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[ Abstract]

inhibitors sourced from Chinese medicines based on fluorescence detection. Method:

Objective: To establish a rapid screening method for influenza virus neuraminidase (NA )
The method was
constructed based on the principle that after the reaction of the test sample and a certain amount of NA, the
activity of some NA will be inhibited by the test sample, and the NA that is still active after the addition of the
substrate can generate fluorescence at a specific wavelength when combined with the fluorescent substrate, and
the inhibition rate of the test sample on NA was calculated according to the measured fluorescence intensity, so
as to evaluate the in vitro inhibitory activity of the test sample on NA. A total of 49 high-purity chemical
components from 12 Chinese medicines were used to evaluate the in vitro anti-NA activity by the established
method. The theoretical calculated values of binding energy and inhibition constant after docking between the NA
protein receptor and the test sample were used to prove the accuracy of the experimental results. The established
method was applied to detect the in vitro NA inhibitory activity of different batches of Banlangen granules and
Kangbingdu granules, so as to evaluate the quality consistency among different batches of samples. Result: The
methodological examination results showed that the method had good accuracy and repeatability. The screening
results of 49 components showed that 22 of them had strong in vitro inhibitory activity against NA than peramivir
[ half inhibitory concentration (IC,,) was 131.2 wmol-L"'], such as schaftoside, isoorientin, chebulinic acid,
menthone and isoschaftoside. The inhibitory activity of the remaining 27 components was weaker than that of
peramivir. The molecular docking results showed that the theoretical calculation results of binding energies and
inhibition constants of most compounds were basically consistent with the experimental results. The test results
of the inhibitory activity of 12 batches of Banlangen granules on NA showed that the quality consistency among
samples Al, A2, B2, Cl, C2, E2 and F2 was good. The analysis results of the inhibitory activity of 9 batches
of Kangbingdu granules produced by the same manufacturer on NA showed that the inhibitory rates of samples
K1 to K9 were 37.68%, 36.18%, 31.37%, 33.98%, 40.36%, 33.76%, 40.69%, 41.08%, 40.06% when the
concentration of 0.02 g-mL", and the average inhibitory rate was 37.24%. Conclusion: In this paper, we
successfully established an analytical method that can be used to rapidly evaluate whether Chinese medicines
(derived from chemical components of traditional Chinese medicine or proprietary Chinese medicines) have in
vitro anti-NA activity, which can be a powerful supplement to the existing screening methods for influenza virus
NA inhibitors. And this method was used to screen 22 compounds from 12 Chinese medicines with good in vitro
inhibitory activity against NA, which can provide candidate compounds for the development of anti-influenza
small molecule drugs.

[Keywords] influenza virus neuraminidase; fluorescence detection; Chinese medicine; molecular
docking; quality consistency; Banlangen granules; Kangbingdu granules
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Inhibition rates of peramivir at different tested
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U AR i 53X 7 SRR R AR R RCOR Y B A 22 S s M
mn K1~K9 7E it 55 ¥ B 4 0.02 g-mL™" I X NA (1) 411
Hl R o Wk 37.68%. 36.18%. 31.37%. 33.98% .
40.36% .33.76% .40.69% .41.08% .40.06% , 1 il % F
I 37.24% , B fh K1~KO 41 il 5 5 5 25 (8 (%) 4H X i
Z N 1.2%.2.8% ., 15.8% . 8.8% . 8.4% . 9.3%.
9.3%.10.2% .7.6% , & W] # i K1 K2 K4 . K5.K9Z
[] B4 B £ — UM B, TRE A K3 K6~K8 5 ik Hf
A AFAE— S I 22 57

3.4 g FREE

3.4.1 4igaE A WIVEEC = ok 1 ) & A A EAE
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B L ilt T AE B UG 2 4 ) DR R RS S 4 A Y
filt, Rl UL &5 & BB J2 0 6 0 M o 09 OB L ROk
T EAAME S 23 K5+ 5 NA(PDB: 3TI8) X
B2 45 A RE AN P01 H B2 3. S5 R R B K T
5 NA(PDB: 3TI8) %t 43 1 25 5 fig F 41 i 5 £ 14 ¢
/N BN IR K F5 75 5 NA(PDB: 3TI8) i# 47 43+ Xt
FEHE, 25 (8] b Al A DU, &5 A H AR L 4 NA
(PDB:3TI8) & [ 3 Bt #5319 910 il 35 14k , DL 1T A
e F 40 e W5 % 8 1l 4r 5 NA(PDB: 3TI8) X # 1Y
454 BE LA K F5 5 NA (PDB: 3TI8) X 4% i 45 &
AEAIK , 2 BH X 8 AN AL 43 AT B X NA A7 B 5 A 41 i 1
FH B AT 5 25 50 55 I O e 6 21> 5¢ 15 >3 IR
>4k > R w R > A >4 32 o>
(R,S) -5 MA 5 /N 1 410 1] i K50 I) B 2 W15 8 A
475 NA Z IR Z (8145 B0 0 5% F1 T, 38 W AE 3 AIK vk
JEF B AL NA = AR R 5 R NA 0
TR RIEAY G . B RS E 4
435 NA(PDB: 3TI8) X 42 1) 45 4 68 A 1 il % 5 5
ALK =5 00 AH SC KU 3200, 3R B 3X 4 > B 43 AT RE X
NA HA #0410 i 4E HT, 5 A0 50 40 245 R AR —
H. HAaf¥ o R 5 NA(PDB: 3TI8) #4 55
1Y K2 0045 4 BE 7, B X NA(PDB: 3TI8) f%) 311 il 3
W55, 5 AT NA PTG S 5 ) 2 SR A — 22
S, TR AT RE O K 3 A A 43 Ak 5 NACEE (1 i
by P A5 R R I S B0 ) NACTE R E
3.4.2 WS E LR RS AR R BT BERE
[ SEANNG S SN Pl S N - S N PO £/ R A
PEAT AT ARAR A3 A, UL IR 3. 25 5 % B3k 34N i %o 2
F1 A2 AT 224 a0 B2 T8 B8 35k 1) 285 5 0 1 | 3K 6 1 4y
A5 s R 2 AP Al S A B AR
NA(PDB:3TI8) (1 I ¥ {7 fi il 474 8k &6 A, b ini L
A #l NA(PDB: 3TI8) i PEMI/E M . bl 5
G TR e R 1 45 4 5L O 22 B SUHE NG B0, i iz oK
5 1Y-OH . -NH," 45 H: 4] 5 (4 2 2 (TRP)-383 . ¥ A R
(GLU)-313 454, ¢ B 4010-OH . -NH, 25 5L ] 5 4+
FAWEN (GLN)-136 K T4 Wk e (ASN ) -146 . 2H % iR
(HIS) -144 25 & , 4+ 3% 47 19 -OH . -COO- 5 Jt [ 5
GLU-313 . 54 % 2 (ILE)-384 .GLU-136 45 5, R 2
FLZK [ -OH ,-CO-45 5L 1 5 H 2 MR (GLY )-272 .4l
%5 (VAL)-314 N2 1R (ALA)-340 454 , B 7m $i it Ik
rh 24 A] BR R  Z2 AV T T 2 B A, DT 3K )
PUNAWEEMEWN KB T 22y 25 £
S RS R

*3 BUGELEMENANS FIEHE
Table 3 Molecular docking data of ligand compounds to NA

No. v ZE A fE/KkT - mol! I £U/mmol - L7
1 7k 5 -15.51 1.91
2 HE R 4L -23.95 0.06
3 HE i -21.99 0.14
4 R R -21.69 0.16
5 T e T -21.61 0.16
6 BREER -20.86 0.22
7 1 14 77 7 -20.86 0.22
8 BT IC -18.94 0.48
9 (R,8)-H KA -15.80 1.69
10 439 -15.17 2.19
11 S ET -14.55 2.82
12 Fi R -14.13 3.31
13 S B hRET -13.75 3.89
14 (DRI -12.58 6.19
15 B -12.37 6.82
16 Rty -12.16 7.41
17 R A -12.16 7.41
18 SALT -10.49 14.56
19 LA -8.19 36.63
20 BT A -5.60 104.62
21 A -5.39 113.32
22 R -3.85 212.27

23 T B

TE:AUMBDK S B R0 C 4359 ;D R 2E RO 4 o Al
B3 #MHRKEMSENA(PDBIIT)MSBIEATE
Fig. 3
between some compounds and NA(PDB:3TI8)

Schematic diagram of hydrogen bonding interaction

4 g
AR SCRL T S T — R Al T P PR AN v 2 2
7 5T AR AT NA W P 0 1 O ik, B S A R
R R A I AR A, AT AR BLA U 2 B
NA 0 50 0 28 77 s A 1A 7. A T S UE T T
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P4 7 1% S o ) 45 245 SR 1 o B 1 L AR SR SR H i
FHE 4y 75 48 07 ik 38 i 1B NA B 1 2 1R 5 K
il R 45 J 1Y 25 B R R ] R 00 B e E R TE B 52
D45 5 (%) A 1, 25 R 396 W R 40 Ak 2 i 43 1) B ies
T IR 235 2ROR S0 25 R B — 2, IR BIZ 5 v A5 1Y
AN TR L3 A b NA 1 ) 258 B e v HE R 1

BT RS IR T 120k th 25 rh 3k 49 4>
A2 B3 R NA B A SR 6 6 1 45 R R B 22 4 B
A3 %F NA HLA B0 0 A S 6136 1, S BIF & Bt i Jak
INGF TR A T AR AL G W, O T AR Th 2 1Y
Il R Tk 7/ B R e i e 1 1 I N T & A ]
J7 45 W T AS [ St e ek b i 24 1 BT i — Btk
VEHT 1% 0 AN 5 A B 245 ) A3 I 4R B R AR
Gy B AF GE o FAE 25 W 09 B AR BT B S P OR
55,85 25 W 9 A 24 VR R LA O BIO(E R AE Ok
TR G v 24 T e R R T M R
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