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[ Abstract] Objective To explore the acute toxic effect and the cumulative target organ of silver ni-
trate and nano-silver with two different particle diameters in rats. Methods Thirty-six adult SD rats were
divided into small particle size nano-silver group (SNS) , large particle size nano-silver group (LNS) , silver
nitrate group (SN), and control group (C) according to the random number table, with 9 rats in each
group. The rats of the four groups were respectively injected with 10 mg/mL nano-silver solution ( particle
diameter of 20 nm, prepared by saline) in silver dose of 30 mg/kg by tail vein for once, 10 mg/mL nano-sil-
ver solution ( particle diameter of 100 nm, prepared by saline) in silver dose of 30 mg/kg, 1.67 mg/mL sil-
ver nitrate solution ( prepared by glucose solution) in silver dose of 3 mg/kg, and 30 mg/mL polyvinylpyrro-
lidone solution ( prepared by saline) in dose of 90 mg/kg. (1) Toxicity test. The general observation was
performed within 14 days after injection, and the deviation between value of body mass before injection and
each of that on post injection day (PID) 1, 7, and 14 were respectively recorded. On PID 1, 7, and 14, 3
rats of each group were harvested for determination of serum content of alanine aminotransferase ( ALT) , as-
partate aminotransferase ( AST) , total protein, and albumin by fully automatic biochemical analyzer. Then
the rats were sacrificed immediately, and heart tissue, liver tissue, spleen tissue, lung tissue, kidney tis-
sue, and brain tissue were collected to calculate the organ coefficient. Organ samples with obvious changes
in organ coefficient were collected for histopathological observation by HE staining, with 3 samples in each
group at each time point. (2) Bio-distribution. The specimens of heart, liver, spleen, lung, and kidney of
rats from groups SNS, LNS, and SN were collected for detection of silver content by inductively coupled
plasma mass spectrometry, with 3 samples in each group at each time point. Data were processed with analy-
sis of variance of factorial design, LSD test, and Dunnett’s T3 test. Results (1) The general condition
of rats in groups C and SN after injection were normal. The state of rats of groups SNS and LNS was poor
with black secretion in the eye and other phenomena on PID 1, which recovered from PID 3 on. (2) The de-
viations between values of body mass before injection and that on PID 14 in rats of groups LNS and SN were
significantly decreased as compared with deviation of group C (with P values below 0.01) , but deviation of
group SNS was not significantly changed ( P >0.05). The deviations between values of body mass before
injection and each of that on PID 1 and 7 in rats in the other three groups were similar to those in group C
(with P values above 0.05). (3) Compared with those in group C, the serum content of total protein of rats
in group SN on PID 1 was significantly decreased, and liver coefficient was significantly increased ( with P
values below 0.05). On PID 1, the serum content of ALT of rats in group LNS was (61.0 £8.7) U/L,
which was significantly higher than that in group C [ (40.0 £4.6) U/L, P <0.01]. Compared with those
in group C [ (126.0+3.5) U/L and 4.05 £0.23], the serum content of AST of rats in groups SNS and
LNS on PID 1[ (249.7 £107.2) and (237.0 +38.3) U/L] was significantly increased, and liver coeffi-
cients (3.50 £0.38 and 3.31 £0.07) were significantly decreased, with P values below 0.05. Compared
with those in group C [ (69.2 +4.8) U/L and 4.32 £0.39],
SNS and LNS on PID 7 [ (181.0 £51.5) and (167.7 £16.5) U/L] was also significantly increased, and
liver coefficients (3.55 +£0.18 and 3.62 +0.21) were also significantly decreased, P <0.05 or P <0.01.

On PID 14, the four liver biochemical indexes in serum and all organ coefficients of rats in the other three

the serum content of AST of rats in groups

groups were similar to those in group C (with P values above 0.05). (4) The liver of rats in group SN had
slight degeneration on PID 1, the liver cells around the central vein of liver of rats in group SNS had slight
degeneration on PID 7, and the liver cells got severely eosinophilic degeneration in liver of rats in group LNS
on PID 7. There was no significant pathological change in the liver of rats in each group at the rest time
points. (5) The silver content of lung and kidney in rats of group SNS on PID 1, that of spleen and kidney
in rats of group LNS on PID 1, and that of heart and kidney in rats of groups LNS and SNS on PID 7 was sig-
nificantly less than that of group SN (with P values below 0.05). The silver content of liver and spleen in
rats of group SNS on PID 14 was significantly more than that of group SN (with P values below 0.05). Com-
pared with that of group SN, the silver content of lung on PID 1 and liver on PID 7 in rats of group LNS was
significantly increased ( with P values below 0.05). On PID 14, there was no significant change in the silver

content of all organs of rats between group SN and group LNS (with P values above 0.05). The silver con-
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tent of heart, lung, and kidney on PID 1 and heart on PID 7 in rats of group LNS was significantly more than
that of group SNS (with P values below 0.05). On PID 14, the silver content of each organ of rats in group
SNS was close to that in group LNS ( with P values above 0.05). Conclusions Silver nitrate and nano-
silver with two different particle diameters have a short acute toxic effect on the liver of rats, and the liver has
certain ability of self-healing. Nano-silver is mainly accumulated in the liver. The distribution of nano-silver
with large particle diameter in organs is more widely than that of nano-silver with small particle diameter.

[ Key words]) Bio-distribution
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H K S B A% 15 ~ 40 nm 44K 4R 16 d, 5 5K
T a4 F 20 mg/kg XF K BUA TR A W, AL
e JH BG40 KB 550 2 30 me/kg, Ho AR ORI AR 44
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R4 HAHARBASIA GRS G R (x £5)

23] 5 B AR A AR O JIE HFIE g it JUE 5 JIE
il R AR 21 9
HEE 1 d 0.44 0. 11 4.14 £0.76 7.33 £0.30 2.70 £0.50 0.79 £0.05
HHE T d 0.46 +0.03 1.14 £0.31 1.37 £0.10 0.89 +0.33 0.78 +0.04
HHE 14 d 0.17 £0.06 0.65 +0.41 1.66 £0.85 0.20 £0.06 1.05£0.57
IINRLAE AR AR ZH 9
TG 1 d 0.05 £0.03 16.95 +3.16 5.93 +£1.48 0.44 £0.22° 0.15 £0.03"
EHET d 0.05 £0.03* 17.40 £6.42 14.25 £3.75 0.19 +0.03 0.13 £0.11°
HHE 14 d 0.05 +0.03 13.59 £9.38° 7.59 £5.34° 0.14 £0.06 0.20 £0.09
OB 4K 4R 4 9
HHE1d 0.20 0. 03" 3.49 £0.37 2.07 £0.58"° 12.05 £2.22* 0.28 +0.04"
HHETd 0.11 £0.03™ 2.61 +0.27° 1.59 +0.38 0.70 +0.47 0.08 +0.03"
FHE 14 d 0.04 £0.03 1.83 £0.40 1.37 £0.15 0.17 £0.08 0.03 £0.03

T R4S AR RO REAS O 35 2 R O LA SRR 5 ik A L S R 0 LA 3RS 5 U LT R LRIV O A b D R RO, F S 5
85.306.,22. 187 ,17.032 47.009 28. 664, P fH34/NF 0. 01 ;] B 28 T4 087, F {54054 19.553.,0. 717 ,1.383 76. 848 .0.399, P {435l H <0.01,
>0.05.>0.05,<0.01,>0.05; i #H S AR, F A4 5K 8.328.0. 145 4. 615 42.757.,0.920, P {4} 5H <0.01,>0.05, <0.01, <0.01,

>0.05; HRMARALILEL P <0.05; 5/NRAR G KA 4R, P <0.05

KR B A O SRR o i AR AL, ey DT K
TE ST AR B — € R i T Al fE 2 R K BRI .

U o 2R 5O 7 B S 0 v R A A, FLA TR LA
SRR L, JEAIE S AMIR AR A 24 W BORE AR B R R bR 2
U R o g 0 B T R R 4K R
B, WL 38 2% 3 R 0] e /S BB IR AR R R R B
P UL JFF AT 58 00, ¢ W R JUE 2% T o F T JUE 2 P AT
—E R RE R . A, S0 R PR, R
1 d il iR A 20 A R T I 2% 0 K, 0 i R R T o
51 IR U I FE 0L K i S SR 5 TS IR 1.7 d L VR
A 2 A AL ZH R R A 240 A AR 2 KRR T i R T
TR SRR IEZ B — B R R S . RS
714 d i R R ORISR 14 d 2 R R
B 23531 55 0o B 2 U R R T, R b 2 Sl
KREHR RIS IE 1 d B BORE A HEFFHARME
THESE 3 d &K, W RER th TR R AR A 2 AR
TR A AR AR TR B A P A bR, 48 75 T B JUE X i
PR 2 FloRi AR 99 K AR B TP AT A ARE .

TERTIABEFE b, 2 2 WL B /DN BT JUE 7T AE 2 20
KRBT T WA B S EE X RE AT T 4 9L
AR A Sz S0 B A A A o I AR AR R AR AR
IR TSI 1.7 d, /NREAR 94 K SR 2 AN RORE A% 40 K
BRI g AST & U R BT S E 1 d
RALALIAPR ALK B & ALT &8 e B,
S H AR TGS AR B AR AE 2 A
S v UL B K E BB A8 5| A 1A A1 5 3R T 40 i
PTG A K R B i 30 mg/kg 1Y 2 FlORL
EGORE I, P2 E AR E . AUl 8y

PAELE R IR 2 ANGUORRA R REH G 7 d iFrdi4t
K T A ME . Patlolla % iy BF 5¢ t WL ZE H, 11 AR
50 mg/kg 1 100 mg/kg 9 K4 f5 , R BUHE T # K
KT — R . MO HED 2 ORISR G OK R 1Y
FIE 7E J BT[] 7 1 S IO e O 448 i 2 i o AR 52
5 v i R 4R A1 K BRI Hh ) AST A ALT 5% e 21
T, RASER SR THEMNE 1 d TR, 5 van der
Zande % "* 28 1125 Tl R 4R A0 40 K 4R 10 F 92 45 SR A
JRANTR] 75 5 2 L g Bk . TESE 14 d, PR 2H 1
2 YRR BRI I v 4 TRT IE A AR R bR i
Xof HEZH 42230, L 2H 2095 B 2 4G A oK WL 48 3 T I A 1
i P 9 L R AR A T IR R U X A R AR AN 2 R
BRI HEEHA A RBE T .

AR R ZH T T 0] 005 0 B R 5 mg/ kg filf R AR
XF R BRAT R # k5,24 h IR AT, JaXR
FH 3 mg/kg Fl i Y5, 24 h R BURAE R 4F, K& A&
FET, PR AR S5 1 4 48 K 4R (30 mg/kg) I 10%
MBS PR AT X0 LS 3 o Al T LA, 28 38 B &5 E
AR S UEAT AR o Al b T IR AR A R AR 5
TSR . S5 R, 2 ORI AR 40K R 34 LL 4 R AR
W5 AL IE b, B2 % I T BB 2 40 oK AR
TEM) FZROEE o MO, /INVRLAR 90 K 4R A R AR 6
Oy R TRNE . KB AOK AR PR AR i &) RAE T
it A, L JRRE A% 490 K R A JUE 4 v 1Y) 0 A 35 /N R AR 4
SKRARTE ), AT LA AR /NG Wi 40 K AR R 78 45 4 2%
HPMRERE,

ZE b HSTR AR A 2 FioRL AR 40 K AR X R B BT
A KR S AR T R xR A A —
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