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Abstract: The chemical profiling of Dengzhan Shengmai capsules were characterized using ultra high
performance liquid chromatography/tandem quadrupole electrostatic field orbitrap (UHPLC-Q-Exactive-Orbitrap)
high resolution mass spectrometry analysis. The post-acquisition strategy integrating precursor ion targeting
recognition and diagnostic ion filtering was proposed to realize the identification of components in Dengzhan

Shengmai capsules. The mass spectrometric data were acquired in both positive and negative ion modes using a

AR HH: 2025-02-08; &[] F A 2025-04-24.

FEGWH : E K A RF ARG T E (82173942); )7 R A HAAFL A3 G EITH (2022A1515010870).
*J@ HAEE E-mail: yuanyuan8078@163.com

DOI: 10.16438/j.0513-4870.2025-0108



- 2574 - 242224 Acta Pharmaceutica Sinica 2025, 60(8): 2573-2584

full-scan MS1 coupled with data-dependent automatic triggering of MS/MS. By employing the similarity analysis
function within the Access database software, precursor ions were promptly identified by comparing determined
accurate masses to the in-house mass spectrometry database specific to Dengzhan Shengmai capsules. A diagnostic
ion database encompassing a variety of compounds found in Dengzhan Shengmai capsules was compiled based on
the mass spectrometry fragmentation patterns of 16 reference components. Ultimately, 248 compounds were
characterized utilizing the diagnostic ion filtering method, comprising 51 caffeoyl esters, 38 flavonoids, 63
ginsenosides, 19 steroidal saponins, 11 nortriterpenoids, 21 homoisoflavones, 39 lignans and 6 other class
constituents. The developed qualitative analysis approach enables swift and effective identification of chemical
components present in Dengzhan Shengmai capsules, serving as a scientific basis for quality assessment and
clinical utilization. This innovative strategy on high-resolution mass spectrometry data analysis, integrating
precursor ion targeting recognition together with diagnostic ion filtering, introduced a novel methodology for the
comprehensive analysis of complex substance systems in traditional Chinese medicine.
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Figure 1

B: Negative ion mode

Base peak chromatogram (BPC) of Dengzhan Shengmai capsules (DZSMC) using UHPLC-MS analysis. A: Positive ion mode;



oyt pn A TR BT AL 1 R S5 512 T T I D A B A R SR PR A TE AT R R T AL R

« 2577 -

j

Yes ~1971.03/2050 No : dily
—Typel_— O/ISDa v ;
es o] X
o e —
Homoiso w Ye R No - 49/61 - g
! >
flavone 07.06/28De Yes|  (799.48/637.43 Glopara
MY 459.38/475. atrio} : :
w (¢ 5.07/327.08 No oty No 5 Ginsenosides
L 955.49/569.38
No
> Yes
@ ey S00.09/315.08 © No (Tes4re03.42 <Ot >
0 Da /31Ds

%
e
ZDa/44 60 Da/74 ~\Yes”501.21/437.197\Yes / Nortriterp
2 Da/44 Da 499.23/509.21 enoid

~Tpb
No
55.15/383.14

/271.06/301.03/

Yes
353.08/191.05 @
-,M
381.08/161.06 —CDOA—

85.04/269.02

287,

[No No

Candiates

Possible
structure

Figure 2 A strategy diagram of rapid classification and identification of DZSMC components based on diagnostic ion filtering. COA:

Caffeoyl-2, 7-anhydro-2-octulopyranosonic acid; CDOA: Caffeoyl-2, 7-anhydro-3-deoxy-2-octulopyranosonic acid; CQA: Caffeoylquinic

acid

MEPE B 2 7 2 (CQA) M2, 7- i -3 - i 4 -2- < i
FETZ (CDOA)- Wi BE-2,7- M &0 -2-2F B BE % (COA) Al
Ui P B - 1-(27-A- M VR ) (CPO) DU K4k &4, 3 % 4%
e R, B TR T A S RMIY K [caffeic
acid—H] Fll [M—caffeoyl-H] P MERIERE F &5 1. BEEE
M 2 T B R HEER B B, 77 4E 515.11..353.08.
191.05 5 RHIE RS 1

B T2 W B 1 i R SR g, AT 7T 45 08 th 51 ek
Wk e SR Ak & 1, L B TR AE R B m/z 353.08 m/z
191.05, P 151 %) 28 > CQA Kb &4. 11 CDOA
54k A Wyl o R AE B T m/z 381.08 m/z 161.02 % 5€ ;
54 COA Kb & iE L m/z 235.04.m/z 397.07 #F;
24 CPO KA G (27-29) Nl IS HF-AE 251 m/z 179.03
m/z 435.09 1R 51; BEANEA 54N F At S HERE B 21k &
o JE I AR R S EEXS, T E A ) 55362 43 il A
3P 2 e R 3,5 W R P e R R 4,5- 0
M EEZE TR (B14A). LMEE73.77.101 11, HAE
PR N0 B I N 677.15 [M-H], £
SR T v, ¥ 38 ik T T 2R 5 % SR M ME T [caffeic
acid—-H] =4 m/z 515.11.m/z 353.08 Flm/z 191.05 H
Fr, Ry = e 2 T R . AR R B I (], HE

WAL &9 73277101 73 530 059 1,3,5- = Wi HE G 22 77 1%
1,3,4- = WNHEREZE T 12 . 3,4,5- = IHEREZE TR . (L&
79 £ TR 4 T B T IE N 721.141 6 [M-H]
(Cy\Hy 0., t, = 27.16 min), 7E — K T W% P, 17 1€ m/z
559.108 2.m/z 397.078 3 Al m/z 235.045 8 I 4FFAERE T,
O TG W 2R 5% 8 5 2R I ME B 2 [caffeic acid—H] /™ 4=
PRE R, BRI, 240 & W08 3 A4S e 5 1) COA 26
&9, HETAL &40 79 4 3,4,9- Wk BE-2,7- i & -2- 2
T R PR
3.2 EERWAYNETE WESH VRS EMT
o2 R RAT B E PR MR TR S . X AR
T S AR A TR U e A R S SR AL B
S E s X, S 8P 7 C H 0, (162 Da) f
F O A CAE R i AR X I RO K OR
Hr—Fi] /R {8 (Retro Diels-Alder reaction, RDA) 24, 724
PANRRAE A B AR BE (m/z 151.00, 107.01) A1 B 3E
Bt (m/z 133.02, 119.05). LLAh, IEFTE /N TR
(CO,.C,0,.C,H,0) £k, J¥ i m/z 241.05 Rl m/z 257.04
SRR, X SO RRAE B - FH AR 07 38 5 R 2R AL A Y 12
BT

JE 3 B W 19 RDA 2R B R W m/z 151.00.



IDPI:771.41—591.35—429.30

- 2578 - 252 %4} Acta Pharmaceutica Sinica 2025, 60(8): 2573-2584
[ Type ] [Characteristic iOﬂS] [ Sub-characteristic fragment ] Skeleton classification [ Compounds identified ]
O | rTTTT T T N o o oot T e o s n e dara
| [ I | DPL677.15-515.11-353.08—191.05—173.04 | ! coa  LBSOI0NIBISI02425063446,4849
: : : : l 529.13—353.08—191.05—135.04 I | : | 50,53%,56,56°,73%,76,77°,83, 85,89,95,101*
|
! i I|! DP1:705.16—543.11-381.08—161.02-133.02 | i L
| Caffeoyl : : 179.03,135.04 |‘ 1 557.13—381.08—161.02—135.04 l—’: CDOA —r: 74,114,122, 23,30,37,41,55,57,65,75
I | |
! esters L 11 DPL721.14-559.10-397.07-235.04—135.04 l_.: COA — 1412839435878
|
: L :lDPI:435.09ﬁ191.05ﬁl61.02ﬁ135.04—:—4 CPO 4t-q|27s29
) b | T Other : i > 8,14,16,52,64,98,103
i P | {DPI:285.04—119.05,169.06 P P
! .
: Flavondids 1 I 151.00,119.05,1 1269.04—169.06 —‘_ﬂl I5,6,7, trihydroxyflavone —‘—rl I38,42,44,51,71,84,86,90,114
! I 1107.01,133.02 ][ 1301.03=119.05 . Ly
2 |
! i {{IDRE271.06 S119.03 . ) ! 118,20,21,22,31,32,33,35,36,40,45,47,59,60,
i [ 301.03-151.00-107.00 LI 5,7-dihydroxyflavone  ———p-16) 63,74,78,87,92,93,94,96,105,106,107,
i I 1287.05—151.00—107.01 P | V160100 i5e
: P AEOH ST o | 180,110,120,122,1250,1275,128,1314134
I ) ) ! I ,119,120,122,125°,127%,128,131°,134,
| I (285040010708 Pl | [1350,1372,1404,142+,143,151,152,153,156,
) i IDEL945545763.4955621:43-5459:38 ——" Protopanaxadiol  —,1158,161,162,165,166,171,173,174,175,176,
! i i Pl | 1177,181,186,197,202,203,204,206.209
| |
| Ginsenosides | | 4523547335} o | I68 70,72,804,82,92,78,99,111%,116,121,123
[ ; ,70,72,80%,82,92,78,99,111%,116,121,123,
: : : 455.35,441.37 :DPI:799.48—>637.43—>475.37 N : Protopanaxatriol ™ 124,169
| | 2
I [ | !
1 b | I | Oleanolic acid 4'»} 133,138,145,154,163,195,199
! P {DPL:955.49—569.38+455.35 ————————L» | b
|
| i IDPI765.47—603.42—441.37 — b 118923012319235+
I I
! B l0ther L P! 220
| | | |
| I | | P!
! il IDPI:737.41—591.35 ; { Type 4{’}188,194,201,211,216
|
| Steroidal ! 1591.35,575.35, | IDPL:721.41—-575.35 { | Type I 4:*:66,67,2l9,222,228,233,237,242,244
| saponins | 144529:429.30 | IDPI753.40—607.34—445.29 —  +>ITypell s 155,160,179
I
! !
I
I
| i
' i
I
I
1 i
I
I

I
|
I
I
I
I
I
I
I
I
I
I
I
I
I
|
I
I
I
I
I
I
I
|
I
I
I
|
I
I
I
|
I
I
'r
205.05 |
I
|
I
I
I
I
I
I
|
|
I
I
I
I
I
I
|
I
I
I
I
I
I
I
I
I
I
I
I
i
|
I
I
I
I
I
|
T

I |
| i X EType v 169,81
i | : i
| 190.02,191.03] | I i l:
.02, o |
| | NL:13Da ll E Typel ————————l 104113,115,126,130,144,149,196,218
I i | I
| I |
omoisoflavone!4! 19305, | L 1] 141,164,170,172,178,180,183% 185,209,221
If’ i 20706 | NL28Da Lel Type Il ——————————p{ 141L,164170,172,178,180,183%185,209,
[ [
1 [l | ! |
| 1 I L) Ll
| : — Li40041
! 14 3250732708 | VL8P P el i
I [ | 1 |
| I \ b i
I |
) 1 [ 300.09, I NL:70Da,31Da Lo TypeA ———————>»1 132,139,168
| I|1315.08 | o I
| I | |
| 1k ! | i
i I|1383.14369.16,1 INL:18Da,69Da | Type B ——————————1>! 129,150,157,159,182,184,187,190,191,192
: 1] 1399.17 : . b
. I I |
: Lignan H : I I 1 : :
i 1 i I TypeC —— 151193,198,212,213,214,226%,227,229+,2384,239
I L] 141517437051 | o I
I | | |
I I I |
i 1| 140321387.17, i —IType D Tl 100,102,108,112,117,146,147,148
! 111 389.19 ! Do N
i 1
! | 5 Otter ! o Pl 200,205,208,223¢
1 [ [ [
H I | Pl Iy
b | | NL:60Da,74 1501.21,437.19.4 [ 1ol 215,217,324,225,2324,2343,236,243,245,
INormterpenmds: | Da,44Da 199.23,509.21 } : | : 246,247,248
! [ I i : ,247,
1 [ | | | | |
[ ! !
I Others . | L P 12,4,617,54

Figure 3

Neutral loss

119.05 Ko /N5y FREFr m/z 241.05175.04 1 [i) 7 17 3% i
TRMEY, LN T 38N AT
208 C H, O, B AR & EL X, AL & 7R
T % (K 4B). (&M T T B 718N miz
285.040 7 [M-H]" (CH,,0,, t, = 26.46 min), Z:if RDA
LW C,—C, B, 19208 B+ m/z 169.065 0 Fl m/z
119.050 3. [ HF 28 1) %5 8 LA o N kB, 7217 i
Bt RN, AR S E o R E 2, P e
TR EF BT S R P S, e A R SRR A A . DA
W& 47 R, HAEG S TR TR T8Il
593.152 4 [M-H] (C,,H,,0,,, t,= 24.22 min), £ — i

Identification results of total components of DZSMC based on diagnostic ion filtering strategy. DPI: Diagnostic product ion; NL:

B 7= A2 m/z 285.040 4 (1) /5 = FERFAERE fr, 455 RDA
ZLMARAS B FRFAERE F 133.029 6 F11151.003 9, HE % 3%
Bt CfE AR EH 2 MR, E B LA | MR,
PEAHEZ A T oL By . PR S OCHI R E
4 (146 Da + 162 Da), 25 & ik i = 5 Jr 149.045 7.
101.024 4.113.024 5 S5EHE I Fr, AW 2 %W ED
Rl Em S — 0 FRE R — TR (S
W) AHE, Sk &9 47 il 251 -3-0-B-D-ZE A HE A
33 ASEFHLXUAYNEE AZEHEZAZS
FBEEE R, AR B A [E 0] 4 g D RS JE N
SZEHRASEH RAS ZBEMAS BT .C-17X



oyt pn A TR BT AL 1 R S5 512 T T I D A B A R SR PR A TE AT R R T AL R © 2579 -

O

A H
fo) OH
O
> o OH
o
HO
OH o |
OH
OH

515.1197

—-

-[Caffeic acid-H ]- i

HO 353.0883

l -[Caffeic acid-H ]-

oH 1 (6
o) OH
o P o
/izo? o
HO OH HO OOH
OH OH
oHoH
191.0564
¢-HZO
HO o
- o
oH | oH
o
Ho—©
59
HO OH OH 1077.5861
OH o
OH
179.0352

B —|'

OH OH
HO o o

e c |
HO %o

HO ° OH O

461.0731

-GlcA l

on |

RDA ¢

oH 1

o

169.0660

119.0503

0© 945.5450
OH 459.3843
Ol

OH
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Figure 6 Possible fragmentation pathways of representative components. A: Schisandrin B; B: Parent nucleus of nortriterpenoids
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