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Abstract

Objective: To investigate the effects on immune system and other systemic toxicity of silver nano-
particles (SNPs) in rats by oral exposure, and combined an in vitro study of SNPs on the release of
inflammatory cytokines and immune factors in lymphocytes, to get a better understanding about
potential immunotoxicity of silver nanoparticles. Methods: SD rats were orally administrated with
low-dose (1 mg/kg) and high-dose (10 mg/kg) of SNPs and saline (control) respectively, and the
organ and blood samples were harvested after 2 hrs (n = 9), 7 days (n = 18), 14 days (n = 18) ex-
posure and14 days of post-exposure (n = 9) for determination of silver content, hematology, blood
biochemistry, and immune factor assessment. Lymphocytes were incubated with or without lipo-
polysaccharide in the presence or absence of silver nanoparticles for 24 hours in vitro. And IL-6,
IL-4, IgG and IgE of cell culture supernatants were analyzed by ELISA. Results and Discussion: SNPs
exposure group showed SNPs accumulated time-dose dependently in blood and organs of rats. The
IgG (14 days), IgE (14 days) and IL-4 (7 days) of rats after 10 mg/kg SNPs exposure were signifi-
cantly increased, and IL-6 and CD45RA+ (B cells) at 14 days post-exposure of SNPs were obviously
increased, compared with that in control. But we did not find significant pathological changes. The
rise of glucose and ALP suggested damage of pancreas and liver of rats after SNPs oral administra-
tion. Low concentration silver in blood increased inflammatory cells in response to the stimuli by
blood examination, while high concentration induced cytotoxicity which inhibited the normal
growth of lymphocyte. Secretion of IgG and IL-6 induced by LPS of lymphocytes in low-dose and
high-dose (0.5 pg/ml, 5 pg/ml) SNPs exposure was inhibited in vitro. In conclusion, our study
showed that silver nanoparticles mainly caused a Th;-type immune toxicity-based early systemic
toxicity.
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HE: BRIKEN KR AZERAENERULEMEHE G RMN; FNEZYRBEARI T EL
a8 M 7 A0 S B IR R B B ) o B e 4 A MRS ISR A B % BRAK R IR AR s Rt ¥k
SD A R 2 E SR B A NEFE (1 mg/kg) MEFE (10 mg/kg) FRRREH, AHIKBRTRLA). T
BREBNE2/NEF . BEANTR. 14RFFEIEBNIAR B HLTERR, REZTK RAAE RS IER4H
TOR EENEMREEM T MR RN AR HRaER TR . AR F, EHRRER
BRI ERBAHT, BWHREHR TSRS RS ENIERBR T IR 24/M, 2HIL-6. IL-4. 1gG. IgE
SEREE, UBBIKRIIENRZERETE. £RTE: SRBRBHERIKBHE. HEKRFE
PR BN B RS ARA N ER . 5XTREME, 2048 AEFEPKLA (10 mg/Kg)3IET KRMHE
ZHARIGE. IgGHEIL-4IBEWEM; &, KABRHS AP RBI4REFILAENI4RE, MIFBIL-6KF5BA
HiCD45RA+/KFHREWM. BRALY KBEEERARALREFZEE R KN EE FRERZ, (HIHE
FURR B RR TR A T i 3 A SRR A AT AR B4R . I 0 5 LV PR 6 7 AR R B8 R0 8 46 ek 4 e I 1
ns TOEIREER W A0, PH T HREABEMIESAERK. EEISFERESHKE 0.5 pg/mL, 5
ng/mL)VEF T, LPSHES ik B 40 W IgGHIIL-6 B3E /D . Ak N SEIe 4 RRE, B FT A K
YRR EES R T KR U Th B B A R E S8,

XK ia
GOKRR, EH, AERGENE, 2585k

1. 518

AR AR ALEL A P A R A TR B BT sk, e SRR ORI R B SE. 2R,
HARARAN . RT3 TR IR RS B9 K AR A5 DU R R B FH A TR the 2o 060 A I 21 2 sl
= A A T o KR AR A SR AIT FE 4R — 58 1R K AR B A B B A A B AP [1]-[6] . AR AR5 105
FEASREA R, SRR AR RBORE, I 5 0k 1 16 28 1 S i fer A 76 B 2L


mailto:shaoanliang@nifdc.org.cn
mailto:xuliming@nifdc.org.cn

YHRARAT K DA S B 25 1y 32 1) 00 4 S 2RI 5T

KRERME[7]. EZ B3 008 B AT BORHEAS & LL7S 24 T B0 g K R HEAT U PPl [8]-[10]

KB P SEIGA FUUE LK AR AR08 NS FHIZ (N FIIR BRI AR, FEARNIERE, TA
[ 28 5| L B AR J R I A R ARSI . ) B [11]-[18]. R S R AR R R A
S R BN KR AN 43 A7 T AT B B 2O 2, G L BB 4% 3 i it i e 5 | R i 4 22 () 4539 [ 19]
DA SEBG A 7T B 75 30 1 J0 B8 PR A KCP BUR AR B M B KPR T 2t 3t i T A4 AT B B 5 87 (1 /K7« SR,
FAERISEN . 1) DHF R s Z X ERI 5. B EAR R EE M RIR &, (3l A5 AR AT M
WCRIH T BT 82 57 2) AR RV 5K 2 R X HEGOR M B $8 bR . T IERIHEAR, WA R
I FEKA LT RE I SRR IR AE N o R, SR E AT 44 P S G HIF 7045 S AN R 41 A HiL i
DU\ A 2 i 1) RS

MYRATRL G B N AR BRI S R AR TR, Hefiin 2 1 MR A S R Ge. A R T aRkiE R
RN HEN LR B8 ) 1A e 0 B P 8 10 1 36 7 BRI 4R [20] o 78 112 A R B9 KRAR A 3 93 A1 OB 5
GEREH, BT 41.5%. AT 24.5%. i &5 1.5%, HABAERRAGIHAE 1% 00N, el WK eRAE
JRE 53 A7 B 22 [ 21] o VIV FER R AL B T2 A BB G K A 7T LA S |2 B4k A bk L2 200 5 i A A« 2 B BT 7
I VA ) BUAE DL A MA R G S — R S )N, T LA — B R R M [22] [23]. XM S 1T
FRRGURER . GPUREAEE . 9K A ERRT LA |2 K BB AF0 il i 1) S e 4534, RO A g2 &R a7
RS, SliESRERGFEME[24]. WA DR DS ANGPKE(L mo/Kg)iES: 77 14 Rl T
2% TGF-B W=l B 403G s sk 28 K5 8 5 KB L4 B 4 AN IgE 8 hn[25]. 481,
A AJF 5 5 2 R 20 1R Ak P A0 ) B AT 5

N ERARAR 51 T G S BRI RIS, AR TR T B 48 NAORARVA W, %% SD KR
(1508 R G DL S A R A By B IR S RIS, TR AP R AE T, 5 SR YR AT bk T 40 i 28 PE A
TG 8 R TR T2, 2 S R R AR T VbR EL 200 i P SRS A FH B B e S B 2R A sl Ak AR ER 25
SIHT KR T 10 g% B SRR IE AR A, SRR B K AR 2 R 6 5| AR 1 R A 4 B B R XU T AN AR
AR HE.

2. RIS
2.1. BR

YK AR VA (Nanux, Korea); ZHAE; 2 : & 10% FBS (Gibco). 2 mM L-B &% Sigma). 50 pM
beta-#ii % . Sigma). 100 U H 8 % & 100 png/mL A7 iR 4% 57 2 (Sigma); RPMI-1640 £5 773 (Hyclone); A&
ZFE(sigma); IR LMK (PS-NP, Kigtifi BUR il HoR I & Hly, Rife: 50~100 nmy.

2.2, {38

I 405 X (Sysmex xt-1800i); iR B O HL(Himac CR21G); EAk7» #r{X (Hitachi7080); Hi/EHE &
B TR L (ICP-MS, Agilent 7500); REfr{X(Thermo 1500); i% 4 H 5% (JEM-2100F); Fif% HL A7 1%
(Malvern, nano ZS).

3. Ak
3.1 BhHsCie

HEHL 240~260 g Fd B AR MEPE SD R B (Fb AR 6 B 2 T RS E WF U B SR G sh W 0 R 1E) 54 W1, d%
FRURE RS 8] f AL U R4, B KA 38 70 ik . IR, irl & 3 4. HRAMER 4 N 1 ml/kg
AEEE K KA EHEBA N 1 mo/kg 9KERER: &SAEHESS N 10 mg/kg KRR . M4 SD

©,



YRR T K LA S e BRI 2 (0 L 4 S SR 7

KRG IRBE B A NVEWUG 2 /NEURE NS 1 R(n = 9, 413 H), 4 7 RIEEBNERE NE TR
HFE(n=18, T4 6 H). ELEBHNIER 14 KRG AE 14 REFE(n =18, 4 6 R). HEHEBH NG
W14 KRGt IEAFE, FRIEW IR 14 KGN 28 REUFE(n=9, &4 3 R). 75 LA R s KRN
TEALFE, HUM R ATARAL, AT IE MR RIER T GZR 1. MRERE., Giads kI
fh 538 B EE A LUREL ., SR R G 2 e I E T

3.2. SREREWE(HE 6)

VS BEIE BUIE RS, 4R BEER K 70 4 vk 5 R 2H 2 - B /3 43 Tl TN 10% A /R S AR e v, FH T
HE Z4ft; HApH THREERN.
3.3. Mk AEARLAL AR EHRN

BEFEARTENTE A, N3 mL HNOgJi5 75 B 24 hilb AT f# s T R J5 W BE A AE 8 XU 1N, i 2%
JEMRIR N, BHREEHRARRE: BN TR bk, A BB Al K R e R R A
Y, JEER 25 mL. F SRR BT G B0 € B IR S &, UM REAT IR S &, JF
THE AL () I3 2 2L AR & &
3.4. IMEM B MEE LR

WM 5% 300 ub, H 1.5% EDTA 1:10 Hudkt, SRJ5 KA M4 s A ksl . B 700 L,
TR 2000 g 250 15 min, BB, SRJE R A TG TR I o
3.5. RIEFEN

JeAE 96 FLESFRIR F MR 4 CII R, SRETE SR PR A M 1 h, IRINILE A brifk il 22 96 fLE:
FERAEEUR NI 1 he SRJGVEMR, AP, =R NHE L he YiRE, MGG —D RN,
Ja 2 M H,S0, & 1E e Bio 43 5%t 1gG, IgE, IL-4, IL-6, IL-18, 1L-12p40, 1L-10 #E4T EHLHT.
3.6. KR £ Mmi#E MR

ot KBS, I 3R AT 24 M 41 44T B i 3 R e Y b i B e B LA bR S i e 3 AT e e, 3 R SR AR
ST AT R T, &R : CD3 FITC/CD80 PE/CD8a PerCP/CD4 APC, AlexaFluor488 CD45RA/
CD80 PE/AlexaFluor647 CD161, %8 i Bl HERlER: EVLHT.

3.7. oM mpRE FRERIALE

232 3 EIE AT 78 B 99 K LR AE 5256 25 7 571 77 75(NCL Method 1TA-10). JEHL 5 pg/ml KR AE
N 0.5 pg/ml PUKERAENIKIE: 5 pg/ml ZEOK ZIGAKRRL(PS-NP)E X HE4H s BEFR 40 N
TEM . U R BT, ) ELISA J7740#T IL-18. IL-12p40. 1L-10. IL-6. IL-4. 1gG.
IgE & &
4. R
4.1. PRI

FITIZ S5 BT BB (TEM) RIS S G B (DLS) RAEA K AR BRI A5 SOk Az 7041 - 4n 1l 1(a), ] 1(b)
Fios, AR 2 BE, HCIRES REF. &l 1(c)~(e) 48 RE W PRI ALK /0 B R AF, RiAR I A E
7~45nm, PL 10 nm AN AR B P RIA S A L 10~25 nm A E, KA TSRS .
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TEM image. A: X 10000, bar = 200 nm; B: X 20000, bar = 100 nm.
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Figure 1. Surface character of silver nanoparticles. (a) (b) TEM figures; (c) Z-potential in water, n = 3; (d) DLS of 1000
ppm silver-NPs in water; (e) DLS of 1000ppm silver-NPs in simulated gastric juice
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Figure 2. Silver content of rats after SNPs exposure. (a) Blood (n = 3 at 1* day ; n = 6 at

other timepoints); (b) Organs at 1% day (n = 3); (c) Organs at 7" day (n = 6); (d) Organs at
14" day (n = 6) ('p < 0.05)

F 2. hRIFEBANBEARRIIRSENQ). () MiR(E—XK, n=3, HAMES, n=

6); (b) F—XRAIBEEE(n=3); () FERAPEEE(n=6); (d) 5 14 REYAEEE( =6) (p<
0.05)

e

TE B B NS5 NG RS8R DL P ARVR FE I A AR A e B . ORARE B SR N TR
(1 I B AR P A o B AR L R 2 s i HL R A TE S N GOR IBARIR B 3 = i, SR %4k
FEBEANTIYR BT Mg R & ARFIEAQ mo/kg) TEACKERZ HE B A NS NT IR, 4kifT
IR NTIUR G, BE T MR KA E 2] T IEH K.

ORI BRIRANER DN SHEANE LRGP HEEELERWE 200), E 2(c). EEMEHQ
mg/Kg), 0. M. B AMRALNENE T AR EEERWESE, REARLRAM T, XA
TR EZ H RS R K.

YRR FE B S NG DU R 8% PR 2 I 1) 2(d) » 2R R 2. (1 mg/Kg) A s 77 5 4010 mg/K Q).
BT E A8 2 2R R 2 T 5 2 RSN AR, 3ROSR 5 8 R L S AR A EARTE I IS

. W T8, WEEEHRAN, ELEBANCRAB RGN RS ERZERN, RREX
S AN TTREAR — E . 6= 774110 mg/Kg), RN G0 EH L2 bh, HAHLNBRME TH R
EMERIREG R, RERLREXMET, SEBEANELLREIREREHFORER K, SHHkL
B NTER AN . TR AR 2N 3 R iR & B B MR, 1 E RO KA B R, SR
IR U A B iR 2E PR AT T T PO KAR O EE R 2R R . EMR R AL mo/Kg), FELEA NI R FES: 4,
ANLERM, RO Bl B B ABRAZS RS EEEEG N, REREHANNERTHENE
.

4.2.3. MERFMBEELEWER

LR H A G5 SR LA 1o ARG U B 45 NI, R R 2. (10 mo/Kg) S HRZHAH L B 17 B
TGN WA PRI . REERYN M AN L AR A A IR D . GOKARIE SR B 45 NI RIS
AN T bk 20 P S 25 P el D M L 200 S 22 4T 2 R BE K S W v, SRR AR AR SR S T T i v
MR RESHE 1 — € RAN M EEYE, S0 bk S A0 A IR AR, AT vk E2 I P 4 2 PRI SR, KR
HEAE F g N-ERI FERA I B IR FEAR AN o TTESRHE 5 25 A\ DU R IR P AR 25 5 A0 B 2 A
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Table 1. Abnormal hematology results for rats after oral administration (v.s control)
i 1 EBRARMENRBRNER(GXTRALR)

Statistic method n Object Group Average Std Sig.
ANOVA-Dunnet-t 3 WBC High-dose 2.46 0.42 0.002
3 LYMPH High-dose 212 0.32 0.001
Day 1 3 MONO High-dose 0.2 0.43 0.006
3 EO High-dose 0.05 0.007 0.001
3 PGW High-dose —-0.67 0.23 0.05
Games-Howell 6 MCHC High-dose 9.93 2.97 0.009
Py i ANOVA-Dunnet-t 6 LYMPH High-dose -5.32 1.7 0.035

B3 P9 AR S R I AR, AT L Y P A R R I8 PS8 P RIS P 240 M S 2 P8 s T e YA P IS DU
FRAEEE, H DR IEE A X GR R, PUARAGURIRE AR &5 4
AR R B RS

M AE AR AT A5 R WA 20 FEGUORER I B 45 N\ B0 i S AR S B 45 NI BRI
ISR R 1 MOBE R TE R, SRR AT RESZ B T E BN, FEGRHR B B 4 AESLE B s b
TR Y v 7R 2L 7 G0 1) T il 14 8 v R A I ) S 25 PG, SRR T RT BE 32 31 1 — € IR

4.24. REFHRMER

KRR ML S R A 45 SR L1 3, 4 MR IIGORAESE B AN TIURE, &R (50 R
E)IMIE & 196 1gE /KPR E M . APKALESE B4 N-LRIS, mifl B4 (S0 AAHL) ME 1L-4 /K
R E . EYURIRELE B AN TR EE ANV RE, &R w2 (0 BZEAH ) M 1L-6
EVENG S, (HTEGUREELE B A N IU RIS 3 A R 2 2 2 v v . AR b AT DU RS TE &7t
2 I R A 1 5 R R LA DA IE

KRUMIE 1L-12p40, IL-1p8 K4 RAE KA % E REMZR . IrE KR IMEFEA 1L-10 70N
FRLLT

4.25. KR EM#EMEMEEFRXEN

WE 4 fis, GURIREHE B ES: 7 KIETR 5 25 G0 o RS -5 06 A AR b AR DL 2 58 . 4K
HUOEESE 14 K552 )5 @A B 401 Th Z1H(CD3+CDA+) (5% B ZELAH Lb) A BE S 3 o, E Ak 31 B B vk 75
(p = 0.052)., M7 4L (1) B 41/l (CDASRA+) (54 WAL AH bL) A7 8 var s e 45 9bk X 40 it 2 2R ARG 0 5 56 L
MR IR . %Lk 14 REFREIFILEE, #80A%F 14 K5, @fEA. (KN4 B 45
(CDA45RA+) (55 BAZH A L) ¥ S 2 8 (Rl 4 p = 0.001: (K574 p = 0.032), & &tk EL4m s 7Y
ioRIUSPA BRI el b AN R

4.3. BFRSNEERFIE SRR

Wl 5 R, AR LPS W35 AF N, AR EA S = AKAR(0.5 po/ml, 5 pg/ml) &40 1 LPS #5510
19G 1 IL-6 F7prlh; fHERAK LIBmAK BRI A 51 B2 YRR . X — 45 R4, 9K 51k R 40
£ LPS i3 T [ 19G 70 A4 3 2 th 4R BB A AR B T OB 1 SIS, ARANKR SRR T REAS 2 1 P[]
PR o BRAFR G0 K JORURL I AN 2 51 AL I 0 B 2 Ak A

FELPSHE AT, B LI@H PR TURL G2 1] 1 IL-12pA0 0 RE I, T 40 K AR IR 77 B 2 240 R L 825
PEAZA o 3K —BLBAT HE5 AR BURL IR AN A 5%, SRR LR GRBIREL (R 12 ££50~100 nm, 1T 449K ER K
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Table 2. Abnormal results of blood biochemical assessment in rats after SNPs exposure (v.s control)
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Figure 4. Lymphocyte phenotype. Blood samples harvested from experimental rats after SNPs exposure. (A1, A2) Conti-
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Figure 5. 1gG, IL-6 and IL-12p40 of lymphocytes incubated with or without lipopolysaccharide with or without SNPs ex-

posure for 24 hours (n = 5, “p < 0.05)
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