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Abstract: The UHPLC-LTQ-orbitrap-MS metabolomics technique was used to determine the effect of deapio-
platycodin D (DPD) on endogenous metabolites in lung tissues of mice with ammonia-induced cough, and to
identify the metabolic regulatory pathways of DPD in its antitussive and expectorant activities. This work was
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approved by the Animal Ethics Committee of Jiangxi University of Chinese Medicine (Approval No. JZLLSC-
20190235). Metabolites were identified by UHPLC-LTQ-orbitrap-MS method and the metabolic pathways related
to differentially-expressed metabolites were analyzed by the MetaboAnalyst platform. DPD significantly prolonged
(P < 0.05) cough latency, reduced the number of coughs, and significantly increased (P < 0.05) phenol red excretion
in ammonia-induced cough mice. Twenty-five metabolites related to cough and 38 metabolites related to sputum
excretion were identified by UHPLC-LTQ-orbitrap-MS. Changes in the metabolism of linoleic acid, arachidonic
acid, glycerophospholipid, alanine, aspartic acid and glutamic acid, pentose and glucuronate interconversions, and
lysine degradation were evident with DPD treatment of ammonia-induced cough mice. Changes in the metabolism
of linoleic acid, taurine and hypotaurine, glycerophospholipid, purines and pyrimidines, arachidonic acid and the
biosynthesis of unsaturated fatty acids after DPD treatment were related to phenol red excretion. Linoleic acid
metabolism, arachidonic acid metabolism and glycerophospholipid metabolism are common regulatory pathways
by which DPD appears to exert its antitussive and expectorant activity. These metabolic pathways are closely related
to anti-inflammatory pathways, immune function regulation, neurotransmitter release, cell signal transduction, energy
metabolism and apoptosis. This study clarifies the antitussive and expectorant activity and mechanism of DPD.

Key words: deapio-platycodin D; antitussive; expectorant; metabolomics; mechanism

N R % 9 e WP R R e L Wy A8 {1 L 2 1 il
T3~ il ek LA e 7 2R e AR 0 B R A % (COVID-19) 460
W TE Z 40 0 1 3 I AR, 5 T B R AR, A
T BB B ARTE BT R, b4 B Aok
H AP AR R R RO Bk, LA
W% A2 V0 25 AR N R LB E Y B 22, 97 2804
52, H 5 AR i TE R A IR R oA A P A R
NEEH DR GBI 5 T R R 2 2 A R B AR TR 2 )
FENZ I PR 2 4 AT IR e DK .

A& B 4 K B8 BHIE ) k5 8 Platycodon grandiflorum
(Jacq.) A.DC. [ AR, JL il I L #5958 HE e 25 1)
R, W PR &5 FH T R Wk 22 1 o) A 1 VI e <2 T it 9 e
Ji o R BRI F0 3 B, R R S a0 A L T A Rk
gy, HEG R E 12 AP AU 84 A 5 T i
SRR A R G g A T A T Y ) 3 RO R AT
gE MR W], LT R A 2 9 D (deapio-platycodin D,
DPD) [ H 3 Ak 7= W) 2 ¥ 1 R A W% 45 0 0 1 i 4, 2
N BA B R S IR NEYY. S —T7 i, AR
BT RGEW I — A 53 3, AT 43 BT AR Ak g AR
VAR AL, (58 B AU P AT 5 LA AE S A B BEDIR
BIXRR. LarR A5 ik g Z TR
Wr 55 LI 9 256 97 S8 5 5 A AR B R E L R 2
25800 o KA AL B FERTIE 9 CAR T, A
SCAE R Cia P AR 41 27 J7 2% 1 D 1) B AR B A 2 1 5
P R I 3 B AL P T B B Z AR IR AL . AR T
75 /i BRI 50 38 A0 1 gk — 3P PR 5T DPD [ 48 0% 445 9%
T, IR AR 4 2% 75 2 [ B DPD )8 45 9R AF
WL, J935ET DPD %2 4 A 2% 1) AR B 45 9% 25 P
RARMEARS -

MR57HEE

{88 LTQ Orbitrap VELOS Pro %! £k 4 B¢ 1 -
i L 3% 038 B ICFH 5 RS AY, TiE 4% Ultimate 3000 i 15 2%
WAH s R4 (35 H 28 8K K A F]); ZORBAX RRHD
Eclipse Plus C18 34+ (100 mm x 2.1 mm, 1.8 pm; 38
[ 2 5818 A 7)), DY 8O- AL AT ML (7 I 3T 2 AE R
JBE A PR A 1), CP214 B L1 43 41 K7 (b B 52 M
1B AT R 2 71); UV-1800 B84k 43 6 6 FE it (H A
Shimadzu 22 7]); QL-901 2435 e A% (¥ 17717 FH Ak DLIRAX
P I A PR A FD); 402A1 LR 75 AL 2% (VL7548 K
BT s I B BR A D).

WPERF LIPS T D (21 98.62%, 1k
=2 W MR E IR A w5 MUST-21011911);
AL (R RS, 52 20170901); #1
ERWTFEAR (5 & MR R B FE 4E 4K 25 mg, V7T e ]
HERAER A AR~ A, 5 21032312); 415 (i
B2, 8 E Merck A w]); B FHEE A L BE %, IRE K
A R IR SN o Al (VG B AL TR A R A RD,
KB A K, At o At

SLIEEN 96 U SPF i M KM /N B, 14 i &
18~22 g, g F YLV 1 B2 25 R 2= sh M s i oty 34
FEYFAIE S SCXK (3#5) 2018-0003 . 7 SZB& £8 VT 7
= 245 K5 B Ae B2 0t 2 v, B4 S u A0 B AR LS
JZLLSC-20190235.

HEZSI R AWK E K 5] 1% S0 7T DPD 48
s PR, 48 W PE KM /N B, BE WL N IE W 4
(normal) B 20 (model) BH 4 % R 2H (o A 12 1% 6 4
M, pentoxyverine, Pen). DPD ik (deapio-platycodin D
low dosage, DPD-L). DPD "' (deapio-platycodin D
middle dosage, DPD-M). DPD 7 (deapio-platycodin D



- 3188 -« %% %3 Acta Pharmaceutica Sinica 2022, 57(10): 3186 3194
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Table 1

8, x+s. 'P<0.05 "P<0.01 vs model group. Pen: Pentoxyverine

Antitussive activity of deapio-platycodin D (DPD). n =

group; DPD-L: Deapio-platycodin D low dosage group; DPD-M:
Deapio-platycodin D middle dosage group; DPD-H: Deapio-platy-
codin D high dosage group

Drug Dosage Latent Frenquency
Group treatment  /mg-kg"'-d” period /s of cough

Normal Water - - -
Model Water - 8.06+1.80 52.50+5.42
Pen Pen 100 23.53+£2.48" 30.00+3.53"
DPD-L  DPD 10 10.57+1.17°  46.90 £5.02"
DPD-M  DPD 20 16.09 +3.57" 31.40 £4.40"
DPD-H  DPD 40 1648 +£2.51" 22.60+3.37"

Table 2 Expectorant activity of DPD. n = 8, x = 5. "P < 0.05,

P <0.01 vs model group. AmCh: Ammonium chloride group

Drug Dosage Excretion of
Group R N
treatment /mg-kg™-d phenol red/pg-mL

Normal Water - -
Model Water - 0.78 +£0.15
AmCh AmCh 10 1.34+0.30"
DPD-L DPD 10 0.98 +0.14"
DPD-M DPD 20 1.10 £ 0.24™
DPD-H DPD 40 1.15+0.22"
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Figure 1
assays; PCA in ESI" (C) and ESI (D) for expectorant assays
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Principal component analysis (PCA) results in normal group vs model group. PCA in ESI" (A) and ESI (B) for antitussive



22,

3190 - %% %3 Acta Pharmaceutica Sinica 2022, 57(10): 3186 3194

A © Normal B Model A Pen v DPD-L ¢ DPD-M @ DPD-H o QC B @ Normal B Model 4 Pen v DPD-L ¢ DPD-M # DPD-H ® QC
15 '1- 10
_10
N N *
F 5 € o‘. % ‘ A Ua )
S0 ® 0 L )
: s * : ‘)
S - < °
S S5
-10 %
15 -10
220 -15
-30 =20 -10 0 10 20 25 20 -15 -10 -5 0 S5 10 15 20
1.00012 * 1] 1.00009 * t[1]
C ©Normal B Model A AmCh v DPD-L ¢ DPD-M @ DPD-HeQC D @ Normal 8 Model A AmCh v DPD-L ¢ DPD-M @ DPD-H ® QC
30 8
20 - 4
) s ma g4 °
=10 " ol té ‘ 5}
=0 % ] 0 0"
Q : I ®
g-10 3. g 2 L
- s e
20 b 2 = -
-30 -8
40 -10
-40 -30 20 -10 O 10 20 30 -15 -10 -5 0 5 10

1.00036 * t[1]

Figure 2 Orthogonal partial least squares discriminant analysis (OPLS-
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DA) plots of antitussive and expectorant assays. OPLS-DA plots in

ESI' (A) and ESI” (B) for antitussive assays; OPLS-DA plots in ESI" (C) and ESI” (D) for expectorant assays

Table 3
Down; T : Up;/: No change. VIP: Variable importance in projection

Information on differential metabolites in antitussive assays. P < 0.01 vs normal group; “P < 0.05, P < 0.01 vs model group. | :

Variation trend

Metabolite Formula ~ wperimen- Theoretical - RT o Error  EST G odell Model/ Model/
tal m/z m/z /min /x10°  mode
Model DPD-L DPD-M DPD-H
L-Aspartic acid C,H.NO, 132.0301 1320302  0.82 1.65 -0.45 - " T T
Fumaric acid CH,0, 150.9804 150.9804  0.87 148  0.13 - Tt 1 1
3-Hydroxyanthranilic acid C,HNO, 1520356 152.0353 888 1.63 164 - T 1 IR
Homovanillin CH, 0, 167.0695 167.0703 1227 1.63  -4.79 + I T T T
Oxoadipic acid CH,0, 205.0347 205.0354 119 1.65 -3.22 - " T T
Phosphoserine C,H\NO P 2299790 229.9801  0.83  1.51  -4.87 + " T T
PE(14:1(92)/20:5(528Z,112,142,172))  C,HNOP 2441531 244.1521 436 136 414  + [ A S A
PC(18:3(92,122,15Z)/P-18:1(112)) C,H,NOP 2709565 2709553 088 141 447  + Tty / T
Arachidonic acid C,,H,,0, 3052462 305.2475 1690 140  -4.16 + 7 T T T
Cholestane-3,7,12,25-tetrol-3-glucuronide  C,;H, O, 3072004 307.2010 13.86  1.06  -2.08 + T " 17 1
Uridine C,H,,N,0, 308.0840 308.0853 116 1.02 -4.25 + 7 T T T
Linoleic acid C,H,,0, 3132725 3132737 1334 127  -3.89 + 1 T [ T
PC(24:1(152)22:5(72,102,132,162,19Z)) C,H,NO,P ~ 3142302 3142304 829 131 -070  + (R
(6E,82,112,142)-5-Hydroperoxyicosa- C,,H,,0, 3172116 3172117 1109 110 -0.44 - - T T T
6,8,11,14-tetraenoic acid
Uric acid CHN,0, 335.0492 3350494 114 1.05 -0.57 - T ey
13-L-Hydroperoxylinoleic acid C,H,,0, 3352197 3352193 10.34 1.32 1.31 + T / L L#
Phenethylamine glucuronide C H,NO, 361.1370 361.1370 696 152 -0.03 + Tty 17 17
PE(22:0/15:0) C,H,NOP 3927933 3927950 079 1.53 443  + vt L
24-Hydroxycalcitriol C,H,0, 3973125 3973113 1132 152 3.02 + 7 T T T
12-Keto-leukotriene B4 C,H,,0, 3982289 3982302 1650 157 324+ " / T
Guanosine monophosphate C,HNOP 408.0288 4080292 087 137 -1.10 + T " 17 1
ADP C,H.N,OP, 4500170 450.0186 092 130 -349  + " [ [
LysoPC(18:0/0:0) C,H,NOP 5043460 5043454 1114 137 117 - I
Cholesterol glucuronide C,H,,0, 5273750 5273743 1511 L1l 1.31 + " T T
LysoPC(20:2(11Z,142)/0:0) C,HNOP 5703531 5703530 951 1.60  0.11 + L s
3 R ERRSHER R IRE ST SCIG I AT 45 R LRI 3A 3B, B 3A W4, 5 DPD

3.0 ERZERKRSIER S K DPD [ 2 Rk
R S5 N\ MetaboAnalyst 5.0°F- &, #£% DPD ;= £ 1%
T B ROAC @ % . BEIAAE (impact) > 0.1 8% P < 0.01
() 368 B 35 WT B DA A o Y A IR R R B AR TR

BN E PR AE OC B AU E % L 6 2%, 4 N T ER AR
W (impact = 1.000 0, P = 1.81x107), 1 4 PU 4% 12 A 4
(impact = 0.420 0, P=0.010 0), H i f 548} (impact =
0.216 3, P=0.010 0), 2R « K & 2R A0 23 2 B AR
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Table 4 Information on differential metabolites in expectorant assays. ~ P < 0.01 vs normal group; “P < 0.05, "P < 0.01 vs model group.

| : Down; 1: Up; /: No change

Variation trend

i Experimental Theoretical ~ RT/ Error  ESI
Metabolite Formula s min VIP x10° Normal/  Model/ Model/ Model/
Model DPD-L DPD-M _DPD-H
Taurine C,HNO,S 148.0034  148.0039  0.84 140 -338 + T / 1 L #
Indoleacetaldehyde C,,H,NO 160.075 3 160.075 7 1.60 1.13  -2.50 + l** T# 1# 1
(87,112,147)-5,6-Dihydroxyicosa- C,H,,0, 1811215 1811211 999 113 221  + T 17 1 1
8,11,14-trienoic acid
2-Hydroxy-3-(4-hydroxyphenyl) C,H,0, 213.0752  213.0757 1586 1.60 -235 + 1 1 1 # 1%
propenoic acid
Citric acid C.H,0, 2150153 2150162  1.08 122 419 + T 1 1 L
PE(22:5(7Z,10Z,13Z,16Z,192)/20:1  C,H,NOP  274.1995  274.1999 875 1.62 ~-146 + [ 17 1 1
(112))
L-Valine C.H, NO, 2761905 2761918 076 148 471  + T L 1 L
Uridine C,H,,N,0, 279.0386  279.0389 116 125 ~-1.08 - 1 / T T#
PC(20:4(87,11Z,14Z,177)/22:6 C,H,NOP 3002877 3002869 11.80 1.51 266 + - 1 T 1#
(42,72,10,132,167,192))
Linoleic acid C,H,,0, 3132737 3132737 1336 132 003+ - T T 1
PC(24:1(152)/22:2(137,162)) C,H,NOP 3162473 3162460 947 1.62 411 + T / 1 L
Uric acid CH,N,O, 3350504 3350494 114 138 298 - [ / / L
20-Hydroxy-leukotriene B4 C,H,,0, 3352222 3352223  6.52 131 -0.30 + T 1* 1 # 1 #
Adenosine monophosphate C,H,NOP 3460563  346.0558 0.87 145 144 - 1 T# T TH
Dihomo-gamma-linolenic acid C,H,,0, 348.2887 3482897 1533 146 -2.87 + 17 T 1 1
Docosahexaenoic acid C,H,,0, 3612722 3612737 1438 135 -415 + T / 1 # 1 #
(52)-7-[(2R,35)-3,5-Dihydroxy-2- C,H,,0, 3772283 377.2298 934 146 398  + L T T T
[(1E,3S)-3-hydroxyoct-1-en-1-yl]
cyclopentyl]hept-5-enoic acid
dUMP CH,N,OP 3849606  384.9600 681 149 156 + T / 1 L
S-Adenosylhomocysteine C,H,/NOS 3851283 3851289 1.16 158 -156 + " / T [
PE(15:0/14:1(92)) C,H/NOP 3862753 3862734 14.13 145 492 + 1 / T [
Arachidic acid C,H,,0, 3953619 3953632 1250 131 329  + 1 T T T
PC(20:5(52,8Z,11Z,14Z,17Z)/P-16:0) C,H, NOP  401.7616  401.7610 691 152 149 + - 1 T# 1#
PC(22:2(13Z,162)/14:0) C,H,NOP 4143191 4143173 1120 133 434 + - 1 T 1#
PC(24:0/P-18:1(92)) C, H,,NOP 4398504  439.8523 923 128 -432 + I T T T
PE(22:5(4Z,77,10Z,13Z,16Z)/22:0) C, HNOP 4463345 4463329 931 124 358 + (. ™ T T
LysoPC(14:0/0:0) C,H,NOP 4662929  466.2939 1392 155 -2.17 - I T T T
LysoPA(18:0/0:0) C,H,,0,P 480.3084 4803085 13.83 149 -021  + T L L L
PC(24:1(152)/18:0) C, HNOP 4983979 4983986 601 1.65 ~-140 + - T T T
LysoPC(P-18:0/0:0) C,H,NOP 5083740 5083762 1431 122 -433 + - I T 1
(28)-2-({5-Amino-1-[2R,3R4S,5R)-  C,H,N,O,P 5230698  523.0683 507 126 287 + [ 17 1 1
3,4-dihydroxy-5-[(phosphonooxy)
methyl]oxolan-2-yl]-1H-imidazol-4-yl}
formamido)butanedioic acid
LysoPC(16:0/0:0) C,H,NOP 5303022 5303019 1350 141 057 - [ 1 I L
Glycocholic acid C,H,,NO, 5322893 5322892 1508 1.60 0.9 - - / T [
LysoPC(20:0/0:0) C,HNOP 5524017 5524024 1686 146 ~-127 + 1 / T [
LysoPC(18:1(92)/0:0) C,H,NOP 5563187 5563175 1428 1.14 216 - (. / 1 L
LysoPC(20:2(11Z,142)/0:0) C,H,NOP 5923604 5923620 1435 1.07 -270 - T / / 1 #
LysoPC(22:5(42,72,10Z,132,162)/0:0) C,H,NO.P 6143461 6143463 1336 1.15 -033 - 1 / T 1#
(58,6E,82,11Z,14Z)-5-Hydroxyicosa-  C,,H,,0, 6234695 6234671 735 143 385 + T / / #
6,8,11,14-tetraenoic acid
PC(20:4(5Z,8Z,11Z,14Z)/P-18:1(92)) C,H,NOP 8145729 8145721 701 149 098 + 17 T T T

(impact = 0.226 0, P = 0.048 9), 3} F1 %] %7 HH % 12 11 AH
H Ak (impact = 0.140 6, P = 0.209 5) LA K i 2 2 4 fiR
(impact=0.140 9, P=0.279 1) ZR U@ . HE3BA]
0, 5 DPD #£58 % 1 AH G AR E R 3L 7 2%, 43 il 2
TR AL (impact = 1.000 0, P = 0.002 2), Hih B g4t
it (impact = 0.356 2, P=0.001 9), 4-F R F1 0 A fif 21 <
i (impact = 0.428 6, P = 0.117 6), MW Q4 (impact =

0.129 2, P = 0.076 0), M nE 4L (impact = 0.122 7, P =
0.120 4), €4 PUREER A (impact = 0.000 0, P=0.000 2)
55 AN AN S B B2 4G (impact = 0.000 0, P = 0.001 9)
SACHHER . o, I ERACE AR DU R AU S
T 1 g A 11 /2 DPD R 4% B 0% 5 4558 8 P 1 3t R AR
S}

3.2 R ERREEERINGES WA IES
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