21 fii 28 200 B A ORI, OB SRR IE R AL,
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E1 #F&%&XCOPDKRMALFETHHMZIM (HE, x200)

Fig. 1 Effect of Daturae Flos on pathological changes of lung tissue in COPD rats (HE, x200)

5 1F B 41 b f, R4 9 MLTBH & T R (P<
0.05) , MAN B . F& K (P<0.05) . SBR4H o4, 4
ANYEIT 40 B9 MLI A MAN {8 2 7% B 8 2% & (P<
0.05). FFA JAYT 409 MLI{E 2 W] 5 K A% (P<0.05) ,
M MAN {E 2B & T+ (P<0.05) . Horp v 4 48 b i
ZH A ML R B 2 30T 0F % 41, 8 3% /N ARG i 41 (P<
0.05) B 5wl Ed R IREA 2% F LS
2o W4,

Fx4 FL£WICOPDKEAAL MLIFI MAN B #NET (x+s,n=8)

Table 4 Effect of Daturae Flos on MLI and MAN in lung tissue of
COPD rat (x+s5,n=8)

21 51 ) /mg - kg MLI/wm MAN//>/mm?
iE 4 48.06£1.17 403.40+9.50
AL 61.82+1.04"  233.31+8.94"
AR 40 55.48+1.09°  288.46+6.84%
T A ARG R 4L 9 59.07+1.50% 352.10+7.21%
VA A6 T A 4L 18 51.16+1.21>%  347.85+7.93%%
e Ae = 4l 36 55.88+1.14% 394.51+6.62%

TF 5 0F % 40 B VP<0.05 5 5 B 41 L 52 P<0.05; 5 9 4 4k
I 440 e %5 > P<0.05
3.7 HEAAEXT COPD KR4 4! MUC5AC . EGFR
MMP-9 . SRC . p-Akt.a-SMA .cleaved Caspase-3 [
FLIRRR R 5IEH 41 B, AR TR 2 K BB 4 4
+ 158 -

cleaved Caspase-3 . EGFR . MMP-9.a-SMA MUCS5AC
J SRC 28 (7K P24 52 18 2% T 5 (P<0.01) , 11} p-Akt
B 2 7K ) 35 AR (P<0.01) ; S RE R A He g, #40R
J7 40 ¥ B8 W & T 14 cleaved Caspase-3. EGFR,
MMP-9 . a-SMA . MUCS5AC K SRC (& 4 £ 1k /K F
(P<0.01), Jf L ¥ p-Akt 2 11 2 ik K F (P<0.01) . ¥
4 4B R VRS AR FH 5 B — 2 R AR L T A e b SR
AN ZHE AN T AR TR R, W

5. K2,
4 itit

COPD J& T 18 1 Uil 4 4F 1 9 Y 1 , 2 — il
AFS 2S00 52 R R AE 1 HE AT PR DT R G i
W RRTE RAE A8 I BT b B il 2 21 4
ey T U A A A R R IR s R
SEIREE N R 0T S AE bR A0 B 0 O R
E A5 5 [, O rh MR 40 A | W A0 A R AN
P, T K i 4 AE A BRI AT A8 A
S A I A T R B b B R R I RE ST AL, B O
WLTCHE T 5| S 7 R By REEAT VR R R
AT FRIR T A S 5K R i o & (A
At P ) 7 A T 24 P L IC 19 306 9 il 4 2 T 2 o
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Table S Effect of Daturae Flos on relative expression levels of MUC5AC, EGFR, MMP-9, SRC, p-Akt, a-SMA, and cleaved Caspase-3

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

13 ) 4 MUCS5AC EGFR MMP-9 SRC p-Akt a-SMA cleaved Caspase-3
ZH.J;

’ /mg-kg'  /GAPDH /GAPDH /GAPDH /GAPDH /GAPDH /GAPDH /GAPDH
ERA 1.000£0.019  1.000+0.006  1.000+0.017  1.000£0.015  1.000+0.006  1.000+0.006 1.00040.009
TR 24 1.910+0.002"  2.19440.012" 1.583+0.014"  2.172+0.002"  0.548+0.005"  2.082+0.009"  1.727+0.006"

IR AR R A 40
PE A AL TR B4l 9
B 18
HaAEmAEA 36

1.250+0.013%
1.229+0.007%
0.952+0.052”
0.943+0.015%

1.392+0.014%
1.355+0.013%
1.256+0.088%
1.202+0.008”

1.038+0.011%
1.229+0.007%
0.898+0.053
0.927+0.007>

1.744+0.018%
1.718+0.010%
1.168+0.077%
1.291+0.008%

0.738+0.004>
0.873+0.009
1.187+0.005>
0.976+0.007>

1.226+0.004%
1.385+0.013%
0.807+0.052%
0.795+0.008%

0.207+0.002%
0.632+0.004%
0.223+0.013%
0.673+0.007>

T S IER A IRV P<0.01; SR 4 15 Y P<0.01

MUCS5AC 586 kDa

S
vores I 07

.
PAKL g — - -

a-SMA

EGFR

60 kDa

60 kDa

|

—— 42 kDa
- —

—— . . . .

A B C D E F

cleaved-CASP3 19 kDa

GAPDH 37 kDa

2 KA KREAL MUCS5AC. EGFR, MMP-9, SRC, p-Akt,
a-SMA .cleaved Caspase-3 & 5 & iA B ik

Fig. 2
EGFR, MMP-9, SRC, p-Akt, a-SMA and cleaved Caspase-3 in

Electrophoresis of protein expressions of MUCS5AC,

lung tissues of each group of rats
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WEGE & B, DT 4 A8 0 R vh 43 5 L BEE 56 PN R 2 Ak
EY A2 MY RN A(Daturmetelide A ) Fil [ 2 ¢
% % W lE G (Daturmetelide G) , 76 I§ £ ¥ %l 3 9
RAW264.7 g 20 i v, w5k 25 410 1) 98 9 - — 2]
L& (NO) . TNF-a. [ 4l il /v % -6 (IL-6) 1 3 A 1k
it} -2 (COX-2) W B, A 1 i 52 7 4 48 3 2o 410
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1 Bel-2 il Bel-XL 9 R 3552 8] 7 & 25 40, [ i £
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B 5E 5 e RUT R, AT HE g2 R I R L A
VEGF {5 5 il % J5 1 , ¥ 4 46 7 & 38 i 0 %] SRC #
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