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W E BH MNEFREAREGN T LT EE PN RINRRAEN 2 5 LR B, R AT KRR /\#fro
RS -T IR EMNE R EAFEAF P S AR EOATFERX L) R A1, -k -2- =& X X B (DPPH) A w4k |
2,2 -BER-=(3-T RSPk 6-5% 08 ) — 4 2 (ABTS) B W 2 7 Ik 52 3 5 B AR 7 A WO AR SN AL B b SRR & A &,
% (HPLC) i, VA 5P 35 B30 g Aok R A (25 éw%#‘ééx&i#amaﬁﬁ\%%(2004A#&)>> )16 3t A E AR A 935 B
&I BHATARL B AR, A T SR M 5K R SPSS 24.0 14 34T Pearson 48 5 5T, 5 ik LA KIS RBALTE R B R, FARE A
Z %, K0 SPSS 24.0 . SIMCA 14.1 A #AT R E 5 HAn R 2. R B BRI B R 09 2158 B 4 2.106~21.06 pg/mL
(R*=0.999 3) ;M %5 & & A M A58 M (120 min) K369 RSD 3/ T 2% ; deAf whic & % 100.62% (RSD=0.55% ,n="6) ; % % B4
& 4 0.634~1.053 mg/mL. DPPH A 7 Sk i i 5% 30 0 ¥ 2494 2% (ICs) 4 1.120~3.602 mg/mL, ABTS 8 @y AL 7 I 52 30 49 ICs0
0.684~1.327 mg/mL; 48 % M 7 45 %ﬂhm,ﬁiﬁﬁmﬁ«fz F & ¥ #H B4 F 5 DPPH A b ABTS A W A AR 3049 1C 3 2 5
K ABE RAHH A A —0.976,—0.940(P<0.01)., 16BtFH EAFAEF A 18 /A FailE A 0.964~0.997; L350 L o
AANERE R AFEEF (85%) Fa X (145%) KABEFEZ(165%) FEFUT5%), FHEAFED N HPLC LA
P 3~4.8~9 12~15 17 542 @ 425 DPPH A b A& ABTS A AR A TR F£169 1Cx 3 2 2 i A8 X (P<<0.05% P<<0.01), #
EoMER R T, 16 EREAREZA TEABE, L P S2.S7~S8,S14~S16 A — 3% ,S1.S3~S6.S9~S13 4 — % ; T w7
4%16%%%1#3‘;%71‘?;{‘{?5]*’ VAW, P S2.S4.S7.S14~S16 4 — % ,S1.S3.S5~86.S8~S13 4 — % ,S4.S13.S15 #3064 42 5-3F
SEE . BEIR P HPLC 45 0 B3 R AL 2 EE KGR 3 47 77 ok T B TR F A EAR B A A 0 & ;3~4.8~9.12~15 17 5% %
B ER A EAREF H ATk DPPH A & A= ABTS A e A a9 2 R L mh .
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Fingerprint establishment of Scutellaria barbata standard decoction and chemical pattern recognition of
antioxidant components

DU Yilong, LI Sai, LI Yanrong, PAN Haifeng (Hebei Key Laboratory of Traditional Chinese Medicine Research
and Development, Chengde Medical University, Hebei Chengde 067000, China)

ABSTRACT OBJECTIVE To determine the contents of total flavonoids in Scutellaria barbata standard decoction, evaluate in
vitro antioxidant activity, establish the fingerprint and conduct chemical pattern recognition analysis. METHODS The contents of
total flavonoids in S. barbata standard decoction (calculated by scutellarein) were determined by ultraviet-visible spectrophotometry.
In vitro antioxidant activity of S. barbata standard decoction was investigated by free radical scavenging tests of 1, 1-diphenyl-
2-trinitrophenylhydrazine (DPPH) and 2, 2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) ammonium salt (ABTS) ; HPLC
method was adopted. Using scutellarin as reference, the fingerprints of 16 batches of S. barbata standard decoction were drawn and
evaluated by Similarity Evaluation System of TCM Chromatogram Fingerprint (2004 A edition) , and the common peaks were
determined; Pearson correlation analysis was carried out by using SPSS 24.0 software to screen substances with in vitro antioxidant
activity. Taking them as variables, cluster analysis and principal component analysis were carried out by using SPSS 24.0 and
SIMCA 14.1 software. RESULTS The linear range of total flavonoids were 2.106-21.06 pg/mL(R*=0.999 3); RSDs of precision,
reproducibility and stability tests (120 min) were all lower than 2% ; the recovery was 100.62% (RSD=0.55% ,n=26) ; the
contents of total flavonoids were 0.634-1.053 mg/mL. Median inhibitory concentration (ICs) of DPPH radical scavenging
experiment ranged 1.120-3.602 mg/mL, and ICs of ABTS radical scavenging experiment ranged 0.684-1.327 mg/mL. The results of

correlation analysis showed that the content of total flavonoids

A LA IUH AL AR R PO S E R R H (No. FE
102013045 ) s ARAR RSB H ARFHEE5EHII5 H (No.201824)

* PG WL BFSET7 1 : 25 B s . HLIE  0314-2291186 with the ICs; of DPPH free radical and ABTS free radical
scavenging experiment, and the correlation coefficients were

in S. barbata standard decoction was negatively correlated

E-mail: duyilongww(@sina.com

#OEES B, W, WFSE ) gy R g —0.976 and — 0.940 respectively (P<<0.01). There were 18
0314-2291186, E-mail:phf2301@163.com common peaks in the fingerprints of 16 batches of S. barbata
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standard decoction; the similarities were 0.964-0.997. A total of 4 common peaks were identified, such as scutellarin (peak 8),

scutellarein (peak 14), luteolin (peak 15), apigenin (peak 17).In the HPLC fingerprints of S. barbata standard decoction, the

peak areas of peak 3-4, 8-9, 12-15 and 17 were significantly negatively correlated with the ICs, of DPPH free radical and ABTS

free radical scavenging experiment (P<<0.05). The results of cluster analysis showed that 16 batches of S. barbata standard

decoction could be clustered into two categories, of which S2, S7-S8 and S14-S16 were clustered into one category, S1, S3-S6

and S9-S13 were clustered into one category. By principal component analysis, 16 batches of S. barbata standard decoction were
divided into two categories, of which S2, S4, S7 and S14-S16 were clustered into one category, and S1, S3, S5-S6 and S8-S13
were clustered into one. The comprehensive scores were high in the samples of S4, S13, S15. CONCLUSIONS Established HPLC

fingerprint and chemical pattern recognition analysis method can be used to evaluate the quality of S. barbata standard decoction;

peak 3-4, 8-9, 12-15 and 17 and total flavonoids are the potential material basis for S. barbata standard decoction to scavenge

DPPH free radical and ABTS free radical.

KEYWORDS  Scutellaria barbata; standard decoction; total flavonoids; in vitro antioxidant effect; fingerprint; principal

component analysis; cluster analysis

5 3 Scutellaria barbata D. Don BB R X R
ZAEE AN Y), U TR 2T AL, R T (OMEHE
SN EBEEAE B ACRERR R R 2 A, 3 TR
ES RN | = 1L D B DI = S S B
TGS R A Ly B T AR RE AR Z
DA, BRI R, ARG T A R EE T2,
ST EAPURA PO PO PR PUREEE SR
PO R AR I RN R A=) 72,

2016 4F [E 2 T D s 3 T “BRUEA A IS
AR E RGNS T T, M b A | o
I e 4 Bl B VA TR RIS I R 253 R0 g
T2 751 2 A R mp 24 E 5 ORI TR 7 700 45 60 1 H 24
PR IG IR — S e, F s &l ReigiE
o MR WA R DL PPN S5 T B A i b S i 24 1
HEPRPES i Crp 2 TE 7 R0 o A S bR o R R 2
SROKGFE S EITEVE A PN Bk s 25817 70 S % i 24
KA IRIRZ R — B EE T, P e hm E
fiff ke T 23 06 P B3 02 2% L2 FRAE AL AN B A — ] 2%
b, BT HH Z R 3 A vh 2 25 330 P 09 ) o BL Atk
AR AT A 46 IR 2 M N FE B 4 D &5, 2
T4 7R B B T Ak i B P A i — B 2 o0 4 Bt
FR, W)z T A 258 K2 il iR i e A,

HHI, A R REER G R st i, K2 8

TER R bR e 0 B BT B RS R A R
FEM PR B B2 A o H FE EOEVERUr , B
W HUAAR TR, (H i AR A P RE AR R P 45 K
o35 HAT AT T A AH DG RIFTY s N2 A E A I IR
BELIK AR , 1 b 245 7K B R 2 A VE ML & 2% A
FHAE 25 28 0 AN SR R, HREE DR AR
FEZEBZ BRI UEIG R 25— 20k %k
FRAEZ A T4 TH A BT s i B AR L b B, T
I, A5 SR 58 0= AT WL 430606 BE s 1 A bR
T ) R BT ) i (AR B S0 | [RIE DA S Mt
AR RN 2 22508 R , T vE P AGEAR T M 53T
AL TE TV AEAR DG ) B 22 04, SR P R OB £ ik
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(high performance liquid chromatography, HPLC ) 7% 4 37,
HARSUEE , I LA A2 o 8 B i A T SRy
MRl E R 0BT, B 1R A AR 7 ) S A i 42
(L

1 ##
1.1 FEUEE

A T ] AR 1220 infinity [T RDAR €438
SR TE 25 1R AT 28 FR I AL | FL s FE LR SAL L B Bl
FEA AR AR AR R A A I e b 7 e (3
Agilent 23 7)) , UV-2600 Probe %I %8 41~ 1] UL 73 56 5% B 1
( H A Shimadzu /A 7)) , AG-245 B+ 7 43 2 — 3B K-
(Fi -t Mettler Toledo 23 H ) , KQ-700 HUiHA 75 i i e # (R
LT A A B AT RN H] ), HC-2062 1Y 253 35 D L (RER
BB AR A BR A wl H 4324 F] ) |, Multiskan FC BUEGHRY
(22 [# Thexmo Fisher Scientific 2y &) ), JA2003 % i T/
B RV IR N2 AT PR 22 \] ) , ZDHW B H
PE IR XEAER A PR A FD 5
1.2 FEHRSIKF

Yk 28 C X IR AL (L5 J1024A, 46 >99.0% ) |
2,2 - WA - (3- 2 BE- TR IR e mk -6- fif iR ) — gL R (2,
2' -azinobis (3-ethylbenzothiazoline-6-sulfonic acid) ammo-
nium salt, ABTS , #t5- MO403A 131 [ B BSR4 A
BRLZA ) 5 B 5 6 BEL A (L5 18032206, 411 i =98% )
WA R A A AR W AR A B A 5 B R 20
(#t 5 140107, 4 BF =98% ) | /7 3¢ 2 4 B (L 5
140224, 2l fE =98% ) ¥4 H L1 fR R 25RHE R R
BELA Wil 5 AR R B 0T B (4 =98 % , HPLC 12 ) FH 7K
P& 2 B 4 RUBR 0 T b it KAz BE 2 il A 5 1, 1-— 0%
FE -2 = i & 78 Wk (1, 1-diphenyl-2-trinitrophenylhydra-
zine, DPPH) [ 1 5 (4t 5 464RB-GE) Wy H ¥ % % ( |
T ) Ak B Tl & e A BR 28 vl 5 2ok B R B (K.S.0s, fit 5
181027) W B K MR Bl Ak TABRA A s HEE . ONE
Rtk al, pKESER | HH B R A piral, K Aok

16 A 2G4 (5 Y1~Y16) T 2019 4E 0 [ 0]
bz [ Hp 254 T b , LRl RO I 24 B A W) 22 o8 8T
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A% E NISIERHEY)EEGE S. barbata D. Don FY T4
Gt 16 HFBGEL MR IR LR 1.
F1 I6HFREAMERERER

He (5 Einc2 iy P4 5

dl IR e PR 2019011 Y9 THLE 2019024
Y2 Wl P 2019012 Y10 TG L 2019031
Y3 ol i P 2019013 Yl N REa 2019032
Y4 RS 2019014 Y12 J TR T 2019041
Y5 RS 2019015 Y13 IR T 2019043
Y6 TLRE 2019021 Y14 T 2019052
Y7 WthE 2019022 Y15 WER 2019071
Y8 WitE 2019023 Y16 TREI 2019083

2 FHiEEHER
2.1 ¥HEREGFNHE

B 78 T8 5 0 BE 25 61 100 g, K 25 FR
LB T RIZE R, finsK 1200 mL, ¥ 30 min, # K #
BT, SCHARE G 30 min, BT 3 2L A g pk
Jin7K 1000 mL, ik & W 5 , SCKAREERHS 20 min, 2 #4
3208t s A3 2 WIEW, F 60 CIsk e 4 25 500
mL, B80S 45 164t (45 S1~S16) .
22 FHEREZTRLEMSEHNE
2.2.1  XFHE SRV TR IR S X R S A
BEFRAE , 1IN 60 96 R fife - ¢, il B 5 ¥k 2 1.053
mg/mL XTSI
2.2.2 A SIERE S B2 IR RS EAR
F, gk KSR HCE W 1 mL, BT 100 mL 36 A,
60% H IR B 21 $257, A5 .
2.2.3 K KAHE e 2020 4F RRCH FE 24 ) (—
) AT L A R AR R B AR
HESH TR R A IR (45 S1) , L) 60 % HH B Ry 2 (A )
i 28 A0- 1] LA E BE T 200~600 nm i K N 1E
FHEH . 458K, 76 335 nm B AL , % IR s v ikt
AR TR AT e KA, .25 P BEOG T4 (P 1), e %

R4 4y 335 nm.,

1.000 | — it
— A

=

2

= 0.500 \/
0 S e
—0.250 L L L ,
232,50 300.00 100.00 500.00 591.25

WK nm
Bl SER&SAE. AR SER LIRS E
224 RMEXRFRFZE KHEEC2.2.1700 R X R SE
¥ 0.1.0.2.0.3.0.5.1.0 mL, 435I '& F 50 mL &, i
60 % A o6 22 2 )3, $2.50, BIAS R AR TAE
P60 % H sk 25 1 6 BE (5 58 -] DL a0 e e T T F

HHEEZG 2022455 33 B4 4

335 nm P A< A0 I E WG o DA BE G Y B EER BE ()
IR AR ROGEE (4) A AEFRIET T E PRI, 25 R
N B S AT A R 5 FE S 4=27.604¢ — 151.63 (R =
0.999 3), & B M ¥ 2% A N Jo o VAR R ) £ 1 S L
2.106~21.06 ng/mL,
225 MEERAE RS EIC2.2.17 IR X RE S TR
0.3 mL, T 50 mL sffiH, 111 60 % I Bk B 2 20 i, 7%
Ao LL60% HBE R 2s 1 BE il FH 58 /- 1T W43l e
T1F 335 nm P A AL IE LA E WOERE 6 Ik . 45 B Xt
HE S W BE 1 RSD 4 0.06 % (n=6) , Fe A ks %5
FERAT
2.2.6 FEAEMIRE  E2.2.27 0 FHHR AR (S
S1), 4 IAE = i T it & 0.20,40,60,80,100, 120 min
B, LA 60 9% F Ry 2 P 0] BR (5 55 A0- 1] LA e T
T 335 nm P AN E RO . AR RIS S
JEMIRSD J 1.80% (n="7) , FBAHEIR SR T = IR T L
B 120 min NERENE R4
2.2.7 EEMRE B2 REERR SR (g
S1), 36 fy, #“2.2.27 BT Jy i il A Ak aal b v W, LA
60 % LA 23 PO R T 58 - AT DL 43560 B 1T 335
nm A I W B R o R R T R S
ZER R, M A RSD N 1.85% (n=6) , 2 H] 7
REE MR
2.2.8 MAEEICARIRTS RS EIRE Y P RGE
PR (45 S1) , B4 0.5 mL, 3 6 {03 K B E , 77
RSB —E B “2.2. 1" X R SV, $542.2.27
TR 5 el 25 A A A, L 60 9% HI S g 28 1 0 B it
FHEEAR-RT I3 Y66 RE T 335 nm KA 5 W 56 5
THEIFE ISR, 25K 2,

x2 BHESHNMEEKRRIEER(n=6)

Bl /mg A /mg Wiemg  UHELCE/%  FEMERIRE/ % RSD/%
0.394 5 0.400 0 0.794 6 100.03

03945 0.400 0 0.7950 100.13

03945 0.4000 0.8000 101.38 10062 055
0.394 5 0.4000 0.796 0 100.38

0.394 5 0.4000 0.7970 100.63

03945 0.400 0 0.7992 101.18

229 FEREEME BUI6H“2.17I0 R PR EF R
F 5 “2.2.27 IR J7 vk A5 AR S SV, LA 60 9% H
25 O RE B 58 - 1T LA Y60 HE 11 335 nm Ak
N W' B FE o B 2 R i o i, TR A T
MRE 3 W GRS,

2.3 MR ELTFEERNE

2.3.1  PHPEXTREA W AW R ARIRAE A 2R C X R
il 48.4 mg, B T 10 mL S, I/K G IF e 25 $25
RPAS o B 3 A 4.84 mg/mL (1) BH: X BE VAR

2.3.2 DPPH H i EBF K MHI#5 K% FR & DPPH12.0
mg, BT 100 mL i, i1 70% Z BRI E 2, 75,
RA5 B v B 47 0.12 mg/mL [ DPPH [ FH 30400
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F3 I6HFREREZGHNEEMSENVESR

F4 6t FREREZFREIMIELEENESER

(n=3) (n=3)
B B AR/ (mg/ml) e HHA R (mg/mL) 55 DPPH A B SR IC (mg/mL)  ABTS B S 1C:/ (mg/mL)
1 0.789 %9 0897 sl 2360 0925
9 0.765 s10 0956 s 277 0,939
83 0743 sl 0.662 3 2880 1032
s4 1053 s12 0634 84 1120 0.684
55 0.645 S13 0925 55 3.500 1117
56 0814 sl14 0939 56 20 0919
§7 0.724 S15 099 NI 3305 1.090
s8 0.634 s16 0931 58 3,560 1158
o . 59 1.848 0914
2.3.3 ABTS H E‘H%@MLE‘]%’J% ﬂ%%*ﬁ(ﬂi ABTS 41.0 $10 179 077
mg.K.S,0: 18.0 mg, 43 & F 10 mL i, hnzk % i st 335 1103
HAEZS 5 ABTS VA TBUR Ko S, 0487 3 43D 25 % B zi jggi é;i;
RIS 2.5 mL, B 100 mL AR K E i .
25, P25, BIAS ABTS H i 2L W, BB A7 12~16 h, S15 1570 0.734
#H. sI6 1967 0916
034 FERTER B T SR B RSD/% 3.9 1752
3. AR BC16 L 2.1 7 TR 2 A AR T HERK ~0976' —0.940"
A, UL BN, B R R I L e
i A R, A3 R (U2 ) 4B 050,
0.75.1.00,1.50,2.50,3.75.5.00 mg/mL [ F 51K it 75 w00
A, FT DPPH A 1 335 BRI E 5 [R] 3 il 15 0 a2 ok 70.00
(A4 25491 ) 43 51~ 0.50,0.75.1.00,1.25,1.50,2.00 60.00
2.50 mg/mL [ RAVKE SR B, HI T ABTS H AR 5 o0
I oo
2.3.5 DPPH [ HiFESFRRIMIE B 2.3. 1" F FHE 000
Ny “« ” > NN 20.00
RS BRI 2.3 473U R GUBF A TR A 5 50 L, il %2 96 oo
TR, PRI “2.3.27 35 DPPH H F 2L 100 pL, 0
S 30 min 5, 48 FHEERR AL T 517 nm 4 A0 5 0 ’ ! o ’ 1 "
WHE(A) s FHAK BB, ORI (B) o i woome e s i s sy s s s
53T DPPH A LI B % . DPPH H HJE i bR R = A. DPPH A 3
[(B—A)/B]x100%"", HFE & FATHAE 30, BOF8y 0
. TS EGERRHEZ 7 6 DPPH H H 5L A9 5 BR 80.00
N ~ N — 70.00
5 H PR N A O R, T IR SPSS 24.0 #% 60.00
4 v Y Probit J5 %t DPPH A H1 5L 37 B R HEAT 11 ) 43 s o
Bro @5 R, B4 )5 19 )7 2 4 Probit (P) =Intercept+ "5—\; 30.00
Bx (X, Intercept F /R i, B & /R4, Py DPPH H o
F T I 36 A Y A 0 0 R 4 R B 5 ——
Probit=0.50 s}, 248 3% b v 7 790 (49 AH 0 v B8 DL AR 24 WA/ (mg/mL)
—o—SLilBiE —e—S2ifF —e— S3iiBRE SHBRHE —e— SSIHIRE —e— SO6INBRE —e—STilifiE —e—SBINIRE —e— SOl
‘H‘) 5 é’éxzﬁg{jfé‘ " ﬁﬁ:iuﬂﬁﬁﬁﬂﬁﬂ‘{ﬁg(medlan lnhlbltory R~ ST 8 S12 3K —— S13 IR —8— SLATIK—o— SI5 ok —o— SI67IA% —a— HIFEA TR %

concentration, ICso) , HAE R /N FE R A 8RR UE 17 57 A 1R
ARG MR, 25 IR 4 K] 2A,

2.3.6  ABTS H HEHBRAMMIE B 2.3.17 W0 BHPE
X} BV L “2.3.47 T R BB B 4% 50 pL, Jin % 96
LB, N AC“2.3.3" 55 ABTS H H % 100 plL,
SN 6 min f& , (8 EEAR (T 734 nm A AR I W
RE (A) s KA S, IRl e OB EE (B) o %
“2.3.57 W T U A ABTS A R BR R
1Cs" s BRFE A FATHRAE 3R BOPIME, 455 03R4,
% 2B,
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B. ABTS A HH3E
B2 16 #t 3 # 5& dx o 7 70 A PE 4% XT BR 78 i X3 DPPH |
ABTS B HEREREEN

2.3.7 AN SRJH SPSS 24.0 # 4 L Pearson AH
KAESF BT BT EZ 77 Hh R B 5 1Cs B A
Kok, ZE R4, R A AT, PARGERR ) B
Fili () 7% 12 5 DPPH ,ABTS H H1 377 BRSZ K6 (1) 1Cs 34 4
A2 (P<<0.01) , A C R E51 7 —0.976 . —0.940, K ]
A EARE T 7 T B B R R LR T
i
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2.4 FHEEREZFI HPLC 5L EIL R E T

2.4.1 3% %1 L ZORBAX Eclipse XDB-C;s (250
mmx4.6 mm, 5 pm) AR, LL0.1% VKR R 17 N T
SIAH(A) HEE-CIEIR G (8:2, VIV) i shiAH (B) i
17 86 B e i (0~20 min, 10% B—28% B; 20~30 min,
28%B—35%B;30~40 min, 35%B—40%B;40~50 min,
40%B—50%B;50~60 min,50%B—70%B) ; Kl KKy
335 nm; A 1 mL/min; FE7R R 30 °C s #ERERA 10 plo

242 HHXSIEWA R B2 WUR EAGERRME
F,uenl KRR BOER 10 mL, BT 25 mL iR, ik
Pl E 20 B 425 WS H5 mL, BT 10 mL i,
Jorn R A B 2 20 L IR AT, LA 12 000 r/min %0 10 min,
2£0.45 pm LIRS , IO, RIS

2.4.3 IREXISER TR IR A T
FE IEESFE OB ZEN A E R, BT 100 mL &
JHEHT, T 60 % H BV AR I a2 2% TR ST kA B A3 T i
e BE 43 9 & 77.5.7.5.8.6.30.0 pg/mL A IR A X BE
a3

244 KEERE  BCU2.4.2700 N K A R (S
S1), #c“2.4. 17T T (35 55 (% SL AR 22 6 1K, il sk £
TP, DA TR0 2 BRI A4S AT W A AR G
BRI IE) ARG I AR . S5 o, 18 A WA AR FE
Fisf 1] ARRE X g TR ) RSD 441/ F 2.50% (n=6 ) , 2B
DGR BT

245 FEMIRKE  BCe2.4.27 5 F R AW (9 S
S, il F 2 FACE 0.2.4.8.12 .24 h 4% 42.4.17 5
TEGEAFFENE IOk ISR . DI TR R S
HEGE | 3R A A 08 (%) R X R B S [ FRURF O e TR R, 45
R, 18 A AT WEAR X O BA 5] ] FIUAE X U8 TRI R ) RSD
BI/NT 3.00% (n=6) , RIS R T 500 T e 24
h N EE R AT

2.4.6 BEEMIRAE BCOREGEM (45 S1),3k6 4,
Fi4 2.1 B T3 il 4 P AGEARE A ), 4 2.4.27 T R
Wil £ B S TR, T 2.4 17 R (833 45 1 A
ERTRE LN B oS e T 1Y g =R €1
WS P A P B B[R] RIAR X T AR, 255 R, 18 NI
U X B B[] 0RH X 0 1T X £ RSD 3/ F 3.00%
(n=6), KA LEE M R IT

2.4.7 IRSEREM ST BU16 LR EZ AL, FE2.17
TR 7 P RGE R A R 45 2.4.27 TR T il £
P SR, B 2,417 TR B 1S A ERE I 5E K 16
AR 50 A 1 R S A 2 (s SR TS A
LR PEH R 48 (2004A W) ) iEAT 43 B , A4S (5 0 A 72
i ) B U 1T R H A SRR ol 2 IR 180 B ) 1 9
40.20, DL Bl Az ok BE 8 S0 R SR FH 22 A4S IR
ARSI SR . 5 R BN, 16 AR E A 77
A7 18N HAT I, FEHPLC B s SrKE WL IR 3, %) i 45
S LR 4,
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213.43 4

182274 ¢

mAU

9111 1

ILTTCTTCTTITIIE

—0.05 T T T T T t
8.70 17.39 26.09 34.78 43.48 52.17 60.00
t/min

B3 16#HtFBOERR ST H HPLC & inis 5 EiE

8

o

75.00

50.00

mAU
=

11
25.00 10/ 12
16 17

9 ,

6
2 3451 7 13 15 /18

0 8.70 17.39 26.09 34.78 43.48 52.17 60.00
t/min

B4 FEEREZTINT RIS EL
2.4.7 FEAHWEFEIN  BU2.4.37I0 N IRA X R SRR, 7
“2417 T A S IERE D E AR A X R R T T
HPLC & (K]5) . ¥ X BEFR 0 (B 4) S5z - k47 H
XT, EHR N A S0 23 o B (8 ) I i 5
F(1450%) ARBEZR(15505) JraExR (17510%),

8

|

75.00

50.00

mAU

25.00 l

0

T T - — T T T T
0 8.70 17.39 26.09 34.78 43.48 52.17 60.00
t/min

8 PP 14 BP A 2 15 KB Z 17 736 R
E5 HEEHFERSRAWNEBMEARAHPLCE

2.4.8  AHUEIEM S g R ZE S SRACH
20 AR S E AR R PR 2R 55 (2004A JiR) ) HEF TAHA
FEVEMY o S5 3R, 16 HEABEE bR 17 77 P8 SR -5 %
HEHG 20 133 (4 AR AL 43 5124 0.994.,0.996 ,0.992 ,0.996
0.989. 0.993. 0.964. 0.994 . 0.997, 0.982. 0.996, 0.982
0.993.0.993.0.990.0.965, ¥ K F 0.96 , F2H A Al vk
FEERRHE A R I & B R I A — B, 1641t
K FE A o 7 ¥ A e 0 T AR W RSD Ry 20.52% ~
68.66 % , FBHAN [FIHL U AL TERR I 700 Ir 1 2R 5311
TR S BRILEES,
2.5 {EIMREMTEMRE XN FR S HITHIE

P16 b2 4% S AR HE 17 570 () DPPH . ABTS H H &7
Bk ST I8 1) 1Cs Sk R AR £, oA e TR Bl A AR, R
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®6 FREREZGTEFEERRNLNER

L S2 $3 4 S5 S6 §7 S8 89 S10 SH SI12 S13 Sl4 SIS S16 RSD/%
1 60.5 68.8 580 70.0 705 674 86.1 73 9.7 546 675 68.6 502 598 56.7 1052 2052
2 709 60.1 552 65.6 235 679 56.5 2749 94.9 63.0 SL1 523 84.6 84.7 100.9 957 68.60
3 1313 148.1 832 2064 1023 168.4 113.8 90.9 199.0 170.1 1274 103.5 198.0 202.7 303.8 124.1 36.86
4 126.6 1334 79.0 1974 98.6 1110 108.4 101.5 1620 1318 824 7 1509 2094 2367 1206 36.00
5 454 417 545 80.6 375 64.1 80.0 519 117.5 1264 65.1 488 216.2 109.9 88.7 872 5499
6 1902 168.6 2813 246.8 117.8 364.0 180.1 1527 408.8 7420 198.1 163.6 4313 138.7 191.7 19%.1 6023
7 81.8 98.9 83.0 1513 712 84.1 155.3 716 140.1 763 823 528 783 1293 1203 1602 3491
§ 48012 33212 42583 51920 33588  5SILS 25525 28898 54093 75803 31463 28312 74794 29200 42797 2744 3103
9 1719 1572 1279 231 98.0 167.0 200.6 167.2 189.6 2310 1250 101.4 315 3439 418.1 237 47

10 1644 1454 1511 183.1 824 217 569 85.9
1 8519 3844 632.9 616.3 599.6 496.0 310.8 3010
12 6204 406.6 604.5 702.1 450.5 598.5 3538 400.9
13 135.1 751 125.6 1338 85.0 1203 604 023
14 12050 995.1 10439 22650 705 12422 11077 802.0
15 106.6 1513 1224 266.0 99.7 144.4 158.0 609
16 119.7 193.6 146.7 180.2 89.0 167.0 240.5 106.7
17 1009 17.7 1034 112.7 75.6 85.1 90.1 035
18 333 417 48.6 510 371 553 522 330

14193

2315 388.7 750 175.1 391.8 546 1123 1032 6186
7159 13514 365.6 3288 7182 410.5 5712 3414 4686
7181 340 3573 307.9 938.6 4240 599.2 L3 3263
139.8 136.7 80.5 64.6 200.0 79.1 110.8 606 3697
13263 865.7 $L1 12410 830.2 842.9 7000 3421
1212 121.6 110.2 828 1172 1572 163.3 239 3849
01l 829 117.1 120.8 1233 170.6 1779 2987 39.06
160.0 1188 76.1 90.5 589 1115 1517 1534 3064
33 46.9 357 387 40.0 415 538 726 2356

SPSS 24.0 3k {4114 Pearson H &40 #Hr . S5 R BR, 2
KRR R ) HPLC 8 8t &% 3~4.8~9,12~15,
17 S U4 R FL 5 DPPH . ABTS H 1 5L 15 4 S2 36 19 1Cs 14
LA A (P<<0.05 5 P<<0.01) , #H: 2% —0.811~
—0.555; [A]INF, 4545 “2.3. 775 N S5 R n A, B RGERRED
Feh M 5 B 5 DPPH L ABTS [ Hi 3538 4 S 56 19 1Cs,
BIRAHE , R EZ R i) 3~4 8~9 12~
1517 508 DL K G B i R bR v 1 7003 b DPPH A
HJEFRT ABTS H B SERVETED i kAl . 455 L3R 6.

&6 Pearson tHXMEDTER

. Pearson I 2 5L . Pearson I 2 5L
155 &5

DPPH ABTS DPPH ABTS
1 0.237 0.255 10 —0.444 —0377
2 0.345 0273 1l —0.462 —0.497
3 —0.793" —0.775 12 —0.639° —(.581"
4 —0.811° —0.802° 13 —0.591° —(.555*
5 —0.464 —0.455 14 —0.571° —(0.562*
6 —0.440 —0433 15 —(0.664" —(0.657°
7 —0.490 —0473 16 —0312 —0.231
8 —0.593* —(.584° 17 —0.575° —(0.561"
9 =0.701" =0.705" 18 —0.490 —0416

a:P<<0.05,b:P<<0.01

2.6 BESW
DL 16 ik 21 43 55 A 1 7 711 ?Eﬁ(@i%#ﬂ 3~4.8~9,
12~15 17 5 e 06 A) B R s B i 5 A5, R 4]
MR, upearsonm?é'ré%ﬁfgw& i FH SPSS
24.0 A IEA TR T . A5 TR L 16 ik R bR e
FIAT R fy Wik, Horbr S2.S7~S8.S14~S16 Jy—2,S1 .
S3~86.89~S13 h—J, Z5RILE 6.
2.7 ERHHH
P16 it 2 A3 55 45 177 7] HPLC ?EQXIEI 3%*43 3~4,
8~9 12~15, 17 S W0 1 FL R 6 B 1 25
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Pearson F G
0 5 10 15 20 25

w
: IS
[T T T TT7T

S5 H
6 16#!:5#1‘35%7]‘1: AR L TRNKE

SPSS 24.0 F A4 T FRLIT 93 o A5 R Bk, KMO 6 55

il Bartlett £ 35 (1) KMO FE {64 0.576 (P<<0.001) , #2715

%A [E) A7 A S A DG, AT R4 T o b e AT 3

FRFFRHEEYI R T 1, Bty 22 5Tk 4 88.406 % ,

%‘zﬁﬁﬁﬁs’Aazﬁiz/\ﬂuﬁi‘éﬂéﬁ‘ﬂwﬁ%uuEPJ:ﬁ10
BRI MG R . SRR,

RT7T BERSHFEEMG ESTEHE

E A TIETHE % R %
I 5395 53946 53946
2 2387 2873 71819
3 1059 10.588 88406
4 0.559 5592 93998
5 0221 2209 96.208
6 0219 2193 98.401
7 0.099 0.993 99.304
8 0.036 0.363 99.756
9 0018 0.185 99.941
10 0.006 0.059 100

K SPSS 24.0 342547 P~ 28 4o 46 4 0 AT o ,n%
WoR, FRST 15 3~4.9 17 50508 17 R K S Bl
szﬁaé F 42 5 3.8, 12~ 14 S5 R FH @ﬁ&@ﬂ

R IEASE FAl 35 14~15,17 Sl i A1 K%
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W R R IEA G, S5 8, AR N U A F K
IIAFE  F=ZXxA (X FRoR FERUOMS 5, ZX FoR
JE B AR AL 5 15 20 AR ME AL 1, A FORPREAL I
TEASHFAE [ AR R ) 5 RIS, 454545 T 20 sk el 7 45
EIF Ay (F o ) B . F o =0.539 46 F,+0.238 T3x Fy+
0.105 88xFso ZRA V143 1] S Bl S b v 10 7] 1) 48 1
J ik, A, DT R AT, AR AT A M R
5L R, S4.S13 SI5 AE S ER A T4, R a3 4it
VR EEARE VA T S T R AT, RS AR T T R

R LER 9.
#8 BNEMSWEFRTERESHLEDNE
. EVESS FHfE
- R B BRAS  ERAT BN D
3 UE LR 0292 0026 —0.l6l 0.126 0017 —0.156
AR 0280 =000  —0.06 0021 0019 —0034
§EIEER 0035 0298  —0.0% —0.015 0193 —0091
9 ST 0365 —0066  —0220 0157 —0043  —0214
125UEEER —0.011 02718 —0.066 ~0.005 0180 —0.064
13 BUIETR —0030 0312 =012 -0.013 0200 —0.109
45U —0.45 0.167 0511 —0.105 0.108 0497
ISEIIHR 0079 —0.110 0619 =003 0071 0.602
1750EER 0131 —0.138 0.226 0056 —0.089 0220
Ry 0.128 0.068 0.135 0.055 0.044 0.131
R 16MEFEREFFERSEEED RHEF
4 F F 2 Fs ey
sl —0.158 0400 —0.285 —0.020 8
52 —0.043 —0.466 0376 —0.095 10
$3 —0436 0208 0023 —0.183 11
s4 0023 0615 2830 0459 2
55 —0374 —0.247 —0671 —0332 14
$6 —0.180 0418 0.060 0.009 7
§7 —0.189 —0.623 0482 —0.200 12
58 —0259 —0416 —1226 —0369 15
59 0182 0.561 0317 0266 4
s10 0.082 0.646 —0.051 0.193 6
sli —0329 —0375 —0464 —0316 13
s12 —0.400 —0557 —0.541 —0.406 16
S13 0067 1516 —1.084 0283 3
S14 0717 —0567 —0.344 0215 5
s15 1.204 —0.186 —0.634 0538 |
sl6 0.093 —0.929 1213 —0.043 9

DL 16 L2 A5 55 A 1 7 77 HPLC 45 8C & % v 3~4
8~9.12~15 17 5 WU I R S S vl 7 it R A8 i, R
SIMCA 14.1 A2 F 1o o B o RN 2 fr 81 . 45
SR HE 1.2 .3 F R T R A5 B 5 R 4
M8 R — 30 16 HE P RGEFRHEZ B AP 2E , Horh
S2.84,87.814~S16 k1 2%, S1,S3,S5~S6,S8~S13
g 28 s G mT A, T 25FEM R 3~4.9.15.17 %
WA XoT 7 8 B A BT ) B e i v, 28R AL TR 8. 12~14
ST N L R . AR DL T
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E7 16#FEREREZTNER S B EMFEE

3 itig

ARTIFFE X 16 b 2 AS AR v 175 57) A R B 25 gt
117 I5E , 27 2020 RS E 2 80) (), DB TR
RT3 3 SR SRRSO SIS & B, B B RS AT T
HE St A BEARHE T R A 5 F 335 nm K Ab 344 H
KWW, H25 I BT T4, i 5 335 nm Sy 46l ik
Ko 16 FHb 2 A3 3 b o 7 790 v B B ) 5 iR 0,634~
1.053 mg/mL, & WA [] 7 by > A3 32w S0 B Bl 55 4t 2
BRI B 22 A5, ATRE 5 2504 107 1l SR i 105
AEEHEFEARAG K,

AWFFEE 2 DPPH ABTS [ H1 355 505, 25T
16 it 2P A E R A T RSN R T . SR R, A
[F] #tt XA i DPPH ) H 2 35 R 52 50 (% 1Cs R 1.120~
3.602 mg/mL, ABTS [ HH & i B 52 56 19 1Cs 4y 0.684~
1.327 mg/mL, J& # B/, F B PR ERR ME 1 71X ABTS
FIFh 3 AT DR AR D ARG o S TR HL U R SRR v 1
FIDPPH [ 1 L5 B S 56 7 1C . ABTS A Hi 33 Rk
56 () IC L) RSD 43 %14 32.96 % \17.52 % , F WA [tk
PR AR R T AR S AT 22 SR, AT RE
AR BGE 2 1 N TE T i N —B0A 56

AT T 16 R R E R 8 S EE , A1
BLEE 3K T 0.96, 247 0 0 ] FLAY RSD 2y 20.52% ~
68.66 % , 2= WA [FIHE U R 2 b i & fh 2 il o P 2 2
AR—F A 22 FROR, TR S 7 Hl RS B R A
7] SR 24 b N T T A 25 A T

AHIFFTERE 16 b A AR 1 570 A (R St AT
N 7 25 5 5 LA SO v iy 18 A AT g g T AR B
filil % #6177 Pearson A R HT . A5 R BN, 3~4.8~
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9.12~15 175 X5 b B 43 B i e i J2& 5 DPPH. H f 2

FIABTS H H 35 BRAT ST E T, I rh B 3517 (8

SUE) PSR (1450 RBER(1550E) TR

(17508 ) Ko e W e 0 A AR T P A STk, ]

% AR SR SR 5T h ik — Ak S IR A5 B B T

PR ORBRR TR MR AR A TR

BGEARE R BT 48R . ABFRELL3~4.8~9 12~

1517 - e g TR R R i o I 5 et Ay 72 e A T SR 2 A i

TR0 BRI BN, 16 #HBSE R 1757

Al R, Hirh S2,S7~S8.S14~S16 2 —25, S1,

S3~S6.89~S13 J—3J; FRIT I Hras R w16 4it2)

RCEARMED ) 73 Wi, Horpr §2.84 .87, S14~816 2 1

25,S1.83.85~86.88~S13 M 11 25, [ ke 3~4,

9,15 17 5 WX 07 J 40 A e BT ) 5 v, I 2

H 8. 12~ 14 5 WX BT & i . G VR Y

SRR, 16 HPEREPRHEZ R 25 G0 F o HE P 5 HAA

AR TS M R A — B, RIALE G IR AT T

TR AR 70 PR A T

25 TR, B e HPLC 45 8URIE Je A2 AR 4y

Mok vl T ERGEAR A A 1 BT 5 3~4.8~9.,

12~ 15 175 WX I 53 M A B i Y B v T 790 1

[ DPPH [ 1 3LA ABTS [ 3 A E M) R JE Rl
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