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Quantitative Analysis of the Ten Phytochmicals in Acer tegmentosum
Maxim by UPLC-MS/MS
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Abstract — Acer tegmentosum Maxim (ATM) has been used to treat hepatic disorders in traditional oriental medicine. How-
ever, there is little information about phytochemical constituents for quality control of ATM. In this study, we developed and
established a simultaneous analytical method of the 10 marker compounds (three coumarins, 3 flavonoids, 1 lignan, 3 phenolics)
in ATM using ultra-performance liquid chromatography-mass spectrometry (UPLC-MS/MS). Chromatographic separation of
ten target analytes was achieved with a Waters Acquity UPLC BEH C,; analytical column (2.1x100 mm, 1.7 um), using a
mobile phase of 0.1% (v/v) formic acid in water and acetonitrile with gradient elution. Identifications and quantitation of all
analytes were performed using a Q-Exactive UPLC-MS/MS system. Correlation coefficients of the calibration curve for all ana-
lytes were >0.9986. The values of limits of detection and quantification of all analytes were 0.5-10.0 and 5.0-50.0 ng/mL,
respectively. The established UPLC-MS/MS method successfully identified all target analytes in ATM, and the phytochemicals

were 0.01-67.98 mg/g in its lyophilized water extract.
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Table I. Chromatographic and mass spectrometric conditions
for analysis of Acer tegmentosum Maxim

UPLC condition

Column ACQUITY BEH Cl18
(2.1x100 mm, 1.7 pm)

Flow rate 0.3 mL/min

Injection volume 3.0 uL

Column temperature 40°C

Autosampler temperature 7°C

Mobile phase Time (min) A(%) B(%)

A: 0.1% formic acid in water 0.0 90 10

B: acetonitrile 1.0 90 10
3.5 60 40
4.0 0 100
6.0 0 100
6.5 90 10
10.0 90 10

MS condition

Spray voltage 3.8 kV

Capillary temperature 320°C

Sheath gas pressure 40 arbitrary units

Auxiliary gas pressure 10 arbitrary units

Resolution of MS/MS scans 17,500
Automatic gain control (AGC)

target

Normalized collision energy  10-70 eV
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Table II. Retention time, parallel reaction monitoring (PRM) parameters, and collision energy for ten target analytes

Compound Retentign time  Chemical Adduct Precursor ion Product ion Collision energy

(Min) formula (m/z) (m/z) (eV)
1 Fraxin 3.49 C,¢H;s0p0 [M-HT 369.0827 207.0289 35
2 Scopoletin 4.7 C,Hs0, [M+H]" 193.0495 133.0284 70
3 Cleomiscosin A 5.65 C,oH 404 [M+H] 387.1074 337.0702 20
4 (+)-Catechin 2.67 C,sH,,04 [M-H] 289.0717 245.0813 30
5  (-)-Epicatechin 3.86 C,sH,,04 [M-H] 289.0718 245.0813 30
6  Acanthoside D 4.11 Cy,H, O [M+CHO,] 787.2666 417.1549 25
7 Isoquercitrin 4.63 C, H,,0,, [M-H] 463.0882 301.0333 35
8  Salidroside 2.06 C,sH,,0, [M+CHO,] 345.1191 299.1132 10
9  Syringin 2.78 C,;H,,04 [M+Na]" 395.1313 232.0704 40
10 6'-O-galloly salidroside 4.06 C,H,,0, [M-H] 451.1246 169.0131 40
IS  Wafarin 6.08 C,H,40, [M+H]" 309.1121 163.0386 70




Vol. 49, No. 1, 2018

UPLC-MS/MS 2AMZ &t - ko] 8 deo=
scopoletin, fraxin, cleomiscosin A 53 72 coumarins¥,
(+)-catechin, (-)-epicatechin, isoquercitrin 5 flavonoidf 2!
salidroside, 6'-O-galloylsalidroside 5 phenolF7} EiL =0
o}, o)# thsk F7o| AEo] tisle] UPLC-MS/
MSE o]&38t FAIEAHIHS s A olt), o &
FONE AAHE Bol ABHT Yk AT B FE

oot 48 A RRANE et o)
= 3

-

AL RIS
O 1050] e BA A, 2 BAER 2
==
e

(A) 1 23
100 f\‘
50~
: J/ \‘ M
100*E ; S (ﬁ\7
50 |
(:) A 1/ \\L / \\\
1007 8 |9 ‘10 |18
50% \/\ /\ }
JE 0 A | E—

0 2 4 6 8 10 12
Time (min)

73

4.63, 4.7, 5.65 2 6.083-N| 4 1= ATH(Fig. 2). & AT+
o 7§ UPLC-MS/MS W2 1059 #4242 72 ©]
Well &1k <+ = W= 7] 71 HPLC % GC-MS
AR vlE] AAoR EAAIS GEE F IS A
o2 wete, >0

UPLC-MSMSE ¢ &3 8 &9 93 54 23,
Table T} 7ko] ol ==0] [M+H] FENZ m/z 193.0495,
387.1074, 309.1121°14] 2, 3 & W F-EFEZ ] Exlo]&
32 gelaglen, [M+Na]” Fele] 9(msz 395.1313)0]
gl Ar} S0l =9l [M-H| FHZ m~z 369.0827,
289.0717, 463.0882 2 451.124690 A 1, 4-5, 7 & 10 A&
o] B2} ol 2T A5 77}t RIS O™, 6(m/z 787.2666) L
8(m/z 345.1191) A& [M+CHO,| ] Fel=2 ATt

’3719] ol gole REA ERlE 1074 BEE
of ot A= A4S f18 2 -4E2] precursor ion(Q1)Z
product ion(Q2)2 A3 TH(Table ). A 1, 7 & 62
[M-H] &-& [M+CHO,| @il A glucosyl 25 17} 3-&
N7} o€ [M-H-glucose] 22 [M+CHO,- 2glucose] &
el 2 Ztzboll thated m/z 207.0289, 301.0333, 417.15492
Q2 YAz Ao, vhde] AR 9= [M+H] el
A} [M+H-glucose] ¢ m/z 185.04192 Q2 ¥ A2 A3}
o5 A8 49} 5= [M-H] ZEjolA €O, B2/} "ol
[M-H-CO,] 9] FENZ m/z 245.0813% Q2 ¥|=2 A3
om W 4R 8e [M+CHO,| Hejeldl CHO,7} o&kdl [M-
HJQ! m/z 299.11325 Q2 F=2 AASIATE'Y & 2, 3,
10 2 WREFEEES m/iz 193.0495, 387104, 451.1246, 2
309.1121¢] QI ¥ =M CH,0, CH0, C,HO, %

(B)

4

[ A

wn
<

I

[y
(=3
<

|

>N

(=2
—
2

L1
D —
9]

n
<

Ll

) / l
0 LN L L L L L L L L L L L L L L
0 2 4 6 8 10 12
Time (min)

Fig. 2. UPLC-MS/MS analysis of water extract of Acer tegmentosum Maxim. (WATM). (A) standard mixture and internal standard

(IS), (B) water extract of Acer tegmentosum Maxim.
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Table III. Regression equation, correlation coefficients, linear range, the limit of quantitation (LOQ), and the limit of detection

(LOD) for 10 components of Acer tegmentosum Maxim.

Compound Regression equation Correlation coefficient  Range (ng/mL) LOQ (ng/mL) LOD (ng/mL)
1 y = 0.0037x + 0.0793 2 = 0.9988 10.0-2000.0 10.0 0.5
2 y = 0.0037x + 0.0793 2 = 0.9988 5.0-2000.0 5.0 0.5
3 y = 0.0012x + 0.0134 2 = 0.9987 50.0-2000.0 50.0 0.5
4 y = 0.0005x + 0.0041 2 = 0.9996 50.0-2000.0 50.0 1.0
5 y = 0.0005x + 0.0041 2 = 0.9996 50.0-2000.0 50.0 1.0
6 y = 0.0004x + 0.0102 2 = 0.9992 20.0-2000.0 20.0 2.0
7 y = 0.0008x + 0.0186 2 = 0.9995 50.0-2000.0 50.0 0.5
8 y = 0.0001x + 0.00006 ? = 0.9998 50.0-2000.0 50.0 10.0
9 y = 0.00007 - 0.0004 2 = 0.9993 20.0-2000.0 20.0 10.0
10 y = 0.0004x - 0.0009 2 = 0.9986 50.0-2000.0 50.0 5.0

Table IV. Contents of ten target analytes in the water extract of Acer tegmentosum Maxim

Compound Batch-1 Batch-2 Batch-3 Batch-4 Batch-5
1 0.948 + 0.079 1.339 + 0.089 1.400 + 0.104 1.435 + 0.119 1.254 + 0.062
2 0.029 = 0.004 0.031 = 0.002 0.056 = 0.006 0.035 + 0.003 0.017 + 0.001
3 0.054 £+ 0.006 0.010 = 0.002 0.032 £+ 0.003 0.020 = 0.003 0.037 = 0.003
4 1.871 £+ 0.098 2.431 + 0.156 2.524 + 0.104 2214 + 0.069 2.644 + 0.166
5 0.745 £+ 0.039 0.942 = 0.038 1.004 £ 0.042 0.908 = 0.028 1.056 = 0.028
6 0.412 + 0.031 0.374 + 0.022 0.416 = 0.033 0.407 + 0.036 0.364 = 0.019
7 0.999 + 0.035 1.419 £+ 0.033 1.170 £ 0.044 1.299 + 0.024 1.253 £+ 0.055
8 59.176 + 3.720 67.976 + 5.044 66.216 + 3.132 56.456 + 3.255 63.176 + 4.320
9 0.104 + 0.006 0.087 + 0.008 0.112 £+ 0.009 0.090 = 0.007 0.079 £+ 0.008
10 3.660 = 0.154 3.995 = 0.084 4.165 £ 0.139 3.709 = 0.135 3.715 £ 0.103
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