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Á� ^ÓÚË�X��F1 (SRXRF)�«×£©ÛEâïÄ
²&á\n�z�c (Fe2O3)[�

â�, Fe3�àB¥¥�©Ù9ÙéCa, Zn, Cu�Ù¦�þ��©Ù�K�. ïÄuy²&á\40

mg/kgNFe2O3 (60—200nm)[�â, Fe�±ÏL&Ê�3�àB¥¥L8. �àB¥�¡¥Fe�

ßÝ'éì|,p
20%. ÏLSRXRF�«×£©Ûuy, Fe3B¥�B ²n�� (ON)!â>�

¥� (Gl)ÚcBØ	Ü (AOE)�ßÝ'éì|wÍ,p, L²Fe2O3 �â®²dÐ?B ²?\�B

¥�¥�, ?÷g?B ²?\cBØ	Ü (AOE). Ó�, á\Fe2O3 [�â�¦�àB¥¥Caß

Ý'éì|©O,p
12%, Zn�ßÝKeü
17%, Cu�ßÝ�éì|�C, �Cu3B¥��¥

�©Ùu)
²wCz. ,p�CaÌ�©Ù3B ²�Ú�¥�. ¢�|B ²�!�¥�Ú	m�

(EPl)¥Cu�ßÝ�éì|�'kwÍ,p, 3cBØ	ýÜ (AOL)!cBØ	Ü (AOE)!BB¥

�â[�� (GrA)ÚBB¥ (AOB)�¥ßÝü$
. `²?\MB¥|�¥�Fe®²éM|�¥�

þ���¹þÚ©Ù�)
K�.

'�c Fe2O3 [�â SRXRF B¥ ��©Ù

1 Úó

õc�61¾ÆN�9ÄÔ¢�ïÄuy�í�

âÔ¥[�âÔ(�íÄåÆ�»< 2.5µm)Ú�[�

âÔ(�íÄåÆ�»<100nm)´K�<Nèx�

�|©
[1, 2]

. duü ßÝe[Ú�[�âÔäkã

��L¡ÈÚ�âÔêþßÝ, 3¡|�Ú&nÊ�

¥kép��ÈÇ, Ïé<Nèx�K�´4��.

ïÄL²�í¥[Ú�[�âÔ�<+�áXÚ;¾

Ú%É+;¾�u¾ÇÚk�Ç���'
[3—6]. �8

c, ·�é[�âÔ�@£�¢S)¹¥�âÔéè

xK��m��3Xã���å, [�âÔé<Nè

xK��Å��Ø�Ù.

á\�[Ú�[�âN´�È3&nÊ�!|

í+Ú¡�«�
[7]

, ¿ÏLÉ�Ì�?\Ù¦|�ì

(¥, w«Ñ�o�âØÓ�=$Å�
[8, 9]. ïÄL

²�È3&nÊ��	Ô�k�U÷B ²?\

¥Í ²XÚ (CNS), Ù?M�AÇ��âÔ�zÆ

|¤!�3G�ÚÔnº��Ï�k'
[10]

. 8cï

Äy¢�ÏLBúaÉì ²�?\B¥ÚM|�

�7álfkCd, Co, Hg, Mn, Ni9�N7�
[11, 12]

.

Brenneman�
[13]

ÚDorman�
[14]

uyd&n%\½

á\�MnCl2(2.51µm)ÚMnSO4 M� (1.08µm)U


²B¥´»?M. �Rao�
[15]

uy��zÆ5�4�

�q�czÜÔ (FeSO4 M�, 2.99µm)%ØU²B¥

?\M|�.
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320V70c�, De Lorenzo�
[16]

^ß�>º

¤�*	
50nm��N7�â÷B ²[£���

L§, y²
JM��[�â��M�7ázÜÔ�

���3dB ²?\CNS�å». 2002c, Fechter

�
[17]

µd
ØÓº��MnO2 �â÷B ²�[£,

uy��âMnO2(1.3µm)'��â (18µm)�N´�

B ²áÂ¿[£�B¥SÜ. 2004c, Oberdörster.

G�
[18]

ïÄ
á\��[%�â (35nm)3M¥�[

£; Oberdörster, E
[19]

��
#.<óB�á�LV

D�²B¥?\Y))ÔM¥¿�ÚåM¥�z5�

ú. ù
ïÄ(J4�/-u
<�é�¸¥ØÓ�

[Ú�[�âÔ?MÅ��ïÄ.

[Ú�[Fe2O3 �âÔ®N3ïÓá�!1Æ!

��!��N!&EÏÕ!�¯�+�k2��A

^. Ïd, �©|^äk�«×£©ÛA:�ÓÚË

�X��F1 (SRXRF)�{, :©Û
d&n%\

[Fe2O3 �â�, FeUÄ?\B¥|�9Fe3B¥¥

��«©Ù, ±ïÄ�âÔlB¥?M�å»Ú�U

�Å�, Ó��ïÄ
Fe?\B¥�, éCa, Mn, Zn,

Cu��þ��3B¥©Ù�K�.

2 á�Ú�{

2.1 �â]2����

[�ân�z�c (Fe2O3)®	u¤ÑZ��

k�úi. �zc®©Ñ31%�á`Än��?M

�¥, �¤ßÝ�40mg/mL�]2�, �(©Ñ5©

¨, ©ÑNX¥Fe2O3 �â»�60—200nm(��Ñ�

ãÑ).

2.2 ¢�ÄÔ�O

CD-ICR�à	u�®�Æ�ÆÜ¢�ÄÔ¥%,

N20—22g. ÄÔ¿§Ý22±1℃, �Ý60±5%, 12h

1ì (8:00∼20:00), gd� !ØY, �¸·A1(Ï

�^u¢�. ¢�|3��àU40mg/kgJþüý&

�(m)%\þãFe2O3 ]2�, éì|^Ó��{%

\1%á`Än��?M�. Fe2O3 ]2�%\c, µ

^1©¨±���âìà.

2.3 B¥�¡���

�à%&�2 �(Ï�?k, �B¥uZX-Ë

°-�C��M�¥�È, uXÈ�¡Åþ�¤80µm

��¡, �½uà%�|�þ, g,ÿZ, �ÓÚË�

X��F1©Û^.

2.4 ÓÚË�X��F1{©Û�àB¥�¡¥�

���ßÝÚ©Ù

X��F1ÿþ3¥I�Æ�pUÔnïÄ¤

ÓÚË�Õþ?1. ;��¥>få6�Uþ�2.5

GeV, 1��º��60×80µm2, ��XF1Ì�æ8

�m�80s. é�àm�>B¥?1¡×£, ×£Ú�

�X ¶ (150µm), Y ¶ (200µm).

���¸¡È^xÌîÑ�?1�þ8�, �â

�¬éxÊîÑ�rÝ�¦��þ¤�', ½þ©Û

�¬¥�þ���¹þ
[20, 21]

, �Ñ��3B¥�¡¥

©Ùã. éB¥�¡��¥���¹þ?1ÚO©Û,

'�ü|B¥�¡��¥��¹þ�Cz.

3 (J�?Ø

BúXÚ´�^�±;mÉM¶æ��òMÚ

	±�¸�éX�Ï�. lB¥uÑ� ²éän�

���MS��«�. �àB¥©�g	�S©�6

�µB ²n�� (ON)!â>�¥� (Gl)!	m�

(EPl)!Ýl[�� (Mi)!Sm� (IPl)ÚBå ²n

�� (lo).

ã1�Fe, Ca, Zn, Cu3éì|Ú¢�|�àB

¥�¡¥�¹þ©Ù. lã1(A)�±wÑ, éì|B

¥¥, Fe3cBØ	Ü (AOE)Ú�â[�� (GrA)¥

¹þ�p. 3¢�|¥, FeØ3AOEÚGrA�¹

þ�p	, 3B ²n�� (ON)!â>�¥� (Gl)

Ú	m� (EPl)¥Fe¹þ�²w,p. ùL²á\�

Fe2O3 [�â?\
B¥. ã2���3B¥��¥

¹þ�'�. ã2(A)�(JL², ¢�|ON!GlÚ

AOE�¥Fe�¹þ�éì|�'²w,p, `²Fe

²dB ²?\B¥��¥�, ¿÷�¥��g?B

 ²?\B¥SÜAOE«, ?�±?\¥Í ²

XÚ. Tjälve���d&n%\�M5�7ázÜÔ

�÷Ð?B ²Úg?B ²3M¥[£
[22—24]

. de

Lorenzo[16]
^ß�>º¤�*	��È3&nÊ��

�7�â (50nm)3[��¥÷XB ²�Bún�

^1[£�B¥�¥�Ýl[��käâ¥(¹kg

?B ²).

8c®��	Ô�²&Ê�áÂ\MÌ�k3

^Ï´: B ²Ï´!BÊ�þ�Ï´ÚÉ�Ì�Ï

´. 	Ô�þ�ÏLcü^Ï´��?M. õê

�©f´ÏLBÊ�þ�Ï´?M, dÏ´�B ²

Ï´×�
[24]

. �©f�²Ê�þ�B ²�ÉN[�

±	�Ù¦«�/Ï�Ø½*Ñ�^?\|±[�Ú
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ã 1 Fe, Ca, Zn, Cu3¢�|Úéì|B¥�¡¥�©Ù

ã 2 Fe, Ca, Zn, Cu3B¥��¥�é¹þ�'�(*P <0.05; **:P <0.01)
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|[�©��BL[�mY?\[�m�. B ²Ï

´´Ô�� ²�¶â"���, 2²¶ó6Ä3

B ²�[�NS�=$�B¥, ����¤¢�B

M (rhinencephalon, �)B¥9cM«). �
7ál

f(X6, q�)®�y²´ÏLB ²Ï´?M�
[23]

.

�8c��, �âÔ²&Ê�½�á�³?M�

Å�¿Ø�Ù. ��@�K�Ô�²&náÂ\M�

Ì�Ï�kzÜÔ�©fþ!�âÔº�!�M5Ú

©f)lÝ�. Rao�
[15]

y² 59FeSO4 M�²�à&

ná\ØU?\B¥¥, d(J�·�éFe2O3 [�

â\M�ïÄ(J¿Ø��, ·�íÿù�U��ö

3B ²¥ØÓ�[£Å�k'. ±c�ïÄL²7

á1�íÚ7á�zÔ²B¥?M�Å�´éE,

�
[10]

, Ïdé[Ú�[�âÔAO´²�á�³?M

�Å�A�?�Ú�ïÄ.

©Ûã1(B)—(D)uy, c�á\�³, ���


�
�þ��3B¥¥�¹þ©Ùu)
Cz. L1

�Ñ
¢�|Úéì|B¥�¡¥Fe, Ca, ZnÚCu

�¹þCz. �±w�¢�|FeÚCa�ßÝ�éì

|�'©O,p
20%Ú12%; Zn�ßÝü$
17%,

Cu�ßÝÄ�vkCz. (Üã2(B)—(C)�©Û

(J, �±w�¢�|¥Ca�¹þ3ONÚGl�¥

�éì|�'wÍ,p. ¢�|Zn�¹þØ3AOL

�¥�éì|�'wÍ,p±	, 3ON, EPl, IPlÚ

AOB�¥Zn�ßÝþ'éì|²wü$. ã1(D)Ú

ã2(D)�(JL², �,¢�|B¥�¡¥Cu�¹

þ�éì|�C, �Cu3B¥�¡¥�©Ùu)
²

wUC, éì|¥CuÌ�OÈ3AOL, AOE, AOBÚ

GrA�, ¢�|¥CuÌ�OÈ3B¥ON, GlÚEPl

�.

L 1 %\[�âFe2O3 �¢�|Úéì|B¥�

¡¥����ßÝCz

�� Fe Ca (%) Zn Cu

¢�|�éì|

�'ßÝ�Cz*
+20% +12% −17% +3.5%

*: +L«,p, −L«ü$.

þã¢�(JL², ²&á\Fe2O3 [�â, Fe

�±²dB ²Ï´?\¥Í ²XÚ. ,��¡,

á\�Fe?\B¥¥�Úå
B¥¥�
7I�þ

���¹þÚ©Ùu)
Cz. c´�í�âÔ|©

¥Ì��LÞ7á��, �XB�Eâ���z, �

«/ª�¹c�[Ú�[Ô�®²±�«ØÓ�å»

?\·��)¹, ù
á��±3)�Ú¦^L§¥

ÏL�á�³��?\<N, duM¥cY²�,p

ÚNõ ²ò15;¾k'
[25—28]

, ¤±k7��\

ïÄ[Ú�[�âÏL�á�³?M�Å�9Ù)Ô

�A.

ë�©z(References)

1 Samet J M, Dominici F R, Curriero F C D et al. The New

Eng. J. Med., 2000, 343(24): 1742—1749

2 Gauderman W J, Avol E, Gilliland F et al. The New Eng.

J. Med., 2004, 351(11): 1057—1067

3 Wichmann H E, Spix C, Tuch T et al. Daily Mortality and

Fine and Ultrafine Particles in Erfurt, Germany. Part I:

Role of Particle Number and Particle Mass. Health Effects

Institute Research Report No. 98, Boston, November, 2000,

1—86

4 Pekkanen J, Peters A, Hoek G et al. Circulation, 2002, 106:

933—938

5 Klot V S, Wölke G, Tuch T et al. Eur. Respir J., 2002, 20:

691—702

6 Penttinen P, Timonen K L, Tiittanen P et al. Eur. Respir

J., 2001, 17(3): 428—435

7 CHENG Y S, Yeh H C, Guilmette R A et al. Aerosol Sci.

& Technol, 1996, 5: 274—291

8 Oberdörster G, Finkelstein J N, Johnston C et al. Res. Rep.

Health Eff. Inst., 2000, 96: 5—74

9 Oberdörster G, Sharp Z, Atudorei V et al. J. Tox. & Env-

iron Health, 2002, 65(20): 1531—1543

10 Dorman D C, Struve M F, James R A et al. Toxicol Appl.

Pharmacol, 2001, 170(2): 79—87

11 Persson E, Henriksson J, Tallkvist J et al. Toxicology, 2003,

191: 97—108

12 Sunderman F W Jr. Ann. Clin. & Lab. Sci., 2001, 31(1):

3—24

13 Brenneman K A, Wong B A, Buccellato M A et al. Toxicol

Appl. Phar., 2000, 169: 238—248

14 Dorman D C, McManus B E, Parkinson C U et al. Inhal

Toxicol, 2004, 16(6-7): 481—488

15 Rao D B, Wong B A, McManus B E et al. Toxicol Appl.

Pharmacol, 2003, 193(1): 116-26

16 de Lorenzo A J D. The Olfactory Neuron and the Blood-

Brain Barrier. In: Taste and Smell in Vertebrates (CIBA

Foundation Symposium Series). Wolstenholme G E W,

Knight J, eds. J&A Churchill, Publishers, 1970, 151—176

17 Fechter L D, John D L, Lynch R A. Neurotoxicology, 2002,

23: 177—183

18 Oberdörster G, Sharp Z, Atudorei V et al. Inhal Toxicol,

2004, 16 (6-7): 437—445

19 Oberdörster E. Environ Health Perspect, 2004, 112(10):

1058—1062

20 ZHANG Z Y et al. HEP& NP. 2003,27: 114—117(in Chi-

nese)

(Ü�]�. pUÔn�ØÔn, 2003, 27: 114—117)



Or �X�µ&n%\Fe2O3 [�â3�àB¥¥��«©Ù9éÙ¦�þ���K� 75

21 LIU Nian-Qing, ZHANG Fang, WANG Xue-Fei et al. Spec-

trochimica Acta Part, 2004, B59: 255—260

22 Tjälve H, Mejare C, Borg-Neczak K. Pharmacol. Toxicol,

1995, 77: 23—31

23 Tjälve H, Henriksson J, Tallkvist J et al. Pharmacol Toxi-

col, 1996, 79: 347—356

24 Tjälve H, Henriksson J. Neurotoxicology, 1999, 20: 181—

195

25 Gulyaev A E, Gelperina S E, Skidan I N et al. Pharm Res.,

1999, 16(10): 1564—1569

26 Smith M A, Harris P L, Sayre L M et al. Proc. Natl. Acad.

Sci. USA, 1997, 94: 9866—9868

27 SUN A Y, CHEN Y M. J. Biomed Sci., 1998, 5: 401—414

28 QIAN Zhong-Ming. Prog. in Phys. Sci., 2002, 33(3): 197—

203(in Chinese)

(a¨². )n�Æ?Ð, 2002, 33(3): 197—203)

Microtranslocation of Trace Element in the Olfactory Bulb of Mice

after Intranasal Instillation of Fine Oxide Particle by Synchrotron

Radiation X-Ray Fluorescence *
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Abstract The contents and micro distribution of iron and other trace elements in the olfactory bulb after intranasal

instillation were measured by synchrotron radiation X-ray fluorescence analysis (SRXRF). The mice were intranasally

instilled of fine iron oxide particles (60—200nm) at a dose of 40mg/kg b ody weight. Two weeks later, the content of

iron in the olfactory bulb increased 20% compared with the control. The elevated iron was predominately concerned

in the olfactory nerve (ON), granular layer (Gl) and anterior olfactory nucleus, external part (AOE), which indicated

that fine iron oxide was transported to Gl via primary olfactory nerve and further translocated in AOE via secondary

olfactory nerve. Moreover, in the experiment group, the levels of Ca increased 12% and Zn decreased 17%. Similarly to

Fe, the higher Ca concentration was dominantly accumulated in the ON and Gl layers as well. Although the average

Cu content in the control and experimental group was similar, the distribution of Cu was obviously changed due to the

exposure of fine Fe2O3 particles. In the control, Cu was primarily concerned in anterior olfactory nucleus, lateral part

(AOL), AOE, accessory olfactory bulb (AOB) and granule cell layer of the accessory olfactory bulb (GrA), while the

Cu content in the experimental group was significantly higher in the ON, Gl and EPl layers. In conclusion, the changes

of Fe, Ca, Zn, Cu levels must be, to some extent, correlate with the oxidative stress and neurodegenerative diseases.

Key words fine particle, iron oxide, SRXRF, olfactory bulb, microtranslocation of trace element
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