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Study on the antitussive and expectorant activities and mechanism
of platycodin D based on metabolomics method
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Abstract: In this paper, the antitussive and expectorant activity of platycodin D (PD) were studied by
constructing a mouse cough induced by concentrated ammonia water and a mouse trachea phenol red excretion
model. The mechanism of antitussive and expectorant effect of PD was studied by metabolomics. The animal
experiment was approved by the Animal Ethics Committee of Jiangxi University of Chinese Medicine (approval
number: JZLLSC-20220739). Then mice were randomly divided into the normal, model, positive drug, PD low-

dose, PD medium-dose and PD high-dose group. The antitussive and expectorant effects of PD were evaluated
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using a cough mouse model induced by concentrated ammonia water and a mouse tracheal phenol red excretion
model, respectively. UHPLC-LTQ-Orbitrap-MS was used to identify the metabolites of mouse lung tissue, and
multivariate statistical analysis method of orthogonal partial least squares discriminant analysis (OPLS-DA) was
used for metabolites profile analysis. The differential metabolites were screened by variable projected importance
value (VIP) and #-test results. Pathways for enrichment of differentiated metabolites were analyzed using the
MetaboAnalyst platform. The comparative method was applied to analyze the differences in mechanisms of PD,
Deapio-platycodin D (DPD) and total platycosides fraction. The results showed that PD at different concentrations
could significantly prolong (P < 0.05) the incubation period of cough mice induced by ammonia water, reduce the
coughs frequency, and significantly increase (P < 0.05) the amount of phenol red excretion in phenol red excretion
model mice. PD could regulate 6 metabolic pathways of phenylalanine, tyrosine and tryptophan biosynthesis,
linoleic acid metabolism, phenylalanine metabolism, glycerophospholipid metabolism, and tyrosine metabolism to
exert antitussive effect. It could also regulate 8 metabolic pathways of linoleic acid metabolism, glyoxylic acid and
dicarboxylic acid metabolism, glycerol phospholipid metabolism, citric acid cycle and arachidonic acid metabolism
to exert an expectorant effect. However, only linoleic acid metabolism and glycerophospholipid metabolism could
be regulated by the PD, total platycosides fraction and DPD, which may be ascribed to the structural difference of
the platycosides and the interaction between platycosides and the intestinal microbiota. Functional analysis showed
that these metabolic pathways are closely related to the regulatory mechanisms of anti-inflammatory response,
immune function regulation, neurotransmitter release, cell signal transduction, energy metabolism and cell
apoptosis. This study shows that PD possesses good antitussive and expectorant activities. In addition, the
mechanism difference of PD, total platycosides fraction and DPD imply that the apiose in PD and the interaction
between PD and intestinal microbiota could exert an important effect on the antitussive and expectorant mechanism
of the platycosides.
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Figure 1 Antitussive and expectorant activity of platycodin D. A: Latent period; B: Frequency of cough; C: Phenol red excretion. n = 8,

x#+s. P<0.05 "P<0.01 vs model group. Pen: Pentoxyverine group; PD-L: Platycodin D low dosage group; PD-M: Platycodin D middle

dosage group; PD-H: Platycodin D high dosage group; AmCh: Ammonium chloride group
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Figure 2 Orthogonal partial least squares analysis (OPLS-DA) of antitussive and expectorant assays. OPLS-DA plots in ESI+ (A) and
ESI- (B) for antitussive assay, OPLS-DA plots in ESI+ (C) and ESI- (D) for expectorant assay
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Figure 3  Volcano plots of normal group vs model group. Antitussive assay results in ESI+ (A) and ESI- (B); expectorant assay results in

ESI+ (C) and ESI- (D). Blue: Down-regulated metabolites; Red: Up-regulated metabolites; Gray: Insignificant metabolites
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Table 1

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

| : Down-regulation; T : Up-regulation; /: No significance; RT: Retention time; VIP: Variable importance in projection; PE: Phosphatidyl

ethanolamine; LysoPC: Lysophatidyl choline; 15-HETE: 15-Hydroperoxy-5,8,11,13-eicosatetraenoic acid; PC: Phosphatidyl choline

Variation trend

Metabolite Formula ~ heesured  Theoretical - RT - VIP ST Brror Qo oy ) Model/ Model/
mlz m/z /min value mode /ppm
Model PD-L _PD-M_PD-H

Fumaric acid C,H,0, 1150037 1150037  1.05 13766 -  0.00 17 el L
Malic acid C,H,0, 133.0142 133.0142 087 18340 +- 000 |~ [ I
Vanylglycol C,H,,0, 1340712 1340706 085 15447 + 433 17 yee el
4-Trimethylammoniobutanoic acid C,H,,NO, 1441029 144.1030 13.05 13356 - -0.69 |7 / [
L-Phenylalanine C,H, NO, 164.0719 164.0717 208 1.8001 - 128 17 el
L-Tyrosine C,H, NO, 182.0804 182.0812  0.88 15763 + -439 |7 / (A
17alpha,21-Dihydroxypregnenolone C,H,,0, 186.114 1  186.1133 633 17744 + 403 17 e
Taurine C,HNO,S 1919946 191.9949 078 1.7604 +- -156 |7 L A
4-Hydroxy-2-oxoglutaric acid C,H,0, 2450758 2450768 116 17872 + 420 |7 / / T
Androstenedione C,H,0, 251.1798 2511806  10.15 1.7784 + =303 17 e
Androsterone C,H,0, 2712070 2712062  9.57 1.8528 295 17 el e
PE(22:2(13Z,162)/18:1(92)) C,H,NOP  274.1988 274.199 1 877 13269 + -1.09 | L A
Oleic acid C,H,0, 281248 1 281.2486 1335 1.6134 - -178 |7 L A
3-O-Sulfogalactosylceramide (D18:1/18:0) ~ C,H(NO,S  292.1724 292.1736  13.19 14927 + -411 |~ / / T
Sphingosine C,H,NO, 3002885 3002897  11.81 1.5931 + -413 |7 L A
LysoPC(22:0/0:0) C,H,NOP 3112343 3112337 1583 15093 + 193 |” [ I
Linoleic acid C,H,,0, 3132725 3132737 1510 12243 + -3.83 |7 / (R
4-Trimethylammoniobutanal CH,NO 3222471  322.2476 536 13349 + -1.68 |7 T T* T
Glucose 1-phosphate CH,,0,P 327.0098  327.009 9 073 14976 - -031 17 1# 1# 1#
Docosahexaenoic acid C,H,,0, 327.2325 3272330 1272 10611 - -153 17 R
Leukotriene A4 C,,H,,0, 360.2538  360.253 3 6.76  1.8327 + 139 |7 L R
Vitamin D3 C,H,,0 367.3381 367.3365  13.12 1.5995 + 436 17 / / 1
Sphingosine 1-phosphate CH,NOP 3782399 3782415 11.85 13085 - -423 17 e
PE(15:0/14:1(92)) C,HNOP 3862736 3862734 1418 16536 + 044 |7 L I
PE(14:0/P-16:0) C,H,NOP 3862930 3862916 1418 14255 + 362 17 1 el
15-HETE C,,H,,0, 387.2147 3872153 1432 17103 - -155 |7 L B
PE(22:2(13Z,16Z)/P-18:0) C,HNOP 4038060 4038053 729 14267 + 183 17 el
PC(22:5(72,10Z,13Z,16Z,19Z)/P-16:0) C,H,NOP  407.7902 4077897  7.01 17288 + 118 |~ / R
4a-Carboxy-4b-methyl-5a-cholesta-8,24-  C,,H, O, 4253439 4253420 1273 1.8415 + 451 |7 T A
dien-3b-ol

PC(22:5(7Z,10Z,13Z,162,192)/18:1(112)) ~ C,H,NOPP 4383180 4383173 1273 16018 + 6o 17 / / 1
Folinic acid C,H,N.O, 4561648 456.1632 1587 16421 + 353 |7 L A
LysoPC(15:0/0:0) C,H,NOP 4622969 4622984 1277 11058 +- -320 17 el
Cholesterol sulfate C,,H,0,S 499.3438 4993452 1349 18519 + -276 17 e
3-O-Sulfogalactosylceramide (D18:1/24:0)  C,H,NO,S 5083721 5083706 1431 17780 + 297 |~ [ R
LysoPC(18:0/0:0) C,H,NOP 5243690 5243711 1491 10903 + -397 " / A
LysoPC(18:1(92)/0:0) C,H,NOP 5883299 5883283 13.00 10423 - 272 17 / / 1#
LysoPC(20:3(87,117,147)/0:0) C,HNOP 5903180 5903193 1277 16209 + -220 |~ L
MEZEFET FMUIRR, BIENEAR RN Sk,

R AW 4 i (phenylalanine, tyrosine and tryptophan
biosynthesis) I R 1 (linoleic acid metabolism). 2f-
fith B AR 2R 1 R AR (taurine and hypotaurine metabo-
lism). 7% 1§ 2 FR 11 (phenylalanine metabolism). H Vi
fif I8 AX W (glycerophospholipid metabolism) - i 2 2 1%
W (tyrosine metabolism)- 3 A7 F1 JiE #% AL (starch and
sucrose metabolism) 5 & [ B ¥ & 4= ) & J (steroid
hormone biosynthesis). H 4 fifi & F1 i 2= fif B2 4K 49
(taurine and hypotaurine metabolism) Az JiE ¥y 1 % A X
i (starch and sucrose metabolism) X 4 i i H A —
AR =K AR T AR AR, IX 2 2% AR i 1
A RE Y i A, PRI 2 2% AR 2 7E i 2 1) 40 A Hh b

MR SLEe 1, PD R 8 2 AR E 2 E
T 10 25 AR K, 43 0] A2 03k R AR U2 R S5 il 2K R
£ )& Jik (ubiquinone and other terpenoid-quinone bio-
synthesis) fift % 2 18 #f (thiamine metabolism). Z. & I
=R (glyoxylate and dicarboxylate metabo-
lism) H i 8 fig A% #7415 BR 11 2£ (citrate cycle, TCA
cycle). {2 FR AR5 (tryptophan metabolism)- 1 g AR i
(pyrimidine metabolism) £ 4= VU i 2 /X 4] (arachidonic
acid metabolism) 1 H v JIg 1% i (glycerolipid metabo-
lism). {H 32 i 55 1 28 B A2 -6 s R0 it fie 2 A e
R A Z 5 AREA/K AR T 308, 1 B 2 26 AR
I % PR A FH TR)RE T A A v A, DA b 3k A e 2 7
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Ja B 7 Bt A 0 B HL e 2536 7 A7 AL EAT 0F 72, DAL, 0 0
THMBIZAEIRILHIDE T . AL RS R Eox % PD

i 25 2570 1 e S 2 SRR K T AR v/ R %
WK I8 LA S A, SRR S e RS ORI AT W R R, R S M £ M A R e

SR AR by, 8 AR AR kR DRI AR R . X g R SRR 2 L DPD

Table 2 Information on differential metabolites in expectorant assay. P < 0.05, P < 0.01 vs normal group; P < 0.05, “P < 0.01 vs model
group; | : Down-regulation; T : Up-regulation; /: No significance. CE: Cholesterol ester; 12(13)-EpOME: 12(13)-Epoxy-9Z-octadecenoic
acid; Cyclic GMP: Cyclic guanosine monophosphate; LysoPA: Lysophosphatidic acid

Variation trend

Measured Theoretical RT VIP ESI  Error

Metabolite Formula . Normal/ Model/ Model/ Model/
m/z mlz /min  value mode /ppm
Model PD-L PD-M_ PD-H

Glyoxylic acid C,H,0, 729933 729931 125 14084 - 274 |7 / T
Estrone C,H,,0, 1340743 134.0737 12.62 14362 - 448 |7 / / T
Hydroxypropionic acid C,HO, 1350301 1350299 0.83 15251 - 1.48 1 T# T T
Glyceric acid CH,0, 1429751 1429752 074 14694 - -070 17 / IR
Allantoic acid C,HN,0, 157.0367 157.0362  1.14 14105 - 38 T / / T
Orotidylic acid C,H,N,0,P 1830062 183.0056 0.85 14010 - 328 |7 T T T
4-Hydroxyphenylpyruvic acid C,H,0, 213.076 4 213.0757 1565 14139 + 329 T ¥ L L
5-Acetylamino-6-formylamino-3- CH, N0, 225.0630 225.0629 3.76 154638 - 0.44 T / / L #
methyluracil

CE(20:1(112)) C,,H,20, 2252038 2252032 1591 14927 - 266 " [ R
Thymidine C,H,N,0, 241.0824 241.0830 1.90 14607 - -249 17 / e
Serotonin C,H,N,0 259.1553  259.1553  15.64 14092 + 0.00 17 ey
Citric acid CH,0, 261.0214 261.0216  1.08 14680 + -077 17 ey
5-Hydroxykynurenine C,,H,,N,0, 269.0774  269.0779 121 1.0921 - -1.86 1T / T T4
Linoleic acid C,H,,0, 3132749 3132737 1512 13547 + 383 |7 / T T
Prostaglandin H3 C,,H,,0, 3311911 331.1909 856 13775 - 060 |7 / IR
Dihomo-gamma-linolenic acid C,H,,0, 339.2907 339.2894 13.11 1.0437 + 383 |7 / T T
19-Hydroxytestosterone C,H,,0, 3492008 349.2020  9.90 1.1445 -  -344 |7 L I
14-Hydroxy-E4-neuroprostane C,,H,,0, 3572076  357.2066 13.14 1.4490 - 2.80 L / T T
12(13)-EpOME C,H,,0, 3632159 363.2153  13.06 1.0894 - Les 17 / / T
Cyclic GMP C, H,N,OP 3800150 3800168 072 14304 - -474 |~ L R
Palmitoylcarnitine C,,H,\NO, 3983277 3983276 12.63 14301 - 025 |7 [ A
Thiamine pyrophosphate C,H,/,NOPS 4050198 4050193 098 13840 - 1.23 T / 1# 1 #
Cortisone C, H,0, 405.1902 4051919 525 11200 - 420 " [ A
LysoPA(0:0/16:0) C,,H,,0,P 409.2355 409.2361 13.94 14676 - -147 17 / / 1#
PE(16:0/P-18:0) C,H,NOP 4143216 4143229 1032 10418 + -3.14 |7 / [
PE(20:1(112)/P-18:1(112)) C,H,NOP 4403372 4403385 10.63 12306 + -295 | / / T
LysoPA(0:0/18:1(92)) C,H, 0P 478.2943 4782928 1220 1.0338  + 347 T R
LysoPA(18:0/0:0) C,H,OP 480.3097 4803085 13.12 1.0502  + 250 7 T R
24R,25-Dihydroxyvitamin D3 C,,H,,0, 4833103 4833092 13.62 1.0286 - 228 17 / IR
LysoPC(18:3(62,92,122)/0:0) C,HNOP 5183233 5183241 1265 11794 + -154 |7 L L
LysoPC(18:2(9Z,122)/0:0) C,HNOP 5423232 5423217 1216 11573 + 277 " / T T
LysoPC(20:4(8Z,11Z,14Z,172)/0:0) C,H NOP 5443410 5443398 1235 12701 + 220 |7 T T T
LysoPC(18:1(112)/0:0) C,H,NOP 5563157 5563175 13.01 15624 - -324 |7 / T T
LysoPC(22:6(4Z,7Z,10Z,137,16Z,192)/0:0) C,H,NO.P 5683413 5683398 1229 10361 + 264 |7 1% #  1#
LysoPC(22:5(42,72,10Z,13Z,162)/0:0) C,H,NO.P 5703573 5703554 12,67 12083 +- 333 |[™ 1% g# g
LysoPC(20:5(5Z,82,112,147,177)/0:0) C,.H,NO.P 586.3169 586.3150 12.03 14314 - 3.24 17 1% 1 1

Table 3 Metabolic pathway analysis of antitussive assay

No. KEGG pathway Total Hit Impact P value Hit compound
1 Phenylalanine, tyrosine and tryptophan biosynthesis 4 2 1.0000 0.001 8 L-Tyrosine; L-phenylalanine
2 Linoleic acid metabolism 5 2 1.0000 0.003 0 Linoleic acid; PC
3 Taurine and hypotaurine metabolism 8 1 04286 0.136 0 Taurine
4 Phenylalanine metabolism 10 2 0.3571 0.0130 L-Tyrosine; L-phenylalanine
5 Glycerophospholipid metabolism 36 3 0.2163 0.0253 PC; LysoPC; PE
6 Tyrosine metabolism 42 3 0.1644 0.0414 Vanylglycol; L-tyrosine; fumaric acid
7 Starch and sucrose metabolism 18 1 0.1349 0.281 1 Glucose 1-phosphate
8 Steroid hormone biosynthesis 85 4 0.1286 0.063 0 Androstenedione; cholesterol sulfate; androsterone;

17alpha,21-dihydroxypregnenolone
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Figure 4 Metabolic pathway analysis. A: Lung tissue in antitussive assay; B: Lung tissue in expectorant assay. 1: Phenylalanine, tyrosine

and tryptophan biosynthesis; 2: Linoleic acid metabolism; 3: Taurine and hypotaurine metabolism; 4: Phenylalanine metabolism; 5: Glycero-

phospholipid metabolism; 6: Tyrosine metabolism; 7: Starch and sucrose metabolism; 8: Steroid hormone biosynthesis. a: Linoleic acid

metabolism; b: Ubiquinone and other terpenoid-quinone biosynthesis; ¢: Thiamine metabolism; d: Glyoxylate and dicarboxylate metabolism;

e: Glycerophospholipid metabolism; f: Citrate cycle; g: Tryptophan metabolism; h: Pyrimidine metabolism; i: Arachidonic acid metabolism;

j: Glycerolipid metabolism

Table 4 Metabolic pathway analysis of expectorant assay

No. KEGG pathway Total Hit Impact P value Hit compound
1 Linoleic acid metabolism 5 2 1.0000 0.0033 Linoleic acid; 12(13)-EpOME
2 Ubiquinone and other terpenoid-quinone biosynthesis 9 1 1.0000 0.156 7 4-Hydroxyphenylpyruvic acid
3 Thiamine metabolism 7 1 0.6667 0.1241 Thiamine pyrophosphate
4 Glyoxylate and dicarboxylate metabolism 32 3 0.3863 0.0203  Glyoxylic acid; glyceric acid; citric acid
5 Glycerophospholipid metabolism 36 3 0.2617 0.0278 PE; LysoPA; LysoPC
6 TCA cycle 20 2 0.1474 0.0522 Citric acid; thiamine pyrophosphate
7  Tryptophan metabolism 41 2 0.1318 0.1774  Serotonin; 5-hydroxykynurenine
8  Pyrimidine metabolism 39 2 0.1295 0.1639 Orotidylic acid; thymidine
9  Arachidonic acid metabolism 36 2 0.1112 0.1442 Prostaglandin H3; 14-hydroxy-E4-neuroprostane
10 Glycerolipid metabolism 16 2 0.1059 0.0345 Glyceric acid; LysoPA
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Figure 5 Metabolic pathway network related to antitussive effect of PD. 12,13-DHOME: (92)-12,13-Dihydroxyoctadec-9-enoic acid; L-

Dopa: Levodopa; DHA: Docosahexaenoic acid
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Figure 6 Metabolic pathway network related to expectorant effect of PD. UMP: Urid ylic acid
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