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Abstract: Triterpene acids, a subclass of acidic triterpenoids existing in their free state, are widely
distributed throughout traditional Chinese medicine (TCM). These compounds, characterized by their
ring system structures, can be further categorized into several subtypes, primarily tetracyclic and
pentacyclic triterpenoid acids. The structural variability is attributed to varying conjugation types and
sites, resulting in numerous isomeric forms, thereby posing significant challenges to the precise
identification of triterpene acids. Various methods have been employed to differentiate triterpene acid

isomers, including liquid chromatography, mass spectrometry, and chemical derivatization coupled
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with mass spectrometry. However, these techniques often rely on reference standards or necessitate
intricate sample preparation procedures, rendering them less suitable for the analysis of TCMs due to
the complexity of their matrices. Therefore, there is an urgent need to find a new method to
distinguish ftriterpene acid isomers. Herein, four triterpene acid isomers were successfully
differentiated using full collision energy ramp-MS® (FCER-MS?) analysis. Ultra-high performance
liquid chromatography-quadrupole exactive-Orbitrap mass spectrometry (UPLC-QE-Qrbitrap-MS)
was deployed to acquire high-resolution m/z values for four triterpene acid isomers, namely ursolic
acid, oleanolic acid, a-boswellic acid and f-boswellic acid. Their mass fragmentation pathways were
proposed by carefully assigning ion signals. The abundances of precursor and product ions at step-
wise collision energy values were recorded using online energy-resolved mass spectrometry (online
ER-MS). FCER-MS® spectra were configured by assembling sigmoid- and Gaussian-shaped
breakdown graphs of those primary MS” spectral signals after appropriate data normalization. The
parameters, such as collision energy at the half survival rate (CEs,) of precursor ions, the optimal
collision energy (OCE) of primary fragment ion species and the maximal relative ion intensity
(RIL,,,) were calculated from those regressive equations, and subsequently were applied for isomers
differentiation. The four isomers were firstly divided into two groups, designated as group I (ursolic
acid and oleanolic acid) and group II (a-boswellic acid and S-boswellic acid) through the existences
of the so-called diagnostic fragment ions. Moreover, the two isomers belonging to group I show
different OCE and RII,,,, values for m/z 411 and 439, respectively. When concerning the two isomers
in group II, significant differences occur on OCE values for m/z 163 and 121, and RII,,, values for
m/z 439, 219 and 205, particularly the RII,,, ranking positions of m/z 439 and 219. FCER-MS®
spectra also include m/z, CEy,, OCE and RII,,, features, which can comprehensively cover the mass
fragmentation behaviors of precursor ions, and they are therefore an eligible tool to advance structural
identification confidence of triterpene acids.

Key words: online energy-resolved mass spectrometry (online ER-MS); breakdown graph; triterpene

acids; isomers
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Fig. 4 Breakdown graphs of distinguishing product ions for ursolic acid (a), oleanolic acid (b),

a-boswellic acid (c) and fS-boswellic acid (d)

F1 RBRE FHRR «IEFRNAEFREFFHNREMEBERNENEFEE

Table 1 CE;,of the precursor ions and OCE and RII,,,, of fragmention ions for ursolic acid,

oleanolic acid, a-boswellic acid and f-boswellic acid

PA i lasg

T F B Fragmention ion (m/z)

Molecular descriptor Compound 457 439 411 221

219 205 203 191 189 175 163 149 121

CE;/OCE/eV AERLR 1755 17.18 2238 N/A
FECRIR 17.03 17.94 23.87 N/A
a-FLHMR 1943 2035 N/A 2626
B-FLERE 1982 2052 N/A 2672

N/A N/A 3488 31.70 42.11 N/A 4026 N/A N/A
N/A N/A 3535 30.86 43.04 N/A 3995 N/A NA
20.27 2652 N/A 31.87 N/A 4238 36.67 37.78 51.27
20.13 2690 N/A 3193 N/A 4330 35.66 37.23 50.17

RIT,0/% AERER  —  41.02 100.00 N/A
FHURER —  64.94 10000 N/A
oFER — 8121 N/A 1842
FEER — 10000 N/A 1029

N/A N/A 1620 1437 1095 N/A 1490 N/A N/A
N/A N/A 2130 16.00 14.52 N/A 13.64 N/A N/A
100.00 51.52 N/A 18.66 N/A 21.19 3237 26.06 22.08
37.53 23.88 N/A 10.69 N/A 1435 17.50 19.13 20.16

TE: NJAFR AR AL T3 BB — R AN 5 MUHLEE T T XA N ) S

R HE BT m/z 163, 121 ) AOCE 43514 1.01,
1.10 eV, m/z 205 1) ARIL,,, K 27.64%, m/z 439, 219
) R AR A PIARIR], H m/z 219 [ AR,
9 62.47%. A HELL B A SR 2k, e
3 OCE I Rl 7 2, 7T LA SE 9 A S 2 Fn 55 8L
R a-FLAEFRA B-3L 5 R R 4 5 F6 A 1) A 4L
X4

3 g

A 58 F &5 43 B MS? 3% €] Fll FCER-MS?
Tk T X 5 T RESRR . FFHURTR . a-FL A TR AN
BAERR . W TR E 1 2R, a-FLF R
1 B-FLAF IR 7 A 1 m/z 361 T Fr B8 T 1E RE SR R Al
FEHOR R rh ¥ R gk I B, R, AT AR R miz
361K 4 A [ 43 50 1A 43 E SR 8 A 5 U IR
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B e 4R Hae

(14D, o-FLAF RN p-FL &M (1141)., FCER-MS
s 45 R R W], T4 7 25+ m/z 411 ) OCE &
AR, miz 4391 RIL,, 8 & 25
112 8 | 2 F m/z 163, 121 ) OCE B . AN [A] ,
m/z 439, 219, 205 ) RIL,, Bl & 2 5, H
m/z 439, 219 (¥ RIL,, AHXF ¢ R kA4 T 424k, 4
BT SR 4 A [ A AR AR B A UK 5y o AT
F£F FCER-MS’ 3% [E X BE SRR . IR IR . a-FL
TR AN B-FL A5 TR 1 22 R 0T 1% 24 AT M HEAT IR A
SART, NZgEMBELIT 44 4 F AR X
g, R AR R B T R = R 28 W) A A AR Y
YHERfR 45 8 SR T A RO, o A S A R 43
R XI5t T 57%
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