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study explored the potential mechanism of amygdalin derived from loquat kernels in treating pulmonary
emphysema based on network pharmacology combined with molecular docking. Disease targets and targets
of six loquat kernel components were integrated, with a focus on amygdalin. Amygdalin was extracted by
ultrasound from loquat kernels and the content was determined. Core targets were screened via PPI
network construction, GO/KEGG enrichment analyses, and molecular docking. Key mechanisms and
signaling pathways were validated through in vitro experiments. The content of amygdalin in loquat
kernels was about (1.5940. 14) %. Network pharmacology identified 181 intersection targets of amygda-
lin and pulmonary emphysema, including core targets (AKT1, CASP3, PIK3CD). Enrichment analyses
revealed that amygdalin modulates protein phosphorylation/hydrolysis, impacts the PI3K/AKT and
apoptosis pathways, and influences emphysema progression. Molecular docking confirmed strong binding
(all binding energies << — 7 kcal/mol) to core targets. In vitro studies demonstrated that amygdalin
suppresses CSE-induced apoptosis and oxidative stress in A549 cells, and directly inhibits AKT phospho-
rylation and PI3SK/AKT pathway activation. In summary, amygdalin can intervene the occurrence and devel-
opment of pulmonary emphysema by inhibiting apoptosis, oxidative stress, and the PI3K/AKT pathway.

Key words: loquat seed; amygdalin; pulmonary emphysema; network pharmacology; molecular docking
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1.1 B ppa) 38 S0 iE

O3 AT AEAE AZ T AR R B e A A M R L LR REIR R . SRJEIER . PR GE AT HE A T
i 5 PubChem %4 & 3R BU 2D 45 4 SC#F . If R ] SwissTargetPrediction, PharmMapper, SuperPred %{
P B JEAT T, 65 45 B LA Probability KX F 0 Al Norm Fit # i i 80/ b b AT ik, & 52 &E
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1.2 BRESKREAEEMNENHE

5 T A5 3] A 5 A A A0 A A S A A &= STRING 08 P v, o H Aw A W0 28 503 8o “ A
(Homo Sapiens)”, B {5 & & H“high confidence(0. 700)”, ki H %5 M55 A Cytoscape 3. 7. 1 &+,
it Cyto NCA i 4% &5 BAAT N7 5087 THE G, Mg s R MM & B AR 2% [, JF LAY a5 B el
REVNEATHET , 15 2057 20 A0S
1.3 GO # KEGG BE&E 4

K H DAVID 8l 58 i GO fl KEGG & &40 87, IF il i U R ELAE R G 25 GO 1 KEGG &
A2 53 BT AL AR AL
1.4 & F3ts

{0 43 X AL A 5RO HE U Z M BT FE DG R . BN AlphaFold $id 42 v 3115 58 £ 2 F1 Y
3D Z5H 3 s PN PubChem 048 FE v A5 15 485 447 (19 3D 4544 S, 83 Open Babel GUT %4 % % =X i
i )s . A AutoDockTools 1.5. 7 W, 5l #EAT KK A K & 7% B AE ¥R IS . 4 vina 4 {4 i
e o, Bt a R 5 A PyMOL 2. 2. 0 3 fFE47 a7 94k 4347
1.5 LU EFEM

WP RO, MR —FC R 2 @8 TIES, BN G ARA A Bk iR E . gPCR 1L,
Bio-rad; %8088 5 EE . AR BEFRIL, Molecular Devicess IR B0 HL . 40 1 VR 15 3240 . 1%
6O, Thermo; PVDF %, Millipore; ¥ #5{=# , M ; SC79(AKT #i% ) . Hoechst 3258, 1
PSR R & . RIPA 28 M, 2 = K PMSF. Solarbio; DMSO., MP biomedicals; Tween-20,
Biosharp; 1.5 M Tris-HCI, Solarbio; SDS. Biofroxx; B2 fb & 11 i # il 7], Servicebio; Trizol, Evo
M-MLV RT Kit with, gDNA Clean Premix Pro Taq HS qPCR Kit, 3£ FHG; Ba2F 1% . Adamas; Ham's
F-12k #5373, Gibeo 45,
1.6 #HBZPESCENRIRSENE
1.6.1 Hx=FegRMI

Ve U K2 A 1 — 5 MU fR B B Al AR R F s S, BRI R, et ad 100 AR BT
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100 “C KM 3 min; FRANIA 4 KRB IE T B¢, BUARHHE 3 h, S RE THH; &REET 55 CHAEH T
30 min AR AR A . SR HTE 5 B R B A A DL 6000 SN HRHUA R, 4 1 ¢ 20 BHK L HEAT
Beokb, 50 °C L 40 kHz #2545 min, fFRLEHR . 7 000 r/min B0 10 min, BCEFER . 0. 22 pm flFL I8 A
b B B R RE R, AR B ALR T,
1.6.2 F&L=HFa3Hng

R BRI 10 mg ¥ A1 FHARMES: . I EEE AT 224 % 10 mL, BRI mg/mL #8520 50 7%
£ 500, 250, 125, 25, 5 pg/mL BEEEVE M . A3%HEIEH C18 £ (150 mm X 4. 6 mm, 5 pm) . i3I &+
20 % W BEVS W BE VR . WO IR E N 1 mL/min, #EHE 30 mPa, KKK 208 nm, LU o N AR E S
10 T S8V B (mg/mL)  y Dy W TR s v e, 4 JE B 3R O 30 00 R T 0 T B A o i £k
THAAS B A 0 B R (pg/mL)
1.7 {KSMERFHE
1.7.1 &WIAF B (CSE) 89 4] &

T RN Rt A s AR AIF 5 SR FH A AR A 25 i FBC A R K I i N IS I L R IS T B A S (A5 A9) ) i R
i 4B AR AT B 50 mL A, AR, A A (AR 8 mg. HHBH 0. 8 mg. — &bk
7 mg, IR LR UEME), A#H 20 mL Ham's F-12k 56 2B F 5, SHMEM, B EZRER T &2
30 mL/min, 40550 SEVIEIFEEE TR IR, S 5 SR, b 72 0] I B 35 5L 0 8 6 i
BB e E, AR PEREE . I sE R, § 8 30 min, W pHEA 7.2~7.4, £ 0.22 pm K
FAALUE B 8 R O AR 3 5 CHPLO) I 45 2 RO Hh 4 6 57 5 ¥R B2 1 675. 29 pg/mL, 2 100%
CSE, 733 J5 87 T —20 CukHth, T 1 DHAMHAIEEE.
1.7.2 MTT #kAm & &4=3FF= CSE 2t A549 e & M 69 Fva

A549 4 HE iy R 2 B A S 2 L A AS49 A LLAESL 3 000 MA & 96 fLAR . I Ham's F-12k
100 pL KE R MRS . 0 A RS BE MR BE A9 35 A5 1 F 8k CSE. 43315 3% 24, 48, 72 h; i #F4H 5. ML
A 20 pL MTT 5], 37 CHEF 4 h, WHALNHER, B A 150 pL — H B F L (DMSO) , 747
PRAE 10 min fETOHE LM M, T 490 nm A A L WG BEE (OD) » It E A A TE R (Ryy) o 1
B ) 40 B 50 26 15 J1 19 CSE e B2/ Jy i A vk B2, (4 B8 AN 80 Do LA b 3% J Y o A A 1 Wk AR & ik
JEHAT IR S5,

OD 5.4 — OD g

R = X 100 1
e OD sy — OD gy

JEH 5 OD gy [REPHF A (Ham’s F-12k 100 pL+MTT 20 pL+DMSO 150 pL) WG (E .
1.7.3 Hoechst33258 % &4 CSE Fo 3 &-4=3F 25 A549 @B = 09 %A

¥ AS40 ANAEEE 6 FLA. B E—EHIER ., IMAM. mkEMA{H, #5398 2 h FINA CSE, 4k
ZeRi 3R 48 h, LA Hoechst33258 Je (i # 1 mL, T 37 ‘CHFRA T T 20 min, FEEF I, PBS
THUESE T2 WA s T AT I,
1.7.4 DCFH-DA #& 44 CSE #u & 4= 3 15 A549 @ Je % & M A2 (ROS) K -F 45 %

e AS49 ANHESE 6 fLik. R - ERER, A, mREMEA(H, #5358 2 h FINA CSE, 4k
Lei R & 48 h, AL DCFH-DA {7 1 mL, T 37 CE: 4P E 20 min, FERFHE, PBS MG
THEOL U T MEIFI IR,
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1.7.5 ZEHRLZZREHBHRE (gRT-PCR)

K H] Trizol ¥E$2HC AS49 IR S RNA, KERFEF A DNA, JF¥ H I 50 cDNA, &I IF6 gl
Yy . $i BEAR R A R FIFE T 4T qRT-PCR LR, 455 R A1 2 ek AT 0 e e 1E
1.7.6 % & %29 & 5% % (Western Blot, WB)

SRR T UK BT R RIPA 2L BR & (& 22 (RIPA 2L W . PMSF ., #1216 25 1 g 1
IS EL B R 98 ¢ 1+ D AMEAMMIE . B OB EER. IS EABR. R BCA M EHSTERE. M
MR A Loading Buffer J5 #1711 & FE ., it SDS-PAGE 435 11, RANRH S E AL HBE
PVDF & I+, BT 5% BIRE AR 2 h DUE A AER et s F IR T —4ih, 4 CHEREIREE
s BB B XN —iH, BRI E 1~2 h 5 B8, lid Image ] 0 E AT IKEE,

1.7.7 RERIEEEZEAF)

e AS49 MBS 12 iR, iR 2 - ERER, HmASHA, WS HIK S SC79 Wl (AKT
WG . B85 2 h J5 A CSE JF4k 823597 24 hy ALINA 1 mL 4% 2R EE, =R EE 30 min; fFLN
A 1 mL Triton X-100, % B % 30 min; BFLITA 1%BSA, i EMH 1 hy HFLINA 150 uL —Ft, 4 Ci
B E AR, B—dr, BOLAM R EFLINA 200 pL 2% 0T, #F 1.5 h; BfLIIA 1 mL DAPI, #%
Pt 5 min, THOLRME T WA, @it Image ] T 2GR,

1.8 HEXEESH

SEIRI R 3 LA b Sy T S BT A, BOHE SR I SPSS 21. 0 #4748 1T 43 . GraphPad Prism 9.5 fE

B, B R 7 2250 (one-way ANOVA) LR Z 41 22 5, p<<0. 05 R FAH it 8 L.

2 HRESH

2.1 HEMBAZIE M 43 BB A R B S B B0 o

T RGO T Ak B 5 AU R A R R 22 E] A T g G HK . SR A SwissTargetPrediction, Pharm-
Mapper. SuperPred (45 FE, XFRAER P Ay A0 L M R . iAWy, REIRAR . 4% R RIB 2R AR 3k 6 Fh 3=
BN AT S I . BOFE S 98B T 250, 316, 218, 282, 316, 278 UG MEM AT A BES . R
GeneCards, CTD ¥4 2205 Jifi M b A7 48 sl 700 . 226 HA53) 3 010 Al

K 6 TG 1 A 43 5 Al A S R sE 4, JEA5 3 181, 131, 100, 119, 141, 136 NACHEMT, FF4H
T PR 0 R 2 TR BT 1) o Herbr, 6 il M i 1 2 W]V JHBE A7 22 A, A24% GSTP1, HSPY90OAAL, EG-
FR, HSPAS, SRC, ESR1, AKT1, MMP8, MAPK14 %, # & EGFR, PI3K/AKT., MAPK %5 5 .
S B AZ h o A AT A R T A T R A S S R P S R, B, AR

TS HAE N R SRR 4

2.2 EABREEML(PPI) KM E R 400 88 S 1 I i

W AT 5 A A S s L A5 3] 181 AT RERE N . AR S A STRING ¥l v, B =
EAF (0. 700) , i i JF S A Cytoscape 3. 7. 1 #fF, BB E A, THAR AT SEIFAKRBVNERF . U
O XA R . SRR A EEMLEE R 2) . Kb, WA EHEA R 20 MR A AKTL.
EGFR., HSP90AA1, SRC., TLR4. ESR1, MAPKS8, MAPK1, CASP3, PIK3CD 45 (% 2), X $68E [7E X
e R AAE . B R A AR T AU A O B SR
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R2 H200MROBRAHTRE

¥ LILYSY R ¥ A Ris
1 AKT1 47.0 11 MAPK1 23.0
2 EGFR 41.0 12 GRB2 22.0
3 HSP90AA1L 39.0 13 CASP3 22.0
4 SRC 36.0 14 PIK3CD 21.0
5 MMP9 33.0 15 NFKBI 21.0
6 STATI 25.0 16 JAK2 20.0
7 IGF1 24.0 17 PTK2 19.0
8 TLR4 24.0 18 ALB 19.0
9 ESR1 23.0 19 FGF2 19.0
10 MAPKS 23.0 20 MET 18.0

2.3 TEHEAH GOMKEGGC EENTHER
GO 1 KEGG & &E a5 R K 3,

pepeidyl-thrconine phosphoryltion | . ficoline 1-rich granule lumen . endopepridase actvity | B
‘pepidyl-scrin phosphorylation { ° 1 focal adhesion ° protein phosphatasc: .
epidermal growth factor receptor signaling pathwiay { . -log,, Iyvosons . _10gm peptidase activi . log,
protein autophosphorylation { . p-value ncuronal cell body { . histone H2AXY 142 kinase sctivity | i
1 ° 1 ° p-value histone H3Y41 ki p-value
. 10 . srine-type endopep o
° 8 . 9 u . 7
positv oo of ol il ° 6 . 6 " . g
positve regulation of MAPK c: . 4 cnzyme binding | .
° > a3 v srine o b 4
positive regulation of cell population proliferation{ @ @% et = L] 2
= . =
=
8
protein-containing complex { . e 10 °
7 R ——— ® 20 . s o
®20 mitochondrion @ ® 30 @60
024 sl @ ® 40
eytoplasm - @ .
chwomain remodeling | ® mcleoptasn ] © °
‘positive regulation of transcription by RNA polymerase 11{ @ plasma membranc| @ identical protein binding { °
negative regulation of ranscripion by RNA polymerase 111 @ nceus{ @ proin binding {
0 10 20 30 40 50 5 10 15 5 10 15 20
a. GO-BPoMfT b. GO-CCo#f7 c. GO-MFo#7
hsa05200:Pathways in cancer hsaﬂs 15:Prostate cancer | [ ]
hsa05417:Lipid and atheroselerosis s °
mu«ls: PI3K- Akz signaling pathway -log
hsa04010:MAPK signaling pathway ° 10
hsa05205:Proteoglycans in cancer ® p-value
hsa05163:Human cytomegalovirus infection ..
-log,, _ 10.0
p-value ; 75
hsa4915 Estrogen signaling pathway | ® 50
hsa05208:Cl 1 0 0 hsa05418:Fluid shear stress and atherosclerosis L . B
hsa04510:Focal dhesion . hsa05161:Hepatis B >
‘hsa05224:Breast cancer 7 5 hsa05163:Human cytomegalovirus infection- L ] * %
hsa04152:AMPK signaling pathway 2 hsa04015:Rap! signaling pathway { ¢
hsa0S020:Prion disease 'hsa04510:Focal adhesion { [¢ . 9
hsa05207:Chemical camm}gcnms receplor actiation 5.0 hsa04062:Chemokine signaling pathway | .
inbeic cardiomyopithy i infe ° e 12
hsa04010:MAPK signaling pathway { -l ®15
hsa04062:Chemokine sxgnnlmg pa(hway °
hsa05161:Hepatitis B- hsa05208:C] i i ® @18
Bis0S41 BT shoa s and hrucleoss hsa05131:Shigellosis { ® @21
Estrogen signaling pathway hs205207:Chemical carcinogenesis - eceptor activation °
hsao«mo R:hxm signaling pathway hs304014:Ras signaling pathway{ ®
lorectal cancer hsa04151:PI3K-AKt signaling pathway | @
hsa0S5200:Pathways in cancer [ )
hsa0493 :Insulin resistance hsa05020:Prion discase | ©
hsa01522:Endocrine resistance i L]
0 5 10 15 20 4 8 12 16
\ T2 &l NAE = IE
d. KEGGH#t e. KEGGHH =

3 EBRCETHMSME GO # KEGG E &£ 47 E
T A T B A A9 2 93 2 (Biological Process, BP) 3 55 # J Jik 5k 22 2 2 % 2 1k ( peptidyl-threo-
nine phosphorylation) . & 4 it A # #2 1k (protein autophosphorylation) . & [ 7K fi# (proteolysis) . ZH i 1 %
A4 I [A] 8 4% (positive regulation of cell population proliferation) . ¥ T= i #2 i) 171 8 355 (negative regulation of
apoptotic process) %5 ; 40 i 2 43 (Cellular component, CC) L5 & & £F 4 8 58 8 H-1 1 JURL % I (ficolin-1-
rich granule lumen) . % 4 ¥ (focal adhesion) . 2 % e & fik (glutamatergic synapse) . 2l il % 1 Ccell sur-
face) &5 ; 4 T P fiE (Molecular function, MF) {4 P ik #§ i 1 Cendopeptidase activity) . & 11 4 2 i I
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(protein phosphatase binding) . #& FH 22 & & / /i & B2 ¥4 il 1% 1 (protein serine/threonine kinase activity) . {5
5 Z k4 4 (signaling receptor binding) % ( 3a-3¢) . KEGG W& L F LS T 130 K55 @K, %48
SEDIBCRE | R R R AR AR A AT, JR U KO E K W i 42 (Pathways in cancer) . XSKHEZE 1 O 17 5 il
% (FoxO signaling pathway) . JIf 5 5 3l ik 5 B 8% 1k (Lipid and atherosclerosis) . 2 24 iU i% 1k & 1 38 i 5 &
il % (MAPK signaling pathway) . # i 15 L EF 3 B — 25 F B B {5 5 J8 % (PI3K-Akt signaling path-
way) \ 162 B0 — 1% Pk A 15 538 #% (Chemical carcinogenesis-reactive oxygen species) 2 ([ 3d, 3e), LI |44
AR, WA AT RE W A AR B RR A . AR KR . B0 PISK/AKT {5538 I . 3060 0 1 5 5 %
SEHLH T WA kRS R R
2.4 BOESSFIHEER

W A B S AT 20 A% OB S ATy OB, A5 RN 3. DAXT 4 A RO K Wi AR ok, S5 A
8 /N T —5 keal/mol IE 45 &4 858, /N T —7 keal/mol iE 1 25 SR & . GO Fl KEGG & 4 43 B 45
A, WA X PISK/AKT A 7738 B 9 52 ma 52 o 28 . JF B & {24 5 AKT1. PIK3CD Al
CASP3 WX 245 5 683 /N T — 7 keal/mol(E 4), B, ¥ ARG Al G838 o [ 88 5 & {5 5 il B%
5 W] Jil S R R

*x3 EFCHESW 20 MO BAS FHIELR

B 254 BE/ (keal » mol ') A 254 BE/ (keal « mol ™)
AKT1 —7.8 MAPKI1 —7.0
EGFR —7.9 GRB2 —6.7

HSP90AA1 —7.8 CASP3 —8.1

SRC —8.4 PIK3CD —8.6
MMP9 —8.5 NFKBI —5.7
STATI —6.0 JAK?2 —7.1
IGF1 —5.9 PTK2 —4.9
TLR4 —6.5 ALB —7.9
ESRI1 —7.9 FGF2 —6.5

MAPKS —8.5 MET —6.4

2.5 HEBEZBESCENRIERSENE
WIS A AR UEMZ Sl vy =7 433 2+903. 2, R*=0. 999 1, BEAE 5k i AU A bR HE T 28, &g
AR A% b2 A5 A AR B (1. 5920, 14) 26, Ik 4,
T4 MEBRHPESCHENRERESRRENTE R

i 2 BB/ (g« mL™H) UK/ %
1 721. 65 1.44
2 709. 66 1.42
3 864. 52 1.73
4 876. 65 1.75

M 793.12+69. 50 1.5940. 14
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¢ EE{TEHSCASPIS T XHELLR

Ed4 EHECHESHOEBESFIELERTAL
2.6 MTT ERNEFFEEZRINY (CSE)MEHT{CHEH X AS49 40 A 18 58 75 M4 09 22 1

I ORUE S 2 52 g0 45 AR 8 HowT 5, FRATT SR B i A A AR o A AT TR PR AT, ] MTT 35 3 A
CSE Fli 5 A= 4F A549 TG Iy 2 m . dy Bl 5 I, B CSE Flw {1 Wk BE A 3G K, A549 4 i i1 7%
PEREAR s b, 12.09% CSE/EM 24 h, REASME 50 70 M AN M . vk AR T 20 pmol/L 9w A {1 4
JH 24 h, A549 FETRFA KT 9020, R CSE MR AT AS49 4l M iy % 14 . 5 2eiF 58 R 1026 CSE /E2R
BB 5 S ARIE T A A B e AL SR 20 pmol /L AR A A e K44 25 W% .

N T k2 S A A X A 5 B 5 A T e B AR A TR S G i X R 4
(Control) , BAIZH (10% CSE) , fik ¥ B+ i 41 (10% CSE+ 10 pmol/L ¥ A4~ 5, L) Al #k JE + i 4
(10% CSE+20 pmol/L ¥ & {4, H). AS49 I A1 WA B 2 h, i A CSE M [E/EH 24.
48 F1 72 h, 5 HANE Sc. T X HELL, AT LL ) 40 T P R RER (p<<0. 001) ., EAH{HA/EM 48 h
Jo 20 M3 R B T (p<Z0. 01D, $RURE A BRI I CSE X A549 21 M 09 35 P AE H .
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150 150
o 24h —o— 24h
—= 48h = 48h
o 100 o 100
& = 72h ) t —— 72h
Ha i
2 * A 2
g sof F sof
0 L 1 1 1 1 0 L ]
20 40 60 80 100 10 20 30 40 50
SREE/(umol LY SREE/%
a. EA{CE-AS49 b. CSE-A549
150 p
W 24h
[ 48h
) 100 b B 72h
~
_.Eil Fekk
L
2
\%l{ 50 3

CSE
CSE

2
=
3
Q

o HE(CEHACSEREER THMEMEE &

SXFRAALL, * % % FR p<<0.001; HGEBAMIL, # £ KR p<<0.01, ZRAGITEEL,
B 5 HEECHI CSE R T AS49 4 AFE RN

2.7 EHCEHI CSE ®IH T AS49 A E TR0
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