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Abstract: [Objective] Antibacterial activity and mechanism of the ethanol-extract of Geranium wilfordii Maxim on clinical
pathogens were studied for development of a natural antibiotic. [ Method] The chemical compositions of the extract were
analyzed by GC-MS and HPC. The filter paper method was used to test the antimicrobial activity of the extract against 12
clinical samples of the resistant bacteria. [Result] GC-MS detected 18 volatile substances, including aliphatic hydrocarbons,
fatty acids, and alkaloids (1.15%). The 3 flavonoid compounds identified were myricitrin, quercetin-3-O-B-D-glucose, and
taxifolin. High antibacterial activities against Enterococcus faecalis ATCC 29212 (MIC 1.0 mg~mL71), methicillin-resistant
Staphylococcus aureus (MIC 1.0 mg'mLil), Escherichia coli ATCC 25922 (MIC 1.0 mg'mLil), and Acinetobacter baumannii
ATCC 29212 (MIC 2.0 mg'mLfl) of the extract were observed. [ Conclusion] In the G. wilfordii ethanol-extract, aliphatic
hydrocarbons, fatty acids, and alkaloids were the major volatiles, and myricitrin, quercetin-3-O-B-D-glucose, and taxifolin the
3 substantial flavonoid compounds found. The extract demonstrated a significant antibacterial activity with wide spectrum
against the commonly known clinical pathogens.

Key words: Geranium wilfordii Maxim; ethanol-extract; volatile substances; clinical resistant bacteria; flavonoids

Wis HHEA: 2020-03-06 HIFe: 2020-08-28 &k
EE®EN: 5 (1990, 5, WM PAMRAF=WITTL (E-mail: 977956996@qq.com)

FEMERE: MRE (19749, 5, BIFFFR, AT AR (E-mail: 840940513@qq.com)
EEWH: WA BB h 2B AT 2019 FHFRFEEEETH (20192YCII05)



1398 @R L F IR %355
0 2= BIBRTE . FEBEERVH . RS AE AR A . BE O Rk A .

[AF 585 Y BoA: = 3 BOK St 24 5 i
FH 4 DO PR 45 8 €00 7 2 R TR L T Y S PR SR R A 4 sk
TR 25 T 2 0 P i T 5 D o s B, RO i
KRR . A SCHEIRIE 2 BRBAEZY 70 J7 ASE T 25 16
&y, W E] 2050 4EFE T ANKCRT L E] 1000 77, AR
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e MRFEFEIA (Klebsiella pneumonia ATCC 13883 ) .
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Staphylococcus aureus) . % M #i 2% & 9 M §
( Pseudomonas aeruginosa). ¥ ¥ N W ( Vibrio
alginolyticus XSBZ14 ) . i H! 4 75 Ak 3% B¢ i) % Bk 141
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MH AR FR AL . AR 2 gL, TR PEDE
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12 REHE
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K we, b FE ST HUER B N BB SE AL A ), L 60% &
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{545 2 min, #RJ5 10 C-min ' F+ % 280 °C {#3F 2 min,
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IEHERE AT, LA B A B R AR S o IR A
TR SRR 3 UK

T OB S HERE S5 F . BFR] 0 ~20 min, A A
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25, BERM 6 Ko MR K 2 B 2 B LY
A% R AL 53 1 S S A
nx2 500
1000xm

C: B RS P B0 5 & &5 n: HPLC K
Wl m: BEHERESTHE
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PREBRVEREY, 76 12 51 8 11 RS 1 96 FLAR AR
INLLF NES 55 3~ 12 50 I R FL I A& £ B4 L
BE S MH WA R 35 355 100 pL, 358 2 B I 4
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W (1.15%). ENiEIEAE YA 6-methyloct-
adecane (0.56% ) . 2,6,10-trimethyltetradecane ( 0.62% ) .
octadecane (0.97% ). octacosane (1.85% ). (E) -
3,7,11,15-tetramethylhexadec-2-en-1-o0l ( 1.50% ) . 2-methyl-
hexadecan-1-ol ( 0.52% ) . 10-octylnonadecane ( 0.32% )
84 (F 1), IBNiMRISLEWA docosyl docosanoate
(0.42% ) . methyll1- ( 3-pentyloxiran-2-yl ) undecanoate
(0.96%). (Z) -7-methyltetradec-8-en-1-yl
(0.92% ). methyl palmitate (7.91% ).
(0.45% ). methyl (E) -octadec-9-enoate (4.93% ).
methyl 12-methyltetradecanoate ( 0.53% ). oleic acid
(0.97%) 84, Hr b4 methyl (E) -octadec-
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Table 1 Volatiles in G. wilfordii ethanol-extract
N TRER 1) 2 STE S AANEE UG
wE . ; ) .
Compound Retention Chemical Molecular Relative Matching
ompounds time/min formula mass amount/% rate/%

kiR e EERE(1) docosyl docosanoate 5.157 C4,Hg,0, 621.13 0.42 93.5
6-F3E-1E+ )\ 3£ (2) 6-methyloctadecane 5.934 CoHyg 268.53 0.56 94.5
2, 6, 10-=H%-1EVU+%7%(3) 2,6,10-trimethyltetradecane 6.757 C7H3¢ 240.48 0. 62 95.6
11-(3-/K 58 K -2- 2. 3)+— % F i (4) methyl11-(3-pentyloxiran-2-yl)undecanoate 8.610 CoH340;5 312.49 0.96 98.2
+ )\ J%(5) Octadecane 9.004 CigHxg 254.50 0.97 93.8
-+ )\JE(6) Octacosane 9.075 CogHsg 394.45 1.85 97.2
T+ )\ e dk 2455 E#(7) 1-(Vinyloxy)octadecane 9.310 CyoHyoO 296.54 1.50 93.7
2-1R-+ )\ [§%(8) 2-bromooctadecanal 9.492 C,gH35BrO 347.38 1.56 92.8
Ji5i-7- PP 35—+ DU T8-J5- 1- LR TE (9) (Z)-7-methyltetradec-8-en-1-yl acetate 9.616 C,7H3,0, 268.44 0.92 91.8
10 -3 3+ /LJ5%(10) 10-octylnonadecane 9.704 C,7Hsg 380.75 0.32 99.0
AR TR (1) methyl palmitate 9.992 C,7H340, 270.46 7.91 95.2
(5B)%*%5t-3,20-B- 2,14 a,180-[4- 1 HE-3- 58 5~ (1-oxa-4-Z 4 T bi-1,4-—F5)]-
ZRER(12)

) 10.210 C,sH43NOg 489.65 1.15 98.9
(5.B.)Pregnane-3,20.p.-diol, 14a.,18.0-[4-methyl-3-0x0-(1-0xa-4-azabutane-1,4-
diyl)]-, diacetate
2-F HE-+755%-1-B%(13) 2-methylhexadecan-1-ol 10.439 Cy7H30 256.47 0.52 90.3
KA ER(14) palmitic acid 10.710 C16H3,0, 256.43 0.45 93.6
()1 )\ e 3E-9-J8 B FiE (15) Methyl (E)-octadec-9-enoate 11.469 CioH340, 296.50 4.93 98.2
12- B 3+ DU B2 H i (16) Methyl 12-methyltetradecanoate 11.663 C 6H3,0, 256.43 0.53 99.5
JHER(17) oleic acid 13.333 Cy3H340, 282.47 0.97 90.1
&I — FZ — S JiE(18) dioctyl phthalate 21.603 CayH;504 390.56 0.43 92.3

(5.8.) Pregnane-3,20.B.-diol,14.0..,18.0.-[4-methyl-3-
oxo- ( 1-oxa-4-azabutane-1,4-diyl ) ]-, diacetate (1.15% )
& B IRTE & R L B Y h S E R R AR
B, AW PO . TE A PO . PR
BEAE | POV B IR S A A
22 EBEZERIMEARCEAVEESSENE

I8 3F HPLC A5 i 45 21 % [ bR 1 & 4 M8 15 (Re
16.498 min ) . fEHE#Y FE (Rt 17.508 min ) . Hif J % -
3-O-B-D-#j 2 # (Rt 17.978 min ) 5 & 25 2, et $12 B
Y 3 ANl (1) Rt 16.506 min, (2) Rt 17.503
min, (3) Rt 17.981 min &R —2 (E 1),

WA AE S A AT . AETERA FE L M R -3-0-B-
D-# % A% 5 % 8 5 L BEAR U R 3 Al (1,
2. 3) BYMOSOL G A3 A R — 50 (& 2), R

B [0 R0 R SO 3 5 A0 4 3k 3 4 TR ML 0 53] Sy A
L ABMEAN R | i R -3-O-B-D-Hj 4 i

HPLC MRkl & 3 MRl i bR el 42 . 5

P R BR . BRI SR 2 R, 2R M AH O M 4

(R*=0.999 0). 3 i e i A JBE 2 Hb A o b e 32 o3
W, NNAE W FE (bR AE Sy, HPLC R, ARA5H5 v
(A0 b 51 1 35 R 98.56%~ 101.05%, A8 Xt #r 4 i 22
9 0.55%~1.50% (#2).

FIFH HPLC &M 2 K 0 2 185 5 2, e B8 B ) 45 T
EYa ., HIERE (3.72mgg ). Bl (2.56
mgg '), Wit E-3-0-p-D-Hi%M (5.56mg-g '), bR
IR A 99.24%~101.98%, AHXIFRfE(w2E A 0.85%~
1.12% (% 3).
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Fig. 1 Retention times of G. wilfordii ethanol-extract and flavonoid standards
273
182 t 1 i %-3-0-B-D-Hi &k
8(1) Quercetin-3-O-B-D-glucose
204
13.6 (3) B L FEHREA-17.981 min
g gg The ethanol extracts of G.wilfordii
ERRIng:
g ;471 - Wt
=) WA ooty
_§ 00 | Myricetrin
g 84.0
2 560 | (2) ZEE 2 B ALY)-17.503 min
Fin 2(8)8 The ethanol extracts of G.wilfordii
9160 |
E 1440 | TEMERA 3
72.0 ot
00 | Taxifolin
140.0 (1) 2B L BEEEHY)-16.506 min
788 The ethanol extract of G.wilfordii
-70.0 £~ . . . . ]
200 300 400 500 600 700
T+ Absorption wavelength/nm
2 ZBE RIS AR E RIS
Fig.2 Spectrograms on G. wilfordii ethanol-extract and flavonoid standards
F=2 trfEfhZk,. EEMREMNR (means+SD, n=6)
Table 2 Regression equation, correlation coefficient, and detection limit on measurements (means * SD, n=6)
i P v 2% % K HHBR E R Eles S/
Standard substance Standard curves Detection limit Limit of quantitation Recovery/% °
MR Taxifolin y=4.16XA-2.77  0.9996 0.136 0.725 98.56 1.50
#it 7 #-3-0-B-D-Hii & ¥ Quercetin-3-0-B-D-glucose y=3.13XA-6.88  0.9994 0.128 0.915 101.05 1.23
Wt Myricetrin y=3.44XA-4.08  0.9991 0.153 0.817 99.26 0.55

FE: AN, FAImAU; yIREE, #fingmL s SHMDFRAERZ .

Note: A was the peak area, unit was mAU; y was the concentration, unit was pg'mL’: S is the relative standard deviation.

23 EBEZERIBMEE T SRS FEFERRTA | S PP AU ARG s A AR L R
DR TR Z R WoR A QRS X AT S NS AT A O R (I R =

12 RIG PREBOWR 2 A RAFPIESOR, 25 LB 16mm ), F:MIC {E55141.0, 1.0, 1.0, 2.0mgmL ',



1402 I R F IR

LURRE &

#=3 ZBECERIVSERATYEMEE%X (means+SD, n=6)

Table 3 Flavone contents in  G. wilfordii ethanol-extract

TR 7y EEvES

Flavonoid components 'l ¢ Hg.mLil ) Recovery/% §/% CY (mg 'gil )
AEHERA F Taxifolin 7.44+0.48 101.70 1.12 3.72
#it iz %-3-O-B-D-Hi %] $% Quercetin-3-O-B-D-glucose 11.1240.73 101.98 0.85 5.56
WM H Myricetrin 5.1240.33 99.24 1.05 2.56

E: ar DRHEMASESEBERGNTERER, b: HPLCKRIIREZ
Note: a: individual flavone content in G. wilfordii (dry weight); b: concentration detected by HPLC.

XF il R vE T AR TR . MR IR AFT I L U8 o & A AT
W . T SRR MR . BN EE L T R AR AR R
IR EREE . 4 O A BRI A RO R (9
BB EAR: 11 ~15mm), HMIC{E5510 4.0 . 4.0 .

40 .40 . 8.0 . 40, 40mgmL ', X MEREA
AR TEYE (M <10 mm), HEMIC {E K 16.0
mg~mL71 (£4),

F4 EBEZEREIRYNAEEME (meanstSD, n=3)

Table 4 Antibacterial activity of G. wilfordii ethanol-extract

B I ISET A % 1R |
Bacteria Inhibition zone/mm Positive control/mm MIC/mg:mL
T H A B 2 K. pneumonia ATCC 13883 11.18+0.30 14.07+0.09 4.0
SO EERIA S. aureus ATCC 29213 14.95+0.26 16.2640.28 4.0
FMERE E. faecalis ATCC 29212 19.35+1.24 6.50£0.26 1.0
FHELLEHINF B B. subtilis 12.6640.58 14.36+0.16 4.0
FEBE BRI M. luteus 8.77+0.16 17.35+£0.87 16.0
H & A B. thuringiensis 11.06+£0.28 21.41+0.27 4.0
T FF 4 VG MK 4 3 (0. %5) ) BR Y& methicillin-resistant S. aureus 16.77£0.95 — 1.0
HALE B S P. aeruginosa 11.23£0.97 14.234+0.44 4.0
YU AT B BT ERTE methicillin-resistant S. epidermidis 14.32+0.45 20.86+1.76 4.0
KgAK E. coli ATCC 25922 20.30%0.30 27.74+0.32 1.0
i B AN 1 A. baumannii ATCC 19606 18.24+0.50 20.4440.32 2.0
WIINE V. alginolyticus XSBZ14 14.914+0.34 12.08+0.19 8.0

P RORANE B BRSO 275 4 (100 mg-mL )

Note: “— indicates no inhibition zone, ampicillin (100 mg~mL7') was the positive control

3 b Lk

20 A T 24 1 ) ) B 25 Ak RN 3R R T RN A Bt
B 75 M, LR A A I BE S e P
Kim 25 %2 2 2 81 7] 239 i p 5525 2 B S BN 7 bk
2 T it 24 4 8 G R A BR B 0 ) I RS R AT R4
P, BT 74 Fhep 25 B RAFROM R TE Y, e
A £ 5 v B 2 0 W5 B0 35 P B 4 EL AT T & B B T 2
YRR KA .

LR L W IUY) B BB £ Rl A T b

S 45 i 96 40 0 4 4 LA AV T R ]

ZEFL T B B R . i R A ERE S,
X4 W AR . SRIRT I L P ELEE R . e v
IR B 00 T R R AR S 2 R IR B
F G R . BB . A LR A
FAb e, BAMESED S — LT Rk R
SR IO B LS 0 | B RR AT A A A B 2
A Xk 4 B G0 BT A BR T A BRI B S .
T 745 I S B SR A Y L4y B L MeE T 24 39 MR
FRMEY . 35 A EEELS . s DANMmELS
Wy, F S e W P R R B A U L U
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