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Abstract: Objective To fabricate silver nanoparticles (AP@AgNPs) by Chuanxinlian (Andrographis paniculata, AP) with optimization
of biosynthesis parameters. To character the AP@AgNPs followed by disclosing the antioxidation, antibacterial activity and the
mechanism of sterilization. Methods To biosynthesize AP@AgNPs under ultrasound and heating. To confirm optimal biosynthesis

parameters by evaluating the influence on reaction efficiency, average size and polydispersity. To characterize AP@AgNPs by laser
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granularity analyzer, transmission electron microscopy (TEM), X-ray diffraction (XRD) and Fourier transform infrared spectroscopy
(FT-IR). To evaluate antioxidation activity by calculating the scavenging rate of DPPH. To evaluate antibacterial activity by mapping
the curves of growth kinetics and to disclose the mechanism of sterilization by calculating the mean of side scattering channel (SSC)
measured by flow cytometry. Results At pH 10.0 and with 10.0 mmol/L of AgNO3, the AP@AgNPs could be synthesized by AP at
50 C under ultrasonic, where the AP@AgNPs are spherical shape with average size 30—40 nm and a face-centered cubic structure,
and exist in monodispersed form covered by negatively charged complex with long-term stability (2 months). The AP@AgNPs display
superior antioxidation activity, where the 1,1-diphenyl-2-trinitrophenylhydrazine (DPPH) scavenging rate is 95.1% after adding 150.0
pg/mL of AP@AgNPs. And AP@AgNPs prefer to inhibit the growth of Escherichia coli rather than Staphylococcus aureus, where the
minimum inhibitory concentration (MIC) of E. coli is 20.0 pg/mL but for S. aureus, it is higher than 100.0 pg/mL. The AP@AgNPs
reveal significant uptake into both E. coli and S. aureus, and may damage the cell membrane of S. aureus. Conclusion AP could act
as a proper substance to fabricate AgNPs with long-term stability and superior antioxidation and antibacterial activity.
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Fig. 1 Tmage of mixture after reacting with AgNOs at

different times at room temperature
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Fig. 2 Tmage of mixture (A), ultraviolet visible absorbance spectroscopy of mixtures after reacting 0.5 h (B), 3.0 h (C), 5.0 h
(D) with AgNO:3 at different pH, and absorbance at 385 nm obtained by reacting with AgNO3 at different pH and time (E)
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Fig. 3 Image of mixture (A), ultraviolet visible absorbance spectroscopy of mixtures after reacting 1.0 h (B), 2.0 h (C),3.0 h

(D) with different concentrations of AgNO3 at pH 10.0, and absorbance at 391 nm obtaining by reacting with different
concentrations of AgNO3 and time at pH 10.0 (E)
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Fig. 4 Photograph of mixture (A), ultraviolet visible absorbance spectroscopy of mixtures after reaction 1.0 h (B), 2.0 h (C)
with 10.0 mmol-L™! of AgNO3 at pH 10.0 at different temperature
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Table 1 Average size and PDI of AgNPs obtained at different pH and incubation time
TR /mm PDI
pH &
0.5h 3.0h 5.0h 0.5h 3.0h 5.0h
9.0 106.7£0.8 613%+1.3 92.7+1.9 0.475+0.004 0.437£0.013 0.467£0.022
10.0 - 90.3+0.6 96.91+0.6 - 0.254£0.007 0.246£0.006
11.0 89.71+0.8 173.6£26.2 156.0£2.0 0.425+0.014 0.479£0.125 0.404£0.019
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Fz2 B AgNO:RE. T[ERTEIIRIS AgNPs FIEIRIEH0 PDI
Table 2 Average size and PDI of AgNPs obtained at different concentrations of AgNO3 and incubation time

AgNOs/ SEIRLR/am PDI
(mmol-L1) 1.0h 2.0h 3.0h 1.0h 2.0h 3.0h
1.0 87.1%3.1 100.0+1.7 143.0+1.7 0.427+0.034 0.425+0.005 0.436+0.012
5.0 111.9+1.3 113.8+2.1 131.1£0.6 0.22040.012 0.235+0.011 0.275+0.006
10.0 57.0%+1.0 70.7+1.9 64.7+1.3 0.38040.049 0.449+0.012 0.421+0.030
20.0 124.7+1.8 853437 69.6+1.2 0.470+0.004 0.42140.018 0.452+0.013
KRN, N (41.9503) nms (LR E A 6-a. bFIR, AP@AGNPs RILERTE, 40551, K
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33 YKIRFER. REMR. RBERREMRIE
f# ] TEM %} AP@AgNPs WS RAE, 1
#3 FREIRE. TERERSG AgNPs B H5REF0 PDI
Table 3 Average size and PDI of AgNPs obtained at

different temperature and incubation time

P42 /mm PDI
7/°C
1.0h 20h 1.0h 20h
30 689421 740406 0.53240.029 0.506+0.008

40 642x1.8 745+1.0 0.544%+0.034 0.536%0.006
50 479+04 419%03 0.495%0.002 0.546x0.006
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Fig. 5 Ultraviolet visible absorbance spectroscopy of
mixtures at different time under optimal biosynthesis

parameters
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(443£0.3) nm (F 4), TIH R EFHRIRREME.
i ] XRD %} AP@AgNPs fb U BH T RAE . W1
7 Fin, 1E 20 FAEEN 38.0°. 44.1°, 64.4°, 77.4°KF W
F] 4 MITHE, 5 R0ET AgNPs 1111, (200).
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Fig. 6 TEM image (a, b), average size (c), { potential (d) of
AP@AgNPs under optimal biosynthesis parameters
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*4 BREFEIZERNKIRBETERTE G
Z%1 PDI
Table 4 Average size and PDI of AP@AgNPs obtained under
optimal biosynthesis parameters after a period of storage

t/d ~FIRiA% /am PDI #d “F¥IRiAZ m PDI
0 419405 0.5042£0.005[50 40.84+04 0.46140.004
1 416103 0.50410.004[60 4434+03 0.46520.003

10 2 30 40 S0 60 70 80
20/(°)
7 AP@AgNPs ] XRD &
Fig. 7 XRD image of AP@AgNPs

(220) 1 (310) [ (JCPDS, 04-0783), Httafiik
AP@AgGNPs NI L AL TT 458
LA 7R 77 OISR UBOE R Ag?
75 AP@AgNPs Hliil. Z5RuE 8 fivx, ZFLER
BB AT AMNE R E AL T 3360 ecm™!, V)@ N AR/
BRI 1 J O-H M ARHRaN A1 701 W ESE, 2923,
2 851 em T C-H %30, 1 733, 1 645 cm’™!
JRT B 5/ 2R e I T WU, 13854 13224 1246,
1 035 em™" HJ&E R ABIT AN O5 2 C-H 25 il C-N
4R J 2 B (BN 2R 55 1) C-O (48R3,
55 SRR IE 1 45 S — B4 R, 7E AP@AgENPs H1,
3360, 1645, 1246, 1035cm™! UG5 RIF5h &

N \/MM

FESRIH

o

4 600 ' 3 dOO ' 2 O'OO ' 1 ObO
viem™!
8 FRLEREUE AP@AgNPs KIS H 1K
Fig. 8 FT-IR spectra of AP and AP@AgNPs

3423, 1633, 1238, 1040cm™!, JHHAE2961. 1537
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SeAR AL AT B T 5 OV E SR IO R AL 1 B
ZHE. BEAREYIR S AgNPs 1EH S8 XLy
JRAE ARG FFIE JERE Aghid )5 AP@ANPs.
34 HERIRIMENTEN

WK 9 fifizr, 1.3 pg/mL AP@AgNPs 5t il i3k
DPPH HHE, flifkEN 19.6%, S/NTFHE
4eER C(VC, 36.2%), {HE R H HEAHIREE )
eIk AP@AgNPs JREIREE, HAH3RARIZ 1Y
K, 10.0.50.0+ 100.0 pg/mL 53 5114 34.5%- 60.4%-
88.6%, {EIXUER R T, HHHERMIRAE 15T
VC; S 150.0 ug/mL AP@AgNPs ISl 3k Zn] ik
95.1%, FILHIEL VC (92.9%) B IFHIPTEALTE M
B4R AP@AgNPs it 8K B2 42 200.0 pg/mL, H HH
FEAHIRFIE KA 96.6%, FHimiT VC (96.2%). XLk
ZERULI, 15 AP@AgNPs Al {EATTEMT, HiF
JoT AR T I B S A e J R 9

AR, TS A BT AgNPs FI%E O SESR L
O DPPH H 3R R HAd R I/ T
AP@AgNPs, 25 WK 9 FiR, XAl RedE T-7F AP@
AgNPs 11 AgNPs Fl 280 B RIFTAAE A -

100 A
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Fig. 9 Scavenging rate of DPPH for AP@AgNPs, VC,
AgNPs and AP extract

35 HUERIRHNEUEMRHLFIF SIRE

3 3 R A B B FERAE. 600 nm AR PR ICREAY
AP@AENPs St KT B Al 4 €] 4 BR B O F il 4E
o @R WK 10 Fros, BEE R RGN, x4
CRIAT 3 1 <50 (3 BT 3K D B VRAE 600 nm AR
WSO T 3G K 5 T TE R R I\ AP@AENPs 1.0 pg/mL
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Fig. 10 Antibacterial activity of AP@AgNPs against E. coli
(a) and S. aureus (b)

J5 > R B AN 45 B €0 2 BR T 1) AR K o, 1E
S R BN HRIRE R, 455K, AP@AgNPs
AT R AT B RN 4 3 (B A BR TR A K 3K AP@
AgNPs i B E E 20.0 pg/mL, 12.0 h A KA
HAE 600 nm ALMITRCTC I AR, R B I &
WEER, RGHE AR aME],  H kel e
AP@AgNPs X K AT B (1 55 /M B . (minimum
inhibitory concentration, MIC) 4 20.0 ug/mL. & A
AR, EEFEOHEERE T 20.0 pg/mL
AP@AgNPs, FRAE 600 nm KA W, 4 (03 %
BREAAE KA e A9 4R8I0 AP@AgENPs Jii
HIRER 100.0 pg/mL, EIRERAE 600 nm Ak
WOl TR, (B0E TR, SRERY, s
WRPEETR, s 0 4 BK A A AR AT A 5 A 4,
AP@AgNPs S < 2 (00 467 3K B (1 A A P 55 « 4
W A KBl 1 R B : AP@AGNPs A E RV
KM 4K, H MIC MR/, nEAMERH TG

I7 B KT B8 51 S ) B e o

PR SCHRHRIE,, 9RRL T S B A R AE T 2 2
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T B 1.03X 104 AT 115X 10% 3 n &
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H ARSI 2.21 X 104, £ B HEE GIK B Tk 1
K, HENAHBE N RORC T3 2 1 7E S R AT BRI
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S T2, By E OESRIGE pH 4 10.0,
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R, RN T 6.0 h 58, AP@AgNPs EiTER
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BN AL )T, & 2 MA R RE; AR
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T B R0 3 €8 2 BR B IR E T, Hon K AT
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