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Abstract: Objective To explore the inhibitory activity of Danshen (Salvia miltiorrhiza) on neuraminidase (NA) and provide
potential Chinese medicine resources for anti-influenza drugs. Methods For the first time, the NA inhibition test was used to
evaluate the anti-influenza virus activity of S. miltiorrhiza root extract. Later, ultra-performance liquid chromatography and
quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF-MS) were used to analyze the active compounds in S. miltiorrhiza
extract. Preliminary identification, 36 compounds were identified in the ethanol extract. Finally, the eight main compounds were
docked with NA targets, and their NA inhibitory activities were discussed. Results Ethanol extract had better NA inhibitory activity
than petroleum ether extract, and all eight compounds showed a stronger docking effect. Among them, shikonic acid (ICso = 157.44
mol/L) and rosmarinic acid (ICso = 204.74 mol/L) showed the highest NA inhibitory activity, which was higher than that of

oseltamivir acid (ICso = 361.83 mol/L). The docking results were consistent with the results of NA inhibitory activity analysis.
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Fig.3 Base peak chromatogram (BPC) of ethanol extract of

S. miltiorrhiza
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Fig. 4 Structural formula of main compounds from S. miltiorrhiza
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#*1 UPLC-Q-TOFMS £Ef5ZERIITHI 36 Fhm 5
Table 1 Thirty-six constituents identified in ethanol of S. miltiorrhiza extracts by UPLC-Q-TOF/MS

KR

g

F%5  tr/min EM AT (ni2) () ERR I X &
1 0414  FEAcHE C30Hs2026 8272669 8272483  665.205 3, 503.166 6, 383.130 3, N 35
341.123 6, 179.078 6
2 0790 JfIB& CoH10Os 197.0450  197.0682  179.056 6, 151.062 5, 135.0674, N 30,36
123.066 8, 109.052 7
3 1420 JRJLER C7He05 137.0239  137.0470  136.037 9, 119.014 1, 109.088 7, N 35
108.043 0, 107.100 2,
4 2023 WMERR CoHs04 179.0344  179.0589  135.068 8, 134.058 9, 359.088 7 N 35
5 3767 FHRER F C17H10s 313.0712  313.0904  269.099 5, 254.080 2, 185.0473, N 36
159.066 9, 109.051 3
6 5240 KR CyH201 5371033 5371040  339.065 8, 313.085 9, 295.078 4, N 25
185.047 1, 179.060 3, 135.066 7,
109.052 5,
7 5248  JHE G CisHi207 339.0505  339.0660  295.078 6, 277.071 9, 267.084 6, N 35
239.093 1,225.073 2, 209.076 7
8 5407  1-hydroxy pinoresinol-1-O-p- CaH3012 5351816 5351818  355.131 7, 339.065 5,295.078 3, N 35
D-glucoside 269.101 1, 197.066 5, 179.077 2
9 5442 PRI D CaoHig010 4170822 417.0973  373.164 3, 339.065 8, 197.0633, N 25
179.078 0, 175.062 1, 157.053 8
10 6.050 RIEER CisHi60s 359.0767  359.0912  197.067 6, 179.056 9, 161.0476, N 25
133.0527
11 6390  FHRR A CasHnO10 493.1135  493.1179  313.086 4,295.079 4, 185.046 0 N 25
12 6.960 JHEER B C36H30016 7171456 717.1295  519.094 3, 339.068 4, 295.078 5, N = 2537
185.0459
13 7993 3-O-monomethyllith-ospermic acid B CyH3O16 7311612 7311461 551117 9, 533.1105, 353.080 5, N 35
335.067 0
14 8.690 JHENE C CasH010 491.0978  491.1016  311.0725,293.064 5, 195.100 5 N 25
15 10284 JH@ B —Hfig C3sH34016 7451769 7451622 547.124.0,339.064 1,321.056 8 N 30
16 13.028 T IE CaoH300 2852218 2852055  571.4234,309.226 5 N 30
17 13120  T|EEER C30Ha50s 4873423 4873472 975.659 1,469.057 1 N 35
18 13350 #kSIBE Ci9H204 3131440 3131616  269.173 5, 241.178 5, 226.120 5, N 35
213.1487
19 13.679  I-phenanthreneacetic acid, 1,2,3,4- CxHas04 3551909 3552061  711.289 2, 340.187 3, 295.081 2, N 35
tetrahydro-1-hydroxy-6-methoxy-7- 280.130°5
(1-methylethyl)-, ethyl ester
20 14238 9(1H)-phenanthrenone, 3-(acetyloxy)- CxH3004 3572066 3572206 715.2294,297.203 2,277.100 9 N 35
2,3,4,4a,10,10a-hexahydro-6-
hydroxy-1,1,4a-trimethyl-7-(1-
methylethyl)-,(35,4aS,10aS)-
21 14.455  To-acetoxyroyleanone C2H3005 3732015 3732112 345.2193,313.200 1 N 35
2 15270  sugiol CaoHas0s 2992011 2992188  281.0862,253.147 4 N 35
23 15525 micranthin B CxHasOs 3711858 3712000  356.1771,311.188 1,296.146 3 N 35
24 17050  anacardic acid CnH300s 3412117 3412262 683.4183,299.188 3,281.262 8 N 38
25 1.864  F#ER CioH1004 195.0657  195.1140  177.110 0, 162.003 3, 153.0173, P 38
149.060 1, 145.027 0, 135.040 8,
134.056 5, 117.015 8
26 10307 FIBEEC CisHi60s 313.1076  313.1441 335126 1,295.133 5,267.137 8 P38
27 12500  tanshinoneiib CioH1504 3111283 3111284 293.118 3, 275.106 2, 267.138 7, P 38
265.1236,251.107 5
28 12760 NIBERA CaoHa00s 3411389 3411391  703.245 2, 295.133 7, 281.1176, P 35
263.1077,235.112 8
29 13257 tanshinaldehyde CioH1604 309.1127  309.1130  293.118 0, 281.116 9, 261.093 3, P 35
2351128
30 13610 ZEMASE 1 CisHuOs 279.1021  279.1018  579.181 9, 301.082 9, 261.0912, P 26
233.096 9, 205.101 4
31 14009 EESISHH Ci9Hx02 281.1542 2811172  263.107 4, 235.112 4, 221.094 0, P 37
217.1012,207.116 3
32 14160 FIBHE A CisHi60s 297.1127  297.1490  279.101 4, 269.152 7, 251.1442, P 26

237.094 1, 233.097 0, 223.149 5,
219.103 1, 209.097 2, 205.098 7,
191.406 1
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B2 rmin A AT iﬁf %ﬁf BT it A

33 14339 trijuganone A CisHiiOs 2950970  295.1331  277.124 3,261.090 4, 233.097 7, P 35
211,112 5,197.1352

34 14978 Feft S CioHo03  297.1491  297.1494 6152717, 593.210 3, 282.126 0, P 35
279.138 2, 268.108 9, 254.094 4,
251.144 1,237.092 5,227.071 3,
209.097 6

35 15.091 B 1 CisHipOs  277.0865  277.0866  575.198 0, 259.1980, 249.074 5, P 26
231.080'5

36 16450 P 1 CoHisOs  295.1334  295.1340  611.240 8, 317.115 8, 277.123 8, P 26

249.128 3,207.081 5

N-f B PR P-IEE
N-negetive mode P-positive mode
X2 AsHhsMiEYRIBHEE
Table 2 Free energy values of eight compounds of S.

miltiorrhiza
WEY H 1 f8/(kJ-mol ™)
FHZ1H 1 -38.908
FFZ0 1 -7.826
FHHE B —6.528
FHHEE A -0.508
PR T 3.013
RIEFR —4.207
Kt —-2.419
EHR —5.549
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Fig. 5 Three-dimensional (1) and two-dimensional (2) maps of compounds docking with NA
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