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[Abstract] Objective: To investigate the effect of Loki Zupa on airway remodeling in asthma based on
ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-MS) combined with network

pharmacology and experimental verification. Method: The chemical constituents in Loki Zupa were identified

[KFBEH]  2022-02-26
[BEE€WME] EFRHE ST E (2018YFC1708303)
[E—EE] XM, A1, NG 2 RIEZ 5, E-mail : 1127719019@qq. com
DBEER] A W, #2200, N 25 )RR 25 1 58, E-mail : lIxjmu@163. com
. 87 .



5528 B4 24 ] HEXBAFZRS Vol. 28, No. 24
2022412 H Chinese Journal of Experimental Traditional Medical Formulae Dec. ,2022

by UPLC-MS. The potential active constituents of Loki Zupa were screened out based on literature retrieval, oral
availability (OB) and drug-likeness (DL) in the Traditional Chinese Medicine Systems Pharmacology Database
and Analysis Platform ( TCMSP) and Lipinski's rule of five in SwissSADEM. The constituent targets of Loki Zupa
were obtained through the SwissTargetPrediction. The relevant targets of airway remodeling in asthma were
screened out from Online Mendelian Inheritance in Man(OMIM ), GeneCards, DrugBank, and DisGeNET. The
STRING was used to conduct protein-protein interaction (PPI) among the main targets. Gene Ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes(KEGG) pathway enrichment analyses were carried out through
DAVID. Finally, an asthmatic airway remodeling model was induced by ovalbumin (OVA) in mice, followed
periodic acid Schiff(PAS) ,

pathological conditions of lung tissues. The inflammatory cells in the bronchoalveolar lavage fluid (BALF) of

by hematoxylin and eosin (HE) , and Masson staining for the observation of the
mice were detected. The protein expression levels in mouse lung tissues were detected by Western blot and key
signaling pathways were further determined. Result: Eighty-two constituents were detected in the negative ion
mode and 74 in the positive ion mode by UPLC-MS. Thirty-six candidate constituents and 578 predicted targets
of Loki Zupa were screened out through network pharmacology, and 173 common targets with airway
remodeling in asthma were obtained, including key compounds such as sebacic acid, pectolinarigenin,
naringenin, apigenin, and potential targets such as protein kinase B1 (Akt) 1 and hypoxia-inducible factor la
(HIF-1a). As predicted by KEGG enrichment analysis, Loki Zupa mainly exerted the effect against airway
remodeling in asthma through phosphatidylinositol 3-kinase (PI3K)/Akt, HIF-la, mitogen-activated protein
kinase (MAPK), and other signaling pathways. Animal experiments showed that the compound formula of Loki
Zupa could reduce the proliferation of airway goblet cells in asthmatic mice, improve the deposition of collagen
under the airway epithelium, and decrease the up-regulated relative expression levels of phosphorylate(p)-Akt/
Akt and HIF-1a by OVA sensitization in mice (P<0.05, P<0.01) ,

UPLC-MS combined with network pharmacology was used to

which was consistent with the results of
network pharmacology. Conclusion:
preliminarily clarify the chemical composition of Loki Zupa and its underlying mechanism in intervention in
airway remodeling in asthma. Specifically, Loki Zupa presumably synergistically intervened in airway
remodeling in asthma through key targets represented by Aktl and HIF-1a, and multiple pathways represented
by the PI3K/Akt and HIF-la pathways, which is expected to provide ideas for further research on Loki Zupa.
[Keywords] Loki Zupa; airway remodeling in asthma; network pharmacology; ultra-performance liquid

chromatography-tandem mass spectrometry(UPLC-MS)
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x1 FREZEWEESER

Table 1 Information on active ingredients of Loki Zupa

No. %> 731X EY

1 MOL006472 C,,H,0, & # Pt aurantio-obtusin

fe

to/s m/z By OB/% DL Lipinski

441.745 331.0798 0.957 762 31.55 0.37 yes

B OB
E
R |
=
b

2 MOL004564 C,H,,0( 111 4% # kaempferide 429.557 299.0565 0.999 989 73.41 0.27 yes

3 MOL000422 C,;H O, IZH kaempferol RS 417.218 285.0405 0.999959  41.88 024  yes
4 MOL005842 CH O, MI% %3 pectolinarigenin B RS 593.546 313.0714 0.999889  41.17 030  yes
5 MOL003758 C,H 0, ®JEH# LR iristectorigenin B AT L HHIE  536.620 329.066 1 0999361  71.55 034  yes
6 MOL001735 C,H O, %% hispidulin EHUES 391.633 299.0556 0.996 606  30.97 027  yes
7 MOL004328 C H 0, Alif 3 naringenin EHLIES 518.552 271.0612 0.982235 5929 021  yes
8 MOL003648 C,H 0, II#E (Wi )inermin EAES 421.559 283.0602 0.933298  65.83  0.54  yes
9 MOL002844 C H,,0, #J&Z pinocembrin EES 591.693 255.0659 0.862097 6472  0.18  yes
10 MOL001942 C,H,,0, SEXHiI#H % isoimperatorin TULRE 274.001 269.0817 0.755027 4546 023  yes
11 MOL006821 C,H O,  REBFILFRREFHRE W% 441.991 457.0774 0.638905 5509 077  No
epigallocatechin-3-gallate
12 MOL002322 C,H,,0,, 43K isovitexin GES 324.505 431.0977 0.630854 3129  0.72  yes
13 MOL001638 C,H, O, % phorbol (&S 537.092 363.1812 0.759006 4681 047  yes
14 MOL000354 C,H,,0, 5 %% isorhamnetin BN 418.258 317.064 1 0997725  49.60 031  yes
15 MOL003404 C,H, 0, #7459 wedelolactone RNEAE 570.071 315.0482 0.973605  49.60 048  yes
16 MOL000417 C,H,,0, i 5 EH calycosin EYGES 826.918 285.0754 0.999963  47.75 024  yes
17 MOL000856 C,,H,0, PSR C-23-[E AR IR alisol C- 2% 537.536 529.3477 0.998120  33.06  0.83  yes
23-acetate
18 MOL000785 C, H,,NO," #{Jif % palmatine 71 416.859 352.1533  0.986 701  64.60  0.65  yes
19 MOL009047 C,,H, O, #%}f% eudesmin ENCESS 609.422 425.1342 0.938216  33.29  0.62  yes
20 MOL001689 C H,,0; 44 MK acacetin EVES 710.992 285.0748 0.922972 3497 024  yes
21 MOL010908 C,H, 0, %ZjFlindenenol (S 487.708 231.1370 0.886273  52.05  0.18  yes
22 MOL001592 C,,H NO, #H##§ piperine A= Wk 194.175 305.1848 0.665843 4252 023  yes
23 MOL002610 C H,,NO, #%5 dubinidine ER71 BN 214.618 276.1219 0.736275 5839  0.22  yes
24 MOL001454 C,H,,NO," /INEEfif berberine ERYLES 420.697 336.1220 0.719 135  36.86  0.78  yes
25 MOLO010913 C H,0, ZjfikP linderane (RS 328.839 261.1111 0.674655  77.09 025  yes
26 MOL005088 C,H, O, T Ji e JJ i 4 it [l 105.177 313.1269  0.686 726 3528  0.68  yes
27 MOL005922 C,H,0,, JCH# T}l bacanthoside ENNEES 357.333 598.2483 0.622966 4334  0.77  yes
28 MOL001790 C,H,,0,, 54£7F linarin EES 424774 593.1839 0.947520  39.84  0.71  yes
29 MOL009297 C,H,0, F#K%%% jaceosidin B 413.245 329.066 5 0.845923 - - yes
30 MOL001302 C, H,0, %% [ sebacic acid i s R 408.453 201.1134  0.989 651 - - yes
31 MOL007425 CH, 0, XU # & dihydroartemisinin i 480.391 283.1547 0.889503  50.75 030  yes
32 MOL003341 C,H,,0, £L5tKHF rhodioloside 2 389.097 299.1128  0.792 400 - - yes
33 MOL007253 C,H,,0, T KR asiatic acid &S 648.941 533.3486  0.608 502 - - yes
34 MOLO011865 C,H, O, 2% rosmarinic acid BT 365.55 359.0771 0.990 568 - - yes
35 MOLO000008 C,H,,0, J3# apigenin B 475788 271.059 1 0.977 128 - - yes
36 - Cp,H, O FIZETEE quebrachitol Hofth 2 41.198 217.0679  0.699 760 - - yes

T : Lipinski 05U Sk A %t 437 Bt i <500 I8 7K 43 Fid 5 8% (Alog 2P) <5 AU 1A% (Hdon) <5 . %08 32 /R % (Hace ) <10 FliE 5% 5 (RBN) <105
W R ML Ak 25 1 20 45 45 Lipinski T0HLIU , D145 HH 45 52 0 “yes™ ] 2 M “no”

.92.
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&2 PPIMZKEIHSHIZLER
Table 2 Core targets of PPI network topology analysis

x3 FRZEMETEFERINETRFLESH
Table 3  Characteristic parameters of network nodes of main

active ingredients of Loki Zupa

K B I B
PIK3CA 23 0.081 060 65 0.352 43553
Aktl 18 0.069 411 87 0.345 505 62
EGFR 18 0.091 089 20 0.366 071 43
RACI1 16 0.064 301 25 0.352 43553
ITGB1 15 0.092 162 97 0.331 536 39
VEGFA 15 0.051 633 21 0.347 457 63
PLG 14 0.091 421 27 0.317 010 31
JUN 14 0.065 949 97 0.353 448 28
MAPKS 13 0.116 528 70 0.355491 33
HDACI 12 0.052 838 60 0.325 396 83
F2 12 0.051 086 62 0.298 543 69
JAK2 11 0.041 844 81 0.320312 50
CYP3A4 11 0.131 033 63 0.271 523 18
MTOR 11 0.059 889 62 0.343 575 42
STAT1 10 0.087 356 03 0.343 575 42
1L-2 10 0.014 941 82 0.33243243
CDHI 10 0.047 669 15 0.327 127 66
JAK1 10 0.015015 07 0.328 000 00
ERBB2 10 0.019 784 54 0.333 33333
MMP9 9 0.049 668 44 0.315 384 62
CYPIA1 9 0.080 420 78 0.263 383 30
MAP2K1 9 0.014 316 51 0.305970 15
HIF1A 9 0.038 648 49 0.319 480 52
EZR 9 0.061 479 65 0.297 101 45
TNF 8 0.019 132 82 0.306 733 17
PPARG 8 0.145 168 64 0.343 575 42
PRKCA 8 0.023 84 548 0.327 127 66

HIF-1a il 98 58 56 [H 7 (TNF) . (A 40 il 4 & -17 (IL-
17) (1% N A K B 7 (VEGF) (I 31 8h ) 8 i %
ZHE 7R 1 (mTOR ) %515 53 % .

325 N4y -H0 R W % K E s H
Cytoscape 3.8.1 &) 1 %' W 0% #HL M 8 43 -1 Wiy < 3 o2 94
5 - ™ 4%, i 4d Cytoscape 3.8.1 N & A9
Network Analyzer 53 #1 %7 KK 1% #H WA 76 I 12 Wiy <l
IH I 5 FNF S HL A B0 W LR 3

33 W SEREUE M4 UPLC-MS IR 25 24 Hjl 2
Gy BT 4 SR, 45 G U i BIF ST T T AR, 42 i P RO A
WA A A 38 1 94 55 PISK/AKt HIF- 1o i B% , M T U8 5%
BENGSIEE S . I, #5727 OVAIE T B /N LS
O IR RY 25 T % RO AH A, O X 2 20 AT
HE .PAS .Masson 4% &, Wi £ 55 PR 50, Aoz I il 28 21

MOL ID A R B HE

MOLO001302 %% —fiR 36 0.016 873 35 0.401 050 79

MOLO005842 M % fn ¥ & 34 0.01080128 0.405309 73

MOL004328  #ili i & 34 0.014 814 14 0.401 050 79
MOLO000785 ¥k % 34 0.01435849 0.395509 50
MOL002844 A& &K 33 0.014 43153 0.402 460 46
MOLO001592  #] Hlk 31 0.01280388 0.390 11925
MOL001454  /NBER 31 0.01233585 0.390 11925
MOL001689 4 A E 30 0.00631709 0.394 148 02
MOLO001735 @ 4R % 29 0.006 18381 0.396 880 42
MOL000008 FF3E % 29 0.006 00323 0.396 880 42

W PI3K/Akt #H 5% & 1 Akt p-Akt K HIF-1a 2 7K
ke AT SAIE

3.3.1 BALF P RVEANML 0 28 Mot S IEW 4L
B, BRI B BALF H (9 1 40 A A %8 35 1 n
(P<0.01); 5BIRIZH L85, % R 2 AHL TF1 0 b 2 K g
g A~ [v) A% 2 )8 /> BALF H (%) 4 40 il 50 (P<0.05,
P<0.01) , {H 2 % W iz 45 A = 7] 45 41 %5 BALF H 9 1
S Jf i B S e B L FE K A AL N . HIE R AR,
R 20 /1N B BALF g 1 PR 40 i | 7k 22 40 7 rp
L 20 i AR B OE R 41 (P<0.01) ; SR AL L
B, B TR % AL T v 7R e 2 M S K A 4 R A5 B 8 ik
/> W TR 1 R 4 AR L AR ECL AR LR v R R A R R B i
(P<0.05,P<0.01), .55 4,

332 MRMTALUR# Y HEQRG@ZRWE2,5
TEH A, B B U) R A AR B B IR
JI 75, S LAY A B B 8, O HL O & Bt R
Wi 4535 1 P A AR ) B R R A o B K T AR T
ML SEAH R &M, AT A Lk iER A
NGES: &

Masson 4t (0,25 B B UL 1K) 2, 5 1F % 41 L 4%, 4
RYZH AT i 21 e AR W o e il 8, AR T D o 4
W72 T8 15 5 A0 e B0 70 LI JUL 2T 4 b e
gt JFHA M EES 2R SR RS
SR, HE Ay 3 UG T 2H U BE 0 (IR TR Ll R
T UL JEE ) B R A U T A 3

PAS Yy o 25 AR U UL I 2, 5 15 41 i, R
21 /N BRACHE  R MRR A0 M R i AR A I T B A
W2, FECRGEA , SEBIA A T, 45 45 25 AR
AR R 2 H R I P R O3 WA ek 2D, 3R W) 5 IR AL
M B U 2 2 Wity N BRSCEE L R AR A I E | s S

. 93 .



5528 %45 24 1] PEXR A FIFEEE Vol. 28, No. 24
2022412 H Chinese Journal of Experimental Traditional Medical Formulae Dec. ,2022
4 BALF R E 4B it 8 (x+s5,n=6)
Table 4 Count of inflammatory cells in BALF (x+s5,n=6) x10°/L
20 5 Fl /g kg WBC Neu Lym Mon Eos Bas
E# A 0.42+0.15 0.12+0.05 0.12+0.05 0.03+0.01 0.13+£0.07
H 5 2 3.12+1.18”  0.82+0.19” 1.79+0.55% 0.13+0.06" 0.80+0.13> 0.02+0.01
8 e AEL Y g 1) o 4 9.1 1.96+0.66”  0.32+0.17" 1.05+0.29" 0.08+0.05 0.50+0.22% 0.010.01
R 1% HEL AR 79) 4 4 4.55 1.89+0.51”  0.28+0.127 0.99+0.26" 0.10+0.02 0.40+0.11% 0.01+0.01
FEKMSH 0.005 1.37+1.24Y  0.29+0.14” 0.48+0.44 0.08+0.11 0.18+0.06" 0.02+0.01

5 IE WALV P<0.05,2P<0.01; 5B 20 [ 45> P<0.05,% P<0.01(F 5 (7)) s WBC. [ 40 i 45 ; New. o PR 40 A 45 s Lym. 4k T 40 i

Mon. Hu 4 L L s Eos. W8 R PR 40 L 11450 Bas. W8 B M4k 200 1 77 20 X

T AIEH 4B BRI C. 2 IRV AL 5 550 ek 2 D 25 I A A0 25 B b S K A 2 (11 3 Tl ) 5 PR G Sk D A 4R D 52, 2 € 7 Sk

A W ALARR I

B2 % RCRZAE DA X R /N BRUAT 4H R R IR MBI (x200)

LT AR W R €0, 20 G R Sk ST D AR 2 G A A

Fig.2 Effect of Loki Zupa Prescription on lung tissue of asthmatic mice (x200)

T R 5y WA I O o
3.3.3 Western blot /3t Western blot X % EX % fH
My T 90 2 Wity A< W OGBSl B B B AT

IE . S5 BR, 5IE W A, B Y p-Akt/
Akt HIF-1a £ [ 09 A0 X 38 3K 7K °F & 25 38 i (P<
0.01); SAI R L1 35, B W% AH 17 25 79 42k 4 % i 9
KN ZH B p-Akt/Akt & HIF-1a 85 [ B AH X 26 35 K F
Y ) A (P<0.05 . P<0.01) , 5 |- 15 W 2 IR n% 4L b ]
R AR /N BB OVA BB 38 % i 1 18 1Y p-Akt HIF-1a
B4 AH X 2 38 7K B8 TIE T 4% 24 B 0 45 AR L

Bl 3 FiER 5, 2 Bz A0 f 7T 38 o 98 5 PI3K-Akt/HIF-
Lo {5 5 18 % ol 3 127 g /N BR
4 itig

9 R SO O W ) TR BRI SRR

Mg £ R T I8 O A GUR A RS BN IR 12

A BT BE S A A AR O R . F S
.94 -

p-Akt _ e
Akt _

60 kDa

HIF-1 91 kDa

eeag -
-

B C D E
B3 &AMNRMALR Akt p-Akt . HIF-1a EHHERIE
Fig. 3

GAPDH

Expression of Akt, p-Akt and HIF-la protein in lung

tissues of mice in each group

F W e g S 2O AR R K AR A S U I Wi R
ST A B S A W W R R R SO I iy T
RIBA W22 500 BT R B, W TR KL 40 i
Hh P 2 L AR L S 2 4 i TR T il 4 2R 5
R W Wiy ok 1 B PR R R A LY AL S



5528 B4 24 ] HEXBAFZRS Vol. 28, No. 24
2022412 H Chinese Journal of Experimental Traditional Medical Formulae Dec. ,2022

x5 BAHANRAL p-Akt/Akt HIF-1a E BB RIE (3+s,n=6)
Table 5 Expression of p-Akt/Akt and HIF-la protein in lung

tissues of mice in each group (x+s,n=6)

a3 Bi/ETS HIF-la p-Akt
/g kg /GAPDH /Akt
ERA 0.68+0.12 0.50+0.09
H 10 2 1.59+0.31  1.43+0.79%
5 R N AEL I o 71 5 26 9.1 0.89+0.28%  0.85+0.37%
5 R % AL AV 7 26 4.55 1.00+£0.519  1.00+0.48
FEAAMNAL 0.005 0.79+0.42Y  0.57+0.22"

AR R AR B L = R AR R AR S
A LR A T, g AGE 25 T, R
B R A3 W6 ) e 220 B I A ) R ek 2D
Wi 558 3 il PN 8 P 40 B Y Y O BT R R 2 i 2 iy kA
MR MG 2 — o AL IR KRB, B RO AR
751 g 2 T 0 Wty 0N R 9 T 0 R P O L A Y L v R
R A AN RR R A DR A T N E I Y%
M AT S /0N BT 2 2 B Ak ol 02 /) B 4 20
) <38 R R 4 4 B % A, % B B IR AHL I
XoF 7 g /N B P A< o 9 EL A A g B

R T ik — 2 4 M B IR 0 AL 36 T 8 A GE
YR 1) ¥ AEAE AL, BIF 55 R FH UPLC-MS Bt & M 4%
2 ATk A3 BT A R R WY Gl G 0 1 A5 3 B KKK
RELOPY 5 A 396 P AR 43 37 A4, A B S L R 578 A 5
ok % 5 BAHE P2 AR A I i AR OCHE 1 2150, A A
EFEA 1734, BV g B RROn% #EL E 36 o % Wi 1) 1 7 4
SV AEHE 5 PP 45 43 BT SR, B KR AR AR I %
W 4 A% O 38 5 A Aktl HIF-1a % ; KEGG & %70 Hr
45 gk — 2 B R, PI3K/Akt  HIF-1a 25 {5 5 1 i% 7]
FE S % W AEL A Y6 o7 W i A< 9 A Vs A AR
% 3 25 B0 - A - g 0 4% 5 e 1l 4 AN B R % AL
WA 2N FF 438 1 Ak 2% B840 0 28 1R 2% R A0 2 £
M F EBER S 10T REAY CHE LAy . TR
TG IE ) 45 24 B2 T 2 SR H B RO AL 22 4
22 W8 YR T W Wity A U, o T IR AL R A O
0 55 K AH S A S B SE H AR, i2F— 20 R R N S 5
LS IE

PI3K J& T i Jot 3 g X I , Akt J& PIBK A9 3% T
TR AR PISK/AKt I 6 76 240 M 2 3 5 A K o
o AT A AR iz gh b R AR A
F 58 WA Akt 25 8 12 1k oF BH W7 PISK/AKt i #% , 7]
WD B S R HIF-1o B IALAE N 2 28 K 1
(VEGF) (1 323k , DA T 63 VR - 152 5 266 B8y 3 3% P, 410
QLA SN S a1 =R B R A X 5

PR A S A GE . PIBK/AK [ 5l % 7E
W g 2 Th 22 0 HE S 6 RCTE R IE (R IE B 9 AR IR
Wity ik PR 19 2 26 A B A R A R 0 R AR
P B 4L s 7 3 %, L e HIF- T 2 A S B0 480 S 0 A
BB T, FLRR AR 2F RE IT 5 5 5 R IE I A OG5
MG AL, 2 5 e R A SR 4R A0 R AT 4 A
JfL 38 5, T BOR E A0 MR T KGO £ A Ak R e
(A ot 38 5F BHLBr PI3K/AKt/HIF-1a 3% 42 0] fig & T Tz
Wiy /<, 18 98 ) IR AR, AW O B RO AH I AT AR
/N B OVA BB A& i L i /Y p-Akt  HIF-1a A9 4
Xif 2 35 7K S M T $2 0 PI3K/AKU/HIF-1a {5 5 4% .
g5 LRIk % RO AH A Y 22 B0 SR AT e E i
P45 PI3K/Akt HIF-1a {5 5 38 ¥ 19 2% 7 , 417 i fii 20
SR AT J N J 8 F IR, DT & BT W s R
LA N % WO A A6 I 9 iy < A8 AR AL
il 0 5 Al R s R IS AE 5 B T B S R S K
i, SR AEAE 78 [m) 8502 B 4l 1) T o 28 A58 78U | 5 4504l
G3 BT Tk 58 4 VT 2 R AL IEL A ) B RR A, AT
HE— 2 SN DAUE 52, 42 48 1% 05 h L JE Y B b A
1 (Q-Marker) , - $R 57 55 57 €4 25 B4 19 20 R 19 6 27 i
43, iX 2 Q-Marker J& 75 76 & H1 9 & 4238 #% - B AT &
SR8 T 0 I i R I R I F R N A
[FIFHHMR] ARG EEMTHHEF R,

[ &% it ]
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