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Strategy for the identification and quantitative analysis of the
phytochemicals of traditional Chinese medicine by LC-MS/MS
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Abstract: Traditional Chinese medicine (TCM) has made numerous contributions to the prosperity of China.
However, the phytochemicals of TCM are complex, and there are significant differences in relative content. The
material basis of TCM has restricted the modernization of TCM. Liquid chromatography-mass spectrometry (LC-
MS) combines the high separation performance of chromatography and the high sensitivity of mass spectrometry. It
has been widely used in the analysis of natural medicines and can greatly promote the development of TCM. Many
studies have focused on the comprehensive characterization of phytochemicals, building a strategy for the rapid, ac-
curate and systematic analysis of the chemical components of TCM through the integration of different mass spec-
trometric techniques, and laying the foundation for quality control and rational utilization of TCM.

Key words: traditional Chinese medicine; phytochemicals; LC-MS/MS; fragmentation rule; quality control

2t B G A AR, BT R RYT
SRR JR , A T S IR 2 2 U E AR R . TR
22N RN/, AT R 2T FUB R 24 TR
SR, PSR R Rk 2 B, FLA R T A F 7T
RN —A“RFE R SO0, AR EAZ K
9y, 2 BEAR7 IR AR, DR I r 24 245 200 o 2R A ) 17F 7 DA

Wik H 399 2019-11-28; & [H1 H J11:2020-01-15.

FEWH: ER A RE S S B H (U1603104, 81803717).
*3E i fE# E-mail: jianghongliang@hust.edu.cn

DOI: 10.16438/j.0513-4870.2019-0973

T 0 2 ) 7 2 R AR S RN 5E 3 T8 N LS Hh 2 BRAR
A f X

B 55 43 AT A2 A DRI R TR R B AR g HE
iR AR T E RIS . LC-MS/MS CZ 5 ik
N RS E NS BRI R BT B KO
e 1) 23 8 A 5 o oy R R o o R 1 )RR A
54, REE RIS E M M5 B, AT 2 PR | e 2
(5 AT 7 VER . T 24 53 A IR R AL i o) 5 B0 S B At
JEK, K LC-MS/MS 5 A JE 75 B B8 J (A% & i
Ab PR FE o I R AG I 2% R 0 SR R B A M(E R



#e BEAR LT WUBUB IR B b 2R 3 T T T VA S S - 1495 -

455 CRIAL G PRt JE i 1R 5T D 2R M AR, e e X oK R
G dkAT Mo HT

H AT, H 244 2 o3 AT 58 A5 B0 0k B A — 4%
B Z RS BT . Hoh, S S B
T B R R PR AN BTV E A A, B
B ) N T 2R o R S SE R H A R
P 1 32 AT A S A 8 B A e SR 5 (Fourier
transform ion cyclotron resonance, FT-ICR). & 47 It [&]
Ji i (time-of-flight, TOF). VU 2% #F & B & 47 B 8] 5 3
(quadrupole time-of-flight, QTOF) 1%k 14 55 - P 5 Bk &%
FH, 3% B3 BF 5 3% (linear ion trap quadrupole-Orbitrap,
LTQ-Orbitrap) 55 . AHXF T i 40 B BT, & WL A 4> #F
JoR AL A% B 7 BE B (fon trap, 1) = 5 IO 20T i i
(triple quadrupole, QQQ) LA K &5 4 Hif P4 Ff it i A8 £ 11
= 5 DU AT £ PE 3 7 B SG (triple quadrupole linear
ion trap, QTRAP)™, B AR 43 4 Joi i () 41 0 1% 543
PR i oy P, (2 QTRAP K5 ) “FF B 414t
T, i 5m Y 4= 494 (enhanced mass scan, EMS) . 1
51 B 714 (enhanced product ion, EP1). % s b 5 1
$944 (multiple reaction monitoring, MRM). £ & 1 I ]
94 (multiple ion monitoring, MIM) F1 R 4 B 139 4
(precursor ion scan, PREC) 4%, £ %5 5E & % £ it v 1) il
B 5 IR E R 7 T B A R AR AE. Ak, B
T AEAR S #R 5 B A B b B 04 LR O
7% (extracted ion chromatogram, EIC). t 4 2 2 i yiE 3%
(neutral loss filter, NLF). /=4 & 1 i #i€32 (product ion
filter, PIF) &b, i 2> % 51 1% 65 A 1 o & 5 Blad 98k
(mass defect filter, MDF). [F){i; 2 it §i€32: (isotope pattern
filter, IPF) F175 5 $11F% (background subtraction, BS) 4
B Kb B 77 VAR B P T 245 53 A R R AR )
HIBEFEE N,

4K LC-MS/MS H2 AR EL4% B F T8 o 24 e o
AT 78, 2 BT I 58 5 VA RO SRS AN T e 4 o I e
WF 075 325 1 o 1) 4 R 4K R o) B, s ) g
WF LRI R P B8 1, B S5 AR R (0 4 A A . B
J&, B A R SR AS T 2 U AL A ) B R
W18, 456 AN E B EOR e A 45 2 E S,
18 BRFAERE Fr 8 5 vh 24 11 32 B R R il ik AT 4 T
BIZRAE . A SO B AT AR B S & MO iR S
TG HEAT T 28R, DU AR OCHE FLfR A 45
1 ETEo#HRRKBRARN S HREE

BRRRGRERERNSYIE NG R R T
B, B PUE PR RPN S 2 Rl 25 3G MR,
N T VP 24 FH R R T IR TR 2 R R R R, R 4R
AR TT R AT R R R R G R &

Yo Liao SO H — b B T8 i RO €3 5 E DY 2%
FF AT I ] 57 1% (UHPLC-QTOF-MS/MS) £ A ) 45 %2
FREEERR BN ST E ST, Rath % E
TEERZEMEY. Bk HTERERLUZERT
DN FEAE G, TSR FE R AL B A R E IR
B, A AFRM T O B LR, KRGS
¥ 854k A Wi %1 43 4 Moiety A Al Moiety B 5 #4 .  H:
IR, 52 BRI 2R A A ) ) — s B A AR AL
() W ZLARAT N . BT LA, HKHE Moiety A FR2 I 25 1 22
HEER A B TR ZB M EHREA T~V
A BRI T ~ 11, 256 Moiety B 1) Tk T
SERAG AP S e . B, R B ISR D 14.11 min [ 3
MEED), BT T3R8 H 3 7 208 CoHyO;, 2
T FIHRAE B T 75 & Moiety A & B b & V
(85 F o A IS, Moiety B #8422 JE 7 B F miz N
59.016 7, it /R EM & H LR . P, IR
K AL A W ¥ € N 1/4-methoxylithospermidin C.
2, R IR D (R B ¥ 90 SR, 58 T 4K B R
K5 RRR RGP S Th %, Hd 32 M1 X
RIE o ZEHRSZIN TN A 24 FH SR R S VAN AT
R FHFRAL T BT TR

B AT 58 i BL R H A W) Physalis alkekengi L. var.
franchetii (Mast.) Makino [f1%] ZE1R 15 2, 3 35 B35 1 %
DNERE T RRUEY . BREERRUEEA T
450N 13,14-5438-16,24- 38 37 A1 (4 J5e M, Huang 2502
T UHPLC-QTOF-MS/MS AR, & 37— Rl #i i “ =
7B FSAE S, FH TP R O S R TR T R L
G H—0 KRR R E 45 8 Moiety ARIB.
1 8 72 98 1L 72, R A Moiety B = 4R (1112 B & 1
m/z 71.012 8 5 m/z 73.028 4 3K i 1% R 3% 77 &, HEif X
53 C-25F1 C-27 Z [M] 45455 28 20, it Moiety A
Wi TR SRS N T ~ VI B0 fiee
AT IE 7Y, 338 3 M H,0.CO. CO,.CH,OH F HCI 1
HE R IR A E IRHE B8 PR RAF AL 22 450 .
W, JE R m/z D 71.012 8 (12 T, R IE H AT AR S T
°h 509.180 6 L &9, R Z Ak &9 4> F XN
CysH300s Moiety Br=A=HiZ I 1 m/z 73.028 4 ¥ H U,
PR ZN A C-25 A—AH k. SR, 1T Moiety A
77 12 T S T miz 133.064 8 fil m/z 121.064 8, ¥4 1%
&R h Type N R K 2B EY . e, 18
o R E S FAN RS E, A EN
physalin R. 45 F o, 18 2048 12 908 S8 0 AT 28
LU 46 PRI I T 2R, b 20 i A B R DL I IR 2
o ZHF AT A R S F A R S SR AR A Fh 2
(PRI R LB e T A, RO B AT 28 SRR 2 1 T R



-+ 1496 - 2% %4 Acta Pharmaceutica Sinica 2020, 55(7): 1494 -1503

i & 1" Diagnostic
Moicty B ! product ions for
g __Type I classification

OH O D)LR b CH ©

Diagnostic

y r S
OH O Maicty A o o )LR—I product ions for
L classification
L Type II

o OH

oo Diagnostic

Shikonins LY L

Ny A

mo LoHo o g
L o

oH g O 'R —|H’ Diagnostic

OH ©

OH

T

e i o . .
Type V « s o classification
oH

—|H

4 H
7 Makety A
3 0,
e -ﬁfo
4]

v

L Type IH?’r?’gT /r:jﬁ A_ﬂ"produciionsfor .

classification
PEE————

product ions for
Type IV @Aﬁm“ classification
—_—
2 R L
' Diagnostic
product ions for[

&

9 d
)
T T

O M F mezeon

oS

product ions for

; I 1 Diagnostic
; ——Type
§ Moty B YP L classification
3 R
Shikonofurans
—H DiagnosFic
product ions fo:
L Type Il classification
HO: —_—

RCOO-

G meamaiz

_RCOO- Characteristic
product ions for ~HO, A m/=251.070
2 " confirmation l
-CO
— A"m/z241.084
p L8
Characteristic
- RCOO" :
productionsfor r -CH, .
- o .+ confirmation E—F B’ m/z 268.073
W | 5 B m255.109
- & -H,0 :
B m:s&lfu Characteristic - C' m/z521.170
RCOO product ions for | - y‘%}
* 3 g 54 . confirmation e C" m/=349.141
C1l ¥ i
p o ) s
I A mi=z 269.081
C masnam
RCOO" Characteristic
o _Iu_product ions for _ _H,0 -H,0
confirmation | —— E' m/z 267.065 " m/z 249.055
—_—
-0 -H.0
B :ozﬂzasnm —*E" m/z 257.082 miz 239.071
RCOO- Characteristic -CH )
product ions foi . e

O oH oo . i -H,0
o W L confirmation F* m/=281.082

vl @:j o

£ €O, F"mz271.008

Characteristic

w productions for -~ -H.O ., 7
confirmation |:__" D 232,001
—

€O, D" me227.107

D mi255109

o Characteristic

product ions for- _H.,0 -H,0

confirmation { —— D m/z 255,102 — D' m/= 237.088
o4 i —————.

€O ,p* 227,107

Figure 1  Subtypes of shikonins and shikonofurans and their corresponding diagnostic ions®!
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Figure 2 Representative compounds of type I, Il and 11l triterpenoids in Alismatis rhizome
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Figure 3 The proposed fragmentation pathway of 16-0x0-22-hydroxy-alisol A in ESI-QTOF-MS/MS[?
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Figure 4 Systematic analysis of naphthoquinones in Juglans cathayensis dode using integrated LC-MS/MSE
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MIM-EPI AH#% - % ¥ 455 X RE B2 i &2 2% B il I %
EEDRIRIEE . 514k, PREC-EPI S B AT A
SE R B AL S R A AR e i R U SR U5, it
QTOF-MS/MS (1) 45 1 Jit & % Al MS/IMS 185 4], Xf 2% Ik
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RAEIHAT RIS TN . B2, NEFRZ Bk 3t
YR A8 PR ER B AW, Hh & & 24 itk &4 .

Terpecurcumins & i/ 4F R M 22 5 R B — 288
BUE IR L HE 2 W R R E Y . Qiao YU DL ZE 3%
WA R R AV B, et —Fh 2 Erp ik &R
BB 1 (NL/PRE) #1445 & 45 K R0 AN 42 143 #T 1)
Fig (MNPSS), T840 &1 1) PR i 45 e 7 4544
(&% B . F ] QqQ-MS A1l orbitrap-MS 43 4 18 F X} J1#
i (1 MSIMS 15 1], A4 08 0% 50 5 2 R R ED
BTG G 5 2, 0] R 5 R B R A Ol 4 3%, R
COC.CC.DAFIMC. & i i 4h X HE i IR RR AE 8 1 15
T ORI, 12 Fh o R KA B 7 (NL/PRE) 8% T %
TELRA G BEAREER 1298 Be 0% PRod 1R 1% 26 4k
EW, FELRN: © 7F full-MS B R Ik B e 1
HEY, BRI MBS @ FIH QqQ-MS B
e R R P R B - (NL/PRE) AR L, 3K
RS R 5 R AT 5 (NL/PRE) OB HES 1At I
® 3 12 A E KRR E 7 (NL/PRE) 4 1 &
AN @ I R R IET R B 7 (NL/PRE)
FAHE B BRI B S SRR B S 45K © R HRMS
FIMSIMS A S 25115 B . Bl m/z 601 L&
Y, B HCES iR B R ) 18 Bl A &, BT
XAl G P T R AR 5 (NL/PRE) 4714 F) I L
B, WIS RAE S T %4 WEY
406,412,501 F1 514 fd A ¥ 5 44 49 5 25 9 m/z 366,
RHEAMASHELZHZRNEWEMEF)COCH . b
&1 445.450.460.471 fig 1 14 % 2k 218 Da, Il J& T+ CC
AL KB, 38 b 2k 220 Da H) Wi 4k & 4 534
601 #1614 1] Ag J& T DA T . {k& 4 398 1465 Rt H 14
275194 Da, KW'EA1)& T-MC/ICC AL . [Fif, HRMS
HMS/MS 275 B 614 1 619 4> T X N C4yH,,0, 41,
fith 16 ™Mb AW 53 T N CogH,yy0g0 A4 501460 Al
601 5 X} & it B A AR LR A P & R IAT R B T (NL/PRE)
HTMS/MS % &, [A 1 501460 Fl1 601 1) 13 2 i 45 ¥ 7T
Al GE A7 45 E a-turmerone il intermedin B. 51Ul 18
MBI ORI B0 RAE 38 I Z B 2 HT 5
W, 7 22 3 58 B o LA HY 846 Fi terpecurcumins.
FEARREAR I S Hr o, B B RN S AL
NLINAR, et B2/ 12 20 NL/PRE Wi WA A A28 & . i
T AH [F) 45 46 8 AL (1) 4k & 0 B A B NL/PRE 35 1] .
(AL, o] BLSR ) 32 540 73 B (PCA) # NL/PRE 4 4 15
= A AR AL ) s £ 43 51 )3 2 COCL CCL DA Fll MC 4,
T =5 i 53 P o 8 A P AR I A & AR 5 B R I,
WL RELE A& -

3 ETRRBAEARNPAREEHRAYNYRE
fikff e

L AR E 1) 2B A A, Herp Y 1 e
I TR AE . BRI, AN R P Hb e 22 38 25 2808 PR Aoy
W& EAPTE I B 2 5, T 65 1 At 2 4 110 22 2 i
WA ZG 4 . BT AR = b 32 35 (0 S AL, 1R
B e ATMSRIE . PRk, X 2504 w1 22 3 kAT E 1
s &, X FEEN ARG EAEERZ . Jin
LR T LC-MSIMS HiAR X 3 R A WAT T4
HRAE, 8 & 2R BN SV MRM B 7 X Fl R
BA IS} 18], 757 7 % T LC-QTRAP-MS/MS i A (1) 45 1iE
WEE ATk B, DADY )1 22 5 O bR AR 4 B
10477 Hh 22 B IR 0 o, R FH AV 0 T 96 Fi 2 38 R
KUEYHIAEXN & . 5 R EoR, HAh ™ 25 b By
FEBRRRXMAYN LS B SE M A7 7E ] B
ZEale MO, 2 ME RN E R R KA DA E 2
A DXk 11 22 38 AR R AR I B . GBI R RNA Y
HEAT A XS T8 B AT, B XS 22 38 1R 0T B AT 2 I AN PEAR

RS 5 RS RS TR A ) Oy A 3,
Hh R RS B R R PR 1, T K RS A R )
R INRE . XTI REE TG L iR B s
IR B T e, T 5 B0 YS = SR A R A B
SR, B Rh B V5 AR TS M 5 16 =5 2R Rk 22 Sk R
W R GRIE . LiZEPIYE UHPLC-QTOF-MS/MS 43 #7 2%
fih b, #E37 7 B T MRM [RREAE 58 B3 73 A7 77323, %33
15 =S R BT T AT RAE, XA kb A ) T B
PSS =0 s 2Rl AT TR . BT
QTRAP-MS/MS [ MRM $5 A & 37 ) 45 AE 56 56 1 G
¥ H 421 QTOF & 58 it e vtk B i1k, HLEVS = wkfk
LI N 29 QTOF-MS/MS 1) 3 4%, A 45 ) 3 &
A E Y BRI A E BT FRIERR BRI BoR, &
H0 i) S R3S A i R = AT R AR A R R B ) A
o M I AR EEE = 2R R AR AT BR A R
K AHEAE C-24 F1 C-25 1 — i M T %, C-11.C-23.C-24
H1 C-25 ¥4 3 1 i 7K K 25 20 B 3 S 80 =i 2 4 1 )
SRR . 53 Ak, PO I AR R VLU PR S
MRM 5 AE 46 B A B B 25 5, I PR vs A e vs =
i R A IR, (NS EA T ZE S . L= SR
i PE A2 B2 RN = AR 0 B & b AR B AN R A R
K75, A 23 Fh =i R AR AT I o AN [ 77
MEEETEEZRMEARFRMAEE. KPR
BT 4 37 (1) MRM AR SE 51 1% 73 B 7 1506 AN ) 7 B 4 )
T BTS2 M o7 B 4 ) B A VB A B R AN A

AR 24 38 22 B S UE BH, 5 n B AR I AR
] 2 EG 2 Ml 2 14 DL 8] I 7K ST S Jk o R Rl A 418 B 5



M BEAED TSR HOAR (8 P 25 A T T T3V S -+ 1501 -

B R EAK I R334, Alisol B 23-acetate J& %75 1 & &
5w I =i R Sz —, BAE v E 25 e h S 1
bR EY) (Q-Marker). H A 25 Ak Bl 7 B A%, R
FH B — Y5 =i A A 0 M LA S B 5 1R PN TE B ST
BT AR LA BA 2 5 EETS =i R A A R
fIE, Li&@L3elgd 3y 1 T MRM R AE 6 R i — 57 77 ) &
BUASE RS 1) 5 925, SR Ui ade 75 v B A R I i 12 T =i 28
tEY. H—0, @5 7 HT UHPLC-QTRAP-MS/MS
FEES = MRM REESE BT 1S, XF 30 ZH 3 V5 £ i Hh 1)
87 MNEVE = Wi KA G AT T AR E A BB
2, 3T3-LL i I 1D 40 B gl FH T4 00 30 23585 5% i 1) %
RE AR 55 =20, R F KL B0 A0 SRR 1R EEALTE 87 A
FEE = A A W O e B RV PR R s BB DU AR, SR
FH 52 56 5% 11F B T ) 9 SR ) s LAY, X5 4
36 IR A T v 1 B A AT T BIE . SR RO, fE 8T A
FEVS = s R A R 3R 0R IE 9N IE TR S, o
Ak E W Ok SR I UE S AT B IR vE T, DR TS B L
JE 0 25 30 s FE Rt R fi T B Ak

H T B UHPLC-QTOF-MS/MS 5 R () 48 B % 2%
55 BRI 2R AL A W 58 1 40 BT SR I, Liao ZERTE it
UHPLC-MS/MS A 2 i B 27 IV F 1 4R B h S5 2
FEAE R RSP EER S SR W
2, WS T T 30 P R0 7 0 S s K VR A K R S AT 4
THTH5HH il B R 45 0 50 LR, B 5 UHPLC-QTOF-
MS/MS 1 UHPLC-QTRAP-MS/MS, i F TOF-Product
lon Scan. EMS-IDA-EPI. NL-IDA-EPI. PREC-IDA-
EPI.MIM-IDA-EPI 1 MRM-IDA-EPI & #! [i] P4 71 |E #
) P A A U TR A T R i, LR AR AT RE 2 1)
Ly, Bk, A UHPLC-QTRAP-MS/MS (pMRM-
IDA-EPI) X 48 B 2% A48 B IR I 3 AT 48 58 ANY) 20 SR AL,
ZITERES T A ORI 5 R 6 MRM B 7 X
L B4 ] (8] F0 EPI 3 ; & f5, ) Hf UHPLC-QTRAP-MS/
MS (MRM) % 5755 fE 56 BE i . I 2 57 1) 5 10E 6 57
7V A BT R R R R R BRI SR AL A M A X &
P25 4 122 fw B /1 [51 9 43 41 (orthogonal projections to
latent structures, OPLS) 5 Bt I8 76 1 AH S BBk, 85 7 58
BRI R . 45 R EOR, fEIR A R RRE
rh RS 1) 73 o 45 B R R AN R R SR AL S, HE
6 H 27 ANVEPE RSy o Horr, RFLE (shikonin). L E 4K
%2 (acetylshikonin) 1 g,5- — W BE R E L B (B,8-
dimethylacrylshikonin) ©7F 3 Al SC ik o i 30E 52 2 A #0
il HeLa FRvE 1, A58 B 25 0 1 o 2 428 1l R0 Jie g 3 2
I R AR T R AR
4 HF5RE

W2 R AR R R HE A 2 M A RS Y

JRHER . T H 2 A A HEAT A TR A, BT
AT 75 2R F 40 5 e 70 F0 45 14 245 58 1) e e 4% 14 20 BT X
%o BEFE LC-MSIMS ) & &, Z A AR JLH & T 2 4%
R K RE) oo e e &0 . X
0 B RO, n ] PR R A R S IR AT H i b B
FI T AR AR 0] R o ) P TR R FH B AR % o 1 R AR
TR T R AHNE B 40 BT 7 922 RS ot 1 vp 24540 2 140 1
EMEE RS HAEENE L ST 24 e
il S 25 00 BB R S he i TR T B, A
R BRI KR

fE&E TR M SUR SRS 5E K FRM BN

B SRS, 22 RGBS AR A 255 S .
FURERSE: (EH B e PR DRI R o R
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