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Synthesis , antioxidant activity in vitro and cytotoxicity
of naringenin acylhydrazone derivatives

DONG Jia-li'"* ,LIAO Yue-ting",JIAO Bi-ning’,SU Xue-su' "

"College of Chemistry and Chemical Engineering ,Southwest University , Chongging 400715 , China
* Laboratory of Quality and Safety Risk Assessment for Citrus Products ,Ministry of Agriculture and Rural Affairs , Citrus
Research Institute , Chinese Academy of Agricultural Sciences ( Citrus Research Institute of Southwest University) ,Chongqing 400712 ,China

Abstract : Naringenin has better antioxidant activity. However, its application is limited due to its low bioavailability. In this
article 13 kinds of naringenin acylhydrazone derivatives were synthesized, 12 of them have not been reported in the literature.
The antioxidant activities in vitro of 13 derivatives were determined by ABTS,FRAP,and DPPH methods. The results show
that the antioxidant activity of 13 compounds is stronger than that of naringenin, and the antioxidant activity of 8 derivatives is
3 to 6 times higher than that of naringenin. In the cytotoxicity test, when the cell survival rate is >90% , it is regarded that the
compound does not inhibit the cells. When the concentration range of 0-25 mol/L,the survival rate of HEK293 cells treated
with derivatives b, g,j,k and 1 was more than 90% . In addition, when the concentration of derivatives g,k,l is 0-50 pmol/L,
the survival rate of HEK293 cells is still more than 90% . Especially when the concentration of derivative j is as high as 100
pmol/L the cell survival rate was still above 90% . The results provide a theoretical basis for the later screening of antioxidant
food additives and antioxidant drugs.
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Fig. 1  The structure of naringenin
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(GO128W) ; CCK-8 5| & (abbkine ) ; HEK293 4 ifd
(BRI ILE DR A RAFD) o
1.1.2 SBE

RE-52AA Jig 25 4 ( L il W o2 A2 AL AR T ) 5
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(Thermo fisher scientific) ; SGWX4 1 {05 S AL (X
HAE) s TCL-16¢ 5 2B HL (LB R b AR 2
I8 BN Al ); SW-CI2FD 8B % T 1 &
(AIRTECH) ;CO, 554f ( Thermo) ; D100SE % |- %
L>HL(SCILOGEX) ;96 L4 ( NEST) .
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4-F AR BEHEACG Y T RS, A 20 mL
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Vol. 33 WG MR R BERRZEAT AW 0B R AR ST AT T DL S R P A S 537
OH OH
Ho\@_,\\g j\ N H—ZO, HO o ©/
it R™ °N Microwave heating
H or 110 °C reflux \©/\g
OH O OH Nl*NH
&R
a b c d e f g
cl NO,
= o} . . -0 . i
PO O 0~ 0
h i i k 1 m
Br OH
Br: X X . HO . o
U Q00
O (7 &
B2 13 MiTEMERIREREM
Fig.2  The synthetic routes and structures of 13 derivatives
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A EE =12 45850, 7= R 56% 5 F AR K (Cy Hy
N,0,) ;mp. 210 ~212 C ; HR-EI-MS: m/z 421. 132 9
[M+H]* (caled for Cyy Hy N,0; ,421.132 1) ;'H
NMR (600 MHz, DMSO-d, ) §:12.58 (1H, s, NH),
10.66(1H,s,5-0H) ,9.86(1H,s,7-OH) ,9. 51 (1H,
s,4'-0H) ,7.40(4H,dd,J = 18.0,7.8 Hz,Ph4H),
7.34(1H,d,J = 6.6 Hz,Ph-H),7.28(2H,d,J =
8.4Hz,H2',H6"),6.79(2H,d,J = 8.4 Hz,H3',
H-5'),5.89(1H,d,J =2.0 Hz,H-8),5.84(1H,d,J
2.0 Hz,H-6),5.20(2H,s,CH,),5.05(1H,dd, J
12.0,2.4 Hz,H2),3.23(1H,dd,] = 16.8,2.4
Hz,H-3a),2.78(1H,dd,J = 16.8,12.0 Hz,H-3b)
MEE2-SEXRR]4-BAR(b) HIKLE
HLE i, 7R 67% o Bk R (€, Hy; CIN, O ) 5
mp. 217 ~ 219 °C; HR-EI-MS: m/z 425.082 6 [ M +
H]* (caled for C,,H,CIN,0; ,425.088 2);'H NMR
(600 MHz, DMSO-dg ) 6:12.90 (1H,s,NH), 11. 36
(1H,s,5-OH) ,9.99(1H,s,7-OH) ,9.52(1H,s,4'-
OH),7.55(1H,m,Ph-Ha) ,7.50(1H,dd,J = 15.6,
8.4 Hz,Ph-Hb),7.42(1H,dd,J = 15.0,7.8 Hz,
Ph-He),7.38 (1H,d,J = 3.8 Hz, Ph-Hd),7.30
(2H,d,J = 8.4 Hz,H-2',H-6"),6.78(2H,d,J =
8.4 Hz,H-3',H-5"),5.94 (1H,d,J = 2.0 Hz, H-
8),5.87(1H,d,J = 2.0 Hz,H-6),5.10(1H,dd, J
= 12.0,2.4 Hz,H-2),3.29(1H,dd,J = 16.8,2.4
Hz,H-3a),2.87(1H,dd,J = 16.8,12.0 Hz,H-3b) ,
MER[2-HEXRR]4-BRR(c) JMROBE
Efm%zl:I%H}E,fz$78%;%élé*ﬁj{(czzl{n
N,0,) ;mp. 105 ~ 108 °C ; HR-EI-MS: m/z 436. 106 6
[M+H]* (caled for C,, H N0, ,436.106 9);'H
NMR (600 MHz, DMSO-d, ) §: 12.85 (1H, s, NH) ,
11.45(1H,s,5-0H), 10.02 (1H, s, 7-OH), 9. 53
(1H,s,4'-OH) ,8.15(1H,d,J = 7.8 Hz,Ph-Ha),
7.84(1H,t,J = 7.3 Hz,Ph-Hb),7.75(2H,dd,J =
8.4.,7.2 Hz, Ph-He, Ph-Hd) ,7.31 (2H,d,J =
Hz,H2',H6'),6.78(2H,d,] = 7.8 Hz, H3',H-
5'),5.95(1H,d,J = 2.0,H8),5.88(1H,d,J =
2.0,H6),5.11(1H,dd,J = 12.0,2.4 Hz,H-2),
3.23(1H,dd,J = 16.8,2.4 Hz,H-3a),2.86(1H,
dd,J = 16.8,12.0 Hz,H-3b)
MEE(FZR]4-BE (d) LB A
fif =10 3PEIL, 7 A 47% 5 IR B k) R (Cy Hy
N,O;) ;mp. 117 ~119 °C ; HR-EI-MS . m/z 405. 137 2

[M+H]" (caled for C,; H,, N,0.,405.139 4);'H
NMR (600 MHz, DMSO-d, ) §:12.86 (1H, s, NH)
10.93(1H,s,5-OH) ,9.90(1H,s,7-OH) ,9.55(1H,
s,4'-OH) ,7.34(2H,d,J = 8.4 Hz,H2' H6'),
7.30(4H,d,J = 3.0 Hz,Ph4H),7.24(1H,d,J =
4.8 Hz,Ph-H) ,6.82(2H,d,J = 8.4 Hz,H-3', H-
5'),5.89(1H,d,J = 2.4 Hz,H-8),5.84(1H,d,J
= 2.4 Hz,H6),5.09(1H,dd,/ = 12.0,2. 4 Hz,H-
2),3.61(2H,s,CH,),3.26(1H,dd,J = 16.8,2.4
Hz,H-3a),2.87(1H,dd,J = 16.8,12.0 Hz,H-3b)
HWER[3-FEREXFR]4-BilR(e) LR
B A = 1: 4R, 7728 56% ; BAR AR K (Cy
H, N,O; ); mp.250 ~ 252 °C; HR-EI-MS: m/z
421.138 5[ M + H] * (caled for C,,H,),N,0, ,421. 132
1);'H NMR (600 MHz, DMSO-d, ) §:13.07 (1H, s,
NH),11.10(1H,s,5-OH) ,9.98(1H,s,7-OH) ,9. 54
(1H,s,4’-OH) ,7.45(1H,d,J = 7.8 Hz,Ph-Ha),
7.41(2H,d,J = 8.4 Hz, Ph-Hb,Ph-He) ,7.33(2H,
d,J] = 8.4 Hz,H2' /H-6'),7.15(1H,d,7. 8 Hz,Ph-
Hd),6.81 (2H,d,J = 8.4 Hz, H-3',H-5"),5.93
(1H,d,J = 2.4 Hz,H-8),5.87(1H,d,J =
Hz,H-6),5.09 (1H,dd,J = 12.0,2.4 Hz,H-2),
3.81(3H,s,CH,),3.41(1H,dd,J = 16.8,2.4 Hz,
H-3a),2.94(1H,dd,J = 16.8,12.0 Hz,H-3b) ,
MER[XEE]4-BERR (f) LR OWR: Ak
=1: 4P, 77 % 58% 5 B 44 K ( Cyy Hyy N, O )
mp. 244 ~ 247 °C ; HR-EI-MS: m/z 371.158 7[ M
H] " (caled for C,yHyN,0.,371.152 9) ;'H NMR
(600 MHz, DMSO-d, ) 8:12.94 (1H,s, NH) , 10. 65
(1H,s,5-0H),9.88 (1H,s,7-OH) ,9.54 (1H,s,4'-
OH),7.32(2H,d,J = 8.3 Hz,H2',H-6"),6.81
(2H,d,J = 8.3 Hz,H-3’,H-5"),5.89(1H,d,] =
1.8 Hz,H-8),5.84(1H,d,J = 1.8 Hz,H-6),5.07
(1H,dd,J = 12.0,2.4 Hz,H-2) ,3.22(1H,dd,J =
16.8,2.4 Hz,H-3a) ,2.81 (1H,dd,J = 16.8,12.0
Hz,H-3b),2.26(2H,t,J = 7.4 Hz,O0CCH,),1.54
(2H,dt,J = 14.4,7.2 Hz,CH,),1.29(2H,dd,J =
14.4,7.2 Hz,CH,) ,0.87(3H,t,J = 7.3 Hz,CH,),
WEE[4-[EXFR]4-BER (g) LRI
AUIMmE =2 VPRI, 77 5 45% 5 LLA By K (C, Hy
N,O,) ;mp. 231 ~233 °C ; HR-EI-MS:m/z 407. 132 9
[M+H]" (caled for C,, H,yN,0.,407.132 5);'H
NMR ( DMSO-d, , 600 MHz) §:13.20 (1H, s, NH),
10.64(1H,s,5-0H) ,9.89(1H,s,7-0OH) ,9. 54 (1H,
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s,4'-OH) ,7.63(2H,d,J = 8.4 Hz,Ar-Ha, Ar-Hb) ,
7.33(2H,d,J = 8.4 Hz,Ar-Hc, Ar-Hd) ,6. 81 (2H,
d,J = 8.4 Hz,H2' ,H6'),6.56(2H,d,J = 8.4
Hz,H-3',H-5"),5.92 (1H,d,J = 1.8 Hz, H-8),
5.85(1H,d,J = 1.2 Hz,H-6),5.77(2H,s,NH, ),
5.07(1H,dd,J = 12.0,1.8 Hz,H-2),3.38 (1H,
dd,J =16.8,2.4 Hz, H-3a),2.91 (1H,dd, J =
16.8,12.0 Hz,H-3b) ,

WEE[4-REFER]4-BER (h) LMROME:
Frimlg =1 1R, P72 62 %;%@*ﬁﬂi(czzflw
BrN, Oy ) ;mp. 228 ~231 °C ; HR-EI-MS:m/z 469. 037
6[M + H]" (caled for C,, Hg BrN,0, , 469. 032
1);'H NMR (600 MHz, DMSO-d,)8:12.91 (1H, s,
NH),11.36 (1H,s,5-OH),10.00 (1H,s,7-OH) ,
9.53(1H,s,4'-OH) ,7.69 (1H,d,J = 7.8 Hz, Ar-
Ha),7.52(1H,d,J = 7.4 Hz,Ar-Hb) ,7.46 (1H,t,
J = 7.4 Hz,Ar-He) ,7.41 (1H,t,J = 7.8 Hz, Ar-
Hd),7.30(2H,d,J = 8.4 Hz,H-2',H-6"),6.78
(2H,d,J = 8.4 Hz,H-3',H-5"),5.94(1H,d,J =
2.1 Hz,H-8),5.87(1H,d,J = 2.1 Hz,H-6),5.10
(1H,dd,J = 12.0,2.4 Hz,H-2) ,3.29(1H,dd,J =
16.8,2.4 Hz,H-3a),2.87(1H,dd,J = 16.8,12.0
Hz,H-3b),

WMEE[3-REAR]4-BtAR (i) MMl
G5 A, 7R T8% 5 8 4 B R (Cy, Hyy BiN,Og ) 5
mp. 235 ~ 237 °C; HR-EI-MS: m/z 469.037 7[ M +
H] * (caled for C,,H,BrN,0. ,469.032 1) ;'H NMR
(600 MHz, DMSO-d, ) §:13.01 (1H,s,NH), 11.21
(1H,s,5-OH) ,10.00(1H,s,7-OH) ,9.55(1H,s,4'-
OH) ,8.05(1H,s,Ar-Ha) ,7.87(1H,d,J = 7.7 Hz,
Ar-Hb) ,7.78 (1H,d,J = 7.7 Hz, Ar-Hc),7.46
(1H,t,J = 7.9 Hz,Ar-Hd),7.33(2H,d,J = 8.4
Hz,H-2',H-6"),6.81(2H,d,J = 8.4 Hz,H-3',H-
5'),5.93(1H,d,J = 1.6 Hz,H-8),5.87(1H,d,J
= 1.8 Hz,H-6),5.10(1H,dd,J = 12.0,1. 8 Hz,H-
2),3.45(1H,dd,J = 16.8,1.8 Hz, H-3a),2.94
(1H,dd,J = 16.8,12.0 Hz,H-3b)

MR E[4-MEhE RAER | 4-BEhz (j) MK OB
HEE i, 77 81% s IR B A H K (Cy Hy; N;Oy )5
mp. 266 ~ 267 °C ; HR-EI-MS: m/z 392.117 9[ M +
H]* (caled for C,, HN,0.,392.116 8);'H NMR
(600 MHz, DMSO-d, ) §:12.99 (1H, s, NH), 11. 30
(1H,s,5-OH) ,10.01(1H,s,7-OH) ,9.55(1H,s,4'-
OH) ,9.02(1H,s,Py-Ha) ,8.74(1H,d,J = 4.2 Hz,

Py-Hb),8.22 (1H,d,J = 7.8 Hz, Py-Hc),7.53
(1H,dd,J = 7.8,4.8 Hz,Py-Hc),7.34(2H,d,] =
8.4 Hz,H-2' ,H-6") ,6.81(2H,d,/ = 8.4 Hz,H-3",
H-5"),5.94(1H,d,J = 1.8 Hz,H-8),5.88(1H,d,
J = 2.4 Hz,H6),5. 11(1H,dd,J = 12.0,2.4 Hz,
H-2),3.44(1H,dd,J = 16.8,2.4 Hz,H-3a),2.94
(1H,dd,J = 16.8,12.5 Hz,H-3b),

MWER[2,4-"HREXAR]4-BER (k) LR
CTg: At = 10 TURJB, 7 3R 58% s Ak K (Cyy
H, N,0,); mp.236 ~ 238 °C; HR-EI-MS: m/z
423.118 O[ M + H] * (caled for C,,H,(N,0, ,423. 111
4);'H NMR (600 MHz, DMSO-d,)8:12.91 (1H, s,
Ph-OHa) ,11.79 (1H,s,NH) ,11. 10 (1H,s,7-OH) ,
10.13(1H,s,5-0H),9.96 (1H, s, Ph-OHb ) , 9. 56
(1H,s,4’-OH) ,7.80(1H,d,J = 8.6 Hz,Ph-Ha),
7.33(2H,d,J = 8.4 Hz,H-2' ,H-6") ,6.81(2H,d,J
= 8.4 Hz,H-3" ,H-5") ,6.37(1H,dd,J = 8.7,1.7
Hz,Ph-Hb) ,6.34 (1H,s,Ph-He) ,5.94 (1H,d, ] =
2.4 Hz,H-8),5.87(1H,d,J = 2.4 Hz,H-6),5. 12
(1H,dd,J = 12.0,2.4 Hz,H-2) ,3. 16(1H,dd,J =
16.8,2.4 Hz,H-3a),3.00(1H,dd,J = 16.8,12.0
Hz,H-3b),

MWER3-ZREXRR]4-BER(1) JMRIME: A
{EE% =1: lfflﬁﬂf‘é, FZ:K 61%;21%@*53\5’€<C22H18
N, O, ) ;mp. 256 ~258 °C ; HR-EI-MS:m/z 407.123 5
[M+H]" (caled for C,, HyN,0; ,407.116 5);'H
NMR (600 MHz, DMSO-d, ) 6:13.08 (1H, s, NH) ,
11.04(1H,s,7-0H) ,9.97 (1H,s,5-0H) ,9. 72 (1H,
s,Ph-OH) ,9.54 (1H,s,4’-OH),7.33 (2H,d,J =
8.4 Hz,H-2',H-6"),7.28 (2H,d,J =7.2 Hz, Ph-
Ha,Ph-Hb) ,7.24 (1H,s,Ph-He) ,6.95(1H,d,J =
7.0 Hz,Ph-Hd) ,6.81(2H,d,J = 8.4 Hz,H-3' H-
5'),5.93(1H,d,J = 1.8 Hz,H-8),5.87(1H,d,J
= 1.8 Hz,H-6) ,5.09(1H,dd,/ = 12.0,2. 4 Hz,H-
2),3.40 (1H,dd,J =16.8,2.4 Hz, H3a),2.94
(1H,dd,J = 16.8,12.0 Hz,H-3b)

MER[2-kmERAE]4-BER (m) HJKS
B 25 A, 77 3 T6% 5 IR A R (Cyo HigN,Og ) 5
mp. 258 ~ 260 °C ; HR-EI-MS: m/z 381.106 6 [ M +
H] " (caled for C,yH,;N,0.,381.100 8);'H NMR
(600 MHz, DMSO-d, ) 8:12.91 (1H,s, NH) , 11.02
(1H,s,7-OH) ,10.00(1H,s,5-0H) ,9.55(1H,s,4'-
OH),7.91(1H,s,Furan-Ha) ,7.33(3H,d,J = 8.4
Hz,H-2' ,H-6",Furan-Hb) ,6.81(2H,d,J = 8.4 Hz,
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H-3",H-5"),6.68 (1H,d,J = 1.8 Hz, Furan-Hc) ,
5.93(1H,d,J = 1.8 Hz,H-8),5.87(1H,d,J =
1.8 Hz,H-6),5.09(1H,dd,/J = 12.6,2.4 Hz, H-
2),3.44(1H,dd,J =16.8,1.8 Hz, H-3a),2.96
(1H,dd,J = 16.8,12.6 Hz,H-3b),
2.2 mEMAER

HI 18] 3 4.5 AT 43, G iy 13 FhAiT A= H % ABTS |
FRAP DPPH = Fh [ iy 2 19 15 B B8 1 249 98 T Ak Jiz
o 4G I, 8 AT AEY) b e glij k.1,
m HTEALTE M B R Tl R . JF H g k A
AR IE =R 07k T BRI s i P AT M, 5

0.8 —

AR TR AE
Relative antioxidant activity(ABTS)(mM)
1

0.6 —

0.4 —

02 —

0.0 =

&
&@\tqgéézk&«@vaba‘»gv\ N N @

4% Compounds

BE 3 BHT.BHA. i FEF 13 FHTEMXS
ABTS B HEHERBE
Fig. 3 The scavenging ability of BHT,BHA ,naringenin
and 13 kinds of derivatives on ABTS free radical
T :BHT 2y 2,6- U] -4-H1 L8193 s BHA Sy T35 J8 58 1] 75 ik 5
Nar il iz 25, F[A], Note:BHT was butylated hydroxytoluene ; BHA

was butyl hydroxyanisole ; Nar was naringenin, the same below.

AR
Relative antioxidant activity(FRAP)(mM)

)
Qo@\(\s‘\?’e&m R

k&%) Compounds

S % v N NN NS

B4 BHT.BHA MR 13 MATEY XS
FRAP B A& ERRAE

Fig. 4 The scavenging ability of BHT,BHA , naringenin
and 13 kinds of derivatives on FRAP free radical

&
Hi
Free radical scavenging ability(DPPH)(pug/mL)

Q\\&Q\zs‘”éb*o\wcbe\yw\

16454 Compounds

NN e

S BHT.BHAMHEEF 13 MITEN
xf DPPH B BB HiERBES
Fig. 5 The scavenging ability of BHT,BHA ,naringenin

and 13 kinds of derivatives on DPPH free radical

BHT i 8 Ak iG M .
2.3 EHREAUEUHRELFELRILRIT
BRAL A PP A TGP 5 A A
BVFOC MK 28 5 60 7 (0 FN 4" 67 1 s e 2 Ho bt
AT PTG IR AL AR SO AR 13 B AE A
ATE PSR TR 2 HEM A RO R IR : (1) &
BT A W LA TR 45 40, BERR 25 4 B A R A1
PURALIEE A BT LE T A AL P35 3 T Al
FeZ 5 (2) RSN AR TR M B L f B B T
FRAE 759 THARAT A, 400 Jt PR 2 £ o Py i 5%
S gL A5G A RPN, , F AT A P e
TR AR R, A — R LY E . s,
AR B SR MAHE (W a d) , B 1 3ETEFRAE
IR . HE R RS A R A E A
B 5 (3) R IR H2 19 24 H 1 LA A5 A L 1) Il 3
WRRE , I, YOR IR B 25 T R, R 38 B
TR, A B AR e PR, AT A= §
~m PRI YRR ¢ B8R ; (4) fh G i R 2k
ORS @ T3 A RS R Vo rin S v =X 7/ B 'S WEOE N
AACTEPEDT R T 2 Ik &A 5 MRk, 1
PUAALIE PR T HABAL S5 (5) I 3.4.5 W45
Rhws A EY g 5 b h i FEATVEYA L, PrE LT
PEAIXT AT, PR A 1 35 A () 3R 1 LA 25 i 73
A2, i H T A LTS 1G5 5 (6) ABTS (FRAP  DP-
PH =R {ARSMIT A AL TS I e 25 R s h 5 i AH
L1 R T BRBE R, IR UL, 6 O
TR, [ AT 355 1015 SR8, PR T e 4R 0 A B
S BT A AL TR
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2.4 HEAEHER
£i L RTIR 8 Fh AT AR W) B PR AL TG M B 3 0 T
fil e 2, HA IR BB T AT st DRI E 1 A Bz 36

18 FhATA YN T HEK293 40 (40 51 . &4
HEYIFEANRIRE T , HEK293 408736 R 1 fr
7N, SRR 1C5, 45 R A&l 2 s o

K1 ARREMEEMGTEYITF HEK293 HAEEFEE RN

Table 1 The effect of different concentrations of derivatives and naringenin on the survival rate of HEK293 cells

2§ 5 HEK293 417 1% %

W Survival rate of HEK293 cells after treatment( % )
Concentration ( pmol/L)
Nar b e g i j k 1 m
0 100 100 100 100 100 100 100 100 100
25 105 106 83 93 93 99 95 109 83
50 101 85 49 90 62 101 92 99 74
100 9% 40 33 56 40 93 71 52 58
250 83 3 11 38 20 70 33 30 24
500 52 6 13 14 19 44 29 30 17

700 —

600 —

500 —

400 —

IC, (pmol/L)

300 —

200 —

100 —

Nar b e 2 i j K 1 m
1b&4) Compounds

6 TR E 8 MALTEWIER HEK293 4R IC,,
Fig. 6 1IC4, of 8 kinds of derivatives
and naringenin on HEK293 cells

) 45 5 537, 76 0 ~ 500 wmol/L (475 il Y,
HEK293 21 g 17 115 R 359 B A1 A 90 v 68 178 348 K1 ik
AN B ROV R . AR AT 4N
FAIERKT 90% , Al TN R4 26 %ok 240 M DG >
M 1 Al15, bR e om S, HARATAEYLE 0 ~25 pumol/
L (183 32 0 L P 40 L S B0 i/ FH s g k1 7E O ~ 50
pmol/ L Vi Y Bl N, 40 A7 32 K T 90% , w] LLTA
MK 3 F AL AW AE 0 ~ 50 pmol/L (¥ ¥ [l Py X
HEK293 4iiffg Jop il 5§ 76 0 ~ 100 wmol /T ¢ Ji
T B, 4 AE IS A KT 90% . ikl 2= 7E O
~250 pmol/ L [V £ 3 Rl P4 4t B A7 15 2415 7E 90%
DL, b 8 R AR 0 I A0 I B R AR A, 1B 6 Syl
BN 8 P S Wy 1Cs (6, 45 2R o AT AR W) § 15
HE 244 R, % HEK293 41 i (st d /N, O H itk

iz Rl M3, i g k1 = FAi A4 o
HEK293 4fijifd () 5 IR Z o
3 it

ARSI A O AT B i 7 A T 13 Rl 2
RIENRET A, Hoh A 12 FhoR ORI o @2k
ABTS .FRAP DPPH =Fh 73k 1 13 AT E9 0
AN EARTE R o BT AT AR M0 S8 AR T R 28 5 T Al
R, H8 A b.e g ij. k. l.m fHT AT
PERCRIC M, B g i k.1 om ST A Y A
RGPS BHT MY, LA 3R 4 8 i ) [ g
SRR A e A 85 S PR I B AR TE 1 o X AT
AYPCEALTEE AT T RO R 01T, R 4 R 3t
VAT Sy W v 5 AT IS, A7 A ) v £ 2 B2 080, I A
() A H 3 )RR M3, S O T AR P B
Tz BAL  IEMERGR I 8 FhfT A P % HEK293
YMLAFTE R0 R 25 R Bon, B e om A) HOR AT AR
YIFE O ~25 wmol/L {4k B 3 Bl 9 % HEK293 31
RICEE . NP4 § X JC 3 AV B B AE 0 ~ 100
pmol/L, AT AEY) g K MRl 25 58 /s , Wk BE R 0 ~
50 wmol/L {5 [ N, 15 A K 4l M A7 i o HL T A
TR i A 2 P 2o T A R 2R, AT L AE 5 L A BE I
S ARG e S AT 1 1 TR, 3 2 AN ] J2 B 9 38
THEYAIEEEE . XA EY G S5 Th i
R T S5 K . L, & v TR
g.j kK ¥ RAFpPr &4k o, o A g B,
Hrp TR § BEHAT R i BT S A T M, SO AR
AN, BT —E BN T 5. Rk — 2R
WS HRAE TR . X 13 Fh v A= Wbt S8 A0 1k i
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