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Green synthesis of silver nanoparticles using Glabrous sarcandra herb residues
and anticancer activity in vitro
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Abstract: Objective To develop a novel method to biosynthesize silver nanoparticles (AgNPs) by using the extract of single
Chinese herbal waste to overcome the difficulty in obtaining raw materials. To evaluate the effect of biosynthesis parameters on the
formation of AgNPs, average size and polydispersity, and investigating the anticancer activity. Methods The formation of AgNPs
was monitored by UV-visible spectroscopy; The average size, polydispersity, surface and morphology features of AgNPs were
characterized by laser granularity analyzer and transmission electron microscopy; The anticancer activity of AgNPs were evaluated
by MTT assay. The internalization of AgNPs inside HepG2 cancer cell line was determined by flow cytometric analysis. Reactive

oxygen species (ROS) were measured by 2',7'-dichlorofluorescein-diacetate staining. Results By using the extract of Glabrous
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sarcandra herb residues, AgNPs could be prepared at ambient temperature under ultrasonic radiation. Biosynthesis of AgNPs-

AgNOs 2 1 at pH 7.0 would have the maximum efficiency. The AgNPs with small average size could be obtained at pH 10.0,

extract-AgNOs3 1 I 1 or pH 7.0, extract-AgNOs 2 : 1. But the AgNPs with superior polydispersity could be prepared under extract-
AgNOs 2 : 1. TEM, HRTEM and SAED characterization revealed that AgNPs (pH 7.0; material proportion 2 : 1; 2.0 h) had a

hexagonal structure, spherical shape with an average size of (34.0 £ 0.7) nm and existed in monodispersed form. The { potential of

as-prepared AgNPs was —22.2 mV. The biosynthesized AgNPs displayed potent toxic effects against HepG2 cancer cell line with ICso

44.2 pg/mL. The AgNPs as-prepared revealed significant uptake into cancer cell and could produce reactive oxygen species in

HepG2 cancer cell lines. Conclusion The extract of G. sarcandra residues could be used to synthesize AgNPs at ambient

temperature; The biosynthesis parameters have significant effects on the generation, average size and polydispersity of AgNPs; The

biosynthesized AgNPs have potent anticancer activity, which may originate from the formation of ROS.

Key words: silver nanoparticles; single Chinese herbal; the residues of Chinese herbal medicine; green synthesis; biosynthesis

parameter; anticancer activity; reactive oxygen species
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Fig. 1 UV-Vis spectra of mixtures after reaction between the residue of G. sarcandra herb and AgNQs at different pH (A),

material ration (B), and incubation times (C)
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BYURIRFEIRAR, PR E & BSOS 9K KL
RN . IR 1 AT LA, 27 R 27 S O -
AgNOs 10 1R, NVR pH A K S SR [a] 5 AR il
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I AR RGN ER R AR5/ (B 3.0 Rl 4.0 h) o 7R
#F 1 A[E pH EF K KATEIR & AR R F IR 2
(REUR-AgNOs 1 : 1)
Table 1

different pH values and incubation time (extract-AgNOs
1:1)

Average size of biosynthesized AgNPs under

“FHJki 42 /mm
1h 2h 3h 4h 5h
7.0 54.8403 65.7+1.0 47.0+0.3 488403 474404
8.0 64.01.9 48241.0 484405 48.54+0.9 48.1£0.5
9.0 632413 486114 48.8+1.1 42.61.8 49.2+0.5
10.0 488+0.6 402+1.1 349+0.6 54.9+1.0 44.41+0.6
& 2 TEHRBUR-AgNO; ELfIHn R BB iB) B & BRI ZRoK ER
RIS (pH 7.0)
Table 2

different material ratios and incubation time (pH 7.0)

pH 18

Average size of biosynthesized AgNPs under

MG -AgNOs 2 © 1, M 2.0 h B3 2144
KA EIRIZR A (34.0£0.7) nm. F/NT pH 10.0,
B 3.0 h 515 B GKRERIAE o
223 HEMERSET YRR Z R 2 94
KALF) 22 43 Bt E 2 o ma A e T, ARFE STk
TEBY, KR 11 2 70 HHE 4L (polydispersity index,
PDD /N 0.3 I, gKbi 1 B AT it . Frik,
{4 DLS X AN EI A& S ECT & U 49K £ PDI
BT . % 3 JBR TR 10 1 BN pH B AA
SONEE ] A B4 K4R PDI. HHER 3 ol 4, BEE <
N pH BN, PDI A4 K, RIFER
pH I & B AKAR 7 BOHEA N 2, 5 UV-Vis )
WO BRI R )45 R —3 . fE pH 7.0, [W [H]
3.0 h i’ PDI 27y, 5 0.204+0.01. 7€ pH 7.0 i}, %
SR EE B RIS TR XS 20 KR 0 5 B 2

W 4 Fros, OS5 X2 T B BRGR F5E
HORHN 1 1 WS B GKEL 3 B B 4 s 4k B3 0
BT MG IR BURIRE S 2 0 1 REB R aEE
UFIAKER, IX W] RE A B T4 2 b B AR P 2 i
MR R K Z 3.

fE pH 7.0, M5 R ZE SR -AgNOs 2 1 1,
SIS ] 1.0 h B, 25 80 FE 0 9K AR AR RO | fi
RN Z B E e, R I il B AT R g oK R
#3 AR pH B R FEE & B AYENK SR PDI (FREUE-
AgNO31:1)
Table 3 PDI of biosynthesized AgNPs under different pH
and incubation time (extract-AgNOs 1 : 1)

PDI
lh 2h 3h 4h 5h
7.0 0.27+0.010.33£0.030.20+0.010.21+0.010.20%0.01
8.0 0.401+0.020.25£0.010.25%£0.010.25+0.010.26+0.01
9.0 0.48+0.010.45%£0.010.44+0.020.40+0.020.45%0.01
10.0 0.37+0.010.39£0.010.35+0.040.41+0.010.28 £0.01

pH &

® 4 TEHRBUER-AgNOs LLBIFN S RN EEIES & BEVAIRER
PDI (pH 7.0)
Table 4 PDI of biosynthesized AgNPs under different

material ratio and incubation time (pH 7.0)

FREUR- FHPRLAE/mm
AgNOs 1h 2h 3h 4h 5h

FEHU- PDI
AgNO;  1h 2h 3h 4h 5h

2.1 399%2334.0%0.7 53.7+1.8 45.1+1.6 42.1£1.2
11 548%0.3 65.71£1.0 47.0+0.3 48.8+0.3 47.4+0.4
1:2 498%3.5455+0.645.7+1.143.0+1.0499+1.2
1:10 77.8%£2.2 71.1+£5.8 65.9+6.3 88.2+2.4 55.0*1.8

2:1 0.40%0.03 0.360.04 0.454+0.01 0.46+0.01 0.43+0.02
1:1 0.27£0.01 0.33%£0.03 0.20£0.01 0.21£0.01 0.2040.01
1:2 0.39£0.02 0.383+0.01 0.37£0.02 0.29+0.03 0.3840.01
1:10 0.44+0.05 0.3740.04 0.4940.06 0.48+0.02 0.41+0.04
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Fig.2 EDX spectrum (A), TEM image (B), DLS (C), SAED image (D), HRTEM image (E) and { potential (F) of AgNPs
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Fig. 3 Inhibition effects of biosynthesized AgNPs on HepG2

cell line
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Fig. 4 Morphological studies of HepG2 cell line treated with different doses of biosynthesized AgNPs (x 4 magnification)
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