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Abstract: Objective To investigate the inhibitory activity of neuraminidase (NA) and the chemical constituents of the active fraction
of the extract from Geranium strictipes, and further investigate the anti-NA activity of the components by molecular docking technique
and NA inhibition test. Methods G. strictipes was extracted by petroleum ether, ethanol, ethyl acetate and water, and four extracts
were obtained. The inhibition activity of NA was determined by fluorescence method and the inhibition rate was calculated.
UPLC-Q-Exactive was used to rapidly identify and identify the chemical constituents in the most active sites. Using MOE 2014, seven
main components were inserted to NA. And the NA inhibitory activity of these seven major components was determined by
fluorescence method, and the inhibition rate was calculated. Results The results showed that the ethyl acetate was the most active with
the 1Cso value of 137.31 pug/mL. Moreover, a total of 20 chemical constituents were identified by UPLC-Q-Exactive, including 3
phenolic acids, 2 flavonoids, and 16 tannins. Among them, seven chemical constituents were identified accurately with the standard and 13

compounds were reported for the first time in the plant. The results of molecular docking showed that pentagalloylglucose, ellagic acid
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and protocatechuic acid had better antagonistic effect. Further NA inhibition test showed that all the seven compounds had inhibitory

activity, especially for the ellagic acid and pentagalloylglucose which had the best effect and ICso were 426.67 and 440.28 pmol/L,

respectively. Conclusion

pentagalloylglucose are main active compenents.

The extract from G. strictipes have the inhibitory activity of NA, and the ellagic acid and

Key words: Geranium strictipes R. Kunth; UPLC-Q-Exactive; neuraminidase; molecular docking technique; pentagalloylglucose;

ellagic acid
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Fig. 1 NA inhibitory activities of four extracts of G strictipes (X £s,n=3)
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Fig. 2 Total ion chromatogram for ethyl acetate extracts of G strictipes (a) and reference standards (b, negative ion mode)
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#* 1 UPLC-Q-Exactive IR AT-S3ERIAENEMN = N PEREN RN ER S HEE
Table 1 Chemical constituents identified in ethyl acetate extracts of G strictipes by UPLC-Q-Exactive

e ) n [M—H] (m/z) N "N
g5 fr/min 71K N S MS/MS &1 WEY
1# 1.03  C7H100s 173.044 45 173.04439 155,137, 111 ZEEIR
2t 409 CiHisO10  331.06597 331.066 77 169, 125 W F B A b
3* 4.13  C7HeOs 169.013 15 169.01294 125 WEFR
4 4.60  CxH201s  483.076 93 483.077 55 331, 169, 125 B-1,6-—-O-5 £ 7 I 2 761 25 A
5* 468  C7HeOs 153.018 24 153.018 02 JR LA
6 478  CoH2Ows  483.076 93 483.077 48 169, 125 B-1,6-—-O-W & FEEEHE £ b (7
Al
7* 501  Ci4H1009 321.024 11 321.024 84 169, 125 WE TR
8* 507 CaHsO27  951.07342  951.07379 633,465, 197, 169, 125 ER N
9# 508 CyHnOis  633.07224  633.07306 483, 465, 169, 125 Rl m &R
10* 5.19  CsHsOs 183.028 80 183.028 75 169, 124 WETRHN
11 521  Cy7HxOis 635.087 89 635.088 56 483,331, 169, 125 B-1,4,6-—=-O-B & T B £ 4 b
12 527  CisH140s 289.070 66  289.071 66 245, 125, 109 (H)-JLAE
13# 540  CsHeO2  785.08320  785.08392 633,497, 169, 125 digalloyl-HHDP-glucose
14# 546  C3HxsOz  787.098 85 787.099 43 635,393, 169, 125 B-1,2,3,6-VY4-O- £+ Bt 575 %5 b
15* 5.51 C41H30026 937.094 16 937.09515 787,635,169, 125 trigalloyl-HHDP-glucose
16" 560  CsiH3202  939.109 81 939.11035 787, 469, 169, 125 TR BT IR A b
17 571  Ci4HeOs 300.99789  300.998 75 283,229 AR
18* 577  CasHieO30 1091.12077 1091.06740 939, 769, 469, 169, 125 hexagalloyl glucose
19" 583  CoHi0Os 197.044 45 197.044 51 197, 169, 125 WEFRR O
20% 588  CssHaoOsa 1243.13172  1243.13232  1091,939, 197,169, 125  heptagalloyl glucose
21% 7.62  CicHi207 315.049 93 315.050 87 300, 151 FERER

"5 LS s P AR LU AR TE

“identified with a standard reference; “compositions reported for the first time from roots of G strictipes
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111 ABMZE ML 1 0 CO M T 317K, HE
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m/z 169.012 94 [M—H]", M 1 43§ CO2 XK m/z
125 R BS T, WFHE A tr N 4.13 min,  $EAHICSCHRHR
W5 % & RO RS TS L, %58 3 SR
WETIR.S FWERHZE  m/z 153.018 02 [M—H],
HXFHR S R A 4.68 min, 1550 LA IR B EL
X, 45 5 SN LARIR .
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JEE % 2B @ AR SRR E Y, () LR =K
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12 5 R IR 45 5 SRR TE — B, R0 IR
Ebxt, %5 12 5188 (H)-JLER. 21 SIERHZE

T m/z 315.050 87, FHAEWEF BT 32N [M—CHs)
m/z 300 il [M—C7H70,—CoHO] m/z 151, HR 45571 55
TR R R A5 B S Sk oE P L, %
E 21 SN R REER.
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1,6- —-O-1% & TR HL 6 A B BEAZ S 1 m/z 483 [M—
H], H QR & 7A miz 331 Al 169, 55
IS5, 4 g 6 SIEK B-1,6- -0-K
TEREAEE: W ETERE AP Z ST m/iz 331
[M—H], R¥E G0 B AZ B e 2 504
NEETHAEEE Gl . ERETER, 11
S B B TN m/z 635.088 56 [M—H]~, %%
SRR P BT miz 483 1169, 13 ‘SIEHIRHZ ST
N miz 785.083 92 [M—H] ", H FFHEWA B TFH
m/z 633, 14 ‘FUEHIEHZES TN m/z 787.099 43 [M—
H]", HRFHER B TH m/iz 635 F1 169, H5i%
SCHR AR 45 0 K — R s R (S B R, % E 11
FUEN B-1,4,6- =-O- B TR A, 13 SN
digalloyl-HHDP-glucose, 14 5§ B-1,2,3,6-V4-O-
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A7 B AR T S B S B S T A5 R
THRIRIEP IR, % 8 SN EEE R, %K
Iy RN By . 9 SR A BT
BN miz 465, 169+ 125, 5 8 SIE R K
AT —8, R SCERIRIED2, HEW 9 50
R =SER . 74 104 19 SUERHZ S T4 508 miz
321.024 84 [M—H] - m/z 183.028 75 [M—H] Hl m/z
197.044 51 [M—H] ", & 3CHRHRIEM K 5 X I b
B, FFIERE R BP0 5N m/z 169+ 125, m/z 169

124 1 m/z 197 169 125, %5 7 S NEKE T8
fis, 10 SR ETREFE, 19 SIEREETIRG
fig. 15 SUERHZEF m/z 937.095 15 [M—H], —
HEFT N miz 787+ 635+ 169, 125, 5CEkIRIER
FEAR—E, BE 15 S trigalloyl-HHDP-glucose
16 SUERHZE T m/z 939.110 35 [M—H], H—
W EEA miz 787 469, XTI N 5.60
min, %€ 16 SUEATIREFHEE M. 17 SIEE
TR 1 TR, 198 miz 283 A&
T BN E TN miz 229 SYAEERNIE 5 — i
FH—3, e 17 SIENEAERR. 18 S, 20
SUELE B W SR, R A miz

939, 769. 469. 169. 125 Fll m/z 1091 939. 197.
169125, fi4E SCHRHIERS), 5558 18 516 M hexagalloyl
glucose, 20 5§ heptagalloyl glucose.
3.3 7RSS NA S FiiEs

CLE HBERNVENTERR, 7 S NA A
U (PR 8RO 0 55 0P Ak o R i B 7 Tk
W& FE (—268.791 keal/mol). #FAEER (—134.207
kcal/mol) J& LA (—82.874 kcal/mol). JLAZHR
(—80.626 kcal/mol ) . & & T MR H g (-75.716
kcal/mol). & B TR LS (—45.832 kcal/mol). ¥
BTFER (—41.141 keal/mol). 75 Hi F1 ¥ T Ik 4
B BAERR AN ) LSRR NA RCRET (K13),
3.4 7SR NA HIEEME

e FIRSLIR AR, BEER SR AL NA F)H) 2L
Rt N1t — RSz K A YR ST
ARSI X UPLC-Q-Exactive fE M4 & HA X R 2=
MR 7 Fhmesy (JRILRIR . LA R BAERR. &8
TR BETFRTE. KRN TR E 15
HIETE) BT NA WG, SR AR5 9 BH I
Wl 4 pios, 7 Mo EA NA JHHER .. #%&
AN 1C s {5 BRI AT FUAR, RIJLAS R
BETR. WE TIPS TR OEEMH NA
e e 2, 1Cso KT 1 000 pmol/Ls J& JLASER

a-1-HR B THHEHE = HEW  a-2- LR TIHE G RS b-1-BAER =M b-2-BHR UGN c-1-JRILRIR =HEH

c-2-JRLRIR — 45K

a-1-pentagalloyl glucose in third-level structure a-2-pentagalloyl glucose in second-level structure b-1-ellagic acid in third-level structure

b-2-ellagic acid in second-level structure  c-1-protocatechuic acid in third-level structure c-2-protocatechuic acid in second-level structure

3 3 FMLAETYIS NA UM ERR
Fig.3 Predicted binding mode of three compounds with NA
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Fig. 4 NA inhibitory activities of seven components from ethyl acetate extract of G strictipes (X Ls, n=3)
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