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T HPLC #549&i% 5 UPLC-Q Exactive Focus MS/MS RIEZ L IRAIG
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Ak, ¥k, A
IR ERZGRZEZ%ERE, IWAR BFFd 250355

1 FE: BM IRAEL Scutellariae Radix 1O IR FT G I FE R BN Fik  HPLC IS KB R ITESEE, r
S LA I I 32 4 0 (principal component analysis, PCA) Fl1IEAZ flifi /s —3f- 155341 (orthogonal partial least squares-
discriminant analysis, OPLS-DA) ik H 385540 R 1l 5 (0 22 e At e f7 o« 3 — P18 3d UPLC-Q Exactive Focus MS/MS Hi AN %
SR HAT T, R L HPLC R4UEREH, EXEFFiET 21 MEHKE, 15 #ES M) 0.998~
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Comparison of chemical compositions before and after charcoal-frying of
Scutellariae Radix based on HPLC fingerprint and UPLC-Q Exactive Focus
MS/MS

LI Yongkang, CAO Lihua, CHEN Zhi
College of Pharmacy, Shandong University of Traditional Chinese Medicine, Jinan 250355, China

Abstract: Objective To explore the changes of chemical composition of Huangqin (Scutellariae Radix, SR) before and after
charcoal-frying. Methods The fingerprints of SR slices and charred SR were established by HPLC, the common peaks were indexed,
and the differential components of SR before and after charcoal-frying were screened by principal component analysis (PCA) and
orthogonal partial least squares-discriminant analysis (OPLS-DA). Qualitative analysis of differential components was performed using
UPLC-Q Exactive Focus MS/MS technology. Results In the HPLC fingerprint, a total of 21 common peaks were demarcated in SR
slices, and the similarity range of 15 batches of SR slices was 0.998—1.000, and a total of 16 common peaks were calibrated in charred
SR, with a similarity range of 0.979—0.999, and 28 differential components were identified before and after charcoal-frying in SR.
The primary differential components between SR and charred SR were determined to be baicalin, wogonoside, oroxyloside, baicalein,
and wogonin, as identified through the use of UPLC-Q Exactive Focus MS/MS technology. Conclusion Through a systematic study
of the chemical composition of SR before and after charcoal-frying, the major differential components between the two were identified.
This research provided a basis for improving the quality standards of SR slices and charred SR, as well as offered certain reference for
the study of the spectrum-effect relationship of charred SR for cooling blood and stopping bleeding.
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IR T DR (PR AR L), F 0y,
(b 24 ) 2020 SERRGILE 38255 9 B TR 5 R
W% Scutellaria baicalensis Georgi [T/, H
BIGHIRIE . 5K AR b, ZRarThia™, 3%
RN L KA B B S, BB
(R Th Rk B AR 3 9, Im PR B TR Y7 I
MRS Rt W 3RS S RER-4. IACHT 5T
RIS 1) A WU NE B &, AN
A EFAC D FER AN ZRESFES0), AP o),
PrL LRIF02, el Jum LhumEt, ot
SFALISIEEAE o 32 b J D L L L P 1 PR 28 R,
TR T SRR, H A ot BE A v R 52 4 B
X B B A TR PR R B AN 2.
L) AR b 7 M R R 2 AN AR A
RSB AVEAIA S R R O LR
TEFR, 0SSR M T2 ARtk £ 2 DL B
Wi & B S 2GR FHOAVEN AR ARUCT), R, X 3%
YO IR 5 BIAG S 5 AR AR AT 2R GEmIT 9T I e M|
A SRR 22 i A T A s e AR SESe
TEEC T 15 HEAS[R] = M) A TS i ) 2% s 5
RS R, EEALEES v B R Y HPLC e 804
WIEbRE AU, 255 2 gt T E R T S
(K2 5k 7y, Jf it — 2P R UPLC-Q Exactive
Focus MS/MS AN 22 P L7 04T R G0 58 14
BT, WEFCE SO IR A S A2 o A, DU
1) 2 B -G TR0 B 5 Ao O o AR AT 9 B R

T I i ) L S0 B ik
1 {5
1.1 Y&5

Agilent 1260 B 5 20 RAH (LA, 36 EH 218 A
H]; Q Exactive Focus B it 4%, H EFEBR K /KA
£i; ME104E/02 BY 843 #r R, MEREEI-FER] 224X
AARAF; KQS200E B A G veay, BT
FEAXERA PR A ]
1.2 X%
1.2.1 xRS BT (IS J31GB156318). 3
AP (5 Z28S11X125952). KEBEEH K (b5
C24M8Q36543). PLEH (k'S A09GB144759).
B R (IS Co4D8Y49741). WEXK R (k5
T11J11R108209). HZE (k5 X2406C4947), ¥
6T FHREr AR IR AR, RESEBIIRT
98%.
122 W 2fE ks, 5E Sigma-Aldrich 2
Al RO EIEAE, REET RN B AT TR 2
Al; OB, orAral, REETHE TR TERA A
afi i K B BN G e R TR A A .
1.2.3  Z9fF 15 AEE LM (S1~S15) BT
FEX, B RPEA R AR N BAR%E, % 15 #t
RPN BEERIE S BEY TS S, baicalensis
Georgi TR . A (HEZH) 2020 FERRITT
e, S &MEEISAMEITRE, WAk, EE
HHRESBET 9.0%. M ERILE 1.

®1 5 ERSHRKRER

Table 1 Source information of 15 batches of raw SR samples

e iRe] FEH W% | S FEHL A% | S P A F %
S1 HNEERT 1024 | S6 LWEEHMEN 1118 | S11 PBRFEHEMTIEME 1057
S2 b E 1157 | S7  WLPEEIEmHELRE 1273 | S12 BRHAEENAMRE 1243
S3  EHMH AT 1431 | S8 WiFuHITIMNTEREE 1091 S13  BRVEAVE T H 9.35
S4  WELHERKREN 1046 | SO IIPEHIGHTHERE 1182 | S14  BREEHIIT 10.72
S5 WRBIEITH 1344 | S10 (hPEE IR HT AR & 9.76 S15  BRPEA Kbk 13.19

2 FAEEHR

21 BEREES R

211 HER S CREZ) 2020 G R
Hl 7% o BUS LIRS (S1~S15) Zikt, B
FH, 7% 0.5h, BUH, UIE R, 80 CTIE, 153
15 #FZ A (PI~P15). S S F BUE R,
it 60 Hifi, HESH. SWAWRFE (hEZH)
2020 SRR A G EER

2.1.2 BEEIR MUY (CREZ ) 2020 R VY

FE I 0213125 - IR -2 (P1~P15),
KANGHE, BN, HERABERNERGRE
W, WO RS B R, BEARNE KA YE, K
JOR, B, BT, 5E) 15 LR (T1~T15).
FHE S RBUE B, 1T 60 Hif, MBS
22 EERNEZS IR HPLC {58 EEHE L

221 k%M BN Kromasil 100-5-Cis
(250 mmX 4.6 mm, 5pum) ¥; AN ZHE-0.1%
F R KV, BRESEAE: 0~10 min, 10%~15%Z.
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i5; 10~20 min, 15%~20%Z i ; 20~30 min, 20%~
25% .3 30~60 min, 25%~45% i ; 60~70 min,
45%~60%ZfiE; 70~75min, 60%~10%ZfiE; 14
U E 1 mL/min; AWK 274 nm; AR 30 C;
R 10 pL.
222 WS IIWS ORI A,
HH L ORBEZR, JESE. BER. WHEESR.
F AT IR G, IE A, AR
WA 0.065. 0.070. 0.067. 0.061. 0.067. 0.070.
0.077 mg/mL IR X HE S AR

2.2.3 VARG HE S BCC2.17 DU TS &t
RIS RS AR G 60 Hif) £70.25 g,
FeERRE, BT REHIEIS, FZMA 25 mL70%

O, HIE, BREE, B (500W. 40kHz) 30
min, #, FEBEARIRE, BCEERE 0.22 pm
TFLUEME,  RP AR S VA

224 FREEEHIR B P1~P15. T1~TI15 sk
SV, “2.2.17 TR g AFHERE T, 15 E
I EIEHARE L cdf #0F AN “ 2 EaEE o EiE M
BTN R4 (2012 RO, 3l E P3. T9 AZ
MR, RACFEGE, BEE % %N 0.1 min,
BHAT 2 S IE AR ICIEICEE, SE1E % (P1~
P15) FIBEER (T1~T15) MIFES0RHES hn & out
MFRLELE (PR TR, F 1D, EEFirE T 214
WU, BEIRFAE T 16 N ILEIE, Gt i

B 2) LR, #iE 3 SN RS, 8 TIEN

8
17
1013

11 14 26

1 2 34 16 21 23,023
. J\.Finf JL“ELEU-S_..PE 2 PP PR
. aJla oM L . P15
o B X : Pl4
e J..-uL-n—- . d- : ‘ __.LM,JL__._.—.__AM;__J—._ P13
e P e 1o e P12

P Y Sapad b
* ; P11
‘ an N FH 4 L P10
: - geieh s P9
+ o [——42e 0 R P8
‘ A aas ) WY 13 Y X Ry ia P7
toa. e fasih . e P6
2 on MDY P K . e P5
s A aadi A ik P4
ren o —tr tma & A toan P3
EREN h—atade e 2 P
S S FIGNS HLA54 1 2. e Pl

21
23
: 19
7 1 17 208 »n 24 27 9
I E - .0 1.6’ SN _ﬁ_th_Z.-S_ $ TR
1 - P IOATY, | SN . b Y T15
_.J__A_________f - Y ML Y A l _R T14
—h H LS — BRARM R . T3
= U S SV —TY & o a——
&8 WA Ay d Ti1
N S — Py S & W Y. . -~ TIo
. P . 13 W L e T
: e " 4&1 s e
. - - st s Aa R 7
4 e B A_.J\ -~ T6
. - A2 R NDNNI V¥V, S S SR,
J A . aah : T4
: A : » raf H T3
[ R . I . | A _ i PR ™
N T . a /s Wl o
0 10 20 30 40 50 60 70
t/min

- 8-HMEH: 12-ARER: 1700, 2195 R; 3-SR 24-A%: K26,
3-scutellarin; 8-baicalin; 12-luteolin; 17-wogonoside; 21-baicalein; 23-wogonin; 24-chrysin; same as figure 2.
1 15#EZR (P1~P15) MEZIRKR (T1~T15) ) HPLC {8 EE R ERIELEIE (PR, TR)
Fig.1 HPLC fingerprints of 15 batches of SR slices (P1—P15) and charred SR (T1—T15) and their control fingerprints (PR, TR)
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t/min
&2 E&¥EE& HPLC B

Fig.2 HPLC of mixed reference substances

TAH, 12 SEENRBEE, 17 SIERNIGESH,
21 SRS ER, 23 SENDOESER, 24 TN
FME. BE R (P1~P15) $R4U&E 5 PR 1
AHACLEE 235104 1.000. 1.000. 0.999. 1.000. 0.998.
0.999. 0.999. 0.999. 1.000. 0.999. 0.999. 1.000-
0.999. 0.998. 1.000; BEXIRFEM (T1~T15) FHEL
Kl 5 TR BIAHLEE 73791004 0.989. 0.982. 0.979.
0.987. 0.990. 0.983. 0.994. 0.982. 0.999. 0.998.
0.996. 0.996. 0.991. 0.998. 0.995. 2 FEE i HIAH
TS5 s R A BRI BE 25 B 2 (A1 A
ABL, M) S 1 30 B SR S R 2 A R R R
FHABL o

225 FEHEERL B P3. T9 BB WA, %
“2.2.17 TR BB KA EE IR 6 X, UL 8 SRS
R, (e SR 5 AN A W PR AF G O B B [ R %o 06 T
L, THE RSD H . 7S WAE X (R B T [ 7
RSD ¥J<0.65%, HHXFIEMFN RSD $5<1.85%,
TSR 5 R AT

2.2.6 FarEtEilEg E P3. T9 BRSIATR, T
#%J5 0. 2. 4. 8. 12, 24h i#kKE, LA 8 SUE NS
W, Tl 53 BN AT WA PR R X O B B [ R AF G e T AR
THEH RSD {A . 15 LA WA (R B ) 8] 1Y) RSD
$1<<0.21%, FHXTUETHIAR ) RSD $1<<2.01%, #K 4t
WAL 24 h WEFaSE .

227 EEMRE  BP3.TO MG, HHIE42.2.3”
TR 5 PAT I 6 A s, DL 8 Sig S
R, S5 AN LA U (AR R R B ERF ) 1R X 0g T
L, T RSD H . 4525 A W AR T CR B I 1] 1)
RSD #<0.78%, FHXTIEHEAH RSD $4<1.63%,

RINZITIEEE M R AT

2.3 WEEIRA S

2.3.1 FE@5r 54T (principal component analysis,
PCA) B 15 L% (P1~P15) &R (T1~
T15) FREUETE A IR G\ SIMCA 14.1 3K
fF, DILH IR, 1T PCA, 45% PCA
BoEIE 3. w5 5B RPXPE, LTES
MR, RHEEAEI R BTG O A E R E 5.

\
100 I
50 ] ]
' @
s 5
= TI~TI5 <
750 4
| P1~P15
~100 1 %
~150 : : : : -
—600  —400  —200 0 200 400

t[1]
E3 15#tBEZFR (P1~P15) 5&EZER (T1~T15) B9
PCA 557 &
Fig.3 PCA scores chart of SR slices (P1—P15) and
charred SR (T1—T15)
232 BN Z3e-H5 504t (orthogonal partial
least squares-discriminant analysis, OPLS-DA)  fii
A1 SIMCA 14.1 BfF#EAT4 I E 250 OPLS-DA,
BE— B E X 7 B SRR A STk . AR
LA S H R =0.981, RA=0.993, FIFRAILE
X B0 LY BT R ERARRERE DB, AR TSR T
MZH 0°=0.993, FLHIELHIBRITIMIGE /795
OPLS-DA 194 B LI 4, w] DLI I AT 5 R S
PCA 73 X SN W] & o % @SB HEAT 200 (X
FUkS:, O-IRIAZR IR H-0.305<0 (& 5), &
ARRRUR G, B ATEE
ERY EEESHE (S-plot B, Bl 6) F1, 4

A
150 ]
Z 507 s
£ TI~TI5
L [ |
g 50
= E P1~P15 g
150 ]
~600  -400  —200 0 200 400

1.000 00*t[1]
B4 15#LRFR (P1~P15) 5&/FRK (T1~T15) K
OPLS-DA 1547 &
Fig. 4 OPLS-DA scores chart of 15 batches of SR slices
(P1—P15) and charred SR (T1—T15)
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Fig. 6 S-plot diagram

53R D P BE R e, ) 2E R DTk K . S
2 BRI X B, RIS I S5 AR R AL S R
SEWPEMZER. 1E S hEh EMmg, X 71
WER P EER MRS S M2 FAME, R
RVHEHE P EER TR . B B E
H, W8 134 17, 21, 23 REHIBS X4 41 BT
WREER, Hopig 8. 13, 17 AREM M TERE vk
TR, W21, 23 ARKI B ERH S R P& B
Mo LR B E E M 52 (variable importance
projection, VIP) {H>1 JyFrifE, ¥ Hxf X 7 2 Fi
FES TTRR BRI 53, 25 R WL 7. e A ml A,

A 5 R VIP>1, VIP KRS/ IMEKUCAIE 8(3%
O 17 (DEESHE). 21 GEEF). 23 (%
F). 13 CRED, 5 S-plot BIH 145 HAH B EHIE .

8§ 1721231310226 4 14111920 9 15272412 118 5 3 7 6 22252816
%% [var ID (primary)]

7 BERSESRKPFERMERIH VIP
Fig.7 VIP of differential components in SR slices and
charred SR

24 [RIEEMSH

241 iEZM @i FEN Hypersil Gold aQ (100
mmX2.1 mm, 1.9 pm) #; FBIAEN 0.1%F R L
FIRGHR (A) -0.1%TRRAKREER (B), #HJE
Pelt: 0~2.0min, 5%A; 2.0~42.0min, 5%~95%
A; 42.0~47.0min, 95%A; 47.0~47.1 min, 95%~
5% A; 47.1~50.0 min, 5% A; AR E 0.3 mL/min;
KR 40 C; HEFEE S L.

242 JREZM BV BSL AR E. 6
BT A Full MS-ddMS?, Full MS 43
HEZ 70 000, MS/MS 73 #2317 500; Wi% HE+3.5
kV/-3.2 kV; #8555 240 kPa; #ESAEE S 70
kPa; MrERREFERER 20, 40. 60 eV; TBAEIRST
320 °C; HHTEHE m/z 100~1 500,

243 NSRRI RS ARE “2.2.27 TR
VRS IE VA 1 mL % 10 mL &3, nHEE
ERBRIE, BB, 15X VA

244 AUKMERINHIE O REEFREL S5 TS Mok
%0.25¢g, &HOAN 25 mL70%ZEE, #7/4 0.5h, B
I mL _Fi&E®RZE 100 mL £, N 70% LR E
ZI, #8451, B EIEWGS 0.22 pm AL, RIS
PR S

2.4.5 FESKEI S B E BRI TR R
AV, 1% FIR AR AT, 53 R (
8. 9. M Xcalibur 2.2 AT HIEALEE, RIE
RB ) — HE A iR, g R
BTEERE, 50 IS 0SS A SR DG STk AL
PEOs20, e 5 SR AL ) .
246 HAEotrS4lEE EESHPEET
55 P, EEONEEZERSY, BERIEEE W)
Befill b ER T 33 RSy, RG22 MRSy, S5
F 20 TR EE 7R IR B RS 39
(rR=14.10 min) AL, thE5H) 37 (r=14.05
min) S5 EEEEAE MR R T ST
U m/z 459.093 4 (C2H 19011, [M—H] ), — gk
] W R 1 TR G B R AR B T T miz
283.0614 (CisH110s, [M—CeHsOs—H] ), HILK %
1 53 CHs 2R B F 3 m/z 268.038 0(C15HsOs,
[M—CsHsOs—CH3;—H] ), W5 m/z268.038 0 #f—
HEL 1T CO 1 5T CO JEIIER miz
196.052 2 (C13Hz02, [M—Ce¢HgOs—CH3; —CO,—
CO—H] ), &5A TR B 1] &SRB AL &4 37
NTERERAH, & RINE 10, S5HTHTEZ48E
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Fig. 8 Total ionflow diagrams of negative ion pattern (A) and positive ion pattern (B) of SR slice
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Fig. 9 Total ion flow diagrams of negative ion pattern (A) and positive ion pattern (B) of charred SR
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BERSARSRPUFHRIHEE
Table 2 Components identification of SR slice and charred SR

i

By SdME  ERME

t/
PR ek )

min

RE

(X107)

FEEET ()

amaix

© O N o O B W N -

[ U
w NN e O

14
15
16
17
18
19
20
21
22
23
24
25
26
27

28
29
30
31
32
33
34
35
36
37
38
39
40
41

0.85 C12H22011 [M—H]™ 341.108 9 341.107 8
0.88 CsHoNO2 [M+H]™ 116.070 8 116.070 6
0.95 CgHgO7  [M—H] 191.018 9 191.018 6
6.64 CisH1207 [M—H]™ 303.051 1 303.049 9
7.97 C1oH100s [M—H]™ 209.044 9 209.044 4
8.19 CisH1007 [M—H]™ 301.0355 301.034 3
8.20 CisH1007 [M—H]™ 301.035 6 301.034 3
9.04 CasH28013 [M—H]™ 547.146 3 547.144 6
9.20 Ca1H18012 [M—H]™ 462.076 4 462.079 3
9.62 CaoH3s015 [M—H]™ 623.198 3 623.197 0
9.73 CasH28013 [M—H]™ 547.146 0 547.144 6
10.07 C2sH24012 [M—H]™ 491.119 9 491.118 4
10.13 Cz7H34014 [M—H]~ 581.187 9 581.186 5

10.32 C1sH100s [M—H]™ 285.040 6 285.039 4
10.39 Ca1H009 [M—H]™ 415.103 6 415.102 4
10.82 C21H20012 [M—H]™ 463.088 7 463.087 1
10.90 C7HeOs  [M—H]™ 137.023 0 137.023 3
11.52 C17H140s [M—H]™ 345.061 3 345.060 5
11.76 CisH120s [M—H]™ 287.056 2 287.055 0
11.97 C23H22013 [M—H]™ 505.099 1 505.097 7

12.05 Ci1sH100s [M+H]™ 287.054 7 287.0550 —

12.07 CxH18011 [M—H]™ 445.077 7 445.076 5
12.16 C21H20010 [M—H]~ 431.098 3 431.097 3
12.17 CaH2009 [M—H]™ 415.103 4 415.102 4
12.17 CaH2009 [M—H]™ 415.103 4 415.102 4

12.59 CisH100s [M+H]™ 287.054 9 287.0550 —

12.74 CisH100s [M—H]™ 285.040 7 285.039 4

12.79 Cs1H40015 [M—H]™ 651.229 7 651.228 3
12.91 CxH18011 [M—H]™ 445.077 9 445.076 5
12.99 C22H2010 [M—H]™ 445.113 9 445.112 9
13.24 C2H20012 [M—H]™ 475.088 3 475.087 1
13.37 CxiH18011 [M—H]™ 445.077 9 445.076 5
13.54 Ca1H18010 [M+H]™ 431.097 1 431.097 2
13.69 Ca7H1407 [M—H]™ 329.066 7 329.065 6
13.75 CisH100s [M—H]™ 285.040 6 285.039 4
13.76 C22H20012 [M—H]™ 475.088 4 475.087 1
14.05 C22H20011 [M—H]™ 459.093 4 459.092 2
14.08 C1sHs0s [M—H]™ 267.029 1 267.028 8
14.10 C22H20011 [M—H]™ 459.093 5 459.092 2
14.15 Ci6H1205 [M+H]™ 285.075 2 285.075 8
14.32 C17H140s [M+H]™ 315.0855 315.086 3

3.225
1732
1571
3.960
2.392
3.986
4318
3.107
6.276
2.086
2.559
3.054
2.409

4.210
2.891
3.455
2.189
2.318
4.180
2.772
1.045
2.696
2.320
2.409
2.409
0.348
4.561

2.150
3.146
2.247
2.526
3.150
0.232
3.343
4210
2.740
2.614
1.123
2.832

-2.105
-2.539

179.055 3, 143.033 9, 89.022 9
70.065 9

111.007 4, 173.008 1, 87.007 3
285.0425,177.018 5
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53  18.96 CigH1s0s [M-+H] 375.106 9 375.107 4 —1.333 345.060 3, 327.050 0, 197.008 1 %% 11 + +
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“*” indicates control analysis with comparators; “+” indicates ingredient is detected; “~” indicates ingredient is not detected.
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