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Abstract: A rapid identification of the constituents in Gualoupi injection was developed by HILIC/Orbitrap
Fusion Lumos HRMS. ACQUITY XBridge Amide column was used to isolate the constituents with large
polarity. ESI with positive ion mode was employed and “Top Speed” DDA was applied in the MS? scan.
Compound identification was carried out by using Compound Discoverer software through comparing the
precursor and product ions information with those in ChemSpider and mzCloud database. As a result, 48
compounds was identified, including alkaloids, amino acid, nucleosides, nucleobases, etc., anong which 25 was
unambiguously identified by comparing the retention time and mass spectra information with those of reference
standards. In general, the main constituents from Gualoupi injection were explained in this study. Additionally,
full-scan mass spectra of 21 batches of the injection were collected by the established method.  Subsequently,
principal component analysis (PCA) with the peak area as the observation ID was employed to analyze the
discrimination of different bathes of samples. The results indicated that the batch-to-batch difference was
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generally from the crude drug, and the preparation process of thisinjection was relatively stable. In conclusion,
arapid and effective method for the identification of compounds in Gualoupi injection was established by using
UHPLC-Orbitrap Fusion Lumos HRMS and the inter-bath stability was also investigated, which may make a
great contribution to the study of the bioactive ingredients in Gualoupi injection and also provide vital evidence

for the standard promotion.

Key words: Gualoupi injection; Orbitrap HRMS; compound identification; principal component analysis
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Table 1 Compound identification results.

“Identified by comparing the retention time and MS information with those of reference

standards
No. tr/min h?g:?d':r [M+H]* ir;?r:/ Fragment Identification Type
1 0.772  CgHgNOS 1440476 -0911 113.029 2, 126.036 9 4-Methyl-5-thiazoleethanol Alkaloid
2 0.881  CgHsN2O 1230552 -0.483 80.0494,96.044 2 Nicotinamide Alkaloid
3 0.895  CgH/NO, 126.0549 —-0.833 53.0386, 80.049 3, 108.044 2 2-(Hydroxymethyl)-3-pyridinol ~ Alkaloid
4 1045 C¢H/NO 1100599 0913 67.0416,82.0650 3-Hydroxy-2-methylpyridine Alkaloid
5 1055  CgHsNO, 124.039 3 0.04  80.0494,96.044 2 Nicotinic acid* Alkaloid
6 1263  CsHgNO, 140.0704 —-1.607 94.0650, 122.059 8 Gabaculine Alkaloid
7 1319 C/H/NGs 1540497 -1.166 108.0442,136.0390 Mesalamine Alkaloid
8 1487  CgHuuN,O3 1991078 0.257 121.0758, 133.075 8, 135.091 4, 163.086 2  5-Pentylpyrimidine-2,4,6(1 h, Alkaloid
3 h,5h)-trione
9 1643  CgHisN3O,  184.108 —-0.398  70.065, 121.075 8, 138.102 2, 166.097 2 N,N-Dimethylhistidine Amino acid
10 2055  CsHsNs 136.0617 —0.748 94.0399,119.035 1, 136.061 6 Adenine* Nucleoside bases
11 2373  CyHisNsOs 2681039 -0337 136.0615 Adenosine* Nucleoside
12 2726 CsHisNO 1041069 0486 60.0807 Choline* Alkaloid
13 2938  CgHi;0:N 160.1331 —-0.908 55.054 2, 60.080 7, 83.049 0, 101.059 6 Acetyl-p-methylcholine Alkaloid
14 3221  C7HsNO, 1461174 -1.063 55.054 2, 83.049 0, 84.080 7, 101.059 5 Ethyl dimethyl betaine Alkaloid
15 3274  CpHisNO; 2101125 0.048 96.044 3, 111.055 0, 169.060 4 tert-Butyl (4-hydroxyphenyl) Alkaloid
carbamate
16 3472  CsHaN4O 137.0455 —2.097 94.0397,110.0347,119.0350 Hypoxanthine* Nucleoside bases
17 3.622  C4HgN3O 1120501 -4.269 - Cytosine* Nucleoside bases
18 399  C/HgNO, 1400704 -1393 96.04433 2,5-Dimethyl-1H-pyrrole-3- Alkaloid
carboxylic acid
19 4243  CsHsNsO 1520565 —1.357 110.034 7, 128.0453, 135.0299 Guanine* Nucleoside bases
20 4476  CgH1iNOs 182.0811 -0.493 87.0439,96.044 2, 182.0809 (49-4-1sopropyl-3-propioloyl-  Alkaloid
1,3-oxazolidin-2-one
21 4952  CgH1aNzOs 2440927 -0.397 - Cytidine* Nucleoside
22 5191 CsHiiN3O, 146.0923 -0.843 60.0556, 87.0439, 146.092 1 4-Guanidinobutyric acid* Alkaloid
23 5237  C/HisN3O, 1721079 -1.065 70.065 0, 130.0860, 154.0972, 172.1077 1-Carbamimidoyl-4- Alkaloid
piperidinecarboxylic acid
24 5331  CuHxoNxOs 229.1545 -0.912 60.080 7, 70.065 0, 124.075 5, 142.085 9 Prolylleucine Peptides
25 5.844  CyoH12NsOs 284.098 5 1531 152.0564 Guanosine* Nucleoside
26 5926  CgHisNO, 1321019 0342 58.0651,59.0729, 86.096 3 Leucine* Amino acid
27 6.009 CsHuiNO, 1180863 —0.044 58.0651,118.0861 Betaine* Alkaloid
28 6.032  CgH1iNO, 166.0857 —3.644 103.054 1, 120.0805 L-Phenylaanine* Amino acid
29 6.051  C7H1sNO3 162.112 6 0.618 103.038 84 DL-Carnitine* Alkaloid
30 6.064  C7H13NO, 1441018 0661 58.0651,84.080 7,144.101 7 DL-Stachydrine* Alkaloid
31 6.144  C4HgNO, 104.070 6 0.239 69.0334,86.059 9, 87.0439, 95.049 1 y-Aminobutyric acid (GABA)*  Amino acid
32 6.360 CgH13NO, 1321019 -0.342 69.069 8, 86.096 3, 117.056 7 Isoleucine* Amino acid
33 6471  CpHpN,O, 2050971 -041  118.0650, 146.059 7, 158.128 5, 160.0729  DL-Tryptophan* Amino acid
34 6.775  C7H;NO, 1380548 —1.051 94.0650, 110.059 9 Trigonelline* Alkaloid
35 7.153  CsHi1oNO 1150865 —1.126 70.065, 70.069 2, 97.0759, 115.086 5 Prolinamide* Amino acid
36 7.662  CsHgNO, 116.070 7 0.645 70.0650, 116.070 5 D-(+)-Proline* Amino acid
37 7.742 CsH1aINO, 1180862 -0.128 55.054 2, 71.068 4, 72.080 7 Valine* Amino acid
38 7984  CgHuN3O, 1580924 -002 70.0649, 112.086 7, 158.092 2 V-PYRRO/NO Alkaloid
39 8113  CuHxoN,Os 2291545 -0912 60.080 7, 70.065, 124.075 1, 142.085 9 Prolylisoleucine Peptides
40 8499  CgHuNO, 130.0862 —0.117 56.0494,84.080 6 D-(+)-Pipecalinic acid* Amino acid
41 8.742  CgH1:NO3 182.0883 -0479 - Tyrosine* Amino acid
42 10437 CgHN4sO3 2171295 0.106 70.065 0, 115.086 3, 116.070 4, 158.080 4 Acetylarginine* Amino acid
43 10478 CzH/NO, 90.0549 -0.611 57.2561,83.4487 Sarcosine Amino acid
44 11733  C4HgNOs 120.0655 —0.331 56.049 4, 74.059 9, 75.043 6, 102.055 1 L-Threonine* Amino acid
45 13027 CgHisN3O3  176.103 0.24  70.0650, 113.070 7, 114.054 7, 159.076 L-(+)-Citrulline* Amino acid
46 13388 CgHigN4sO, 2031502 -0.405 70.0650,88.086 8, 116.070 4, 158.128 3 Ns,N4-Dimethyl-L-arginine Alkaloid
47 13815  CgHxNO,  189.1598 0.452  60.080 7, 84.080 6, 130.086 0 Ne,Ns,Ns-Trimethyl-L-lysine Amino acid
48 14121  CgHuuN,O, 1751189 -0.527 60.055 6, 70.065 0, 116.070 4, 130.097 2, DL-Arginine* Amino acid

175.118 3




FRFHIREE: HILIC/ES-Orbitrap HRM S i:45 4 Compound Discoverer #4-HRdi & B AL 4 & I R i P ik 324y - 1709 -

+© NH;
- Q Q I, o 0 @* N\L
O HO “-OH OH b=

NHZ
4 5
0 NN
| | 0 N 04( T; )
< - HN
~N~on JLOJ\"":‘\ )‘P{‘\)LOH I L,
12 13 14 15 16

0
H ‘~ HO o
HN o N_/~OH o o , OHO
O~ F)\\( k/j/ ~Ne w SNCAA
N HO Nt_/~OH M
HN OH H o N, / 2 27

HZN
23 24 26

) o]
0 =N* N
\ H 0O

OH
EHH

32 33 34 35 36

N=, Hc')
HaN N <OH
N\) 2 \i/\,( ﬁ
N NN OH
9 10 11

o o Hob) oH
HoN o
sl e “" ] > A L Ao
N S NL,) HZNYNH
N © N HaN 7
18 19 20 21 22

)
OJE@ HoN \/\)OLOH
\

H

27 28 29

3
o}
o] 0. N'N 0 H
\ No/"OH o
HO N N N
NH, () H O L
39 40

37 38

A K SUPRLCH
2 N~ N._NH
NH, H ‘LrH % Hoj\ﬁ\ ,\/\;_ /\/‘1 o IH
2 2

41 42 43 44 47 48

Figure3 Chemical structures

21 SMWBENEE EMELFEFBRPILE
E TR 244, GV Z, AL RE e
WRAE . MERE . WL, FREIREE, AR A
BB AKTR . BHEEISE . EE PR, HER
PR W ) R 1 AR R R AR AE RS b, AR R R
CO (27.994 9). CO, (43.989 8). H,O (18.010 6) &,
# HCOOH (46.005 3) %, LL=FFE f i i s F o
N8 ot 4 ) s 5 SRR AN B ) B BARRAT N AT BT
mzCloud #(¥EFERE RS KK 4 B, 2 A
o R B T miz 110.059 91 A miz 94.06502 5%k

res  Parlners  Conlact Log m

5 e o AH B B T UL ECELLE, 3 N BB T [M+H] &
% 143§ CO Fl CO, 3. i 15 & 7 BT I i
HEAT W, X Z A& WEAT TS . R R
FH (BIELA 12, 13, 27, 29, 30. 38 fl1 47)
[ 2 SR 2 R 5 R N(CHa)3 (59.0736) T
HaLfi O B 72 U5 T 15 21 mvz 60.080 7 [1H% v o
Compound Discoverer 2.2 #%f%7 Fragmentation
LibraryTM WiRiERE, BAWNERTEU LA

R T Ae, A g B R s AT 450 8
}%, KK T i S el #2, wlintbay 47 SR

Q Spectrum search result 1 << Query

Library recerd Structure
¥ Edit search options x Fitersd_gl|| Recalbeated il
Starcard —r= e
»Compars t 1 Best Match: 905 e o v
» St
e = W Acetyl-D-lactosamine
\ s = i Mass. 383 14276 ) A
© Thermo all N =
]ﬂm‘u Liceary s = =, | P oM
Hit 2 Best March 902 | ,
[7] . Trigonelline R
Spectrum SN Mass 13805495
+The . © Thermo il
- Stuchae 3 Best Match 897 < | 11/24 FT HCD B0 NCE. 22 #V M52 138.05 Combined Scans #73, 129, 189 = WA
* Monomotope Mass T
“Posk 7™ Betahistine Speckra compara Precursors and Fragment -
« Precursor Kl Mass 13610008 = — ms?
y © HighChem -.’" s 40850 miz 138.05495
Name 5 | 110.0600 b PR <
1 4 Best Match 284 Blue Structure: Heursti
Search Results  » TR s Brown Structure: Quant
Spectrum seanch st | x N-(2,3-Dihydro-1,4- £ Asgorithm match
benzodioxin-6-yl)-1,2- g HighChem Highies 0.2
Tooks 4 dimethyl- 1H-imidazole-4- g - 0850 Opt. Dot Preduct 96.7
sulfonamide 1 WIST (Modifed) 858
n 1
© Tharme «all E" 138 08470 .
Therme
o é 408502 1100891
@ Thenmo 1 I
t: § Best Match 85.7
» Library Metadata

oo count 138

Figure4 Identification of trigonelline by searching the mzCloud database



- 1710 - 2452424 Acta Pharmaceutica Sinica 2018, 53 (10): 1705-1712
AR )E L E 5. AR BN I SRS R R LU, S

22 REMREWEE EESEPLEET 7N
BR, FHob 15 AR IE T X e A LR B ] A
JR RS HCHE P, AT T e, s 6 R Ak
WREIERR, AR ER. ANER. R dAR.
R I E A AR R . R IR 25 KA A il bk
R R AT v 5 S B T A S R, R EAR
RIERRIRE TS, g, Witk 2 B mR 0 H 2 A W s
(S LR R B e, HE DA AERGE 51 G O HL AT AR R
I . FEIE R AR, EERR R s R
2 F 2 HCOOH (46.0053) £ NH3 (17.0266). DLk
ARG, Xof TG R R AT AT, W 6 PR,
— R T 2 H[M+H] g (mvz 175.118 9), 1k
15 70 HEEHE HEM T R AL KN CH14N4O, (ppm —0.527)
TR b R R A4S vz 158.092 1. vz
130.097 2. m/z 116.0704. m/z 70.065 0 #11 m/z 60.055 6,
Forp, BT miz 158.092 1 NEFES T AR 1 50T NH3
JaBIFE, % Bt — P 2k COMICH,N, (42.0218)
JE 193] 1 m/z 130.097 2 Al m/z 116.0704, #t—1x
M ZF 4 HCOOH (46.005 3) J&f5%] m/z 70.065 0, ifi
B5F vz 60.055 6 A BFE TR IE HLf OR B AE TCE:
100 i aaﬂ_h--. o~

| 60.0807
Fy5aa AR i 2

102.0908 o
805651 1300860

116.0703

Intensity

153.1199 189.1593

60 80 100 120

mz

Figure5 Attribution of the fragments for compound 47

140 160 180 2000

YIHEAT T HER S E .

Fhh, A TE RIS Z k4> prolylleucine Al
prolylisoleucine (k&%) 24 Al 39), it 5 mzCloud
ol e LLBGHAT IR S, (e EY) 24 1 g
wmE 7 s, o EEWEE R TT T HE, e
39 5 24 A M ik, MR 7%
SRR I, W OR B I TR (fh G4 24)
prolylleucine, f& B (A &/ (k&4 39) 24 proly-
lisoleucine.

23 BERHEBWESHETE HENTHIEE”

RIS 34, A 44, T8I 55 A F
BEAT T HERR S AR BRGNS IR AR

334f 221

WE . . SRR S R T R A O B
ER 1 A% (130.0422), BIEIRMMEEREE
2 131 NH3 (17.0266) .
3 Gitathr

N TS AS TR O R R e PEREAT B 5, AR
F SIMCA-P 13.0 Xt 2L Sk A it AT 7 E 805 0 bt
(principal component analysis, PCA), DL i ig =5
(RRFE AL A ) AR, DR E YIRS 1 = 1)

ol 229.1540
L

142.0858

=
S

™
L
70,0650
98.592

3

Intensity

124,0755 170.0807

193.1332

wn
=

100 150 200

mz

Figure7 Attribution of the fragments for compound 24

70,0650
100 70.065¢
2z 3
2 50 -
2 o 1600336 1160704 130.0972
= 3 | 97.0759 [ I 158.0921 175.1183
OF T [T T T Fa F [ F Fd [ F T T F Lo T
60 80 100 120 140 160 180
'z
+H* 0 NH NH
o N ,Il\/\/\ HO
A HO NJ\NHE -co R
HO N” "NHp _ -NHg H —i
NH R CGH|2N302+ C5H12N3O+
CeH1sN4O5" Exact mass: 158.0924 Exact mass: 130.0975
Exact mass: 175.1180
1—05H9N02 l _CH2N2
NH 0
+
HaN” “NH, HOJ\/\/\NHQ HCOOH & > NH,
CHEN3+ CSHﬂ]NOZ* C4HBN*

Exact mass: 60.0556

Figure 6 Proposed fragmentation of arginine

Exact mass: 116.0706

Exact mass: 70.0651



FRFHIREE: HILIC/ES-Orbitrap HRM S i:45 4 Compound Discoverer #4-HRdi & B A4 & I R e P itk 32y + 1711 -

8
6
4
2
4]

12]
7 )
o

4 S13
-6
-8

=10
-15 =10 -5 0 5 10

t1]

REX[1]=0306  REX][2]=0223  Ellipse: Hotelling's T2 (95%)
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