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Abstract: Due to the unique antimicrobial properties, nanosilver (AgNP) are widely applied in many fields. How-

ever, its bioavailability, tissue distribution and excretion in rats are less known. Female Sprague- Dawley rats were
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treated by a single intragastic administration of 10 mg-kg™ polyvinylpyrrolidone-AgNPs, and rat tissues, feces and

urine were collected periodically to analyze total Ag concentrations by ICP-MS. The results showed that after up-

take by gastrointestine, AgNP was transported via the blood circulation and distributed to tissues such as liver, kid-

ney, spleen, lung, and brain. At 1 h after AgNP exposure, total silver accumulation in those tissues peaked (i.e. 0.29
+ 0.13 mg-kg', 023 + 0.04 mg-kg",0.17 + 0.05 mg-kg™",0.11 + 0.01 mg-kg™ and 0.06 + 0.02 mg-kg™' for liv-
er, kidney, spleen, lung and brain, respectively), and declined to background levels over time. Our calculation

showed that the bioavailability of AgNP to Sprague - Dawley rats via intragastric administration was 8.5% . Espe-

cially, 73% of the dosed AgNP was excreted via feces.

Keywords: AgNP; Sprague - Dawley rats; accumulation; bioavailability
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A, BEHT AgNP [R]FE X A A4S i B 38 1 s A XUBs
FHOCHFSE R, & AgNP TR )2 1 BET7 B4 Bl i 1)
AgNP SR B F23ii o P e R ik DA e A e A
WA GBI ANE, EA L s I HEED

AgNP B NIR/Bh 4 dE P 9T 2 B FE B2 Bk KG
FEE 4 L g A S0 5 1 R it | 2 78 R G 4t L L il A &R
SR A S 22 2 M AR P RN S Kulthong %5138
K AgNP BT BORH L 5 T N3 B IR 98 %
P ok b AR n] LUBS RN, O BBk h
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1 ##l5 7% (Materials and methods)
1.1 #k

ARSI FH 0 3R 2945 T o i A 5% 1) AgNP H3
KW A Sigma 23\, 77 55 ok 576832, T ZARTERY
KR RIAE < 100 nm, Ag B4l EE> 99.5% , %"
A TE 25 CIRET REGIR AR, LAB 1 AgNP # L,
BB TR E A W (Sigma, 1 000 mg - L) FH T4 45 b
P I e LA s Rk B 5 S0 K R 47k (18.2 MQY,
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Millipore , 35 ) ; 67% ~ 69% ) He il 2 (1t 2% 240) F T
THARRFIARE . SE00 P B B AR 3R 3 28 10% (VIV)
TSIRIZ I 24 h )5, I AKIE T4
1.2 LK

Bk Sprague - Dawley(SD) KB 36 H ,{AH 160
~180 g, HFg It R R R F L g sh Wy b4k, T
WP SR 2 28R B AR 1 SRR M R R 2
AU BRI, AR S DLEME R RO BT 42

SR B A AR IS TS, N TR B
[ 12 h:12 h(& &), E Q23 + 1) C  FHXRE
H55% + 5%, R R O RE N 22 58 (ZH-B6 , H
E), 2 18 250 mmx200 mmx200 mm, £:58 3 H kK
R, R ZK bk , &9k Jo s b bk
1.3 AgNP BYZFAE

e FH P B A (X0-650D , T 5% 416 R AN 8 il i
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FoN 390 w, B [EI A B 3.0 s, AL SRAGH 2] B iR ik
FHTRAE I /b 35 50 8k PRV 28 Wk X 0 1 4 19X 1,
JEM-2100 &5 L W S (TEM) KL U AgNP ks R
SERO R [ B SR A BI-200SM S % 44 4% (DLS,
Brookhaven Instruments, 3 [E){ll 52 AgNP £ 77 i
AgNP FkRi R}, SR A TR F IO 1S L (AAS)
15 AgNP BIAR PRI (3 1326 £ 2.6) mg-L™ .
1.4 AgNP WA RS

¥ 36 2 SD KE B> xf AT FIvE B 24,
A% 18 H, LRI 12 h 25 CREEK), 26 2 HXF 2
HRRATHRES, EEHAFHKEES 0.6
mL AgNP 277, % gl A LR RHEH 0.6 mL #
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R (LUTS-1) #4752 56 o 4 4 il , 4R 1) [l i o oy
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Fig. 1

TEM image and size distribution of AgNP in suspension
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2 R 5118 (Results and discussion)

2.1

AgNP (PR AE 53 AT

B 1 Fis i AgNP i TEM K F, i B ] I
AgNP K HBo J BRI Boks , WOk AR 3 51 /3 A 7E 10
~30 nm JEFEIN, GEitEdE R Y], AgNP 1)-F- kR 12
9(18.5 + 5.1) nm, DLS 43#r 155 AgNP /KA i
%M(35.1 = 3.5) nm,

* Lormg + kg! dw)

0
g

AR PR E (mg + L' Bimg + kg™ dw)

Ag concentrations in tissues/(m

B2 KRAL{LPRKE(A/NG, B: %, C:BF, D&, E: i, F:[2, G:[%, n=3)
" BRSNS A 2 A e 25 5 R R R R VE B AN [ B i) o522 ) kM 25 5 (P < 0.05),

210.0

2.2 AgNP 76 R BRI 53 A

X BRZH R BRAS A B 2R AR R B2 0 301 R /)N
J%(0.06 + 0.02) mg-kg™ ML (0.01 + 0.01) mg-L",
JIF(0.01 + 0.01) mg-kg" .'%(0.04 + 0.02) mg-kg" fii
(0.02 + 0.01) mg-kg" J#(0.05 + 0.02) mg-kg"' ki
(0.02 + 0.01) mg-kg, Jf AL7EREA S50 5 72 AR e
JEDRFRHDNERE . AgNP FRUYLRE T R BUS , 7E R B
(I B, AL IN JHE B i JGORI iy 2 B AG
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Fig. 2 Ag concentrations in tissues of rats (A: intestine, B: blood, C: liver, D: kidney, E: lung, F: spleen, G: brain, n=3)

Note: * indicated the significant difference between the control group and the gavage group, and the different letter indicated

the significant difference of the gavage group in different time points (P < 0.05).
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DUENER L 2), Forb, /N i bR 0 v B I v (e b
132.80 + 50.55 mg-kg™"), W& i (Fr il 0.29 =+
0.13 mg-kg"), B (5} 0.23 + 0.04 mg-kg') [
(B 0.17 = 0.05 mg-kg) Mi(H 4 0.11 = 0.01
mg-kg") JKi(EE R 0.06 £ 0.02 mg-kg™'),

AN R BEFEFE H S 1 h B A B R
(132.80 + 50.55 mg-keg', &l 2A), ZJ5 TR, SR 8
h 24 h 1 96 h 5% J (B Uk 52 AT 98 S Xof M 4 vk
[ 3~707 £5;168 h Ji5 /N B vk J3E RN HR A1 94T
EWE2ER ., DR RIS NS B AK Yk
A Re S /MA I AE BRI REAR G . /R K BRI
WS SR 0 1) 32 B3 T T A A R A
WA B4R 38 3 1T YA B (8T 2B) 3 A K B HCAl 2H 21 P
G, T pH — M2 0, 5> AgNP 1] g &
AR T UK G 3R B, TR AS 2 i
B UIZEME R IE X HE RSP (8] 3B), iR R
SECT /N R R B R (AR T A BR A
A, AgNP TE/N g i a] g &k A oA A 2 5% 4k, i)
U, 8 VAR R LR R L K AIG pHL A1 R, AgNP
FIREBICR B 1, VA pH B I , 8 125 1)
AT e Y AgCl B Ag, S , Al 75 E— 0 57 P4
WA SR D IRGEAE K AgNP BE35 KB, C4IdE 193¢
k2B, AgNP 28 B I A0S, R BRI 9 AR vk
JEER LALLM I A Rz 20 B i i R
BT RN, H AT ICAH O RIRIE , X )24
JEEASE— BT 2R

XU, 448 1 h e W & (0.03 +
0.01 mg-L", [l 2B), 7 8 h il 24 h FFER MR AR 2
X REAH ML 11~ 12 45,96 h AR Mk B R I = 15 3

IR o A5 H L e o R BE R (0.03 + 0.01) mg -
L' X F Park 23 AY1E(0.60 mg L), J5#& K
AT A B R AL 8% 1 - Y0428 7.9 nm (1) AgNP %
WHEAT YRR, SN R I AgNP 1R TH Rt ki
BRI,

FERBIF B il B R g e 35y R D 2 4R 15 EH
BT DUIE i VR AE A R Gl B T A R N R, o
JF B IR AgNP FE AR ES B IF L
it 7R 1 S B AL R, BD 235 1 h AT 8 h
J SV R B i v, 220 R AR B IR A K, i)
RESE X SE A 2V H B RO B T il . 7€ 1 h B S
KRR R S X IR A AT B e e AR R
ROPREMBZEMEZ (EEENE, RS RE
B AR AR (EE 7 il 0 AR SR A I B TR il ep
G 1V T e 2 T 9 1 A 40 L B 0 A AR, i P A
T 1V T A 2 275 1 S5 30 o bk R Gtk ALK
0 0, X AT AR — B, ER H RN A
B U] R X (K R Bl 2 AR B ) b AT iR N iz
LT S = I o7 i - R4S A A [ 1= 7] e 22 1) S
2.3 AgNP X KE A RE

WK 2B fs, #EE S 1 h i HAb 4 8L 4R
W R, B S X B fE B E 2R (P <
0.05), BiHH AgNP LR gl A ikl Rk, A
AF 5 3 3 A R P AR 5 o R e 7 R o 1 BT 5
AgNP XTRERAARME, HHEH G 1 h Bf AR
BRI ORI AgNP AR AR R R R
ANBEARESN 187956 wg, WNFE 1 FiR 25 E 4
BEEN 15922 pg, #E AIZUPHREBESHE AL
AN 8.5% , UL ABISTH AgNP % SD K i

F1 KRIEH AgNP £ HRE
Table 1 The bioavailability of AgNP in rats

B /R HET E AT (g 5 mL) HAPRE g
Organs and tissues Tissues dry weight or volume/(g or mL) Ag contents in tissues/pg

/N Intestine 1.19 £ 0.26* 15823

1% Blood 12.80 P! 0.32

JIF Liver 1.82 + 0.13° 0.52

¥ Kidney 034 + 0.01* 0.07

fifi Lung 0.23 x 0.09* 0.04

i Spleen 0.10 = 0.01* 0.03

Ji%i Brian 0.38 = 0.01° 0.01

AT Total / 159.22

T FOR P I A 22 | DRI SO A B

Note: * showed average value + standard deviation, and ° showed the estimated value of the literature.
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M R 8.5% o ANBIFFE 1A Y 1 2 W A e s
1 T SCHRHRE A (4.2% )P BR T RAHY AgNP B
R THI B AAR RLAR N B o3 A0 55 7 TN 25 541, i ]
e SR A G, TR R A 111 3B E AR ik
TS 2 Rl 7 AgNP YeiE KR, Ifdad 259 8 1
SRR R 9 30 )12 2 80(AUC),, 2 Fhik iz
T AUC B Al N AgNP 3 K U A 3ohE
2.4  AgNP RyHEH

AgNP ] DI a8 280 5l 2 FREHE R SR (] 3),
VEW 24 h 5, PRGNS0 b AR ok B B, o ol
(0.12 + 0.08) mg-L" f1(419.21 + 102.03) mg-kg",
AHIFFE PR SRS ARV B S O A B A, TR
WA= TOAMRERY, 168 h WK RARM Y b
BN 137820 pg(HeHh, PRIBRNZEAE Hh 4R & 53
WISH0.25 wg Al 1 377.95 pg), h Ym0 73% , 14

W17 SRITHE B e, 4RI AgNP REHE RS, H
PR FRAHE AR,

AHIFELE R RN, S R YRR AgNP
H 24 8.5% Al LAgE SD K BRI M, HL i i il A 36
HGH B RN A2 1 h i A5 20 S AR ok 1 3
R {E, Z e 2 BEI TB) R R, FErb B R T A
& AgNP HUSEER T, LA v B2 By g AR M Uy i
> > > W > i, AT ORER I E A Ag-
NP JFARBIN 2 108 ik PRl 20 o A oh,
AR HE 29 73% BOAR . PRI, AT, 51U
T A IR AR YA 25 I, 3R 20 nH I i 0 9 1Y
AgNP 28 SD KR 18 BUR , —/INER o AL
I BE RN AL, TR 73 H Dl o 8 e A
Gbo BT ATHED 0L 50 T AgNP (9 RE 1 Al fig
ANt IR B B

=
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PEE 004 ’ oA Time/h

< E

g

2 £ 002 al 0.5 *

,% g éc ab b b

}4:’5 i¥ 0.00 b ab ab 00 el b b
. - . - I T T T T T

g < 24 48 72 96 120 144 168 24 48 72 96 120 144 168

=l I5FE]/h

= Time/h

B3 KEHMYPRIKE (AR, B: #E, n=2~3,48 h WRBAREE 1 M)
T ol IR 5 AR 2 AP S V22 57 s AN TR T R 2R 1 S R ) 2 i) 8 35 22 3 (P < 0.05).

Fig. 3 Ag concentrations in excretion of rats (A: urine, B: feces, n=2-3, only one sample of urine at 48 h)

Note: * indicated the significant difference between the control group and the gavage group, and the different letter indicated the

significant difference of the gavage group in different time points (P < 0.05).
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