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W E: BR  AH BRS-GBS IS AL (UHPLC-DAD) AW FRLIBE 55 B 85 - 25 10 0 3 AR B A
(desorption electrospray ionization-mass spectrometry imaging, DESI-MSI) %} 15 #itA524H %% (Shaoyao-Gancao-Decoction,
SGD) WpJsi L HEFINT N SLEAT 734, % %¢ DESI-MSI fEZ #4477 SGD il i #. 753 DL SGD A FifER, R
FAfE 4t UHPLC-DAD VLI AR HEFR o B, JF%T SGD fedrpisr (AjZidr. B, HEER SR, HERIITHLE,
S, DLATZGH B0 S S vs Tk i i Ak, KRS SR T e MEURAC, JRIE T P R, DU - R
(1000 : 1) MWEEWHN, AR 3 pl/min; R TEHE m/iz 100~1200; %540 FE2 300 pm; WEE < (N2) 577 0.5 MPa;
BTURIRE 120 C, RAEME FERMiEA. 48  DESI-MSI LAk 2] SGD fRFFMAAT 2T HHT . HEmRLK&
HHERSATZA MBS . [, DESI-MSI BB RERINEIR A HE, AAMHESYT G2, HEEHW 2. BEFR. &
TR X FR R R R AE 11 FhRl sy, JEXT HARX & kAT W 2 I, e M4 RE /7138 T UHPLC-DAD 2. 4518 3T DESI-MSI
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Abstract: Objective Using ultra-high performance liquid chromatography with diode array detection (UHPLC-DAD) and desorption
electrospray ionization-mass spectrometry imaging (DESI-MSI) to analyze 15 batches of Shaoyao Gancao Decoction (SGD) substance
benchmark and lyophilized powder in order to investigate the advantages of DESI-MSI in quality control of famous classical formulas.
Methods Taking SGD as the research model, fingerprints of the substance benchmark were established by UHPLC-DAD, and the
content of index components (paeoniflorin, liquiritin, glycyrrhizic acid) and the yield of dry extract were also investigated. Meanwhile,
as the research carrier, the lyophilized powder corresponding to SGD was dissolved in methanol and dotted on qualitative filter paper
with quantitative capillary, and fixed it on the slide to make samples. The samples were analyzed on a DESI-MSI system in positive and
negative ion mode with methanol-formic acid (1 000 : 1, flow rate of 3 uL/min) as spray solvent, N2 as spray gas (pressure of 0.5
MPa). The scanning range was m/z 100—1 200, the spatial resolution was 300 um, the ion source temperature was 120 ‘C. Results
DESI-MSI can detect not only the index components of paeoniflorin, liquiritin, glycyrrhizic acid, but also the common peaks of
albiflorin. At the same time, DESI-MSI could detect 11 other components from Glycyrrhizae Radix et Rhizoma and Paeoniae Radix
Alba, such as licoricesaponin G2, licoricesaponin J2, gallic acid, citric acid, p-hydroxybenzoic acid, and present their relative content
visually. The qualitative analysis ability of DESI-MSI was much better than UHPLC-DAD. Conclusion DESI-MSI can be used as the
quality control method for substance benchmark and lyophilized powder and dispensing granules of classical famous formulas with
advantages of high sensitivity, strong analytical ability, no complex sample pretreatment, qualitative and relative content analysis of
complex samples without reference substance.

Key words: classical famous formulas; Shaoyao Gancao Decoction (SGD); desorption electrospray ionization-mass spectrometry
imaging (DESI-MSI); UHPLC-DAD; substance benchmark; quality standard; quality control; paeoniflorin; liquiritin; glycyrrhizic

acid; albiflorin; licoricesaponin G2; licoricesaponin J2; gallic acid; citric acid; p-hydroxybenzoic acid

25245 H %% (Shaoyao-Gancao-Decoction, SGD)
Wk sz (R ). 1T H TR, J7
0, BENARERHES, IEHES, JFHAR
Befih Bk, HTRIT A RIERIE, #12 MN
T AR BRI R . AR 2R 2=t 70 A IR
SCEARIESE, SGD HAT W3 Mkt Hua R,
1ERZPRgtL LRAFRIEEL 51 HBV WEils. bief4e
I, PR B AR e el DRI R, E
B, LRI ERMEZEZAOVEAE T, X 22 Fooe 2R P e
PRIFPESIR  SAE B LA R S UE W R4 AR
i (EFRSSEAA B2 1R T E DS, (R it
NIt (&L HF) ME T, SGD ME T
SR EARERT T T IR SR A A T IR B —
SE [ Fe 5 e,

AT HRBGZ RH T o 2 A A, Ho
A2 RO I E M E AT, R D AT R I
2 R B IT AR08, AN e it &
HZH, Wi EAR R 2R IR S AL OCER K
P12, f 3 1% 4% (mass spectrometry imaging, MSI)
VER—MH 7 T AB R, IEERZ NH T 249
FIARU AR N At 7T, B0 1 RAE R
N T e Ve A S P 1 DO R 0 R b D s i

A b, B B L) Fr 3R T SR AR 25 e HAR
BHITEAR IR 237 2 R AR 3 B 5 25 (] 40 A IR B
I LU MG I AR IR 2227, A A5 280 A
Wi F 20 BN 4 B A - v U AR R
X R BRI A ZR U0 v i AT AR o3 AT 4531 38 FhE I
WIRTE =PI R R e e o0 A, BEAREL T 5
B WIEV2 93 6 FE T B R 22 b/ AR 1z Jo -
8 )53 2l 7] 3 A A

AT CAAS IR A S R F FO Rt e S AR 2, DA
KM TIHE RN, % (IR F30dE
(1 4 J5 ik % 15 it SGD Yy FE e, AT
T W A 2 i Cultra-high  performance  liquid
chromatography, UHPLC) ] SGD ¥ J5i 3 44 1K
N3 A 0o Sl [ 3 1 e s VA e B 5 e = <
- HLL SGD Xf LS NIF T G, AL T TR
Wy HLIEE 25 FHL B (desorption electrospray ionization,
DESD -& T Bk g Bk (DESI-MSD (4 i
GO BN E, X 2 H 3T e =T,
NI TR S T AR AR R R .
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RUFEIRAE, GT117A B RIS (DAD);
Xevo G2 XS gtof. DESI MSI Jii il it 245, £ EIK
B RHA PR AT BS-210S B HL ¥ /i RF, b
HARZ A R TPHER AR ; LD510-2 B 1R,
T BA s B A B A F] ;. H1650-W B 4 28 8 5 0
M, IFGIRACE IR AT R AR A A LGI-10E
FAEA RN, DU PR B BHORH R R A PR A 5
HDZ20 B RERI 2y, MRt FOKIAEERE) , &
® 2L, FEINE500W, F&EH & 220 V.

XPRE S S H R B H R PR R
HER, RHER, HERR. RPHATAE. A
WATHFE . A NBEE . B TR W& TR,
1,2,34,6-O- ik B FREA BN LR FHEE.
KHEW. BTEWER, #5508 17122201,
17010203 . 18110902 . 17091402 . 18020606 .
18032102.17083005.17041001.1701302.17033104.
17072503 . 18022805 . 14081301 . 15061201 .
15031601, 15101401, Jfi&4r %35 =98%, mM#SE
FAEEHAREGIRA A WRRSATZ . H 5.
HEBRE, LS5~ 17041401, L63P-J7XV.
18012902, Jifi & /3 FUK I/ 98%- 93.1%. 98%, i
A E 2 R E AT s AR IERR I 4K,
HEE, G Rtnkal, HAlmhatrai. SGD
BT RO ¥ B R S B B2 PR A FI 4, &R
O K R 5 2 S b B A R B S E
W BT 28 o 5 o B ERAT 4 R AT 4
Paeonia lactiflora Pall. T4, SRHH & EHEY
H ¥ Glycyrrhiza uralensis Fisch. TR LR =%,
PGS B L 1.

2 FHEE%R

2.1 SGD #IREEMR

211 XTHSIEREIEIS RIS HE
. H RO RIS &, I RS B R AT
2515 1.8 mg/mL. & H I 1.0 mg/mL. & H E R
0.9 mg/mL [ 3 L — xRS TR (CH SR =
HE R E/1.020 7), BT UKFF, 4 CRA,
#H.

2.1.2 SGD WpJoi H= ot S Rl it R i 4 AR
(HFER) JESCIC DL KA D& SCkARaE B3, B (52
POw (12 @) & HEPUH (12 g), DL E 2 R E
FRIZGaE T, ARAE B HnAK =7 (600 mL) I
BRIZar B TN b, OkBIZ S0, IR
ZICKAR R 4R SR AR, ) 150 H iR g, 3

#1 SGD BIZHH KR
Table 1 Source of medicinal materials in SGD
SGD A2 HH
YAk vk fits i} fits FEH

so1 H170071001  “Z# H1805440 WZ L
S02 S174240S01  ZZf{ H1802150 WZ L
S03 H170114001 P4k  H1805450 MWy
S04 S174190S01  Zff H1700010 WZ L
S05 18030602 R H1700020  WEE
S06 H170106001 h%  H1700030 W& &
S07 H170118001  PY)il H1700040 ANZH
S08 H18015001  [k#E  H1700050 My
S09 §172910S01  Zf{ H1700060 WZ
S10 H170105001 1U%  H1800670  Hil

Ss11 H170011001  BkP§ H1701740 W5
S12 H170116001  PY)il H1801580 ANZ T
S13 S180310S01  #iil.  H1801590 Wik
S14 H180106001  Pkp§ H1805430 AN
S15 H170117001  J4)if  H1801600 NZE

25— A (300 mL), EN1S SGD Wik, IF
%'5 S01~S15. H5#% WL SGD #p)ii &=t 0.8 mL,
K2 M HEE 0.8 mL, JRER/ES], 12 000 r/min
B0 5 min, BRI 0.22 pm jEREET, BUstpE
ARG F S PN TiREaST
2.1.3 faif%M Thermo Accucore Cig fhitt 4l (150
mmXx2.1mm, 2.6 um), JsIAHN 0.1% FHERZK K-
NG, BAEEVEG: 0~5min, 5%~10%ZJi%; 5~10
min, 10%~15%Z.fi; 10~18 min, 15%~20%Z.
Ji&; 18~25 min, 20%~25%Z.fiE: 25~35 min,
25%~40% 2. /i : 35~36 min, 40%~95% /i ; 36~
46 min, 95%Z.Ji%; AFE 0.4 mL/min; #EFfE 3
pls A9 30 C; Pk 230, 254 nm.
214 TjUREEEER

(1) LRMERRFEL: FEEWI “2.0.17 BURA]
IR LA R 0.2, 0.4, 0.8, 1.0, 1.6 mL, %%
BZ 5mL &t MARERRZIE. #% “2.1.37
TR B 2R e AT 25 e T AR, DAAT 2 H R
B EE OB AR (XD, 230 nm YK R I TR 40
AFR (YD, THEAREIETIRE N Y=20 723.781 X—
63.790, r*=1.000 0.

REREE “2.1.17 T B HEH 0 B AR 0.1,
0.2. 0.4, 0.8, 1.0mL, #r#ln% 5mL &, H
W ERBLIE . % “2.1.37 TN Ak S E B
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(R THIAR, DA B R i 2 B AR R (X,
230 nm A NIEIARHAFR (YD), THEARENE T
F& N Y=35260.159 X—111.631, r?=1.000 0.

R 2.0.1 7300 R H B R B0t R VR 0.2,
0.4, 0.8, 1.0. 1.6 mL, Zr7lhn% 5mL &=+, H
BEER LT . i “2.1.37 TN (il 2440 5E sy
(R THIRR, DAH BERR B 3R o7 Bk FE R A AR (X0,
254 nm K R IETIBCAALSR (YD, THEARREIET;
F&N Y=10935.277 X—1.25, r>=0.999 9.

(2) FEEEHLL: Al —Ht SGD Hik Al
(S03), #%ZMR “2.1.3” LU N ik 5k & Lk AF 6 1K,
THEATZ . Ty H AR AR RSD 18 737
4 0.15%. 0.09%-. 0.06%, &HHIXZENE 2T R UT .

(3) R Mla: AREUA—Hk SGD ik HiE =,
I8 “2.1.27 TR 7 2% 1 AR (S03),
S FECH S 04 24 4. 8. 12, 24h %[ “2.1.3”
TR s SR RE, THEAT . HEE. HER
B THI AN RSD {43 71N 0.54%. 0.79%. 0.83%, #*
B 24 h P9 R s VAR e PE R AT

(4) EEMRE: FREUA—HL SGD R iE i,
MR “2.0.27 TUR 70 FATHI 4 6 HEAR S I i
(S03), %M “2.1.3” WUF MG KAFERE, tHEA]
2 HEE . R E IR RSD A 55
0.79%-. 0.77%. 0.46%, KUIATVEEEM R

(5) INFEEICERRLS: R B RRE A0S FE b

S EN SGD WiEE (S03), Al inATEEA]
254, HEH . HERETIES, %08 “2.1.27
THER S ARSI, 1% “2.01.37 TN A&
W, 2553 3 F T IFE EE 53708 101.73%.
100.44%- 99.51%, 1 RSD {EHA& XN 0.54%. 0.79%-
0.83%.
215 FEmIE  REEIRE “2.1.27 OU NS
W, %R “2.1.37 TR EREAAIE, TR
HERATE . HEE ., HRERESE. 4R NE 2.
216 SGD HMEHRMIT MERIIREEHAN
“2.1.2”7 BUF SGD ¥kt 10 mL Tz& KA,
40 CEATERRETEME, FRERE, REHEER
AR ED RN E R, W3R 2.

HEZF=wV/(VM)

M FRZiM R, V For SGD MR SEUEMR AL, v s HUR: f
B, w R RIS T8 R &

2.1.7 SGD Wi F#E UPLC-DAD HHE K 5T
# “2.15” WU SGD Wi Sk ik il (E B “

2 SGDMREERIERRIZBEREER
Table 2 Index components contents and dry extract rate of

SGD substance benchmark

JRE W E/ (mg-mL™?)

SGD ¥

wa  mmE paE HEm
S01 0.66 0.22 0.38 24.25
S02 0.66 0.22 0.38 25.25
S03 0.67 0.21 0.34 25.58
S04 0.65 0.32 0.53 27.75
S05 0.62 0.22 0.43 24.96
S06 0.68 0.16 0.34 24.67
S07 0.76 0.12 0.23 23.46
S08 0.70 0.12 0.31 25.96
S09 0.60 0.11 0.23 21.08
S10 0.64 0.10 0.24 23.00
S11 0.68 0.09 0.15 22.83
S12 0.51 0.08 0.33 23.79
S13 0.55 0.09 0.28 24.71
S14 0.70 0.12 0.33 19.33
S15 0.52 0.07 0.16 24.75

2SR SRS AH U PRI R 407 (2012 RO AT
yHr, WE SGD iUl S01 ASIREE, 4t
WEVCEL, WK 1. 4550 BoRIig 20 4, f1il 4 14
15 it SGD )5 ik 5} BEAFAE 5 1 AR ALLEE 45 >
0.9, FF& oAU E R,

2.2 SGD ¥}Rz3249 DESI-MSI #f%

221 SGD XIS mim e & %8
“2L27HUNRIE T2 LA RFR 1R A RS H SR
(AT B BT AE 15 ik SGD. bz 4> ks % &
B mL&ET 10 mL &I, AR TN
YT SGD T8, BIXtRisEY. 1A% ik
TN & & 50% B (0] B SE B, K I o 4
B smL ®=iflT, A 10 min FAHEER,
Fl 50%H B %%, #8251, F 0.22 um JEREEE,
SEYEVR, RN13 SGD X N SR VA -

222 XHEFEARSIS WA E. HEE. B
AT CHTH A T AR 19 Aot R E
SHIET 10mL &b, WSS, %55, H
5 L BB 7L E IR AC ) SR, BT,
FIALEE AR LA BT FL, T T 1R 7 e
TS E U i (R R b, LA 2-A

223 SGD XRISEMIFEASI4  HL “2.217 TR
15 ftt. SGD X RISEY) HRE RIS, [EH 5 uL EEE
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30 felgliagz i3 37 LI W
t A 15
S14
Y — - s13
AN S12
L su1
W . o
WY 509
A S08
N SV V.S — i — A L -~ S07
- i S06
100 . A 505
W e il y S04
JLJ AL MAAN & S03
J‘\_J L A AA__ SOZ
AW AN ——JL~301
0 6 12 18 24 30 36
t/min
R-GTHRAFIERI  4-ATZG R 5-ATZHE O-H WY 21-HER

R-characteristic spectrum  4-albiflorin  5-paeoniflorin  9-liquiritin  21-glycyrrhizic acid

1 15 #t SGD #REME (S1~S15) UHPLC-DAD 58 &
Fig. 1 UHPLC-DAD fingerprints of 15 batches (51—S15) of SGD

LR AN 2-H5HE FHEY 4-HEY

19-7 R

1-blank control  2-liquiritin ~ 3-isoliquiritin  4-neoliquiritin

9-glycyrrhetinic acid ~ 10-paeoniflorin  11-benzoylpaeoniflorin

ST H Y 6-HEE
RmATZE  12-840A2H 13- ATAARRE  14-B%E TR 15-%ETFRFPEE  16-1,2,34,6-0- k& THM &M  17-)L3F%  18-FF M

12-oxypaeoniflorin

T-RHER 8-HWER 9-HER® 10-A4%4H 11

20-fTSHIAE R a-FEEAE (AXTHR b~p-15 #tk SGD ¥ T4 FF B AL T R i
5-liquiritin  apioside

6-glycyrrhizin
13-albiflorin

7-isoliquiritigenin  8-glycyrrhizic acid

14-gallic acid  15-methyl gallat

16-1,2,3,4,6-O-pentagalloylglucose  17-catechin 18-paeonol 19-benzoic acid 20-formononetin  a-blank control b—p-samples of 15 batches of

SGD lyophilized powder dissolved in methanol

2 EXH& (A) & SGD MR SLHIHA (B)
Fig. 2 Reference substance (A) and lyophilized powder samples (B)

AR E MEIEAR B SRR, BT S, FTALARAE mifE
OALEFTAL, FEREFT TR R BRE OO G X AR 1Y)
Wy L, WK 2-B.

224 JIIE SR MR S HL S B YR (DESD,
AIANAE 490 CEMI B REBUERTEAE,
IEfE AR, P#VEE miz 100~1 2005 =58
S3HEER 300 um; M5 HUE 3 KV SRARHEHE—40 V;
Wi (RS K1 05 MPa; &7 N FH RS - H iR
(1000 : 1), ¥R 3 pl/min; BFE 28 N5
60° 5 WKHEA 10° 5 RUOREERA] 122 mins & 7R
MR 120 C; RAFHEHETE-40 V; Hdis R 4KH HD
Imaging #F (3£ Waters A#]).

225 EMHT KM Xevo G2 XS qgtof. Desi MSI
Tiik, M “2.2.47 TUR T SR AR RR R A A

SGD X R SEREA AT 4T, B 3 NIE. s T
323 I E () SGD %o 8L SEMIRE A R 5 B8 -1 o
T Bl R T B R Ao R A5 5 R R S 5B A 8 T
BRARE 230, i 25 By o0 S g B

(1) F8brsr K SeE 1% DESI-MSI 30 8T: AR¥E
Xof HE SR A (9 TS AR 45 SR H S5 A DSk, mT R
T o2 g B oA miz 417.117 9 B4 1 18 YR T H s
K [E 4y kR miz 821.397 4 (5 T TR T H
/2, miz525.159 9 Al m/z 503.152 3 15 1125 T U5
TATHE KL ik, W 4. B 4-A N HE
HAHFE S REEGEREE. R EEHE (m/z
417.117 9 TEXTRISEMIREAR TS B AN Kl 4-B
NH BRI P (miz 821.397 4) 7EXf R SEY)
FEAT S BN, B 4-C. D NAYZGH LIRS
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A DESI*
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B DESI

||
l lu !

1150

‘l.n.h,n‘llul;,llnl‘lll ‘Jx.h‘”‘ 4;_Ll_EJ.,E.\L.‘.-.lLl.u‘ ‘ H‘x .‘ “l \ |J | liu mlmmt [JI.I‘LIHM[L.[‘JL LL 1“ _LJ _____ d,LJLJMLH ‘im\ i

100 250 400 550 700 850 1000
m/z

3 Xevo G2 XS qtof. Desi MSI BB FRE
Fig. 3 Total ion current of Xevo G2 XS gtof. Desi MSI
B m/z821.3974 DESI-

Am/z417.1179 DESI™

Cm/z525.1599 DESI™

D m/z503.1523 DESI*

LN L e M
%@ﬁ@@gab

a b
821.397 4
‘ 417.1179
| e Il
412 416 420 820.0 821.5 823.0
m/z m/z
c d
525.159 9
503.152 3 ‘
_______ Y R JHJ
520 524 528 501 503 505
m/z m/z

A-HEYE RHFES R CFEREs. FEEE)  B-HE®R C. D-NAHAHESRME RIZAERE)  a~d-& o mikE
A-liquiritinand its isomers (isoliquiritin, neoliquiritin)  B-glycyrrhizic acid C, D-paeoniflorinand its isomers (albiflorin) a~d-mass spectrogram of
each element

B4 $EirREBIEEMM S EX YR RENEE0H
Fig. 4 Relative content distribution of target components and common peak qualitative components in lyophilized powder
samples
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SEREAT 2 N BETF (miz 525.159 9 Al m/z 503.152 3)
FEXT N SEIREAR TR B & A, Fabs o o i B W
4-a~d. HAh DESI-MSI FE4H 7745 503 3.

(2) HAhRs> DESI-MSI 237 Bdebrn5
HA e AT R R RR 23 b D A DG SCRiR AR IE B3,
AE SGD W MEREAR I AT as b KB T 24
TGS o AR RESERE A (R A 5 & 57
HitE LK 5. 6. Bk DESI-MSI VE4H 73745 5 W,
% 3.

23 HERSh

FHER SGD Wi B itk R b B o T B 4 E oy
WA 25 0.51~0.76 mg/mL. H & 0.07~0.32
mg/mL. H#E 0.15~0.53 mg/mL, A5 misr
TREAFRK P ZESTR, BRATHA R A
HER R R EAFSEREE S, fEfl&dfEd, Br
VKR TR R/ BARRIT ORI U R 7
A2 12 B IR S v T i B 1) 3 R TR R o ) e -
X N S B O 19.33% ~27.75%, T34 B R

#= 3 DESI-MSI SR
Table 3 DESI-MSI analysis results

KR PR e B (mfz) SEME (m/iz) o/(X10°%) HTFETF
KHEHRE HEEEHESFEE CGHHESE. 2HEH) CuH200  417.1180 417.117 9 -02 [M—H]
KHE HER CiHe2016  821.3954 8213974 24  [M—H]
KHRE HER CisH1204  255.065 7 255.065 2 -2.0 [M—H]
KHFE R R Ca6H30013  549.160 2 549.161 9 31 [M—H]
KHEFE WERIEIRNR CoH1003  165.054 6 165.054 1 -3.0 [M—HI
KHE HERE A3 CagH72021  983.448 2 983.444 6 -37 [M—H]
KHHE HEREY G2 Cs2He2017  837.390 3 837.390 6 04 [M—H]
RHE HEEEJ2 CaHesO16  823.4110 823.404 9 -74  [M—H]
KHTE 22p-ZBEHH R CuHesO18  879.400 8 879.403 0 25 [M—H]
HAT AE T RHES FE (RTERERED CasH2s011  525.160 2 525.159 9 -0.6 [M+COOH]

503.1523  503.1523 0.0 [M+Na]*
HA BETRR C7Hs0s 169.013 7 169.013 0 -41 [M—H]
HA) R C12H20n  341.107 8 341.107 8 00 [M—H]
(SRR - 4174 CeHgO7 191.0186  191.0184 -1.0 [M—H]
H7A5  6-O-galloylsucrose Ci1sH16010  331.0659 331.066 1 06 [M—H]"
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Fig. 5 Relative content distribution of other components of liquorice in lyophilized powder samples and mass spectrogram
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Fig. 6 Relative content distribution of other components of Paeoniae Radix Alba in lyophilized powder samples and mass

spectrogram
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