#4554  Acta Pharmaceutica Sinica 2023, 58(5): 1293-1300 -+ 1293 -

FIKVER BIE- R B FUEAR RN E N ZE TR 35 L &4

A AT, A OFL A 'L ' OE, TeES, TS
WRE:, BHFUAL F F

(1. g EZ R, Bl 201203; 2. L& 25 A e 0T 7T Be, B3 201203;
3. RS —A 2 A R A F, i 200240)

FHEE K 3 KA €00l — o TG TR 3 0 5 25 22 1 S 8 I e e 3 T 358 B 9 S b 35 R AL & W i IR I 5 4
Mri7i%. K ACQUITY XBridge Amide il k4325, P20 mmol-L" F BR &5 /K 57 (pH 3.0) iR SIAH A, 20 mmol-L”
F R B 75T (pH 3.0): 2B (1:9) IRA WA TR BN AR B, HEATBAFE VAL, SR AMside . 25 KW, 35 F ik & 1E
HEWETEE N BA RIF MR R, M58 2B (RY) > 0.998 0, J7 3%k B R TE FIN 77.6%~118.5%. FHE LI
JIE T TOHRE T, &5 R WY IR Ry SR b - 2 TR A 7 B TR IR 5 TR v 22 R TV I e 2 T
S5y B B A, TR B BER I IR M m e  IEB S5 B 70 & B AR o AR TR A0 A T2 1 3o 30 0 24 55k ok ik
JREARESRTI T AR T HESH

SRR TS R VRS S KA il AR T 0 B0 2 RSN, 2 4845 B = AT

FE S 2S: RI17 ERFRINAED: A N EHE: 0513-4870(2023)05-1293-08

Simultaneously quantitative analysis of 35 components in gualoupi
injection using hydrophilic interaction liquid chromatography
tandem mass spectrometry

TAO Xiang'?, ZHANG Jing-xian®", HU Qing’, SUN Jian’, DONG Ying’, DING Jin-guo’,
YU Hong®, SHEN Ying-ying’, MAO Xiu-hong’, JI Shen"*

(1. Shanghai University of Traditional Chinese Medicine, Shanghai 201203, China; 2. Shanghai Institute for Food and
Drug Control, Shanghai 201203, China; 3. SPH No.I Biochemical & Pharmaceutical Co., Ltd., Shanghai 200240, China)

Abstract: A hydrophilic interaction chromatography tandem mass spectrometry method was developed for
simultaneous quantification of 35 components in gualoupi injection. The analytes were separated with an ACQUITY
XBridge Amide column using 20 mmol-L"' ammonium formate aqueous solution (pH 3.0) as mobile phase A
and 20 mmol-L" ammonium formate (pH 3.0): acetonitrile (1:9) as mobile phase B for gradient elution. Mass
spectrometry with dynamic multiple reaction monitoring and external standard method were used for quantitative
analysis. A total of 35 components were determined in 10 batches of gualoupi injection. The results showed that
the 35 compounds had a good linear relationship within their respective concentration ranges with the correlation
coefficients (R > 0.998 0), the recoveries ranged from 76.6% to 118.5%. The results showed that y-aminobutyric
acid, trigonelline, alanine, threonine, homoserine, citrulline, and leucine were abundant in gualoupi injection, while

nicotinamide, methylsuccinic acid, cytosine and choline account for a low percentege. The present study provides
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an important reference for elucidation of the effective material basis and the improvement of quality standard of

gualoupi injection.

Key words: gualoupi injection; hydrophilic interaction liquid chromatography tandem mass spectrometry;

dynamic multiple reaction monitoring; multi-component quantification
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Table 1 MS parameters of 35 analytes. *Quantitative ion
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No. Compound Precursor ion (m/z)  Production (m/z)  t/min At /min  Collision energy/eV Polarity
1 Nicotinamide 123.0 80.1%*, 96.1 1.0 3 20, 16 Positive
2 Methylsuccinic acid 131.0 87.1%,113.0 1.2 3 12,8 Negative
3 Succinic acid 117.0 73.1*,99.1 1.3 3 12,8 Negative
4 Hypoxanthine 137.0 67.2*%,94.3 1.9 3 32,24 Positive
5 Cytosine 112.0 95.1*, 67.1 2.6 2 20, 16 Positive
6 Guanine 152.0 135.1*, 110.1 3.0 3 21,21 Positive
7 Uridine 245.0 112.8*,96.1 4.1 3 9,41 Positive
8 Tyrosine 182.1 136.1*%,91.1 6.5 3 13,33 Positive
9 Alanine 90.0 44.2% 453 10.5 3 9, 40 Positive

10 Homoserine 120.0 74.1%,56.1 12.0 3 9,21 Positive
11 Threonine 120.1 74.1%*, 56.1 11.5 3 8, 20 Positive
12 Acetylarginine 217.1 158.0*, 115.1 11.0 3 20,16 Positive
13 Glycine 76.0 76.0*%, 30.3 12.0 3 0,12 Positive
14 Serine 106.1 88.1%,42.2 13.5 3 8,24 Positive
15 Gutamic acid 148.0 84.1*,130.0 15.2 3 17,5 Positive
16 Aspartic acid 134.0 88.1*,74.1 18.5 3 9,13 Positive
17 Lysine 147.1 84.1*,130.1 21.0 5 17,9 Positive
18 Adenine 136.0 119.1*,94.0 1.8 3 29,33 Positive
19 Nicotinic acid 124.0 80.1%*, 96.1 1.9 3 24,20 Positive
20 Choline 104.1 60.1*, 58.1 2.5 3 20, 32 Positive

21 4-Guanidinobutyric acid acid 146.1 86.0*, 69.1 3.9 5 29,21 Positive

22 Phenylalanine 166.1 120.1*, 103.0 4.0 3 13,29 Positive

23 Cytidine 244.1 112.1*%,95.1 3.8 3 12, 56 Positive

24 Leucine 132.1 86.1%*,30.2 4.1 3 9,17 Positive

25 Stachydrine 144.1 58.1%, 84.1 4.7 3 36, 24 Positive
26 Isoleucine 132.1 86.1%*,44.2 4.6 3 8,25 Positive
27 Betaine 118.1 58.1*%,59.1 5.0 3 10, 10 Positive
28 Trigonelline 138.1 94.1*,120.1 5.6 3 55 Positive
29 Valine 118.0 72.1%,55.1 6.6 3 9,25 Positive
30 y-Aminobutyric acid butyric acid 104.0 87.1%,69.2 6.6 5 8,16 Positive
31 Proline 116.0 70.1*%,43.3 6.9 3 17, 36 Positive
32 Carnitine 162.1 60.1*, 102.1 6.8 3 20, 16 Positive
33 Pipecolic acid 130.1 84.1%*, 56.1 6.9 3 15,15 Positive
34 Citrulline 176.1 70.1*, 159.1 14.2 3 25,9 Positive
35 Arginine 175.1 70.1*, 60.1 17.9 5 24,12 Positive
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Table 2 The regression equation, correlation coefficients (R”), linear ranges, precisions, repeatability, stability, and recoveries of the 35

analytes. n =06

. . ) Linear range Precision  Repeatability  Stability Recovery/%
Compound Regression equation R B

/pg-mL /% /% /% Average RSD
Nicotinamide y=7.170x10"x - 5.276x10° 0.999 2 0.01-0.44 3.05 2.85 14.77 80.0 4.56
Methylsuccinic acid y=4.794x10°x + 4.000x10* 0.999 1 0.11-2.25 14.31 7.78 4.76 116.1 7.14
Succinic acid y=8.883x10" + 6.196x10° 0.999 5 2.89-57.80 11.34 6.86 332 98.9 5.71
Hypoxanthine y="7.746x10°x + 1.487x10° 0.999 4 0.26-5.20 6.03 2.37 4.96 78.1 4.34
Cytosine y=1.702x10"x - 2.262x10° 0.999 9 0.16-3.27 6.28 4.43 12.25 107.8 3.25
Guanine y=1.490%10"x - 2.654x10° 0.999 7 0.12-4.60 5.10 4.93 14.34 106.9 3.34
Uridine y=1.088x10° - 2.871x10° 0.999 1 0.24-4.86 3.78 3.54 6.87 83.1 5.11
Tyrosine ¥ =1.147x10% - 1.248x10* 0.999 9 0.65-13.09 4.19 6.95 4.04 106.1 1.83
Alanine ¥ =4.232x10% - 4.073x10° 0.999 2 6.90-275.80 2.51 2.46 2.99 94.8 2.37
Homoserine ¥ =9.856x10x — 3.342x10’ 0.999 6 5.40-107.90 4.35 4.45 9.34 98.8 2.58
Threonine ¥ =4.749%10%x - 7.177x10° 0.998 8 10.72-214.40 3.44 4.06 5.35 90.2 1.18
Acetylarginine ¥ =2.762x10"x — 3.600x 10’ 0.998 3 0.31-6.18 1.45 3.09 4.02 84.3 0.64
Glycine ¥ =8.096x10% — 2.674x10° 0.999 8 1.23-24.58 2.72 3.21 6.93 100.4 1.57
Serine ¥ =3.617x10% — 8.522x10 0.999 1 1.04-20.84 5.06 3.88 6.47 78.9 6.09
Gutamic acid y=13.761x10°x — 8.686x10° 0.999 9 1.11-22.14 2.63 1.73 6.98 92.4 1.09
Aspartic acid y=7.312x10" - 2.475%10" 0.998 5 1.28-25.56 2.69 3.72 3.48 83.2 6.87
Lysine y=1.738x10° ~ 6.246x10° 0.998 5 2.31-57.65 4.93 4.53 5.71 110.0 0.64
Adenine y=1.485x10% - 1.168x10° 0.999 2 0.05-1.35 4.83 1.92 4.20 108.1 5.79
Nicotinic acid y=5.677x10° + 2.633x10° 0.998 3 0.05-10.26 1.31 0.71 1.48 923 3.08
Choline ¥=13.391x10% + 2.009x10° 0.9996  0.001-0.137 1.89 2.67 3.24 105.2 6.34
4-Guanidinobutyric acid y=1.093x10% - 5.680x10° 0.998 3 0.01-0.22 3.01 2.44 4.90 96.1 10.23
Phenylalanine y=1.130x10"x - 5.808x10° 0.998 8 0.38-9.57 2.89 2.52 6.94 87.9 5.00
Cytidine y=3.642x10° — 5.987x10° 0.998 3 0.07-6.74 5.42 2.61 2.75 103.6 3.40
Leucine ¥ =7.995%10% — 9.412x10° 0.999 7 0.18-3.70 1.91 2.69 8.14 84.9 4.75
Stachydrine ¥ =15.794x10% — 1.176x10’ 0.998 3 0.02-0.45 3.55 4.01 2.58 104.1 8.72
Isoleucine ¥y =1.120x10"x — 4.218x10° 0.999 8 0.23-4.58 1.62 2.15 6.95 78.5 5.36
Betaine ¥ =3.617x10% + 2.417x10° 0.999 7 0.05-2.23 4.98 3.24 3.78 87.4 3.27
Trigonelline y =8.058x10°x + 4.432x10° 0.999 9 0.09-1.97 3.18 3.18 2.29 97.4 6.01
Valine ¥ =2.749%10% — 8.725x10° 0.998 8 0.09-1.98 1.72 2.74 7.14 80.6 8.65
y-Aminobutyric acid ¥ =2.399%10% — 2.470x10° 0.998 1 0.29-5.82 1.08 2.67 5.96 102.3 10.57
Proline y=2.977x10"x ~ 1.391x10’ 0.999 6 0.18-3.68 0.97 2.95 2.58 102.0 3.50
Carnitine y=13.814x10% - 3.257x10° 0.999 9 0.01-0.25 1.66 2.19 2.64 77.6 7.74
Pipecolic acid y=2.121x10"x - 1.275%10° 0.998 6 0.06-1.53 1.92 1.89 4.83 118.5 4.32
Citrulline y=1.715x10% - 4.862x10° 0.998 1 0.90-8.98 2.00 0.57 9.50 77.0 5.26
Arginine ¥ =5.393x10°% - 2.240x10° 0.996 1 0.12-2.38 4.88 0.51 6.29 93.6 8.75
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Figure 1

The TICs and EICs (A and C are the TICs of sample solution 1 and 2, respectively; B and D are the EICs of the analytes of

sample solution 1 and 2, respectively; the peak numbers are consistent with those in Table 1)
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Figure 2 Box plot for the 35 analytes among the ten batches of gualoupi injection



1298 - 242 %4} Acta Pharmaceutica Sinica 2023, 58(5): 1293-1300

Table 3 The quantification results of ten batches of gualoupi injection (ug-mL™)

RSD (%,
Compound S1 S2 S3 S4 S5 S6 S7 S8 S9 S10  Average n=10)

Nicotinamide 0.79 0.76 0.7 0.76 0.60 0.60 0.59 0.56 0.58 0.81 0.68 14.6
Methylsuccinic acid 0.75 1.11 1.24 1.11 0.97 1.03 1.03 1.15 1.22 1.17 1.08 13.3
Succinic acid 24.84 18.84 28.46  25.56 14.04 17.66 17.9 17.21 17.45 13.14 19.51 26.0
Hypoxanthine 3.12 343 3.01 3.61 2.28 2.44 2.20 1.99 2.04 2.48 2.66 22.1
Cytosine 0.81 0.80 0.79 0.87 0.82 0.85 0.78 0.77 0.78 0.74 0.80 4.8
Guanine 0.44 1.12 0.82 1.43 0.46 0.45 0.45 0.45 0.45 0.50 0.67 53.7
Uridine 6.72 6.64 6.30 7.07 6.62 6.69 7.05 6.90 7.00 6.69 6.77 3.5
Tyrosine 17.50  16.06 18.28  16.3 14.99 15.93 13.42 13.43 13.77 14.82 15.45 10.8
Alanine 410.08 389.13 364.53 36846 319.42 34330 312.67 322.02 32338 32025 34732 9.8
Homoserine 116.84 120.21 113.87 1304 125.01 131.72  136.81 14393 146.65 13532 130.08 8.5
Threonine 138.90 148.6 132.23 180.07 166.65 184.76 201.08 22245 23276 198.79 180.63 18.9
Acetylarginine 5.97 7.03 5.85 6.52 6.27 6.27 6.09 6.47 6.55 4.48 6.15 11.0
Glycine 21.08 1991 19.01  20.18 18.42 19.88 18.43 18.42 18.98 19.70 19.40 4.6
Serine 3021 31.21 29.31  30.33 25.75 28.08 24.16 25.20 26.19 35.84 28.63 12.3
Gutamic acid 2393  20.42 18.33  20.71 18.55 19.64 17.73 17.81 18.12 14.18 18.94 13.3
Aspartic acid 12.44  11.65 1049  10.10 11.53 12.34 11.49 11.23 11.55 11.74 11.46 6.3
Lysine 17.83  18.44 16.76  15.72 16.15 17.75 15.19 15.57 15.92 16.5 16.58 6.6
Adenine 2295 1943 21.27 2279 20.21 19.6 21.25 17.11 18.98 22.36 20.60 9.1
Nicotinic acid 7091  59.13 70.82  70.14 59.73 64.07 63.32 60.99 64.1 67.02 65.02 6.9
Choline 1.71 1.60 1.84 0.72 1.58 1.33 1.38 0.61 1.23 1.19 1.32 30.5
4-Guanidinobutyric acid 24.73  20.17 2245 2487 23.23 25.46 24.66 25.71 28.02 16.61 23.59 13.7
Phenylalanine 27433 211.26 272.56 29331 238.82 286.83 250.04 264.82 28548 279.78 265.72 9.6
Cytidine 143.12  120.20 134.64 13642 124.62 14481 133.54 137.83 14429 13430 13538 6.0
Leucine 360.80 296.17 363.67 436.83 329.77 393.72 34698 3599 405.97 368.1 366.19 10.8
Stachydrine 5593  14.29 5529  67.69 31.53 34.42 38.93 35.11 36.56 24.62 39.44 40.4
Isoleucine 162.36  133.62 159.87 159.49 14489 169.81 141.75 153.89 165.67 143.89 153.52 7.7
Betaine 27831 17835 279.99 339.82 242.65 272.62 29232 230.06 25395 180.73 254.88 19.5
Trigonelline 42448 352.38 391.89 409.21 383.07 40592 391.71 36543 401.41 41938 394.49 5.8
Valine 277.28 204.21 263.19 24593 200.24 241.67 198.74 201.69 221.97 218.85 227.38 12.4
y-Aminobutyric acid 679.56 687.68 1003.61 746.89 659.46 720.9 684.37 739.76  812.59 844.74 757.96 13.8
Proline 314.56  211.17 186.73 25491 173.85 257.38 122.58 239.88 27442 197.80 223.33 25.0
Carnitine 8.97 4.400 7.22 8.82 4.92 5.88 7.01 5.44 6.2 5.01 6.39 25.0
Pipecolic acid 108.61  65.09 103.12  139.06 82.87 96.24 114.04 99.72  110.07 90.2 100.90 19.6
Citrulline 366.20 402.64 530.64 570.28 388.56 427.2 436.15 512.51 563.94 75574 512.77 23.7
Arginine 222.80 243.82 322.79 33021 367.06 397.73 35478 365.82 39333 379.09 337.74 17.8
Total results/mg-mL" 4.63 4.04 4.96 5.10 4.23 4.78 4.41 4.64 5.03 5.12 4.95 -
Total solid/mg-mL" 30.22  26.93 3241  30.04 27.76 30.06 29.59 30.00 30.37 29.80 30.00 -
Content/% 15.3 15.0 15.3 17.0 15.2 15.9 14.9 15.5 16.6 16.6 15.6 -
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Figure 3 Proposed fragmentation of representative compounds. A: Lysine; B: Guanine; C: Stachydrine



1300 - 242 %4} Acta Pharmaceutica Sinica 2023, 58(5): 1293-1300

Bk, W TR T B B R T, K TR (m/z 144.1)
PR e 77 A R R AR P BT m/z 98.1, [R] IR 47
Aimlz 84.1 1 (K 30), #EMZ & 73k ER S
SCEEFR B OA IR BAR I £ CH,0, 70 TR R . A
RS HIE 1.

23 S T VAN e L Y/ (PR REN L R PR
PR E JNZE B IR ST 2 o I i 05k, rik %
JEVELS RO R R AEGF, A2 AT B S s
B 5 f A T RGE, B Z 73520 Al E 1 10 1R
3 PV SR, D S T A I Rl v S VR 24 K
W0 o FE il B R YR PR A E B2 e I B T kA

e TTBk: P 7 00 SR R A M S B S S0 K R
TR R o M 5 B ST AT 05T Sk e A o o)
e AT RS A M TL A AR ST RO R AR s AT
<5 1] 0 DT v S OB A ISCER s B TS A A BT R B SR S AT O
£, 2B ST SR SCR BRI FU 22 %%

FUFENIE: ASCTAL T 25 7H 5%

References

[1] Liu M, Li H, Li CG, et al. Chemical composition and pharmaco-
logical effects of Trichosanthes kirilowii [J]. J Fuyang Teach
Coll (P 52 B 4R ), 2018, 35: 23-26.

[2] Yang L, Yang L. Study on the pharmacological effect of Tricho-
santhes kirilowii on coronary heart disease and its mechanism
[J]. Electron J Clin Med Lit (Ilfi K = 2 STk B F 44 7%, 2016, 3:
7495-7496.

[3] Feng ZT, Zhong JP, Zhu Y, et al. Research overview of pericar-
pium Trichosanthis Injection [J]. Strait Pharm J (3§ I 24 2%),
2021, 33: 10-13.

[4] LiFG, Liu XZ. Research progresses of the clinical application of
Gualoupi Injection [J]. World Chin Med ( tH 5 1 [ 24), 2016,
11: 1627-1630.

[5] Teng YR, Wang LX, Zhang YQ. Research progress on pharmaco-
logical effects of Trichosanthes kirilowii [J]. Marim J Pharm Res
(& 257), 2010, 29: 417-419.

[6] Huang Y, Wang Q, Zhu XW, et al. Pharmacological effects and
research progress of Psidium guajava in the treatment of coronary
heart disease [J]. Cardiovasc Dis Electron J Integr Tradit Chin
West Med (75 [22 45 & 0 1L 7995 HL 7 2% &), 2019, 7: 18-19.

[7] Chu DH, Zhang ZQ. Research progress of Gualou (Trichosanthis
Fructus) on chemical constituents [J]. Chin Arch Tradit Chin
Med (4 [ 265 % 11)), 2020, 38: 198-203.

[8] He HX, Guo QM. Research progress on chemical composition

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

and pharmacological effects of Trichosanthis Fructus and predic-
tive analysis on quality marker [J]. Chin Tradit Herb Drugs ("' %
2j), 2019, 50: 4808-4820.

Teng YR, Zhang YQ. Research progress on the chemical compo-
sition of Gualou (Trichosanthis Fructus) [J]. J Shandong Univ
Tradit Chin Med (1L %< 71 & 25 K 5254 4R ), 2011, 35: 85-86.

Wang SL, Wei GD, Ma ST. Quality standard study on Trichosan-
this Pericarpium) [J]. Asia-Pac Tradit Med (V. K 1% 4 5 24,
2015, 11: 29-31.

Zuo CX, Bai ZS, Li N, et al. Identification of fatty acid compo-
nents from pericarp of Trichosanthes kirilowii and their anti-
inflammatory activities [J]. J Chin Med Mater (" Zj #1), 2019,
42:2070-2073.

Shi GY, Liu W, Geng YL, et al. HPLC Fingerprint of Pericar-
pium trichosanthis [J]. Chin J Exp Tradit Med Form (+ [ 5256
TIIEA ), 2014, 20: 73-76.

Qiao W, Chu DH, Sun YY, et al. Determination of contents of
five flavonoids in Trichosanthis Pericarpiu [J]. Liaoning J Tradit
Chin Med (L 7R 28 &), 2019, 46: 591-594.

Li A, Sun A, Liu R, et al. An efficient preparative procedure for
main flavonoids from the peel of Trichosanthes kirilowii Maxim
using polyamide resin followed by semi-preparative high perfor-
mance liquid chromatography [J]. J Chromatogr B, 2014, 965:
150-157.

Lei X, Li N, Bai Z, et al. Chemical constituent from the peel
of Trichosanthes kirilowii Maxim and their NF- xB inhibitory
activity [J]. Nat Prod Res, 2021, 35: 5132-5137.

Zhang JX, Hu Q, Yu H, et al. Rapid and intelligentized identifica-
tion of the constituents in Gualoupi injection by HILIC/ESI-
Orbitrap HRMS combined with compound discoverer software
[J]. Acta Pharm Sin (£5%%%4k), 2018, 53: 1705-1712.

Wang HJ, Ke Y, Ye G. UPLC/ESI-QTOF-MS analysis of chemical
constituents in Gualoupi Injection [J]. Shanghai Med Pharm J (_I
IR 24), 2017, 38: 60-65.

China Food and Drug Administration. National Drug Standards
(Revised): ZGB2008-18 (1F 5 £ i 24 i W B0 45 1L )= [ 5K 24 b
FRUEAA £F) [S]. Beijing: China Food and Drug Administration,
20009.

Wang HJ, Ke Y, Ye G. Determination of the contents of adenosine
and N-acetylneuraminic acid in Gualoupi injection by HPLC-MS/
MS [J]. Shanghai Med Pharm J (_¥#§£ 2), 2018, 39: 72-75.
Zhang JJ, Jie Q, Zhu YB. Determination of six active ingredients
in Gualoupi Injection by quantitative analysis of multi-compo-
nents by single marker [J]. China Pharm (9 [E 2 Jifi), 2018, 21:
1779-1782.



