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Abstract: The purpose of this experiment was to optimize the extraction process of total flavonoids from Scutellaria
barbata and to evaluate the antioxidant and antitumor activity of total flavonoids. A single factor experiment combined with
a response surface Box-Behnken design was used to study the extraction process of total flavonoids from Scutellaria
barbata. The effects of extraction time, material-to-liquid ratio, extraction temperature and volume fraction of ethanol on
the yield of flavonoids were investigated to arrive at the optimal extraction process of total flavonoids from Scutellaria
barbata. The antioxidant activity of total flavonoids from Scutellaria barbata was detected by DPPH and ABTS methods,
and the effect of purified products on the proliferation of NCI-H1299, HepG2, MHCC-97H and HuH-7 cells were analyzed
using the MTT assay. The results showed that the optimum extraction conditions of total flavonoids from Scutellaria
barbata were as follows: Extraction time 93 min, ratio of material to liquid 1:41 (g/mL), extraction temperature 68 °C,
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volume fraction of ethanol 75%. Under these conditions, the yield of total flavonoids was 26.46 mg/g. The results of

antioxidant experiments showed that the purified total flavonoids of Scutellaria barbata had good scavenging effects on

DPPH and ABTS' radicals, with IC, values of 25.41 and 70.41 pg/mL, respectively. The results of anti-tumor experiments

showed that the purified total flavonoids of Scutellaria barbata at different mass concentrations within a certain

concentration range had certain inhibitory effects on the proliferation of tumor cells, with the ICy, values of NCI-H1299,
HepG2, MHCC-97H and HuH-7 cells were 168.6, 330.5, 269.2 and 335.8 pg/mL, respectively. In summary, it could be

concluded that the method was stable and feasible, reproducible, and could effectively extract the total flavonoid

components from Scutellaria barbata, and the purified Scutellaria barbata total flavonoids had good antioxidant and

antitumor activities, which could be used for the development of functional foods or pharmaceuticals.

Key words: Scutellaria barbata; total flavonoids; process optimization; purification; antioxidant activity; antitumor activity
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experiment
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0.7+0.05, Rp18 ABTS TAEW . Bf1AEE S i aifl,
Y 50% B BE R s B Mk BE SR 5. 10, 25, 50,
100, 200, 400, 600 pg/mL FIEE AW, 4425 C 1E
A BT B2, A B v I 6 DR L. 430
WL 10 pL SRS FER S 200 nL ABTS TAERINA
F] 96 FLAR T, #OCHEE 8 min, 7E 734 nm | i E K
B, ARIERCEITRARRXT ABTS" H H 3L RGE
J1, LB HE A =k, I A Graphpad prism 9.5.0 %K
AR RGE B IRaifb g 2= C X ABTS'H
FH LT SRR A 1Cs, {H . 1148 ABTS' H L7 BR R
s w1l

x 100

ABTS'H Hﬂ%}%ﬁﬁ‘—:$(%) = [] _ Al; A,

0

A Ay N 50% LEE+ABTS T ARG
A, BRI R+AABTS TAEMR OGRS A, SRR
VERA50% LB GRE
1.2.6  ARSMTC IR 1 4 I e
1.2.6.1 dfa¥EsR A AAE/ NI NCI-H1299
HREIEFE T3 10% A6 4 1L 1Y) RPMI-1640 55585t
, AT HepG2 g . A i 7 B4 s MHCC-
O7H #Hjfs . AJ9E HuH-7 40 H 43 535 3276 5 10%
&4 IMLYE 9 DMEM =i sedidh, #F 37 C. 5%
CO, ¥EFRFA ST .
1.2.6.2 PilbIgim v 2% SCHk [31-32] ik,
AR F X5 B4 K W9 NCI-H1299 41l . HepG2 41
2. MHCC-97H 41 i3 . HuH-7 40 Jifd, 53 B4 0.25%
Jige B I BV b L B0 o ) B VRS VA R A i 5 R
NCI-H1299 40 /ity >~ 8x10* ~/mL, F: 4% 40 i 25 B oy
1x10° > /mL, 4 T 96 L 40 e 55 3% A b, 5 FL
100 pL, T 37 °C. 5% CO, & FH53% 24 h =41
SEANERE, FERIFEE SRR . ST E A g . X IR
FFE S 2H . 25 g b JCan fifs S8 AR N o8 e B R 2,
o HRZH v B gl S A R B3R AL, AR AR AL
B i 2l fb 4 e BE M 50, 100, 200, 300, 400, 500,
600 ng/mL H5EEB IR . MLk 5 DR AL, 535
K5 24 h,

BEFRas e, MALUIMAMRIE A 5 mg/mL 1 MTT
W (10 pL AL, TEXEFRFA DI E 4 h 5k 1,
HFLANA DMSO 5 (150 pL £5FL), #EOGAN IR, 35
PR_EARIHEYRS 10 min, BEFRIY 490 nm T M52
FEE, MRYE T 2T 4 A A %
App — Az

A Z(%) = (A A
i — A

)x 100
1.3 ZiEAE

1B BT IR AT S 56, i3 Excel 2019,
Orign 2021, Design-Expert 13, Graphpad Prism 9.5.0
EERRA X BAR A TAE PR K et 43T, Horp MTT 5256
AR BRI ZR J7 225007, LA P<0.05 VE2Z= A5

TR

2 FERS5Hh

2.1 BEZRIE

2.1.1  FREE A S R AR A2 FRE
Hf )X > A 22 B AR 2R A 52 i an ] 1 s, $RER
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Fig.1 Effect of extraction time on the yield of total flavonoids
from Scutellaria barbata

2.1.2 RHRHA RO SIS RRR
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Fig.2 Effect of solid-liquid ratio on the yield of total flavonoids
from Scutellaria barbata



- 198 - £ Tl B4

2023 4F 12 A

FLJE PRI AT BB AE— Y LN, B RHA EL i B 242
PEEETRSEA) TR %, A T B T e 2 Atk
IR HH DA AT B e B RIS 53 PR S5 R B R, AT
FECHE IR A SREEALCY, Huk, SRR L 1:30~1:
50 g/mL FEA i A

2.1.3  FEHUR XA E S B A R A FRE
TR B S A AR S TR A SR A B A AN ] 3 o, M
BETE 55~65 °C. MRz B 453 5 T B T s i o
B IEESRBUREE N 65 °C BA R KA, Hy 27.82+
0.14 mg/g, SRR T 65 °C I}, AL w2
AH T R, 33X T BB PR SN Bl VL 3@ 24850, 4y T+
i S S e TR TR, SHRIBUSCR P, (H
TR EE R 5, TSV 1) B TR 2 B A0 435 A 1 A2 R
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Fig.3 Effect of extraction temperature on the total flavonoid
yield from Scutellaria barbata
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Fig.4 Effect of volume fraction of ethanol on the yield of total
flavonoids of Scutellaria barbata
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i Y=2.57+0.0664A+0.0685B+0.1291C—0.0866D—
0.0722AB+0.0034AC+0.0468 AD+0.0592BC+0.0209BD+
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Table 2 Results and analysis of response surface experiment

S
S E BIEEASRY (mg/g)
A B C D
1 -1 -1 0 0 18.74
2 0 0 0 0 27.03
3 0 -1 0 1 18.64
4 0 1 1 0 24.29
5 0 0 0 0 25.13
6 0 0 -1 1 17.39
7 0 0 0 0 26.05
8 0 1 0 -1 19.88
9 -1 0 0 21.65
10 -1 0 0 1 17.47
11 1 0 -1 0 21.23
12 0 0 -1 -1 21.68
13 0 0 0 0 25.69
14 0 0 -1 21.98
15 -1 0 -1 0 19.55
16 0 -1 1 0 19.98
17 -1 1 0 0 21.10
18 1 0 0 -1 20.29
19 0 1 0 1 19.13
20 0 -1 0 -1 20.22
21 1 0 1 0 23.47
22 1 0 0 1 19.39
23 0 -1 -1 0 17.99
24 0 0 0 0 24.66
25 1 1 0 20.90
26 -1 0 -1 20.24
27 1 -1 0 0 21.43
28 0 1 -1 0 19.93
29 0 0 1 1 21.88
2.2.2  wE ] BUEBER Ty 225307 meg Rz [

22 WL3% 3, B3R 3 AIAN: ALY F=15.25, P<0.0001,
2% W T A ST AR 35, AR LIS PAE N 0.5390>
0.05, AN 35, FREASLEGZE IR 27 JUrie N 2 i 52
HoAth R Z AR/, AR sUalisr, ik nT &, AR
52 4 ZR B R?=0.9385, 1t BH IR R 4L 45 B B L
uf-, v LLUHIZAS R A A R P S B IR SR I T 2
FRYE F AR AT T 1) R 2 i AR RZ 0 ) B RN
DG SRy 2 B 2 (C) > AR S0 (D) > B Lk (B)
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>PREHUF ] (A, e — kit Hp R GR E 5 ZEAR R
IR HAF XSG RS B2, HABAS AR AN
B3, R PO PRI RO S SR AT AR S 2 5

3 TR =

Table 3  Analysis of variance of regression equations

KR SR 1 Ha ¥y FfH PfH
AU 178.71 14 12.77 1522 <0.0001
A 5.28 1 5.28 6.30 0.0250
B 5.64 1 5.64 6.73 0.0212
C 19.97 1 19.97 2381 0.0002
D 9.00 1 9.00 1073 0.0055
AB 2.09 1 2.09 2.49 0.1369
AC 0.0049 1 0.0049 0.0058  0.9402
AD 0.8742 1 0.8742 1.04 0.3246
BC 1.40 1 1.40 1.67 0.2166
BD 0.1722 1 0.1722 0.2054  0.6574
CD 439 1 439 5.23 0.0382
A? 4137 1 4137 4933 <0.0001
B’ 55.66 1 55.66 66.37  <0.0001
c 21.74 1 21.74 2592 0.0002
D’ 76.51 1 76.51 9122  <0.0001
B2z 11.74 14 0.8387
AU 8.44 10 0.8444 1.02 0.5375
4R % 3.30 4 0.8243
M2 190.45 28
R=0.9383 R, ;=0.8767
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il HEIBORE (C) AT B R 5320 (D) 52 B 35 A e )i
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BRI 5 B 22 [ v i A 36 18] P4 38 EAE FH ek e 255
S5 pe 2R A IR (R R HL2k 22 (] ek o 42 ) 3. B 32 B AR
ERHT R IR 5 ha] B PR U S S AR
B0y 7 AT ] S BRI HLAT £ S R, B4R
BURE 5 2 AR B R RS B AR B3, EOWSy
HTas R 5 22T IR —3.
224 BAERECT 2098608 S50 na 5 RO
A B e R T 25 S B E] 93.2443 min, R} Fe
1:41.3804(g/mL), $EHURE 68.5852 °C, ZEEAFH )
%5 74.4041%, TEMIHLARA T AT S=%R 26.05 mg/g -
ST MY AR 7 R B R R ER AT A T, i R T
PR HAS [E] 93 min, BHA LL 1:41(g/mL), $2 BUR E
68 °C, ZEEARFRIIEL 75%., R FHIZFE BT B UEAT
3 RPAT LS, S ERIS R BIEY 26.46 mg/g, 5
TR AARRTIR 22 1.56%, FRIAZALBOPEEC T 2
AIAT HARSE, 7T FH T2 S i e g S

e R S T R 2 R FLAY I gl Ab )5 A5 Rk
60.13 mg/g, 4i)EJg 49.32%, FEHHARE(17.35% ) a3
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Fig.5 Response surface and contour plots of the interaction
between extraction temperature and ethanol volume
fraction on the yield of total flavonoids from
Scutellaria barbata
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Fig.6 Scavenging rate of DPPH radicals by total flavonoids
purified from Scutellaria barbata
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Fig.8 Results of the activity assay of total flavonoids purified
from Scutellaria barbata acting on tumor cells (n=3)
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