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Establishment of antioxidative activity determination for Achnatherum inebrians
by graphene nanoenzyme
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Abstract: Objective To develop a new method for the determination of anti-oxidant activity of drugs by using the peroxidase
activity of graphene nanoenzyme, and apply it for the determination of the anti-oxidant activity of the national medicine
Achnatherum inebrians. Methods The anti-oxidant activity of 18 batches of samples was measured after optimizing H>O:
concentration and reaction time. At the same time, the anti-oxidative activity was measured again using the DPPH method. The
Bland-Altman and Passing-Bablok regression methods were used to compare the detection data of the two methods. Results Using
the nanoenzyme method, the inhibition rates of 18 batches of A. inebrians were between 37.28% and 71.58%, with an average of
50.87% and a median of 47.09%. Free radical scavenging rates of 18 batches of 4. inebrians measured by the DPPH method were
between 36.06% and 83.11%, with an average of 54.89% and a median of 50.83%. The statistical results showed that the measured
values of nanoenzyme method and DPPH method were similar; There was a linear relationship between the two methods, and
different methods can be transformed by Passing-Bablok regression method. Conclusion The graphene nanoenzyme was
successfully applied to the detection of anti-oxidant activity, and the anti-oxidant activity of A. inebrians was also found. The
nanoenzyme method can avoid the problem of light sensitivity of the reagent, shorten the reaction time, reduce the amount of
medicinal solution, and the results are consistent with the DPPH method, which is suitable for the determination of antioxidant
activity.
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Fig. 1 Catalysis and inhibition mechanism of graphene nanoenzyme
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Table 1 Origins of collected A. inebrians

s KA KRS | 'S KA KEERSE] | 'S KA KRBT [7]
SI  WZWEER/R 201810 | S7  Hilik#H 2019-07 | S13  AWZENSHRFEK  2019-07
S22 WZHWHEERIR  2015-05 | S8 HiNik#H 2019-07 | S14  WELSRREK - 2019-07
S3  HWZEHEE®/[R  2015-05 SO WEEMIIIEALR  2019-00 | S15  NEHSREER 201907
S4 W WERThE 2015-05 S10  HiRRH 2019-07 | S16  WELSHRFEK  2019-07
S5 FiEEARZ 2015-03 S11 WEERH#EAR  2019-00 | S17  WEHSREER 201907
S6  HTEEARZ 2018-06 | SI2 WEHEIAFEE  2019-07 | SI18 AWHEGMFELIE  2019-09

AR THL, [ Marin Christ A ; NWI10VF #84l
KRG, LgREESIEARAR: 3.
1.3 K5
FRILE A HBIE (GO-COOH), JE=FE4ktt
BIRHER AR TMB, AR AR
#; H,02, 30%, Jbx{fb 1) ; DPPH, it'5 LOT
W27F10E81251, LR AR AIRAR; %
A C (VO), HigEMAEMRHEARAR,: S8
I FE R AL 2GR R R R UGB A, 3N A Hi 4l
S F 7K R 4K
2 ik
2.1 ARRHIE
211 FFERRIER I SR D R
T 5 B e AL EE 43 AR 10.0 g SR ZTHH K
I 100 mL oK BRI 2 he S 2 h, @FI
500 W, R FhIE S BRI 100 mL /K 4
R 75 2 h, B 1 EAE R ERAE 28 3 UGEE S 2 he
WEZEJE (WEZEIRFE 50 C) HIRGYE AT 1%
12h, BEETH (BE 1.00%~1.10%), %H.
FE 2 FREL 8.0 mg - HEIRIE S BLVR T8, IMATE
IK O, R 1 mg/mL TRV
2.1.2  GO-COOH #KEgiE M B #¢ X1 mL GO-
COOH #W (2 mg/mL), JRET 3 mL =7&/KH,
A 1h, RIfE.

2.1.3 H,O0 RIECH]  F2HX 200 pL H,O2, A

SZKE 8mL, ARIERS SRS, 192IRHE.
Fu TR = 72K W0, BHE, BRI RKER
H,O0 ¥ % H -

2.1.4 DPPH JC/K ZBEE ML AT A 25 )L
2.0 mg DPPH ¥ioK, MNIJG/K LEER ARG /3 IR &
50 mL At s, 4REInToK LB IR S,
VERE DG, DPPH VI F BRAL .

2.1.5 VC MK FEI 1.0 mg VC ¥R,
=28 KRG Ik 2 100 mL &fH, 4ksk
K ER IR, BIfE. VC WG AU .

2.2 BIESH

KM MedCale 19.1.1 4 it #4347 Bland-
Altman. Passing-Bablok —Z{ AL
23 BOEAMBIMENEENE

s I 245 64 (R BT RGBT DPPH V49K
B 2 ORI T S &

2 MOTIEY R B IR S A2, 15K 2 Fin
WITVEREAT IR N, Mg 55t IRALAEL, 4A 204 it
B
2.4 PKEEEIMEIEMENIE
2.4.1 YKL BT A P 2 A SRR ]
W AR IR AR 2 RYUKERE AR K
WP RN, TRA)E4ERS 1 min, £ 652 nm T &
JRE (A) fH.

242 YOKERENEDUENE RS T H00 WAL

R 2 DPPH ESHKREEEIMENIEMENR R &M

Table 2 Reaction conditions of DPPH method and nanoenzyme method for anti-oxidant activity
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DPPH #: 0.1 mmol-L"! DPPH
L

4mLDPPH+1mL F7K 4 mLDPPH+1 mL B SE St ®EE, &) 515am |

TR S 30 min MW 4

AKEEE 0.5 mgmL™' GO-COOH; 250 mmol'L™' 40 uL GO-COOH+50 pL 40 uL GO-COOH+50 pL H202+ #4HR G, 35 °C 652nm T

H20:2 ¥ 10 mmol-L™' TMB; pH 4.0 H202440 uL TMB+
BEERLET (B 798 E 0.4 mmolkg™) 370 pL BERRLE M

40 pLTMB+25 pLI S EE S5t [ 10 min & A4

TR BT 4345 uL FERR 22 M
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20~ 25 mmol/L.,

F3 2 TR YKL AR FR SR B I RE 10 min,
SRJETE 652 nm E A [F] HoOp MREE NI A fH .
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Fig. 2 Anti-oxidative activity in A. inebrians determined by
DPPH method (a) and nanoenzyme method (b)
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r _/r'/. " Table 3 Anti-oxidative activity of A. inebrians determined
as) N o by nanoenzyme method
:;E _ o HI155/%
g 5l ,_/ BI1R 2R OHE3IR Xts
L/ S1 51357 57289 47599  52.082+ 4.886
_/ S2 47234 47286 35978  43.499+ 6514
250_ : o = 5 S3 60.960 62317 52749 58675+ 5.177
t/min S4 39.927 44937  38.674 41179+ 3314
El 3 gAKESEN EHNHIRpEAT a2k 2k S5 46.103  47.808  42.223 45378+ 2.862
Fig. 3 Curve of inhibition rate with time measured by S6 66.684 62.022 59.830  62.845+ 3.501
nanoenzyme method S7 37387 45772 46312 43.157% 5.004
P S8 34830 38935  38.065 37276+ 2.164
" /// SO 51340 51496 48469  50.435+ 1.704
o SI0 47756  51.566  47.095  48.806+ 2.413
oor _/ SII 50609 50313 53775  51.565+ 1.919
. SI12 51757  49.078  52.157  50.997+ 1.674
= SI3 52122 54.054 50939 52372+ 1572
o4l S14 61430 61204 58977  60.537+ 1356
- SI5 74322  69.120 71312  71.585+ 2612
03} - . B - = S16 32168  52.731 63987  49.629+16.135
H,0,/(mmol-L) S17  43.685  41.145  41.127 41986+ 1472
B4 H0:REXHR R A SI8 54836  53.184  52.888  53.636+ 1.050
Fig. 4 Effect of H20: concentration on reaction of 100
determination of inhibition .
B 25 mmol/L f g HaO2 SR REHE YT
3.3 GO-COOH #KEgEMEM D EMA TN 0.8 .
R A RER <
1 “2437 Rk, M43 d EEIE, 7 il
B &AL B P ATE E, DLHI R RIS 4 0.6f .
RV, 18 MHLRERD R0 RLE 37.28%~ )
71.58%, TFIIE N 50.87%, HAIHCA 47.09%. H T2 w0 6 s 10

R WA 3.

o “2.4.47 WUTFRHMTARM R R EEE, LLAE
RYARR (YV), B ED S5 LA T WA U N 5
HEIREOARALER (X, efilbrdEihsk, ZRwmE S
Fim. RYERIATREN Y=-0.004 X+0.963 5, =
0.992 8, ZERFWIERPTEWRE 1~100 pg/mL
2R 1 ¢ R R AT o
34 DPPH ZENEMRSEMEWEEHREMEXR
ER

o “2.507 TRk, H4E3 d ELNE, 12
BSOS R PUEAL TS, DLE RIS RRRR

T T 25 VR A (ugrmL )

El5 ZNAREEEREEDE 4 EL L
Fig. 5 Standard curve of anti-oxidative activity determined

by nanoenzyme method
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Table 4 Anti-oxidative activity of A. inebrians determined
by DPPH method

HERY%
E1R/N -
FIR  HF2R  H3IK Xts

S1 53.54 52.66 4980  52.00+ 1.96
S2 52.74 41.04 4052 4477+ 691
S3 42.08 35.46 30.64  36.06% 5.74
S4 54.81 49.23 4850  50.85+ 3.45
S5 59.75 41.58 37.03  46.12+12.02
S6 78.52 71.83 7455 7497+ 3.36
S7 67.70 64.09 64.07 6529+ 2.09
S8 60.54 52.39 5379 5557+ 436
S9 37.26 37.27 6835  47.63+17.95
SI0  54.02 47.97 5040  50.80+ 3.04
SI1 26.17 22.51 7626  41.65430.03
SI2  83.53 81.37 84.43 83.11+ 1.57
SI13  40.41 54.91 5599 5044+ 8.70
S14 3827 50.95 51.00  46.74+ 7.34
S15  51.39 66.34 68.06  61.93% 9.17
S16 60.38 76.15 76.65  71.06%= 9.25
S17 5131 64.54 7216 62.67%£10.55
SIS 34.63 36.05 6835  46.34%19.07

ZETREN R, PN 0261, 4R35 FIHIS
1T2% 71 (7) Bland-Altman 1 Passing Bablok [F] )=y X}
2 PO EAT — B
3.5.1 Bland-Altman ¥%  F|H] MedCalc 4t it %t
K Bland-Altman VAT —BUMERE LS« K 2 FhU7%
WEFIIEMANAE. WE 7 B, X oyg )y
72 DPPH VAN Z2ME, Y HiliJy DPPH i 5 40K Mg i)
EAH . GEREM, 100% (18/18) [ si#l i {E 95%
LoA VAW, ZEKIFIHEN 4.0%, EHEREA —
k.
3.5.2 Passing & Bablok regression ¥ N T iE—
U 2 MRS S R A B, FH
MedCalc A, DAY V240 ) Z O A8 bR, DA
DPPH VAiBFRFE AP AR, 2] Passing & Bablok
regression [F A HH2k . /4 8 B R4 KL A1 DPPH vk
a4 R B —Ek, HIATTE N Y=2.134
X—56.255.
3.6 Z4KEEIES DPPH SERIXTLE

F 5500 2 P E TT LT TR EE . FTRLE

o
(=]

¥z “2.527 WOTVEMTEMERRFEE. WE 6
Fim. RMERIATFEN Y=-0.002 6 X+1.029 4,
?=0.999 4, g5 0K, VC R N EIKETE 1~250
pg/mL B8 R R Uf o
3.5 2 MAFEMELRMLE

¥ 2 FOTERFAME S SPSS ik, FIH
BOXT ¢ K56, $% 0=0.05 7K#E, 2 PRIl g R

1.1r
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= 071
~
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Fig. 6 Standard curve of anti-oxidative activity of VC

determined by DPPH method
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Fig. 7 Result of Bland-Altman method
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Table S Comparation of nanoenzyme method and DPPH method

WsEdrik Pkt PR AR OB /min S RERR SR I e AR
ELP NS 35°C 500 pL 25 uL 10 T 5 OH H th#k e EiEH 0.075 JC/IK
DPPH 7% =i 5mL 1 mL 30 Wwks 5 DPPH HHZEEEMEAHIS  0.192 Ju/IK

POAKBEETC T RGN ()%, FF H 2580

AR, & &2 A IR & 5 258 E .
5 DPPH VEMHLL, 9K NI I B L FE

35 C, HE IR T NREREE, Frillftse mk

HIEMrE ST
4 g

KR T —FhEE T GO-COOH i AL i
DHRER) 25 M BB A TE PR ORI 7 i, DARE ES B0
XRHAT T HUEACTERERII E o RN A Gt 2207
EHAT TR EAE . 5IUA AL, AR
AfEEDR, SRR, faE SR ai. Hl,
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— R 2 B LA IR A T 2 B R R 251
DRI 5, Dy 2 A0 RR 2450 B0 B A v A
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