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Abstract: Gliomas represent highly malignant brain tumors with high recurrence rates, susceptible to drug
resistance and difficult to treat, therefore finding and screening new therapeutic candidates is extremely significant.
In this study, we firstly used UHPLC-Q/TOF-MS method to identify the chemical constituents of Scutellaria
barbata extract, and a total of 38 constituents were identified. A microfluidic chip model containing six
independent U251 cell units was constructed, each U251 cell unit consisted of three parallel channels, the middle
channel was used for culturing matrigel-encapsulated U251 cells, and the channel of medium or drug-containing
medium was on both sides, the U251 cells formed a multicellular sphere in the matrigel, and were able to mimic the
microenvironment of tumor hypoxia to a certain extent. Based on the constructed glioma microfluidic chip model
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and the perfusion flow mode for the screening of active components of Scutellaria barbata which had antitumor
activity, the perfusion samples of Scutellaria barbata were analyzed by using UHPLC-Q/TOF-MS, and the relative
concentrations of potential active components were calculated by the internal standard method, and it was found
that the constituents of the samples containing scutellarin, apigenin-7-O- ff -D-glucuronide, luteolin, scutellarein,
naringenin and apigenin were significantly decreased (P < 0.05), suggesting that these six compounds have
potential anti-glioma activity. Using CCK-8 assay, scratch assay and apoptosis assay to validate the medicinal
efficacy of the six potential active components obtained from the screening, it was observed that all the six
potential active components could reduce the proliferation of U251 cells, decrease the migration rate of the cells,
and kill the cells by apoptosis. The sensitization of temozolomide performed by the six potential active compounds
was further investigated, which indicated that naringenin, apigenin and luteolin in combination with temozolomide
individually increased the sensitivity of U251 cells to temozolomide as well as decreased the cell viability. These
results will provide technical and scientific evidence for treating glioma and further solving the anti-drug resistance
phenomenon of glioma treatment by Scutellaria barbata and its active components.
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Figure 2 Base peak chromatograms of the extracts of Scutellaria barbata. A: Positive ion mode; B: Negative ion mode
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Table 1 The chemical components identified in the Scutellaria barbata extracts by UHPLC-Q/TOF-MS analysis
. m/z (error/ppm) . .
No. t/min Molecular formula - - Identification
[M+H] [M-H]
1 3.418 C,,H, O, 595.167 3 (2.27) 593.150 8 (-0.02) Luteolin-O-rutinoside
2 3.817 C,H,0,, 481.0979 (1.13) 479.060 6 (4.83) Dihydroviscidulin 1-7-O-p-D-glucuronide
3 3.992 C,H,0, 449.109 0 (2.83) 447.093 2 (-0.44) Quercitrin
4 4.341 C,H,0,, 465.102 6 (0.14) 463.090 4 (4.93) Carthamidin-7-O-f-D-glucuronide
5 4.399 C,H O, 463.087 2 (-0.29) 461.073 9 (-2.93) Scutellarin
6 4.682 C,H,0,, 465.103 3 (-5.62) 463.091 3 (6.55) Isocarthamidin-7-O-f-D-glucuronide
7 5.355 C,H,0, 163.075 4 (-0.21) 477.101 6 (-3.14) p-Hydroxybenzalacetone
8 5.455 C,H 0, 447.090 8 (-3.06) 445.077 8 (0.90) Apigenin-7-O-f-D-glucuronide
9 5.563 C,H,0, 449.105 9 (-4.61) 447.092 2 (-3.19) Scutellarein-7-O--D-glucoside
10 5.805 C,,H, 0, 477.102 2 (1.16) 445.088 5 (-0.04) Hispidulin-7-O--D-glucuronide
11 5917 CH,0, 289.071 2 (0.89) Carthamidin
12 6.269 C,H,,0,, 479.118 6 (-0.41) 8-Methoxynaringenina-7-O-f-D-glucuronide
13 6.269 C,H,,0,, 479.116 6 (3.69) 477.106 1 (3.84) 6-Methoxynaringenin-7-O-f-D-glucuronide
14 6.718 C.H,0O, 287.054 6 (-1.33) 285.040 6 (0.17) Scutellarein
15 6.768 C.H,0, 289.070 7 (0.89) 161.050 6 (-2.28) Carthamidin
16 7.260 C,H,0,, 463.087 3 (0.08) 5,7,2',3'-Tetrahydroxy-flavone-7-O-f-D-glucuronidea
17 9.103 C.H, O, 287.055 3 (0.97) Luteolin
18 10.218 C,H,0, 301.070 2 (1.50) 285.041 5 (3.25) Hispidulin
19 10.317 C,H,0, 303.085 9 (1.35) 6-Methoxynaringenin
20 10.358 C,H,0, 273.074 4 (5.06) 271.060 3 (-1.10) Naringenin
21 10.409 C,H,0, 301.071 3 (-2.25) 4'-Hydroxywogoninz
22 10.458 C,H,0, 271.060 4 (-1.08) Apigenin
23 10.551 CH,0, 594.211 4 (2.32) Chrysin
24 12.704 C,H,,0, 559.246 3 (-4.27) Wogoin
25 14.107 C,,H,;NO; 473.214 8 (-2.10) Scutebata X
26 14.308 C,,H,,N,0, 467.195 1 (2.54) Scutebarbatine A
27 14.446 C,H,,0, 558.248 4 (-0.41) Scutebart A
28 14.612 C,,H,\N.,O, 634.264 6 (-0.32) Aurantiamide acetate
29 14.886 C,,H,(N,O, 576.258 1 (-1.49) Barbatin D
30 15.839 C,;H,)NO, 447.238 8 (1.20) Scutebarbolide D
31 15.93 C,,H, NO, 558.249 7 (0.43) Scutebartine A
32 16.259 C,,H, NO, 457.365 9 (3.78) Scutolide H
33 16.361 C,H,,0, 425.215(-3.39) Scutebarbolide I
34 16.444 C,H,,NO, 457.368 1 (-1.08) Scutebartine G
35 20.259 C,H,0, 413.376 7 (-1.76) Oleanic acid or its isomer
36 20.264 C,,H,,0, 299.057 6 (3.72) Scutebarbolide C
37 21.231 C,H,0, 285.074 4 (-6.24) Oleanic acid or its isomer
38 25.402 C,H,.0 619.265 (-0.38) 24-Ethylcholest-4-en-3-one

Table 2 Relative contents of six components from Scutellaria barbata in the glioma microfluidic chip model. n =3, x 5. "P < 0.01 vs

control group

No. Analyte Control group/pug-mL" Glioma microfluidic chip model group/ug-mL™"
1 Scutellarin 15.47 +2.69 7.794 +2.02"
2 Apigenin-7-O-f-D-glucuronide 19.17 £ 2.11 1457+ 1.91
3 Scutellarein 1.140 £ 0.43 0.407 £ 0.25
4 Luteolin 1.739 +0.14 1.191+0.17"
5 Naringenin 2.127+0.51 1.632 +£0.58
6 Apigenin 3.531+1.68 2.574 £ 1.67

TEAR R 25 W0 FE AR U, U251 40 B O3 70 B8 45 1 T e
T 16 8 000 7T AR AR, 358 3K 938 i 43 X6 U251 40 ff 34 B
(I I/ LA I TR o 5 PH Ak 244 5 e e 4
FAEL, A B2 3 36 2 24 A48 h N 35 5B H A R 1
U251 20 f 38 5 4 b L, RO AR T B PE 25 0 25 BT 3
KA TR -T-0-B-D-TH1 % FERE TR H DL SO B FE R AE
VEFIRT R (24 h) X6F U251 41 i (1 384 58 40 1 1 FE AR X 4

55, BA/E F N (A A8 4 22 48 h f&, HG 58 1 4 38 7 48

9, L P B B AR SR A ROR I T S

Ho i b HESH MMER TR HRERITH

3R -7-0-f-D-7i 5 BE B TR T ROR R B R e — @1

EXF U251 4 A 3 E B AT S0 AR

4 FRGERBTEEMAS X U251 AT RE VSR
i e e 1% 2 3 BURK K R ¥ 7 R A — A B i



N

M =

13

S LT RO

i HABE TR ) e 245 2 A 55 70 52 5988 5 1P 2 976 B 1 7

1867

OH

Figure 3

glucuronide; C: Scutellarein; D: Luteolin; E: Naringenin; F: Apigenin

Chemical structures of six potentially active components contained in Scutellaria barbata. A: Scutellarin; B: Apigenin-7-O-f-D-
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Figure 7 The effect of six potentially active components of Scutellaria barbata in combination with temozolomide (TMZ) on cellular
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