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Salviae Miltiorrhizae Radix et Rhizoma and Chuanxiong Rhizoma
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(1. AEA¥MEFKEREER, TH xR 210009; 2. AEAFEFREEERELENFE, KFS
ERMEERATHEL L E, TH Fx 210009)

WE: BH  Hl&#E S Poentilla discolor Bge. 1REUHARAUKNKL, TN HPTRATEM:. A K#OREBYZE N
A AgNO, B, B0 5 UTTE 2 80T 2818 K ih LU & AR g oKokE, I R AiF Ho B fb Mk . DASR IO o], 2 B H i
AgNOAEW AR E, Ul s T2 il Ry R M BB 542 . MR MRICREKE (MBC) k%
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ABSTRACT: AIM To prepare silver nanoparticles loaded with Potentilla discolor Bge. extract and to evaluate
their antimicrobial activities. METHODS The P. discolor extract was slowly added into AgNO, solution. After
centrifugation, the precipitation was dispersed in distilled water for preparing the silver nanoparticles, then the
physicochemical properties were characterized. With extraction time, extract amount and AgNO, solution volume as
influencing factors, the preparation was optimized. The antimicrobial activities of silver nanoparticles were deter-
mined through the investigation of their antimicrobial circle diameters, inhibition rates and minimal microcidal con-
centrations. RESULTS The optimal conditions were determined to be 30 min for extraction time, and 1 : 0. 016 2
for ratio of extract (crude drug) to Ag”. The near spherical silver nanoparticles loaded with P. discolor extract,
found to be with small particle size, uniform distribution and stable property, exhibited significantly stronger inhibi-
tory effects against multi-resistant Escherichia coli, Staphylococcus aureus, Bacillus gardiner and Candida albicans
for vaginitis than those of P. discolor extract, blank silver nanoparticles and gallic acid-loaded silver nanoparticles
(P<0.05, P<0.01) in a dose-dependent manner, while Ampicillin and Levofloxacin displayed no such obvious

activities. Their respective minimal microcidal concentrations of 0.5, 1.0, 1.0 and 1. 5 mg/mL were 2 —4 times of

the blank silver nanoparticles and gallic acid-loaded silver nanoparticles. CONCLUSION

The P. discolor silver

nanoparticles prepared by the aforementioned stable and reasonable preparation process hold more promise to treat

vaginitis due to multi-resistant microbes.

KEY WORDS: Potentilla discolor Bge. extract; silver nanoparticles; preparation; antimicrobial activities; vagi-

nitis
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BT, MOIRITRIRCRIFA R, Ho 20 R
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&
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2. gEE RS, BT ORTENRLUS 2R
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R
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49145 | I /SEkEE ATCC 10231), LI ik
ERR N EERATER SRS, HARBE RS
B r R B e A B A1 S At

B il AR, b5 20150307, 1 T =M
TP R A BR AR, 28R 5t v BE 25 K2 RAB R
P M B RSP B Y B 1 2L Potentilla discolor Bge.
I S
2 FHEMER
2.1 ARZRARN F &
2. 1.1 BRI ESRBOR  BURIE R4 10 g, K
100 mL, &3k 20 min, RAVSZATKLIE, FHHuEWR
IR IR, ZRMWKEA 2 100 mL, 15542
0.1 g/mL (I R IBOR, WmiRAr, #H.
2.1.2 AgNO, ¥ W K% PRI AgNO, & 1K
425 mg, BT 25 mL B, ZEWBKER, WG
100 mmol/L AgNO, VAT o
2. 1.3 APURYPROR ARAESCHER [16], #HC1%
FRIERR AR 10 mL, &% 300 mg/LAgNO, i
W, WKV SR 10 min, A BERR A 15 WK pH 2
4.0~6.0, A5,
2. 1.4 BETREIROR RSk [17], &
= BB 4eN 0.02 g, fil 19 mL 7K Al 1 mL
0.01 mol/LIXE TR, #i PR G5, Wi
HNO, W 19IRGW pH £ 9.0, JLA 0.1 mL
0.2 mol/L AgNO, ¥, IR E TR Ag” Ll
1:2, KB TN 60 min, MWK 13 000 r/min
B0 15 min, WG ZE BIEW, UUTE N 2RI K R 3
W, AR R, B
2.1.5  BHERESRIBCUIER RO I R R O
10 mL, BEHHE RS2 ZE 100 mL 1 mmol/L Ag-
NO, W, 25 C ) 3 h, W 13 000 r/min
B0 15 min, R BIEWR, UUTE I ZE KR 3
W, DARBRIBOIKARL R TR Ag™ BB FIR 2T,
FEo3 o HCT 100 mL zZ=ffKh, BI1E,
2.2 oA EIE
2.2.1  EAM-RT LMY (UV-Vis) W3 Fg 44
KbsaE s, & TEd, DIZERKRIE A,
KA UL 4366 EETHAE 300 ~ 800 nm i [ A
BT AR AR, SR WK 1, iEIRE, 3 R
KRS BAT W Wi, RIVHCAS B AR AR
W, A 2
2.2.2 FFOCHEUN (DLS) ¥ 3 FhR g4 Kk
W2 0.45 wm Gl AL ok G 0k, 3h 2 B0 B
(DLS) FZHEHMKAE, 270 Wds%l (PDI) K Zeta

ab a— ZASRGKR
b— BARIRKY

RakR
o RET
Rk

T T L) T 1
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A/mm

E1 25" (UV-Vis) BRigEE
Fig. 1 Ultraviolet-visible (UV-Vis) absorption spectra

RLAL, AR 1 R, 3 FhER ARk Bk
FX/INT 50 nm, PDUARI Ry 23 FUAR AR >
TIRERGAAL > B FE SR AKAL, Zeta HLLL
YRR T R SR IR R ARk, > B T IR AR
AL > 25 FERGIKARL, H T PDT MU, K101
RIS A); Zeta B0 40 X H ARG, MR R MR Y
AT S SR I R A KORE B 0 TR S M R e T
b, X EEREMG T HASAREZREMUEY,
i JUS ST R R R A R A RORE T L 23 TR 0 K
B, WD, IR R R e
R1 FHEKES (DLS) RAELER (x +s)
Tab.1 Results of dynamic light scattering ( DLS) charac-

terizations (x xs)

, YRR/ Zeta HL0/
FE b PDI
nm mV
75 ARG KL 27.22 4.4 0.236 £0.028 -12.4+2.7
WAL FRRER KA 33.77+3.6  0.135+0.023 -20.8 +2.4

I BB R R 35.53 1.9 0.098 +0.017 -25.9 +3.8

2.2.3 BEHHRTRME (TEM) B3 FRIK
RS> 5, WINEVE N L, TS L Tecnai 12
RIS G B AN RS, S50 LR 2, mE AT
A, 3 FMRGORECERIE SCRERE, b B R
VGRS SEAUP/S I 1D Ay A N /<5 En IS N T 2 A2 i A
AN—, X ATREH TR AR 2 R B P RHAR KR
) ERe e ME R, I B TR TR,
2.2.4 fHEMLIAN (FT-IR) 6% HRE TR,
B SRR . T RRAR KR A B R I
BN OK R R R TR, A5 B AE N R R, FE
4000 ~600 em ~'I [ ATLL AN, 45 R LA 3,
HETTA, WETIR . BRI AR 0K R 2
T LA N SIS 55 FEAH N S B I ARARL, 7T BE 2 R FAR
YRR TSR A AT B T IR B 1 S, i
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Fig.2 Transmission electron microscope (TEM) graphs
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Fig. 3 Fourier transform infrared (FT-IR) spectra

PfifE - OH, C=0, C-0 FFRPIR WU (£
2), o, EEE T YRR R U oA e
S 5IRE RN, R S G AR s e 55, Tk

FEP ) O i Al SR AL T XRIE T Ag TS B
B, 5 Ag B, iR C=0 4% C-0,
SECHANGIR SRR, [ e 55

®2 OHMRKEN

Tab.2 Infrared absorption changes

WE TR KL AT TR B R SR U R A R AHXS T 8RR R [

Wb/ em ! e Wi om ! e P

3242.37 W55 3 284. 66 VEE] -OH

1 702. 84 W 1 661. 86 W5 C=0
1.028.36 AT 1031.41 R C-0

2.2.5 RUEVEEEE R 3 MR 4K KL R
THUM TAAC60 d, ka7 d BN E R AR, IF
TH 60 KR 541 — W] WL 6O 14T 300 ~
800 nm AP, KIS ] Wk, DI%
GHAENE, 45RIWKE 4, K 4A /A, 25 AR
AUKRLBE I TB] 35O, R AR BRI AR R, TR 42 K
W E LT 200 nm, W HAABIIREHH; HE
TRRARAOKR BRI AR AL B 2, i 526 60 KA
3L 200 nm, A PIRBG ;B E AR B AR 990K
Kife 60 d NI RLAR AR AL A BT . [ 4B xR,
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1500 HAhnRER, MAKF 1.5 mmol/L B & TR, £
1200 W1 10 mL 420K . 1. 5 mmol/LAgNO, ¥ I 5 i
900
£ 600 Wt N, SRR AR R 1 g, Ag” i
& 300 A 16.2 mg,
£ 200
g 150 0.8+
100
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0+ T T T T
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- FARGKAL - BETFREGKR 0a
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Fig. 4 Results of stability investigation -
\ . R 0.6
HHE 300 ~ 800 nm 3 B 4 P KA, 45 5 ILIA] 5
SA. HIEAT, SRR E K 30 min B, G480k = oy
G B I, T B I 25 14 T B i 10 8 4 DK e 0-21
%, W R E] A 30 min, 00 s

2.3.2 REUREHE K 2.5.5. 10, 25, 50 mL
(HEZGEA 0 0.25, 0.5, 1.0, 2.5, 5 ¢g) #H
WAHREL 30 min, 5 5 4y 100 mL 1. 0 mmol/L AgNO,
VW, #e “2.1.57 TR 7 ki 45 B R
PIARAKAL, R FH 5850 AT UL 43 60k B 3 300 ~
800 nm B2, 45K WA 5B, &)
Y, ARANAORL IR G BE B A B IO ] 12 1 38 fn i 7+
B, MAERT 10 mL i, BOREB TR, £
100 mL 1. 0 mmol/L AgNO, ¥ . 10 mL 25 Rf
A AgNO; 7543 ] R, B 4 O rh AR 2 iR
1 g, Ag" 4 10. 8 mg,

2.3.3  AgNO, ¥l &= & BB B AR U
10 mL, 3£5 £, Jn%| 100 mL 0.1, 0.5, 1, 1.5,
2 mmol/L AgNO, VWi, #% “2.1.57 3 F )5l
£ T AR U R ORRL, RS ANAT WA
THAE 300 ~ 800 nm i Bl 9 A P K F 4, 45 L L&
5C, MERTA, BRGNS AgNO, F ik

T T T T

0.0 0.5 1.0 1.5 2.0 25
AgNO, ¥ ¥#/(mmol L")
C.AgNO W # F &

BS WALk

Fig. 5 Absorbance curves

2.3.4 BAERE HOR M3 1y, &k )
¥ 30 min, $REGHA A TS Agt mEHLH 1
0.0162, % & T & M 3 h, FF {8 & N i
13 000 r/minES.[> 15 min, WX FiEW, ULIEHZE
TRZKVEE 3 Ik, A, RTS8 R U R g
KAV WL, >R HEE A AT U 43 500 B 3 A il A
300 ~800 nm 5 Fil N AW B0, 045 fie RO 2
A58 0.796, 0.803, 0.799, RSD /NF 2% , 3+
Wz T 2Rk . EEMERE
2.4 O ERBYBRARERE EN
2.4.1 BB EARRMED G KE IR e
(6 mm) FAML, H . R 0 B AR )
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(A2 &it, 4358 25, 50, 100 mg/mL), %5
FIERARRL, BT FRAR AN AR AR 1 S B B AR
AR (3 PR S AR GRS A R4 0.1
0.5, 1.0 mg/mL) ¥, B 1 h jFHH . )
WKW A IR . S ORI A ER A . 7R AT B AN
HESRERIFREE, & TR, ¥50%

AT BRI 4 IR B R M R 5 R A 148 I T AR
b, DEREHERMAERDE (1.5 mg/mL)
X, ST 3 AR, ARSRA T, K A IR
B ORI AERTE . RN T 37 C R RER
24 h, FIEEERE T 28 CRIEFR 48 h, Hudi, I
SEIHEE B, BOLPEIME, 4RI 3.

£3 NMBEBERNELR (n=3, x=s)
Tab.3 Results of antimicrobial circle diameter determination (n =3, x +s)

oy Sk g/ W EH A/ mm
o (mg-mL~") N7 &) S W AR IINFEGNFT SRR
B R 25 - - - -
50 6.74 +0.76 6.20 +0. 44 — —
100 8.51 +0.57 7.10 0. 37 6.80 +0.54 6.50 +0. 65
75 AR Y AL 0.1 7.42 +0. 44 — — —
0.5 8.79 +0. 83 7.14 £0. 58 6.94 +0.59 6.99 +0.77
1.0 11.16 £0. 71 9.32 +0. 61 8.87 +0. 81 8.78 +0. 86
WA FRRAR YA 0.1 8.25+1.01 7.96 £0.77 7.13 £0.27 6.91 +0.54
0.5 10.31 £0.34 " 9.21 £0.49 ™ 8.99 +0.51* 7.92 +0.58
1.0 13.80 +0. 41 * 12.67 +0. 82 * 11.17 £0.55* 10.37 £1.00 *
(IS ERA ey L RE b S A 0.1 8.85+1.00" 8.19 +0.39 10. 14 0. 63 8.93 +0. 56
0.5 14.72 1. 11 % 13.32 +1.06 ** 13.97 £0.72 * 12.27 +0.37 *
1.0 16.61 +0.52* 15.73 +1.10 ™ 15.99 0. 69 ** 14.66 +1.02 **
AR HER 1.5 — — — —
TEE R R 1.5 6.33 +0. 38 — — —

W —FORREM . 55 FHRGPKRR LEE, © P <0.05, P <0. 01

2.4.2  AMEBRANE

WA TR BB e 3 Rl

(1.5 mg/mL) WXHARAH, RIAZCA TR, & o ()

ARSI, IMARURA DR E A RESUE (PDA)
PR =R, IRARBIARGIRIL (B 4R
Wy & A& DA gy R, o 25, 50,
100 mg/mL; 3 FERAOKAL A w059 0.1, 0.5,
1.0 mg/mL) , HMILA—MER—EEG (HE

AEREE . BRI T 37 C TR 24 h, P&k
T 28 CREER 48 h, 738 LM & RV B K
7 (RWEPIER), THESE 2R, A
W% = [ O BBV B - AR TR VK EAR) /%
HREAVR HAR ] x100% . RHILSEE-FAT 3 IR, REH

40mm), UAFTHFEHERMALAA R Y E

{H, SEBEAEITETCR A Tk T, 45K 4,
x4 NMERMNESER (n=3, ¥=xs)
Tab.4 Results of antibacterial rate determination (n =3, x %)

oy Brit e s/ WHER%
" (mg-mL™") N BN & ORI T P12 BR i
[EISEE/3EY] 25 — — — —
50 19.41 +1. 44 10.3 £0.79 — —
100 40. 82 £3.20 26.2 +0.94 21.4 +1.00 13.6 +1.03
23 AR YRR 0.1 31.25 +2.71 — — —
0.5 57.67 £1.94 29.67 £1.39 20.22 2. 14 23.52 2. 11
1.0 79.93 +1.76 68.26 £4.17 58.41 £5.01 57.33 £3.02
WE T BRI KL 0.1 49.52 +3.33* 39. 14 +2. 41 39. 84 +3.90 39. 14 +2.17
0.5 81.45£2.17* 65.19 £2.37* 63.18 +1.89 65.19 £4.22
1.0 92.16 £0.99 * 84.44 £2.16 ™ 89.25 +4.71 85.44 £1.93
(RIS EXAIEYL AP S A 0.1 53.22+3.18 = 51.24 +3.02 60.11 +2.38 51.24 +4.09
0.5 91.96 £1.06 ** 90.77 £1.37* 92.18 £3. 14 ** 90.77 £3.28 **
1.0 99.36 £0. 57 ** 98.92 £1.02* 99.34 +0.78 ** 95.92 £2.33 **
ATHBR 1.5 — — _ _
KA R 1.5 15. 11 +1.22 — — —

T —FoR RN, 52 RO LEE, © P <0.05, P <0. 01
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2.4.3  EAATEWERNE ™ REA K (K
3 TR . B ORI EERE . ISR BT 6
SERE) BOWARE IR, RN R 10.0 mL
SrAE, 121 CMIBHAKTE 30 min, K 4 A
P AN ) 57 e R B2 35 7 0 (M 1 2 IR 43
420, 40, 80, 160, 320, 640, 1 280 mg/mL, 3

2.0, 4.0 mg/mL) , H—RIEF—FEE, F173
R, BETHSRE T, KB HIRE., SE 0
EIRE . NENFFE T 37 CTFH3R24 h, A8
BRIET 28 C T 48 h, WA KME, LHE
A R B IR B A A R I B AR TRTVR B &%
W5,

AR g K ki 43 3k 0.05, 0.1, 0.5, 1.0, 1.5,
®5 BEIEREVELER (n=3, ¥zs)

Tab.5 Results of minimal microcidal concentration determination (n =3, x %)

e ARR B S/ (mg-mL ")

el A & H AT AT R
[H]SEEYEY] 320 640 640 1280
25 ARG KA 2.0 4.0 4.0 >4.0
WAL R ER AT 1.5 2.0 2.0 4.0
B AR PR HU AR 0.5 1.0 1.0 1.5

T AR AR IR AR R L A 1 R — PRAVRBE e, b %

2.4.4 WMEsEH R ME 4 TH, 4 DR
(AL TR T76 PR A TR Sy 380 11 R SR B AR 9 KR > 87
FRAR G AL > 25 FURAKRE > B 1 B2 Ok, IRl
H R R RS sE . X TR — AR S, B
P 8 SO R A AR 0 5 At i T 38 B A Yy 41 1
EH, FF BT IAAES, X TORRAE B B4
SRR IR R KW A G > 4 s R A BR IR .
RO > A OSERR . £5 B, BIAERIY
ERAUKAL I R AR TR B A/, I B H BT vk
JEH 1.0 mg/mL B, #IGEFEATIA 95% DL, s
FARGRRL AN & T RRABRPORR N H 2 ~4 £, B
B 1 R U R A KRBT TR TG I i, A LRGN
KBLAEEFRREBYORR 2 ~4 £, 74k, IHIR
WA REA N HHERALRRID B 4 Fivitil
PAVBAT B S A i VE H

3 itig

3.1 BAREHESFERASFAZRG YA
JEAEIT, = A AR N KR BT B 1 5 T BRI RN R
AL RS A — By, RSN, RTERE T
SR OBASIIG T, AR, WE TR, B
I FARGOKR R TR R ERIE , (BATIERRAN . &
BFIRIBGURRIE 5 5 AR, Rk, AHT
F 75 20 TR M RE GRS, B T A AN k5 2
R, PSS T AR AR

3.2 AR A@EMHAFFARXRGF®m  Sun
SEUIIRAN A R R A KO 2 I 1Y TR 24 A Ay
TESTHUR 20 KRB [F] I, 5 15 25 38 B U [ 40 7 4
Mo ALBPEREFRR. #E R Ry R
TR 5300 5 A R R R, 3K 26 B 0 43 BIER 499 Kok 1)

RS, WIRES JEH PRI, I B PR AL
Ho WE TSR EEYUR S, (HFE 5
B ER KL BT R AR 35 0 T I FRRAR 48 K
ki, IR AR R A AR E —E B, 5
Ab, B SRR G R RS e R i, T
BB I AR, R gk Re
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