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Study on antioxidant activity of Yiqi Fumai Lyophilized Injection in vitro
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Abstract: Objective To establish a method for the determination of antioxidant activity of Yiqi Fumai Lyophilized Injection
(YQFM) in vitro, and determine the antioxidant activity in vitro of 30 batches of samples. Methods After a certain concentration of
YQFM solution and equal volume of DPPH solution were evenly mixed and placed for a certain time, the change of absorption
value relative to DPPH control solution (mixed by DPPH solution and equal volume solvent) (DPPH free radical scavenging) was
determined by UV-VIS spectrophotometry. The wavelength was 517 nm, meanwhile, the blank absorption, specificity, reaction
equilibrium time, DPPH linearity, YQFM linearity, precision test, repeatability test and durability test were used to verify the
methodology; the IC,, and relative antioxidant strength of YQFM were used as the indexes to measure the antioxidant activity of
YQFM. Results The results of methodology validation showed that the established in vitro antioxidant research method met the
requirements. The mean IC,, of 30 samples was 4.07 mg/mL, which indicated that YQFM had strong antioxidant activity.
Conclusion The method was applicable to the determination of antioxidant activity of YQFM in vitro, YQFM has strong
antioxidant activity.
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8 AR A A, 85 KQ3200E) 5 H 4l K
1% (Millipore 2~ & , 1 5 Milli-Q Advantage A10) ;
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— Mk £ F B2 B 4 WA O DPPH IV 71, 25 &
2 18 YQFM &b 77 41 il (V3 ¥ 22 A4 S BU A 3 5 W
ZLZ PR T 5 F R TR Y | H R A
e I 2% 125 FR I D 5 R A 4 A ) i B 3R 4%
PATGIK ZBEAE R FAR RV 711
2.2 MK KHHE

s % FREUDPPH I& & , NG 7K B i i i =ik
%5 0.056 mg/mL [P, IR G350 o kS %L |
R VAR TE 7K 2L 4% 0.200 mL, JITN 96 fFLAR 1 S
B, FU FH B AR AXAE 190~900 nm I K Y8 Fl Py 5 e
17 $ 4 : 0.056 mg/mL ¥] DPPH ¥ ¥ £ 230 325 .
517 nm Kb A7 558 WU s 10 67K £ B A AE 230 nm
AbAE BRI, 78 325 nm [T B 58, 1 517 nm AL
W 5 2% 1 96 B FLAR 4% 30 5 PR e AR AF 903 4 517 nm
TE RSP
23 AEZAREEE

53 T K B W B 3 o 2 AR GEB 2K TG 7K
FITCIK CIEAIBA K AR R GHRD £0.200 mL, I A
96 FLAUFLAR H , W 5E 3 Al A1 5 S 5 FLTE 517 nm
Ab A 18 43 51 25 0.088.0.082.0.085 F1 0.085 , 3 1 i 7]
AR, HS ML A B8R . 458 38R,3
Flr2s (¥ AN 517 nm &b W USCT S AR X /0N SR 3
Tl 71 6 A i R AT Ak B 0o R 6 445 SR B i T 2
24 ETEMEZR(FHIAI

AR YQFM 4k 77 it Lt , 43 51l Ak B H- 75 B i
i < S F 2 A SR B A B 4 S 3 B 3 5
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53] T ) R B R UK N 2.508 8..0.080 6+ 1.486 7.
0.327 0.0.144 6 F1120.8 mg/mL VA WL, 70 )k 25 W
B L3R 6 Fl g 8, £ 190~700 nm % K 76 [ Y 34T
F . iR 6 FlE WLAE 490~590 nm Ak 15 T W I
U s 7 517 nm AL ) A 15 (KX 4 : 0.085.0.083.0.086
0.083.0.082 F10.087) 15 96 FL i FL AR 1) 25 3 FL 4 18
LI, R el A & R R U A YQFM X 4
H FI 52 a] 20 . 45 SRR 1,
25 REFERERNEE

ANFE AT S DPPH H H 2L ) & B 3 77 25 R
I, Js B2 I 31465 T 75 B B TR A BT A TR o IR R
W B 5 YQFM 5 3Lk B F i B (A, 4 T
5~35 min 4T FHE,

s % PR HU DPPH 3& &, N JE 7K 2 B e 1) % i &=
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Fig.1 UV-VIS Scanning Chart of the formulations of YQFM and the compositions
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YQFM Id i, JEEA K EC i Bl i Fik B4 10.25 mg/mL
) YQFM ¥ ¥ o 7 7K 2 W B - (1) DPPH ¥4 i A
YQFM ¥ ¥ % 0.100 mL, & & 35 5 1E N FE 5 v
% ; (2)DPPH A1 G /K 4 BE % 0.100 mL, VR 5 )
S A RIS (3 LA 2E7K 0.500 mL ATE K &
fi 0.500 mL VR G AE 2 R, =308 T 20 5l
P 1 AR R E 517 nm b A{E . I 1 EUE
ATEN  FE S VA TRAE 0~35 min N A {8 ELB RS 5E , 7T
N HAE 5 min Uk NP 5 255 75 RERE i A BRI
], J 49 56 S N B 8] 8 A AE 25~35 min B[] 95
FEL Y
2.6 DPPHZMEE

fi % FR HU DPPH 1& & , N i& & 6 7K & B 1)
DPPH fifi £ W0, 7 ) W Ui 28 s Vi &2, TC 1) 7 9
AN K (0.079 7.0.070 9. 0.062 0. 0.053 2.
0.044 3.0.035 4.0.017 7.0.008 9.0.003 5 mg/mL) ]
W . K525 W B 9 4> DPPH ¥ ¥ % 0.200 mL , Jl
AN & 96 FLI FL A 1, BLIE K & BEAR S 2 E
W, W E L 517 nm &b 1) A {5 . DPPH ¥ K &
7£ 0.003 5~0.079 7 mg/mL i N 2otk B &7, Hk
P FE ANy =-9.920 03x*+13.191 06x —0.012 95,
R>=10.998 02.
2.7 YQFMZMER

¥ % FR L YQFM & &, n i 4l /K i i) Ak
12.518 8. 11.046 0. 9.573 2., 7.364 0. 5.523 0,
3.682 0. 1.472 8 mg/mL 8N 5 VA, K5 2
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Table 1 Test results of reaction equilibrium time

t/min AA

0 0.471

5 0.463

10 0.474

15 0.467

20 0.467

25 0.467

30 0.467

35 0.467

SD 0.003

Sl 0.468

RSD 0.7%

AA=A g -A e,

AA = Acomm]—Asamplc

8N 0.500 mL, 73 BT EAEE0.141 8 mg/mL
) DPPH ¥ 0.500 mL, V& &3 5), i~ R %25~
35 min, /ENEERATR. LLDPPHIEH0.500 mL A1 /K
i 0.500 mL (1 7R A ¥ WA 4 v i, DAEB 4l 7K
0.500 mL F1 7K Z. ¥ 0.500 mL IR & 15 W AE NS
IR . G 2 B E IR 25957 0.200 mL, iIT A %2 96
FUBALRR A, 43 75000 5 H 517 nm AR 4 {5 . YQFM
SNV R T E 1.472 8~ 12.518 8 mg/mL £k
PER I, TR Ny =-0.002 94x°+0.111 28x—
0.107 74,R*=0.991 02.
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s % FRE Y QFM 38 & , it 40 /K 38 &t ik 6 1
Jii IR (1.765 8.3.531 6.5.297 4.7.063 2.8.829
0.10.594 8 mg/mL) IV - A 2 W HX 6 ANV BE (1)
W& 0.500 mL, 73 A n N BT & K BE R 0.141 8
mg/mL[¥] DPPH ¥ 0.500 mL, & &9 51, & iR Tl
# 25~35 min, 1E RE AW R 2 R 6 AN FE
W5 0.200 mL, i %2 96 FL st FL AR, e
517 nm 4b AEH(ER N E 61K YQFM 6 MK JEH
TR B P 6 45 S8 75 6 €, RSD 43 5l M 1.5%
1.8%+1.7%+1.1%-0.7%-0.5%(RSD<2%) .
29 EEMRE

5 2 FR L YQFM 3& & , e 4l /K i& & it ik 6 1
Ji B KR (10.596 0.8.830 0.7.064 0.5.298 0.3.532 0.
1.766 0 mg/mL)YQFM ¥ ¥ % 6 1« 43 il s % T Y
IR PEE I YQFM I % 0.500 mL, 73 A I Jiit &
W N 0.141 8 mg/mL [ DPPH ¥ 0.500 mL, & &
H157, IR R TRCE 25~35 min, /ENRE BT . DL
IR BN 0.141 8 mg/mL [ DPPH ¥ #{ 0.500 mL #l
Jo7K T 0.500 mL VR & ¥ VRAE 2 il v v, DA
417K 0.500 mL 175 7K 2, % 0.500 mL (¥ ¥R & 3 i 1E
R R B AR % 0.200 mL, A
296 FLALFLAR H, W H 517 nm Ak A . 5 B
TR BERE S A (AR AR, LU AL RE 9K -4
Al AT B IE 7 I F I IC,,, H o HgE AT
XTEE AT o HH AR 2 2504 T, 6 2R i 1R IC 3B A
7.47 mg/mL, RSD N 0.6%, & & M & & M
& (RSD<2%) .
2.10 T AMIRE

K 2 FREL Y QFM & #: , i 24 /K& i, i ) A
R 3 FTAI R IR T A . RS IR 15 AN R
W FE ) YQFM ¥4 ¥ %% 0.500 mL , 43 il i N\ Ji &K &

40.141 8 mg/mL [ DPPH ¥ % 0.500 mL , V& &1
5], %35 N RN 25~35 min, VENFE SRR LA
7K 0.500 mL F10.500 mL [ o 7K Z BV & I R AE N
AR, LA B N 0.141 8 mg/mL [¥) DPPH %
% 0.500 mL 1 0.500 mL ) Jo /K 4, BEVR & I WAE N
P -

K B W R R VR T YRR 4 1 Y R
% 0.200 mL, 0 A % 96 LAk LAk 1, = il T CE
25~35 min, 43 B E H 517 nm AL AH. HE3
HH Y T R s R LR FE R 19 B 1C,, B AR
WETMIC RE &, KRt S5 m i K E T
YQFM ¥ i 5 DPPH ¥ ¥l = 8% 56 4 72 FE A v (A
JREWRFER 5 H UL S AN R B IR FE R T A
BEIMIC,, N 6.21 mg/mL, 5 1 AR &k JE 15 51 1)
1C,, 25 BNz, DR e A 8RR ek e () TR FE
XA st 1R A7 0 5, DA B A A 1 = 6 DPPH
EREEE-SipE1 1738
2.11 XTF#EHENE

i S AN [R5 R R 1Y) DPPH 4 W1 K -4
1B AN [) J5 B R 1) Y QFM I A7 o) FR Y VUK 2 5 3L
FIDPPH ¥ 1 I BLJ5 A fH AR Ak B 04T 5 o 540 &
SR WA 4, —RB (YOG IR R (2 T
O A &5 R T HoAth 3 M0l 577 . @i x 24t
UK b R0 5 2040 40, 55 J5 R B, — R o e (22 10 20D
WA SRR T —RE L A4 R, Kk
SEFFE b D2 HE R H R (2 RO EHE .
2,12 HEGE

% HL 2016~2019 4 30 Ik 1) YQFM, 43 71 il 52
T R IC, JF 5 B AT X IR 1 1C,, 3E AT B B, A
KaE B ES MK 2. YQFM [ IC, ¥ 18 N
4.07 mg/mL (3.34~5.20 mg/mL) , H:AH X 1 A AL 58
¥ 113%(87%~135%) o

F2 HBUESTICITELER
Table 2 Trend Fitting and IC,, Calculations

FE A R TR ICs/(mg-mL ")

1 y=0.001x’+0.052 4x+0.050 1,R>= 0.993 4 7.51

H2 y=0.001 1x*+0.051 1x+0.056 9,R>*= 0.994 1 7.47

H3 y=0.001 3x*+0.047 3x +0.0704, R>= 0.994 8 7.53

M4 y=0.001 4x*+0.046 5x+0.0762,R>= 0.994 9 7.45

A5 y=0.001 1x*+0.050 6x+0.0622,R>= 0.994 1 7.45

Heo y=10.001 1x*70.052 2x+0.0573,R>*= 0.993 9 7.40

SD — 0.047 1
¥ — 7.47

RSD — 0.6%
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Table 3 Durability test results
il
[ 10.1996 0.780  y=-—0.008 2x*+ 6.77

9.6896 0.748 0.221 9x—0.6262,R?

9.1796 0.719 = 0.9987

8.6697 0.676

8.1597 0.636

H 7.6497  0.597 y=—0.0058x*+  6.29
7.1397 0.568 0.151 6x—0.2242,R?
6.6297  0.520 =0.993 1
6.1198  0.493
5.6098 0.443

{iS 50998 0409 y=—0.007 3x*+ 6.44
45898 0393 0.145 7x—0.1354,R?
4.0798 0.338 =0.993 4
3.0599 0.233
2.0399 0.135

Y — — — 6.50

ANA=A g — A e,
AA = Acontror—Asample

3 itig

YQFM 1405 28 &N LR T 3 Wk £ 25 4 %, 4
g B E AN IRE , AL S I R E R R R E
PR B — 2 PR X SR AR R, %
AR EER Sy Z RN BT RAEAT —E A
AR 5 5 B8 B BH S5 R0E , %R A S R R
MR R IR K B — e fpieiett. d@id
X 2016~2018 4F 55 #1t YQFM 133k 4748 1 43 47 - 3
FIEIU ESE 4 v B LR L R R TSN A A )
9 80.81%4.13%-2.39% F12.73% , ATl 5 43 o A [
A7 90.07% 5 T 45 ¥4 W B () 4 Rk 5 b HLER .5
Fh R L TR B VBN T B L S5-FR H ER I A K
)& & 2 BN 66.22%. 1.84%- 0.79%. 0.04%-
1.12%+0.03% F1 0.8% , 45 1) B B B 43 o A i) 4 5 1)

70.84% ; o b 4 Pl B A |5 T R R RN LR T FH A
53 7R 48 S B 1S TR AR Ik B 94.66%.  HH I RT AT,
Y QFM A 717 S8 A4 v 14 5 FC A o At 2 D) AF O

P R AEDOSIRE FU R B, [ ER R 2 R A M Y 4
15, 2 51 e 2 PR R ANSE R M E BN &K . iht
AT LIS B AR N 2 R 10 B ki G b 47
550400, R FHe 25 S I HPLC-ABTS-DAD L 4HIE
SEYQFM A (14 KA 4 4y Joit A 43 K Joit 3 B A A4 4b
PUEALIPE R o ARHIE F0R AR IR 25 L im0 3 A
] B & A KA A B A I (1) DPPH H HH AR I8 BRiZ, 0
YQFM LA F b 47 % B8 (% Bt Ak g 77 3347 0 5 .
X YQFM ¥ R B A A (AL E A A
AL, A RRBAEER T R 0O
&, XA A5 YQFM P fit | AL iy AR B — A7 %,
a5 HAH N B AL % 4> 5 DDPH H %M B 3% 4
HEE SRR XK.

T DPPH H i L5 Br 2 bl B H 583 BR 75
R PEE B B0 T B, AR e 22 HE BRI AR
T AT VAN, DR R ASHF 5 DA TC,, FHAR T Bt 48 1 o
JEAE NPT 4R . 45 R E W, 30 YQFM 1 IC,, 34
54 4.07 mg/mL (VL A 3.34~5.20 mg/mL) . X}
YA 58 B A YIME 113%(87%~135%) , 30 #ILFE i
(1) 1 S8 A R FE 2 B = T YQFM Bl AT X .
YQFM fE % 7% bk DDPH H H 3 , 1 5 4b 3 1 5 ik
AL FLA B0 A E PR 1Ak 25 gy AT B RN R
F . AN YQFM 7 O ML 9595 (1 B ¥R $2 43t Bl 2%
e -

S ik

[1] B B, xIE S, 52wt S mi6 o7 0 s B i I
PRI 9EE B (], W E 24 55, 2013, 24(20): 1910-1912.

[2] i, B HE . 20O LA R G A R T
By B AL (3], 38 7 P R 2 K 25 R, 2014, 16(5):
104-106.

A Bz O IG5 S 6 T7 W 7T (0], #0412 45 A 0 I 55 975 24
& TR, 2014, 2(13): 132-133, 135.

®4 FEEBHESER
Table 4 Results of different trend fittings

(=R et DPPH YQFM
—WHE y=12.39x—0.003 5,R>=0.998 2 y=0.069 7x—0.001 8,R2=0.977 1
RERE y=0.075 87", R2=0.869 9 y=0.061 6e°***,R2=0.711
TR E y=0.298 5In(x)+1.566 8,R>=0.874 7 »=0.371 5In(x) —0.159 7,R*=0.972 9

ZIREEZ I y=—9.920 03x*+13.191 06x—0.012 95,R>=0.998 02 y=—0.002 94x*+0.111 28x—0.107 74, R>=0.991 02

R y=13.176x""2, R2=0.9979

»=0.025 6x"*, R2=0.921
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Table 5 Sample test results

FEm AL LI IC,/(mg-mL ™" R LA AL TR EE /%
20160408 y=—0.005 7x*+0.144 1x+0.072 4,R*= 0.997 9 343 131
20161014 y=—0.009 5x°+0.186 3x— 0.016,R>*= 0.998 4 3.34 135
20161016 y=—0.006 2x’+0.153 4x+0.042 1,R>*= 0.998 2 3.47 130
20161101 y=—0.007 7x°+0.168x+0.0053, R>= 0.999 1 3.51 129
20161102 y=—0.008 8x’+0.184x — 0.029,R>= 0.998 4 3.44 131
20161103 y=—0.010 8x*+0.208x— 0.109 3,R>= 0.997 7 3.60 125
20161104 y=—0.010 3x*+0.202 5x— 0.076 9,R>= 0.998 8 3.46 130
20161105 y=—0.012 8x’+0.224 4x— 0.118 5,R?= 0.998 7 343 132
20161107 y=—0.008 8x’+0.183 4x— 0.037 6, R>= 0.990 6 3.53 128
20161109 y=—0.011 8x*+0.222 6x— 0.151 3,R?>= 0.998 9 3.62 125
20170406 y=—0.001x*1+0.085 3x+0.194 2, R>= 0.996 6 3.75 120
20170409 y=—0.003 2x°+0.107 1x+0.146 4,R>*= 0.999 1 3.71 122
20170501 y=—0.004x*+0.118 8x+0.083 9,R>= 0.995 2 4.06 111
20170502 y=—0.006 7x*+0.158 6x— 0.036 4,R>= 0.999 2 4.11 110
20170504 y=—0.001 7x*+0.097 9x+0.131 9,R>= 0.994 8 4.04 112
20170505 y=0.000 6x*+0.065 8x+0.253 7,R>= 0.993 5 3.62 125
20170512 y=—0.001 6x°+0.089 2x+0.201 9,R*= 0.999 1 3.57 126
20170513 y=—0.006 9x°+0.171 4x— 0.138,R>= 0.999 1 4.56 99
20170602 y=—0.001 7x°+0.097 3x+0.151 2,R*= 0.999 7 3.84 117
20170604 y=—0.002 6x°+0.105x+0.129 8,R>= 0.997 9 3.9 116
20180105 y=—0.001x*1+0.094 6x+0.0835,R>*= 0.994 2 4.63 97
20180202 y=—0.003x"+0.115 1x+0.018 4,R>= 0.989 0 4.78 94
20180305 y=—0.004 7x*+0.145 3x — 0.087 7,R>= 0.997 6 4.79 94
20180306 y=0.000 8x*+0.069x+0.123 4, R>= 0.999 2 5.15 88
20180504 y=—0.000 6x*+0.092 2x+0.083 5,R*= 0.999 6 4.66 97
20180505 y=0.001 1x*+0.076 9x+0.112 3,R?= 0.998 8 4.72 96
20180601 y=0.001 8x*+0.064 3x+0.128 7,R>= 0.999 1 5.06 89
20180604 y=—0.003 6x°+0.127 4x— 0.065 5,R>*= 0.999 1 5.20 87
20180605 y=—0.006x*1+0.162 2x— 0.105 5,R>*= 0.999 0 4.47 101
20180612 y=—0.001 3x°+0.112 2x+0.004 9, R>= 0.999 1 4.66 97
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