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Abstract: By integrating plant metabonomics and target quantitative analysis methods, this study
systematically analyzed the differences of chemical constituents in Scutellaria baicalensis leaves from different
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producing areas in Shanxi, so as to provide theoretical basis for rational and effective utilization of Scutellaria
baicalensis leaves. Based on the idea of plant metabonomics, the liquid quality of 53 batches of Scutellaria
baicalensis leaves from 8§ different producing areas in Shanxi was analyzed by UPLC-QTOF-MS, and the collected
data were imported into SIMCA 14.1 software for multivariate statistical analysis to screen the different chemical
constituents among different habitats in Shanxi. Meanwhile, a method for simultaneous determination of 7
flavonoids and 3 organic acids in Scutellaria baicalensis leaves was optimized and established to quantitatively
analyze the differences of chemical components in Scutellaria baicalensis leaves from different producing areas in
Shanxi. The results of plant metabonomics showed that there were differences in the chemical composition of
Scutellaria baicalensis leaves in northern Shanxi (Datong, Xinzhou), Jinzhong (Yangquan, Luliang) and southern
Shanxi (Changzhi, Yuncheng, Jincheng, Linfen): there were 14 significant differences in chemical composition
between northern Shanxi and Jinzhong; there were 18 significant differences in chemical constituents between
southern Shanxi and central Shanxi. There were 15 significant differences in chemical constituents between northern
Shanxi and southern Shanxi. Among them, scutellarin and isocarthamidin-7-O-glucuronide were the common
differences among the three regions, and the content of scutellarin was the highest in southern Shanxi and the
lowest in northern Shanxi. The content of isocarthamidin-7-O-glucuronide was the highest in Jinzhong area and the
lowest in northern Shanxi area. Quantitative analysis further confirmed that the average contents of apigenin,
naringenin and citric acid were the highest in northern Shanxi, scutellarin, caffeic acid, apigenin-7-O-glucuronide,
malic acid and wogonoside were the highest in southern Shanxi, and wogonoside and baicalin were the highest in
central Shanxi. This study is of great significance to the quality control of Scutellaria baicalensis leaf resources,
and provides theoretical basis for rational and effective utilization of Scutellaria baicalensis leaf resources.
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Table 1 Scutellaria baicalensis leaves origin, harvesting period, and number

No. Place of origin Harvesting period No. Place of origin Harvesting period
CZzZ-1 Changzhi City, Shanxi Province 2020.7 LF-7 Linfen City, Shanxi Province 2020.7
CZ-2 Changzhi City, Shanxi Province 2020.7 LL-1 Luliang City, Shanxi Province 2020.7
CZ-3 Changzhi City, Shanxi Province 2020.7 LL-2 Luliang City, Shanxi Province 2020.7
CZ-4 Changzhi City, Shanxi Province 2020.7 LL-3 Luliang City, Shanxi Province 2020.7
CZ-5 Changzhi City, Shanxi Province 2020.7 LL-4 Luliang City, Shanxi Province 2020.7
CZ-6 Changzhi City, Shanxi Province 2020.7 YQ-1 Yangquan City, Shanxi Province 2020.8
Cz-7 Changzhi City, Shanxi Province 2020.7 YQ-2 Yangquan City, Shanxi Province 2020.8
YC-1 Yuncheng City, Shanxi Province 2020.8 YQ-3 Yangquan City, Shanxi Province 2020.8
YC-2 Yuncheng City, Shanxi Province 2020.8 YQ-4 Yangquan City, Shanxi Province 2020.8
YC-3 Yuncheng City, Shanxi Province 2020.8 YQ-5 Yangquan City, Shanxi Province 2020.8
YC-4 Yuncheng City, Shanxi Province 2020.8 YQ-6 Yangquan City, Shanxi Province 2020.8
YC-5 Yuncheng City, Shanxi Province 2020.8 YQ-7 Yangquan City, Shanxi Province 2020.8
YC-6 Yuncheng City, Shanxi Province 2020.8 DT-1 Datong City, Shanxi Province 2020.7
YC-7 Yuncheng City, Shanxi Province 2020.8 DT-2 Datong City, Shanxi Province 2020.7
JC-1 Jincheng City, Shanxi Province 2020.8 DT-3 Datong City, Shanxi Province 2020.7
JC-2 Jincheng City, Shanxi Province 2020.8 DT-4 Datong City, Shanxi Province 2020.7
JC-3 Jincheng City, Shanxi Province 2020.8 DT-5 Datong City, Shanxi Province 2020.7
JC-4 Jincheng City, Shanxi Province 2020.8 DT-6 Datong City, Shanxi Province 2020.7
JC-5 Jincheng City, Shanxi Province 2020.8 DT-7 Datong City, Shanxi Province 2020.7
JC-6 Jincheng City, Shanxi Province 2020.8 XZ-1 Xinzhou City, Shanxi Province 2020.8
JC-7 Jincheng City, Shanxi Province 2020.8 XZ-2 Xinzhou City, Shanxi Province 2020.8
LF-1 Linfen City, Shanxi Province 2020.7 XZ-3 Xinzhou City, Shanxi Province 2020.8
LF-2 Linfen City, Shanxi Province 2020.7 XZ-4 Xinzhou City, Shanxi Province 2020.8
LF-3 Linfen City, Shanxi Province 2020.7 XZ-5 Xinzhou City, Shanxi Province 2020.8
LF-4 Linfen City, Shanxi Province 2020.7 XZ-6 Xinzhou City, Shanxi Province 2020.8
LF-5 Linfen City, Shanxi Province 2020.7 XZ-7 Xinzhou City, Shanxi Province 2020.8
LF-6 Linfen City, Shanxi Province 2020.7
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No. Compound ik Q1/Q3 DP CE
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1 Scutellarin 6.63 461.1/285.1 -40 -34

2 Baicalin 7.83 445.1/269.1 -40 -37

3 Wogonin 10.95 283.1/268.0 -35 -26

4 Wogoniside 8.66 459.1/268.0 -48 -4l

5 Apigenin 8.97 269.1/117.0 -85 =52

6 Apigenin-7-O-glucuronide  7.15 444.9/269.1 -40 -30
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Table 3 Mass spectral information of compounds identified by UPLC-MS/MS in Scutellaria baicalensis leaves. "Validated with standard

. Experimental Error . . .
No. f/min  Formula ~ " Fragment ion (m/z) Identification Reference
m/z [M—-H] (x10™)
1 0.95 CH, 0O, 209.031 2 435 195.020 1 D-Saccharic acid [7]
2 1.14  CHO, 133.014 0 -1.85 115.004 0, 133.013 4 Malic acid” [7]
3 127  CH,0O, 191.020 7 5.1 111.008 8, 129.018 9, 154.998 3, Citric acid’ [7]
173.009 2
4 3.56  CHO, 153.019 0 -1.96 109.029 7 Protocatechuic acid [7]
5 373  C,H, 0 581.150 2 -1.71 167.035 4,383.104 9,413.094 3,  8-Arabinosyl-6-glucosyl-2',3,5,7- [8]
563.134 0 dihydroxyflavanone
6 3.88 C,H,0, 563.1413 1.19  353.067 3,383.078 6,443.099 5,  Schaftoside [9]
473.107 1
7 4.05 C,H,O, 563.140 0 -1.12 353.067 3, 383.078 6, 443.099 5 Apigenin-6-C-glucosyl-8-C-arabonoside [10]
8 413 CH,0, 182.042 4 -0.54 107.058 0, 117.030 0, 134.036 4,  Caffeic acid” [11]
135.043 6
9 421 C,H,0, 479.084 0 1.85 166.999 3, 181.014 8, 285.041 6,  5,6,7,3',4'-Pentahydroxy flavanone-7-O- [10]
303.051 4 glucuronide
10 435 C,HO, 563.140 7 0.17  353.067 3,383.078 6,443.099 5,  Schaftoside isomer [8]
473.107 1
11 440 C,H,0, 479.083 7 1.22 166.999 3, 181.014 8, 285.041 6,  5,7,8,3',4'-Pentahydroxy flavanone- [10]
303.051 4 7-O-glucuronide
12 458 C,H,O 547.146 0 0.54  337.073 4,367.088 2,427.0954,  Chrysin 6-C-$-D-glucoside-8-C-- [12]
457.113 3 arabinoside
13 460 C,H,0, 431.096 5 -434  269.0459 Baicalein-7-O-glucoside [8]
14 464 C,H, O, 623.1979 -0.32 161.024 2, 179.037 2, 461.164 7 Acteoside [12]
15 473  C,HO0 461.074 7 4.66 175.024 1, 285.040 2 4',5,6,7-Tetrahydroxyflavone-7-O- [8]
glucuronide
16 474 C,H,0, 463.089 2 2.16 153.0199, 181.015 1, 287.055 5 Carthamidin-7-O-glucuronide [10]
17 477 CH,,0, 287.055 6 -1.78 119.050 8, 139.002 7, 153.018 7,  Carthamidin [13]
166.996 3, 181.012 2
18 480 C,H,0, 464.376 1 0.21 193.018 1, 281.043 9, 301.0759,  2',3,5,6',7-Pentahydroxyflavone-2'-O- [8]
461.067 1 glucoside
19 490 C,H O, 477.064 7 -5.79 164.983 0, 257.045 9, 273.036 8,  6-Hydroxyluteolin-7-O-glucuronide [10]
301.036 6
20 493 C,H,0, 463.087 2 -2.16 153.0199, 181.015 1, 287.055 5 Isocarthamidin-7-O-glucuronide [10]
21 506 C,H 0, 461.0719 -1.41 213.055 8,239.035 1,241.052 5,  Scutellarin’ [14]
267.029 2, 285.040 2
22 521 C,H,0 651.228 7 -1.07 175.038 7, 193.052 9 Cistanoside D [12]
23 527  C,H,0, 431.098 2 0.46 135.048 4, 183.099 5, 271.067 0 Apigenin-7-O-glucoside [15]
24 529 C,H,0, 475.087 5 -1.47 165.991 4,299.054 3 5,7,2'-Trihydroxy-6-methoxyflavone- [12]
7-0O-f-D-glucoside
25 530 C,H,0, 447.093 7 1.11 175.025 4,227.071 4,253.051 5 Dihydrobaicalin [7]
26 531 C,HO, 445.0759 -39 113.024 4, 117.019 6, 151.004 2,  Apigenin-7-O-glucuronide’ [7]
175.024 3, 269.045 4
27 537 C,H 0, 445.079 4 3.97  269.0459 Baicalein-6-O-f-D-glucuronide [12]
28 538 C,H,0, 461.088 7 1.08 284.032 7,299.055 0 2',5,7-Trihydroxy-6-methoxyflavone- [12]
7-0-f-D-glucoside
29 540 C,H,0, 447.095 1 4.25 151.003 1, 177.019 1, 271.061 5 Naringenin-7-O-glucuronide [10]
30 540 C,H,0, 447.094 2 223 175.025 4, 269.049 3, 285.043 6 Plantaginin [12]
31 581 C,H0O, 461.074 2 3.58  285.0403 Luteolin-7-O-glucuronide [15]
32 594 C,H/O, 445.076 3 -3 225.063 6,241.046 3,269.045 5 Norwogonin-8-O-glucuronide [12]
33 6.05  C,H, 0 637.2142 0.62 175.039 1, 193.054 1 Leucosceptoside A [12]
34 623 C,H,0, 475.088 7 1.05  284.0322,299.056 3 5,7,8-Trihydroxy-4'-methoxyflavanone- [8]
7-O-glucuronide
35 6.23 C,H,0, 475.088 6 0.84  284.0322,299.056 3 2',5,7-Trihydroxy-8-methoxyflavanone- [8]
7-O-glucuronide
36 6.23 C,H,0, 475.086 0 -4.63 284.033 0, 299.056 4 5,7,2'-Trihydroxy-6-methoxyflavone-7- [8]
O-glucuronide
37 623 C,H,0, 475.088 9 1.47  284.0327,299.0550 Trihydroxy-methoxyflavone-O- [12]
glucuronide
38 653 C,H, 0, 445.077 5 -0.3 113.022 5,197.058 9,225.057 7,  Baicalin” [7]

241.058 9, 269.045 9
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Continued
. Experimental Error . . .
No. f/min  Formula ~ B Fragment ion (m/z) Identification Reference
m/z [M-H] (x10™)
39 6.57 C,H,0, 477.101 6 -4.71 273.077 3,301.072 5 Trihydroxy-methoxyflavanone-7-O- [12]
glucuronide

40 6.96 C,H0O, 429.082 8 0.19 175.024 7, 181.068 2, 209.060 4,  Chrysin-7-O-glucoside [10]
211.037 2,253.051 2

41 7.01  CHO, 253.051 6 3.82 143.049 6, 145.027 0, 209.0579,  Chrysin" [15]
225.053 3

42 734 C,H,0O, 460.388 4 1.73 113.036 9, 175.021 3,268.0375,  Wogonoside" [7]
283.064 2

43 735 C,H,O 460.388 7 2.38 175.021 3,268.037 5, 283.064 2,  5,7-Dihydroxy-6-methoxyflavanone-7- [7]
459.103 7 O-glucuronide

44 7.67 C,H,0, 431.097 5 -2.02 151.004 9, 187.077 7,211.076 5, Pinocembrin-7-O-glucuronide [10]
213.0559, 255.066 6

45 842 CH,0; 271.0619 2.59 107.014 7, 151.003 6, 177.019 4 Naringenin” [10]

46 849 CH,O; 269.045 2 -1.29 117.034 2, 151.004 8,201.057 1,  Apigenin” [13]
225.0529,241.046 8

47 876 C,,H,O, 313.0725 223 283.026 3, 298.045 2 Dihydroxy-dimethoxyflavone [12]

48 9.58 CH,0, 269.045 0 1.85 171.052 0, 195.043 4,223.0398,  5,7,2'-Trihydroxyflavone [8]
241.0519

49 1083 C,H,O, 313.0719 0.44  268.075 2,283.026 3, 298.045 2 5,7-Dihydroxy-2',8-dimethoxyflavone [8]

50 1158 CH O, 343.0829 1.74  313.0352,328.065 6 2',5-Dihydroxy-6,7,8-trimethoxyflavone [8]

[12]

51 1168 C H,O, 313.072 6 2.55 211.038 9, 283.023 6,298.045 2 5,8-Dihydroxy-6,7-dimethoxyflavone [12]

52 1201 C H,O; 283.060 5 -2.47 163.004 3, 267.030 7, 268.037 5 Wogonin® [12]

53 1219 C,H.O, 255.067 0 2.74 151.003 2, 186.938 4, 213.055 2 Pinocembrin [10]

b 5 -6 &) B 2E-27,3,5,7- VU 2 2 B el (VIP = 2.91,
P <0.001)£LAE K -7-O-F E M R 1 (VIP =273, P <
0.001).4',5,6,7-VU¥2 F£-7-O-%1 % HE IS FR FF (VIP = 2.75,
P < 0.001). 5 £L 4% % -7-O- 4 %] WE B FR # (VIP = 2.80,
P <0.001). 5 %5 K 6-O-f-D-% %) FEEE FR T (VIP = 2.66,
P<0.001) B & %4F (VIP =2.62, P < 0.001) Al fz &-7-
O-7H1 I HERE IR 1F (VIP = 2.08, P < 0.001). A i i 2 -7-
O-H B FEREBE HF (VIP =2.21, P < 0.001). = - FH 4
ST e R -O- 1 % BE RS BR HF (VIP = 2.35, P < 0.001). [
Mg (VIP = 2.38, P < 0.001). A % -7-0-% %] b i R
H (VIP = 2.77, P < 0.001) FlFa J& 2 -7-O- % %] Bl % iR
H (VIP=2.64, P<0.001), FAbh[X 144 2% 5 o 1
TEHRELTE DX,

TE (IN) A eh (JZ) X ()35 55 R 5 R OPLS-
DA 45 SR B, WA b X 1) 38 55 44 2% B4y %6 36 AT 5
FZIF (K1E). 454 S-plot v VIP> 1, K t#656 (P <
0.05) i 32 5 7 FH 5 A ML [X 2 A] T 25 OB 1) 2% S AR i
(B 1F). Wl 3 frs, 76 e A0 Ao X 3 07 08 65 e Hh
182 TR o 58 b XA BL, 5 g i X3 25 o o
SRR (VIP = 1.33, P < 0.05).4',5,6,7- 04 ¥2 5 -7-0- %
EIWERETR 1Y (VIP = 1.15, P < 0.05).5,7,8,3",4"- L2 HE 8%
Yl -7-0-% %) BERE BR HF (VIP = 1.13, P < 0.05). B i %
# (VIP = 1.51, P < 0.05). E 35 H Rk (VIP = 1.24,
P<0.05)SFERKR> EREET & AME (VIP=

1.37, P < 0.05) J 3¢ % -6-C- 7] %) H -8-C- Bl H37 1A ¥ ¥
(VIP = 2.47, P < 0.001) JT 3¢ % -7-O-F % ¥ % R 1F
(VIP=2.19, P<0.001). 445 (VIP=2.32, P<0.001)
WK T-0-F I FELF (VIP = 2.13, P < 0.001).6-¥8 %
KRR -T-O- R FEBEBS FR T (VIP = 2.50, P < 0.001). 4L
163 -7-0-7 %) BEBS FR H (VIP = 2.24, P < 0.001) A &
HR-T-0-F % MBS RE 7 (VIP = 2.15, P < 0.001). 4L
16K -7-0-% &) i B 1F (VIP = 1.89, P < 0.01).5,7,2"-
= F I -6- FH A L T -7-O- 6 A BE RS R 1 (VIP = 2.53,
P<0.001).F%H (VIP=2.47, P<0.001) 1 &-7-0-
HEFEREFRTE (VIP = 2.30, P < 0.001).5,6,7,3".4'- L. ¥
FE % e R -7-0- 78] % B B B2 T (VIP = 2.06, P < 0.001)
13 P 22 S B oy & 1 B3 PR A

TEF (IN) AL (IB) Hb X 135 25 A 54 ) OPLS-
DA 45 53R, 1A Hh X1 35 55 4 2 B2 56 B AT
0 (H1G). 454 S-plot FlH VIP > 1, K ¢ k& %
(P < 0.05) §ifi i 1% g A A6 H X 2 8] 55 35 2038 1) 22 5
g (B 1H). & 4 Fros, 168 5 A0S b i X L7
KR IS ERG . SEACH XA E, 5 R X 3 %
I %S R -7-0-F & FETF (VIP =2.16, P < 0.001).6-f%
FEARRER-7-O-F MR IR T (VIP=2.02, P<0.001).
T 3K 3 -6-C-7] %) 5 -8-C-Fl 1 fH B 1 (VIP =2.22, P <
0.001) 3 it pl 70 5 8 2 35 PR AR BF 3 %514 (VIP = 2.42,
P <0.001). %% & 6-0-4-D-H & R BR 1T (VIP = 2.37,
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Figure 1 Multivariate data analysis from UPLC-MS/MS. A: PCA score plots from CZ, YC, JC, LF, LL, YQ, DT, XZ, and QC samples; B:
OPLS-DA model validation diagram; C: OPLS-DA score plots from JZ and JB; D: S-plot of OPLS-DA between JZ and JB; E: OPLS-DA
score plots from JN and JZ; F: S-plot of OPLS-DA between IJN and JZ; G: OPLS-DA score plots from JN and JB; H: S-plot of OPLS-DA
between JN and JB; CZ: Changzhi City; YC: Yuncheng City; JC: Jincheng City; LF: Linfen City; LL: Lvliang City; YQ: Yangquan City;
DT: Datong City; XZ: Xinzhou City; QC: Quality Control; JZ: Jinzhong; JN: Jinnan; JB: Jinbei

P <0.001) Al [ 3= -7-O-%i G HERE TR T (VIP =2.49, P <
0.001) A JR B 3K -7-O-F] %] 0 e 2 (VIP = 2.51, P <
0.001). 2 FH 3% % 2 -8-O-78] % Ml B R 1 (VIP = 2.44,
P < 0.001) = ¥2 % - FH S0 05 2 Joc B -O- 7 %) A 1 TR Y
(VIP=1.78, P<0.05). B &-7-O-Hi & FEH (VIP=1.84,
P < 0.05) 13 J& 2 -7-0-7H1 %) B FR 1 (VIP = 2.07, P <
0.001)- i1 Jz & (VIP = 2.16, P < 0.001). /T3 & (VIP =
2.09, P < 0.001). 5 £L 46 % -7-0-7 % W BE BR 1 (VIP =
1.31, P < 0.05). B i £#5#F (VIP = 2.01, P < 0.001) 12 Ff
EREEREET .
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4',5,6,7-Tetrahydroxyflavone-
7-0-glucuronide

8-Arabinosyl-6-glucosyl-

23,5,7-dihydroxyflavone Carthamidin-7-O-glucuronide

D-saccharic acid Citric acid
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Figure 2 Significantly different components between JZ (n = 11) and JB (n = 14). All data are expressed as the mean + SD. "P < 0.05,
P <0.001

Table 4 Liner range, regression equation, correlation coefficient of 10 analytes

Compound Regression equation Correlation coefficient (+7) Liner range/ug-mL" LOQ/ng-mL"
Scutellarin Y=0.389 6X-0.0347 0.999 1 0.000 7-3.650 0 0.76
Baicalin Y=0.2324X-0.0125 0.998 5 0.000 4-1.866 2 0.45
Wogonin Y=10.0832X-0.001 6 0.998 7 0.000 5-2.625 3 0.58
Wogoniside Y=0.074 3X+ 0.002 7 0.999 5 0.001 2-6.126 1 1.31
Apigenin Y=0.077 1X - 0.008 3 0.999 1 0.001 0-5.144 3 1.09
Apigenin-7-O-glucuronide Y=0.209 2X - 0.006 2 0.998 6 0.000 8-3.024 6 0.94
Naringenin Y=0.1264X - 0.005 7 0.998 8 0.000 7-1.050 2 0.78
Caffeic acid Y=0.112 8X+ 0.003 9 0.999 3 0.001 1-2.220 4 1.23
Malic acid Y=0.713 3X+ 0.009 2 0.999 0 0.000 9-2.357 8 0.98
Citric acid Y=0.5538X-0.0179 0.998 9 0.000 6-1.685 6 0.64

Table 5 The precision, stability, repeatability and recovery of 10 analytes (n = 6).

Precision RSD/% Stability Repeatability Recovery
Compound
Intra-day Inter-day RSD/% RSD/% Mean/% RSD/%
Scutellarin 1.65 1.33 1.42 1.38 100.02 2.11
Baicalin 1.39 1.45 1.85 1.05 99.84 2.78
Wogonin 1.07 1.32 1.74 1.12 101.09 1.63
Wogoniside 3.11 3.20 5.14 5.35 107.24 2.94
Apigenin 1.77 1.86 2.31 2.90 104.26 2.63
Apigenin-7-O-glucuronide 1.31 1.56 1.47 1.87 102.56 2.87
Naringenin 1.86 1.56 3.38 3.53 99.42 1.98
Caffeic acid 3.19 2.98 2.94 391 102.81 2.50
Malic acid 1.62 1.48 1.08 1.43 103.45 1.79

Citric acid 1.44 1.53 1.77 1.95 106.53 2.92
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Figure 3  Significantly different components between JN (n = 28) and JZ (n = 11). All data are expressed as the mean + SD. P < 0.05,

“P<0.01, P <0.001
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Figure 4  Significantly different components between JN (n = 28) and JB (n = 14). All data are expressed as the mean = SD. "P < 0.05,

P <0.001
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Figure 5 The typical MRM chromatograms of the 10 analytes in Scutellaria baicalensis leaves samples
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Figure 6 Multivariate data analysis and quantitative analysis of 10 components in Scutellaria baicalensis leaves samples from JB (n = 14),

JZ (n = 11) and JN (n = 28) regions. A: PCA score plots from JB, JZ, and JN; B: PLS-DA score plots from JB, JZ, and JN; C: Results of

quantitative analysis of 10 components in Scutellaria baicalensis leaves samples from JB, JZ and JN regions. All data are expressed as the

mean + SD. "P < 0.05, "P < 0.01,
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P <0.001
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