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Abstract: UHPLC-Q-TOF/MS metabonomics technology was used to clarify the metabolic regulation
pathways by which Platycodon total saponins (PTS) exert antitussive and expectorant effects in a mouse cough
model, in which coughing is induced by concentrated ammonia, and in a phenol red excretion model. After
approval by the Experimental Animal Ethics Committee of Jiangxi University of Chinese Medicine (Approval No.
JZLLSC-20190235), the mice were randomly divided into a normal group, a model group, a positive drug group
and a PTS group. Endogenous metabolites in mouse serum were identified by UHPLC-Q-TOF/MS. Principal
component analysis (PCA) and orthogonal partial least squares discriminant analysis (OPLS-DA) were used for
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multivariate analysis. Metabolic pathways were analyzed by the Metaboanalyst platform. The results show that

PTS can significantly prolong the cough latent period and cough frequency of mice, and significantly increase
phenol red excretion. UHPLC-Q-TOF/MS identified 19 metabolites related to cough, and PTS significantly
decreased 16 of them; 17 metabolites related to expectoration were identified, and PTS decreased the levels of all.

Metabolic pathway analysis showed that linoleic acid metabolism, arachidonic acid metabolism and

glycerophospholipid metabolism were the main pathways involved in serum metabolite changes in this mouse

cough model. Linoleic acid metabolism, phenylalanine, tyrosine and tryptophan biosynthesis, arachidonic acid

metabolism, phenylalanine metabolism and a-linolenic acid metabolism were the main pathways involved in serum

metabolite changes in the phenol red excretion model. This study is the first to elucidate the regulation of

antitussive and expectorant metabolic pathways and the effect of PTS on these pathways.
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Figure 1 The results of antitussive and expectorant effects. A:

Incubation period; B: Number of coughs; C: Phenol red excretion.
n=10,x+s. "P<0.01 vs model group. Pen: Pentoxyverine group;
AmCh: Ammonium chloride group; PTS: Platycodon total saponins
group
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Figure 2 PCA results in normal group vs model group: positive ion mode (A) and negative ion mode (B); Permutation test results in

normal group vs model group (n = 200): positive ion mode (C) and negative ion mode (D); OPLS-DA results: positive ion mode (E) and

negative ion mode (F)
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Table 1 Differential metabolites of normal group vs model group
. RT Fold Experimental Theoretical ESI Error
Metabolite Formula . VIP

/min change m/z m/z mode (ppm)

5(S)-Hydroperoxyeicosatetraenoic acid C,,H,,0, 7.47 2.01 2.51 359.2195 359.2193 + -0.56
LysoPC (14:0/0:0) C,,H,NO.P 5.34 1.76 1.96 468.307 7 468.308 5 + 1.71
LysoPC (15:0/0:0) C,,H,NO,P 6.29 1.73 1.44 482.322 4 482.324 1 + 3.52
LysoPC (16:1(92)) C, H,NO,P 7.11 1.71 1.79 494.3250 494.324 1 + -1.82
LysoPC (16:0/0:0) C,H,NO,P 7.77 1.84 1.37 496.339 0 496.339 8 + 1.61
LysoPC (P-18:1(92)) C,H,NOP  13.05 1.31 1.25 506.359 5 506.360 5 + 1.97
LysoPC (18:0/0:0) C,H,NO,P 13.05 1.38 1.21 524.369 4 524.371 1 + 3.24
LysoPC (20:4(52,87,112,147)) C,H,NOP 875 188 137 5443383 5443398 + 2.76
LysoPC (20:2(112,142)) C,;H,NO.P 9.54 1.38 1.42 548.3715 548.371 1 + -0.73
LysoPC (20:0/0:0) C,H NO,P 17.47 1.51 1.41 552.402 6 552.402 4 + -0.36
PE (P-16:0/22:6(42,72,10Z,137Z,16Z,197)) C,H,,NO,P 21.17 1.76 2.28 748.527 8 748.527 6 + -0.27
PC (14:0/20:3(82,117,147)) C,H,,NO.,P 23.43 1.37 1.97 756.553 7 756.553 8 + 0.13
PC (20:5(52,82,11Z,14Z,17Z)/P-18:1(11Z)) C,H,NO,P 21.77 1.51 1.59 790.574 0 790.574 5 + 0.63
PC (16:0/22:6(42,72,102Z,13Z,16Z,192)) C,Hg NOP 25.54 1.25 1.52 806.569 2 806.569 4 + 0.25
PC (18:2(92,122)/22:6(42,7Z,10Z,13Z,16Z,192)) C,H NOP 21.79 1.76 3.41 830.568 9 830.569 4 + 0.60
PC (18:0/22:5(42,72,102,132,162)) C,H,NOP  21.69  2.09 2.39 836.6159 836.616 4 + 0.60
Linoleic acid C,H,,0, 2326 150 153 2792325 2792330 - 1.79
Arachidonic acid C,.H,,0, 2281 141 176 3392091 3392096 - 1.47
Cholic acid C,H,O 6.08 1.65 1.13 453.284 2 453.285 8 - 3.53
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Figure 3 Change trend of 19 different metabolites in antitussive model. n = 10, X £ 5. “P < 0.05, P < 0.01 vs normal group; "P < 0.05,

“P<0.01 vs model group
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Figure 4 Metabolic pathway analysis of antitussive model. 1:

Linoleic acid metabolism; 2: Arachidonic acid metabolism; 3:

Glycerophospholipid metabolism
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Figure 5 PCA results in normal group vs model group: positive ion mode (A) and negative ion mode (B); Permutation test results in normal

group vs model group (n = 200): positive ion mode (C) and negative ion mode (D); OPLS-DA results: positive ion mode (E) and negative

ion mode (F)

Table 2 Differential metabolites of normal group vs model group

Metabolite Formula RT/min  VIP Fold change Experimental m/z Theoretical m/z ESI mode Error (ppm)
15(S)-Hydroxyeicosatrienoic acid C,,H,,0, 17.71 1.08 1.54 321.2435 321.243 0 - -1.56
15-HETE C,,H,,0, 16.84 1.28 1.66 319.2279 319.228 5 - 1.88
alpha-Linolenic acid CH,,0, 21.52 1.25 1.21 2772173 277.2179 - 2.16
Arachidonic acid C,,H,,0, 2283 111 1.71 303.233 0 303.233 7 - 2.31
Eicosapentaenoic acid C,,H,,0, 21.21 1.39 2.39 301.217 3 301.218 1 - 2.66
Leukotriene A4 C,,H,,0, 1468 1.25 1.49 317.2122 317.2128 - 1.89
Linoleic acid CH,,0, 2329 143 1.28 279.2330 279.233 4 - 1.43
L-Phenylalanine C,H, NO, 348 143 1.43 164.071 7 164.071 3 - -2.44
LysoPC (16:0) C,H,NO.P 1335 1.17 2.76 530.301 9 530.300 8 - -2.07
LysoPC (18:0) C,;H,NO.P 17.83  1.19 1.86 558.3332 558.3311 - -3.76
LysoPC (22:4 (72,102,13Z,162)) C,,H,NO.P 1538  1.04 1.55 616.362 0 616.364 3 - 3.73
LysoPC (22:5 (42,72,10Z,13Z,16Z)) ~ C,H,,NO.P 14.14  1.04 1.46 604.317 5 604.316 9 - -0.99
LysoPC (P-18:0) C,;H,NOP 1572 1.02 1.77 552.367 1 552.369 3 - 3.98
LysoPC (P-18:1(92)) C,H, ,NOP 1252 1.09 1.56 550.351 4 550.351 6 - 0.36
Uric acid CH,N,O, 203 1.16 1.59 167.021 1 167.020 3 - -4.79
Vitamin A C,,H,,0 1834  1.12 2.48 345243 5 345.242 3 - -3.48
Arachidic acid C,,H,,0, 588 142 3.56 330.336 7 330.336 8 + 0.30

R E 1) G E E BB AR O R A RS, 2 5
RIEIFE. S AW IR I, Farfarae Flos A] 38 i i #5 H
TH T AU 8 A2 AT = AR B R AR Y

BEAk, RN R % R R AN 0 SRR IR AR B DA B
RN AR N Z FE R ACH 2T . RNER
TEA YR N BN 4E R A KK B S5 D Re, % 2 B A 5
FRREWE & Al 2 BT LA R o a-WRIRJE T 0-3 %
ANVELRD G 7 IR 28 Y, B PR AU 7 A 4 i B ) 2L RS

9y, BEAt a- TR BE W% 300 1 Jil 8 DR SE LA 7 AT IL- 1555 ¢
RE AT B AL B o AE B AA AR BT 28 AR T G 2 FR AR
Mo (B L-FRNEIR S o- TR K PRSI 5 45
L P I B P R EE VAR AL, WX — P TR S
P S R AR AL AR S AN K

25 L or Ml g, AR R B T e AR [ A
3 [R) IR 5 4 BN A IR 24 R0, AR T 3 A [ 1 A4 i
H 03 ) R AR AR G R0 ORI AT IR FE R T, A



764 - 2

"

224k Acta Pharmaceutica Sinica 2022, 57(3): 757 =765

15(S)-Hydroxye
icosatrienoic acid
800
2 600
(é) 400 L3
z
200
0

> X <&
& (OIS
OQVS‘\Q

%,

Eicosapentaenoic acid

1.5x10°
##
21310 i
g
= 5x102
0

0 S
&‘@o& SR

LysoPC(16:0)

4x103 ok
3x103 #
2x103
1x103
0

S P&
SIS

Intensity

LysoPC(P-18:0)
1.5x103

1x103

Intensity

5x102

0

&
&\ﬁ\o&‘(z &

Arachidic acid

200 #

&o“&%
‘&&v

15-HETE
4
1.5x10 i .
2 1x10*
= 5x103
0
S > O
SIS
Leukotriene A4
600
## .
£ 400 *
B
= 200
0
» SO
@&\@e 8
LysoPC(18:0)
3x103 b ox 3
£ 2x103
g
= 1x10°

0
SO
éé&@@ +© R

LysoPC(P-18:1(92))

##

alpha-Linolenic acid Arachidonic acid
8x103

b 5 6x10° , T =
% § 4103

E 5 E

2x103
0

> & RS

t>e SE & S v‘& &

Linoleic acid L-Phenylalanine

410° 400 5
*k
5. 3%10° +.300
£ 2100 = £ 200 »
=]
1x10° 100
0 0

In

> & S
QO&»@& PO &\&& O
LysoPC(22:4 LysoPC(22:5(4Z,
(72,10Z,137,167)) 72,02,132,162))
200 200 Fr—.
z 150 2 150
5 100 5 100 ”
S R
50 50
0 0
S S P S
%o&§6 °&\$\° » s
Uric acid Vitamin A
800 800
#
5,600 5, 600 . s
G . Z
5 400 5 400
g —_—
200 200
0 0
%
z& S @Q &

Figure 6 Change trend of 17 different metabolites in expectorant model. n = 10, X £ 5. "P < 0.05, P < 0.01 vs Normal; "P < 0.05, P <

0.01 vs Model
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Figure 7 Metabolic pathway analysis of expectorant model. 1:

Linoleic acid metabolism; 2: Phenylalanine, tyrosine and tryptophan

biosynthesis; 3: Arachidonic acid metabolism; 4: Phenylalanine

metabolism; 5: a-Linolenic acid metabolism
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