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Abstract: [ Objective | To assess the neurotoxicity of calcium carbonate nanoparticles (nano-CaCOs) by observing the
changes in spontaneous activity and learning and memory of rats with subchronic exposure to nano-CaCO;. [ Methods | Fifty
healthy male SD rats were randomly divided into a solvent control group (saline), a micro-CaCOs group (200 mg/kg), and three nano-
CaCO; groups (12.5, 50, and 200 mg/kg), 10 rats in each group. The test substances were administered to rats by nasal instillation
five times per week for twelve weeks. Open field test and Morris water maze were performed to test the spontaneous activity and the
learning and memory ability of rats. [ Results ] Depression was found in the rats exposed to micro-CaCO; or nano-CaCOs. There
was no significant difference in body weight and brain-to-body weight ratio among all groups (P>0.05). The results of open field test
showed no significant differences in time spent in center, total distance traveled, and times of vertical activity among all groups (F
values were 0.799, 0.623, and 0.251, all P>0.05). The results of Morris water maze showed no significant differences in average
escape latency, average path length, times of passing through platform, and residence time in platform quadrant among all groups (F'
values were 0.475, 0.345, 0.046, and 0.252, all P>0.05). [ Conclusion ] No obvious damage to spontaneous activity and learning
and memory of rats exposed to nano-CaCOjs is found in this experiment setting.

Key Words: calcium carbonate nanoparticle; neurotoxicity; open field test; Morris water maze test; rat

[ SETGHEE )

DOI: 10.13213/j.cnki.jeom.2014.0083

[ EE£WB iR A TR H (45 PXM2012_178304_000007 );
PG AR (o T S 2R 0

[EH RN I DAL (1987—), &, WLk BRI . gy,
E-mail: 361754508@qq.com

[ BEEE 14T, E-mail: syloxi6322@126.com; JHE{1JI], E-mail:
tsc3496@sina.com

[ VEE B 10 107G R A} R e A 3 0 A e g 0 A B A =2, 1L 7Y
030001; 2.JLTTTT 57 SR FHF ST T IR 22 A R AL 5
M A SRS, JERT 100054

KBRS PSR B AR M 1~100 nm FYFBANRY AR ERES ,
BTz B AEAR I . kL VR AR L i AR B A RIS T
HEL Gk OB AT ARG | AR | R R R S AR i AR
PEANMR, FFAT el R | MR IE 5 2 B e 7
AR KM R S 2 Bk B 4 2 3106, AR, &)
AB5T (MnO )| AR ER (Fey05 )1 I A8 AR AR (TiO, )L /2540 K
SOk AT S O K R N R P X R 2 25 5 o (RGN ER
2 75 LA A 2 TR R T o AR TR T SO R A AR R
AP TGS T TR A, R IR KRR S 2 FE N
FERR AT R RE R A , B EIRAS | 8 T L1 A i TR



+ 374 - AT S R4 2014 4 5 H 45 31 255 5 J Environ Oceup Med, May. 2014 Vol.31 No.5

SEACIZRETT TIET T RS REE AREZ Z R PR R R
i AN BEB S AR B IR ES FT F ER AT 50 o AW L,
NARSE PR B BRI AT, SR P S5 AT AN A BR R 5 I 0 A e,
WEER B ZAT BV, R AORBRIR ES R pl 22 REIE

1 ##R57H%
1.1 EZXA5E

99% MK TR IRES (4 = 99%, b st b T ); 4 Khkme
B5( 4L = 94.5%, Kift 15~40nm, 1117 PSR H 40 K A RLE
PR ); 66025 B IR a5 ( LI AR ); 547
P46 (100 em x 100 em x 50 em ). Morris /K 28 5 ( Hh [F £ 2 Bl 2F
B2 HIFIE I Do
12 hinmrf b

TE FHVE T AR I SD R B S0 L, AT & 180~200¢, 1
LV RN S G Sh g o 3R 4 ShP A A% IS SCXK( B )
2009-1 I, 1% W PEMEFE 1 RS , FH Morris 7K 2K B 4T ] 2047 Al
B, ARG ARSI BRI A3 RV R % IR (AR BER K ). B
KR E5 2H ( 200 mg/kg ) FIAHKBR R ES 12.5 . 50, 200 me/kg 2H
SEH, RRZH 10 H o SHOKMI R ES 193 751 S AR R IR 5 03 70 FH 2B R
K TG A 0 W 1R, o R P 4R ¥ i PR 3 b 3 30 min
SRR 875, 2R 100 ul/100 g i sk IEA THYEE, T SEEESS 1 min
PR YRR A DR B vh  H  hi E A  » BJE TAE H (R
—— ) LA ER YRR, R 1K, SR S AR AER 2 d(JE
75 JRH D), FRE 128 o AR 1 AR T S A Y B R
1.3 FhhAh 2247 A mlix
13.1 Uk Yedmgi)as 2 K, SO 8 | kit
TR . A RO ERINE 1R, WESHT AR 3 min, jEsk ok
TGS | v oes sl S PR R AN 7 R
132 Morris K3t g iR Yedpaiof)E503 K, HMSCHk[ 9 1Y
Jrids, HEAT Morris /K 2K B8 G . @ AL T IS, B HOR B
5d, BALR1K, BXERLh, 4%, i0ERRFREE
R T4 5 BB R . II05E 6 RIS T- &, s g
Figw, 5K 120 s N ZE8 T & B ST & 4 R
PRI ]
1.4 %itF o

FH SPSS 16.0 St MR T84 br, E TSR Z 4L
BOR TRy 220007, FPA BRI M x + s 0K, K gk
a=0.05,

2 £R
2.1 4 KRB ERAD B KA BRAS FAE

75 5 E S ROEE T I, 4 R SRk R G 4 R AT
IYHELS), RERIE, HARTERY 11.851~33.860 nm, V¥ H %
(18.607 + 4.108 )nm, TEJ62% T AT T WL, TR i i 215 Uk
LIEHE R =M, FEkiie R (13.8 2.2 )um' %
22 —#HER

PRI, A KR OKIE R « YeRpasan, X4l
KB BAEEE, ShREpeRES RAT, M RORIRFRES K 40 K fk
PR A M YL R B B B 2 506, A Pl LA 2R . R RliA

Ji BRI, AR ZE T IS E L (P>0.05 )(E 1),

400

1 2 3 4 5 6 7 8 9 10 11 12
) () )
[E JA: X 4; B: #OokREREE4; C: 41 KBER 45 12.5mg/kg 41; D:
KRB 45 S0matkg 45 B 4 KB L 45 200 mg/kg 41
E1 KRERETHHESE

SEIGEE TS AR IE R BR, BURFR BB N L, 258 R
(2R 1), KEWAR LAl 22 53 o8 1155 L (P>0.05 ),

F1 KEBELEER (T +5, n=10)

215 AL (9% )
X B 0.644 +0.117
THORBRFR E5 4 0.700 = 0.082
YKTRRES 12.5 mg/kg 21 0.654 + 0.084
YRBRFRES 50 mg/kg 24H 0.678 = 0.097
YRR R ESG 200 me/kg 21 0.691 = 0.091
F 0.609
P 0.658

23 UHERBER
MR 2R, YL, &R BRAEN 3 S i Sl ] |
TSR Bl | B URE RS E L (P>0.05),

F2 KB IHREER (T +s, n=10)

o B AR 1) 51 B S e P S8 BITRVRYS Y
(s) (em) (n)

Xof BEEH 22.68 + 15.00 282.41+186.84  16.00+5.61
THCRBRAR G 2H 25.39 +20.06 322.66 +271.67 13.86 +3.81
POARRERAES 12.5me/kg 21 19.34 = 13.67 2853020145  13.75+8.58
PKTRBRES 50 me/kg 4 31.37 + 12.72 416.51 + 197.66 14.44 +532
YPRBRIREG 200me/kg 2 29.73 £ 19.33 366.70 £221.09 1530 +3.56
F 0.799 0.623 0.251
P 0.534 0.649 0.908

2.4 Morris /K% & X I 25 R

ENMATIRIR AR (K3, FR4) WIR, FHRKESE 1~5K
TR TG SRR | 1Y SR
2R TG FRE L (P>0.05), 25 [HIRRREE R (F£5) R,
2 R B F- 5 UCBORI Y- 15 R BR AT B I i) 22 S R Gt 8
X (P>0.05),



IREE S PR 2014 45 5 F 55 31 255 53 1 Environ Occup Med, May. 2014 Vol.31 No.5 < 375 -
F3 ARSERFEEBRBLER(X+s, n=10)
415 : : el A : TR )
F1K(s) H2K(s) Hi3K(s) HaK(s) H5K(s)
Xt FRAL 47.87 +22.08 30.49 = 8.68 24.99 = 7.46 29.06 +9.19 2823 +7.20 32.13 + 14.06
TORTRFRES AL 45.55+21.93 36.27 + 16.20 29.77 + 15.85 22.15 +13.81 17.04 £ 6.31 30.36 + 18.01
YRR 12.5 mg/ke 21 47.63 +21.66 3247+ 15.22 21.50+7.21 26.63 + 14.82 17.53 £ 11.89 29.16 + 17.82
YRR, 50 mg/kg 4 49.28 +8.36 32.04 +24.24 2232+17.25 21.43+11.10 16.94 +5.57 28.41 +18.38
YRR FRES 200 mg/kg 2 51.81+21.05 24.47 +9.80 20.08 +7.23 20.52 = 8.96 18.41+£9.10 27.06 +17.29
F 0.132 0.682 0.933 0.705 2.085 0.475
P 0.970 0.608 0.455 0.593 0.101 0.754
T4 KRFRTERBEEER (X5, n=10)
215 y - y MY y y P R (em )
1K (em) 2K (em) 23K (em) H4K(em) 25K (em)

Xof HAZH 564.93 + 338.8 337.45+109.0 290.71 + 120.2 348.43 + 100.8 367.2 1341 381.73 +196.3
THCRBRAREG2H 595.37 +333.6 43475 + 173.7 378.26 +265.1 307.90 + 218.8 188.7 + 90.1 380.98 + 259.5
YARRIRAS 12.5 me/kg 21 649.39 + 356.7 434322559 24532 = 130.4 369.91 +247.4 220.46 = 237.0 383.88 = 290.5
PPRBRIRES 50 mg/kg 2H 645.56 + 149.8 401.03 +339.7 24139 +2228 279.55 + 155.7 202.58 +91.4 354.02 + 257.45
ARG 200 mg/kg 2H 660.00 = 276.4 299.50 + 130.5 229.49 + 104.3 266.21 + 154.1 218.8+125.0 334.80 +232.8
F 0.143 0.672 1.042 0.505 1.541 0.345
P 0.965 0.616 0.398 0.732 0.209 0.847

F5 ARFHTEARBMEAKRFEERE (X5, n=10)

bl FHTEUE(n) PR (s)
Xif B 6.33 £3.55 28.45+7.23
TWOKBRIREG 7.11+3.48 31.84 +5.35
PRBRFRES 12.5 mg/kg 4 6.70 +3.13 29.92 +7.17
PPRBRIRES 50 mg/ke 2H 6.66 +4.79 28.88 +9.25
PKRRTRES 200 mg/kg 21 6.70 = 2.45 29.63+7.77
F 0.046 0.252
P 0.996 0.907
3 3tig

[E] N AMIF 9T UE 52, 40 RSB0k T LAGE 3o 3 R 42 30k A FP X
W ARG Bk i B BE R A X B 28 R ST S B IR AL
i BEIRER, TR s B XA R G SRR
W E B AT 18 B RS, KWON 28012 196 561
PEG KA FMNPs, 742 50 nm ) 28 W08 36 V18 P e 75 ICR /)
B, B/ BRI AL 2 H FMNPs B 238 22, 22 B FMNPs 1] 28 Jfil
HAVIEAMAEFR, Zack i 57 Bt A ZH 4 . WANG 25 ¢ TR
)KL A% 9 40 K TiO, 87K 4k 38 Yo 75 ICR /N R, &2 B/ RUIG 4 Ti
ErE B TE, H 80 nm H1 155 nm 1Y TiO, YL/ B Tl 2678
HBEI IS . WANG 26 3] SRR BRIk o BE R 44 A
("I-SWCNT, Bf% 1.4nm, K400 nm ) Z NG5 B2 FiESS.
Vil RS 4 ROy e/ N R, BT AR R NI N
/DL ' PI-SWCNT, ELDER %6040 45 itk K U8 J 3% 14 MnO 50
BL(30nm ), K BLIRER A Mn &30 3.5 f%, HECRU . &int
B IS A/NIG P9 M 55 S 380 235 S BRI S LR T R R S
GO, ANAE 25 ISR L2 5] Min 2 R3804 K Uk mT BE T i
75 R SE A R AR A S g T 5 | ke X R 28 R SR 84 o

ZA VA2 T A AR A KA R A5 AR ™ A b E A T A AR A T
2E AT 25 R R N KRS 1o 2 o NI — A L ek - TN

B I ST — TR SR IRAS A R T R (B B L B ).
MUSETCAZ RN ZA TR D REAS 0 W AR TR R TR AL, SRRk
[P S YN Ea ¥ e N G| Ui e vy s e T v e
1A PG 7o ARAS R PR S50 00 M Y S A KB 5 , AN
SR FN YL 33 K BT RGPS BEIOTEAR . AR SR B GRBR RS X K
SN REER RS  EiIE S RTRE VA - DRata oY A RS- I b Y | e S
R, ERTERSE A BERA TR A 5T R B pf 264 T o BOE BT R S
ZRRRGAERNZER, Bl 2T (ORI —, i 5405
S D EERASSFE 2R RN A O, Yeag i O ZE AR Jy
WANG %5425 /N BB s T8 1 40K TiO,, & B Ti0, 2 LR I
THAAL, (EAEEAE e . R RS, KRR s
AR AARIORL, AR BN K EARAR AT AR A AR p 2 R 4t
SERRF LR B SRR SRR A R
YL BEANKBRAL A (PhS ), $2/R PhS R IFF Il 8 YL R 1] LIS 15
SCHCRETT o TR, i S RN S T v T 2 H R R B 4ok
AR B Ye a5 9 2o M EL T AUEE N, Sk LU Y
AL AARIL AR BRFRES ()38 4% o e fE b B3, Bhfis
TR R P R T T AR RS A T R IR ) SE RN, 4
DK R 5 AN 1] 3 S b A — S5 4 450RE , 81 I S 2 AS RE GG 0
i Tl A R e T 5 K B s s P A 7, SR i R R Y
(i e R R/, T RE S SRR 48 SR P — s s, {HE
B S YORBRIRE5 A B B AT G 5 R 9 R UL AH
Fb, AAKB ARG AR B B A TN, 350 9 R R 6 22 il A it
Jei i T B S AR, AR R R R R AR N, Yedghd
[Al%esE , JEATGFUAF IR 20 i T R, NI R
ph 2tk . I, ASERLDE SE— AR R A S ) 4K
i R 505 e R R B A TR R B2 I, M — 2B TR AT 4 K
TR () M 22 B
EEFRAAX TR EENFHERRE,



+ 376 - AT S R4 2014 4 5 H 45 31 255 5 J Environ Oceup Med, May. 2014 Vol.31 No.5

Sk

[ 1 ]KATO T, SUGAWARA A, HOSODA N. Calcium carbonate-organic
hybrid materials| J ]. Adv Mater, 2002, 14( 12 ): 869-877.

[2 JT%, XIMS, 2T GORAPR RV VED TR ) ] AR
#iZ, 2010, 24(3): 29-32.

[ 3 JSTERN ST, MCNEIL SE. Nanotechnology safety concerns revisited[ J |.
Toxicol Sci, 2008, 101(1): 4-21.

[ 4 JELDER A, GELEIN R, SILVA V, et al. Translocation of inhaled
ultrafine manganese oxide particles to the central nervous system|[ J J.
Environ Health Perspect, 2006, 114(8): 1172-1178.

[ 5 ]WANG B, FENG WY, ZHU MT, et al. Neurotoxicity of low-dose
repeatedly intranasal instillation of nano- and submicron-sized ferric
oxide particles in mice[ J ]. J Nanopart Res, 2009, 11(1): 41-53.

[ 6 ]WANG JX, CHEN CY, ZHOU G Q, et al. Acute toxicity and
biodistribution of different sized titanium dioxide particles in mice after
oral administration| J ]. Toxicol Lett, 2007, 168(2): 176-185.

[ 7 IXVTAE, 500, S, 4 GUREBRTR F5 0 AHE K B 217
RERYSZMY (20T ] b 2y HE 58 BlA 0GR, 2013, 27 (1)
1): 222-223.

[ 8 IbkIRAR, 2=AM8, FHDY, . KW 7S BR bR f 225 (1Y
T[] ] 3 2RE, 2010, 24(3): 224-225.

[ 9 ]VORHEES CV, WILLIAMS MT. Morris water maze : procedures for

assessing spatial and related forms of learning and memory [ J ]. Nat

Protoc, 2006, 1(2). 848-858.

(10T, RBKI, XIS, S5 GUORBRIR E5 FROK B R 55 3. 2 1
B S K U 2H 20 B AR FTL D ] BR IR S A E, 2011, 28(5):
390-392.

[ EZ, B, BT, 5 GORBRAY M ezt [ ) .
ERE (B fE%), 2009, 39(2): 106-120.

[12]KWON JT, HWANG SK, JIN H, et al. Body distribution of inhaled
fluorescent magnetic nanoparticles in the mice [11.1 Occup Health,
2008, 50( 1): 1-6.

[13]WANG H, WANG J, DENG X, et al. Biodistribution of carbon single-
wall carbon nanotubes in mice[ J ]. J Nanosci Nanotechnol, 2004, 4
(8): 1019-1024.

[14]WANG J, LIU Y, JIAO F, et al. Time-dependent translocation and
potential impairment on central nervous system by intranasally instilled
TiO, nanoparticles| J |. Toxicology, 2008, 254( 1 ): 82-90.

[15 35 RA5 . S TEAUK S AL R EU N RUA R G IR [ D ]k
Jse BB, 2011,

[16 15K B, WHELE, 4954, 55 . 99K PbS ZNFIEIE Yeaig X K R 208
Brrysem [ ] i Tk ARk, 2012, 25(1): 22.

(17 [HEFRSC, EHaAE, VFafe, 55  ARRRTRES X K FUH R E5 1 52
W L) IR ISR Al RS, 2007, 4(3): 10-12.

(Y EE: 2013-10-28)
CHESCHmT: VR, ddi: i Rou. EBREF)

-y
[ EHP 42 )

M B REFENARE: R~ 8. el EH
ARSI RESE

Matthew J. Binnington, Cristina L. Quinn, Michael S. McLachlan, Frank Wania

WE: [#F] B TAEBFAEANT LN (POP ) EFBEEEZR L THEANZ T L&, WAV AN KT N
WA REHFEN, MRBANENLLAT, HAlEaX, [ B8] P64 & LHFEZBTTBRE LA LE POPs
FEMARE, [Fx] XA HE-ZEHFAEE CoZMoMAN, RIEF A5 9 F B 7 &, B B&IE 2oL &R LR b
R B ) R A B b 2 S HE A, SRR L AR R, PR R AL E R £ AR R R4 PCB-153 R %, R ER MBS K E
(14 554), a XBERNBE(2BE—F )UREHES(RZTFTENRT GG FN)ELUTARMHE. Tk — R 7]
i P RBEZRBENRD, MR EN TR E T EEsF i r L faEda hmAxeET . [4R] E#BRE
FAEAEPRMME S PR bt H AR T, R BUE SR D A& & %, ERKNARRE ExE T B Rlfn = 5 2 A KK
NERF R KNG ERBRERLN, AL EETRH KB 2 D AR 2 K LR EF 45 3 E 5 by 2k )
HEFENERE. 7 —Fl, ATHOFRFZHETRACKENNR RS, HRFEVNTREF AR, [£#] £
MAFHERT, XTEARNFRFZHKONCEY, 2L EFEUTRTHEARHBD ZAl. FEUREFHNEE.

J& C# W, Environmental Health Perspective, 2014, 122(2): 178-186.




