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ABSTRACT: OBJECTIVE  To establish a method for determination of trace elements in Fritillariae Thunbergii Bulbus by 

ICP-OES, and compare 18 trace elements content of Fritillaria from different places, such as Ag, As, B, Ba, Bi, Cd, Co, Cr, Cu, 

Fe, Ga, Hg, In, Mn, Ni, Pb, Tl, Zn. METHODS  Microwave digestion procedure was applied under optimized conditions for 

digesting Fritillaria. Concentrations of elements were determined by ICP-OES. RESULTS  Experimental results showed that 

linear relationship was good, r was between 0.999 3 and 0.999 9. Average recovery rate was between 95.0% and 103.2%, RSD 

was less than 10%(n=6). The results met requirement of microanalysis. CONCLUSION  Microwave digestion is a simple and 

rapid method. It digests completely with low blank value and the measurement result is satisfactory. ICP-OES method is rapid, 

accurate and convenient, can be used to determine various trace elements. 
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��������	��� Fritillaria 

thunbergii Miq.
���������������
���������� !�"�#$%�&'(��)*+,-.�)/�01%(2'�3�45678[1-2]9:;<=�Zn�Mn�Fe %>?@ABCDEFG��HI
J	KL�MNOPQCDERSHIJ	TUV(WXYZ[%)
�\Y]^�M Pb�As�Cd�Hg%@A_`aCD'Jbc�defghijk%[3]9Blmnopqr�Fs'(
���ptuHvwY>?@A
Sxyzu?�{T|}9~����������%�Vq����(ICP-OES)[4]a 5 SFs'(���p Ag�As�B�Ba�Bi�
Cd�Co�Cr�Cu�Fe�Ga�Hg�In�Mn�Ni�
Pb�TlY Zn% 18S>?@A��u?no�����
���?������(L��z>?@AQ�������
	�����L:;��P�9 

1  ����� 
1.1  �  

ICAP 6000 ICP-OES ¡�¢£%�VDq����(¤¥��¦§)¨Mars ©ª?«¬>+�®¯(>+��)(¤¥ CEM ¦§)¨�V°±
(²³´µ¶·°±�¸¦§)9 
1.2  ¹º	� 

Ag�As�B�Ba�Bi�Cd�Co�Cr�Cu�Fe�
Ga�Hg�In�Mn�Ni�Pb�TlY Zn»�a¼½¾�¿À¥ MERCK¦§���As�Hg
ÁÂ�
100 µg·mL

−1�ÃÄR�VÁÂ� 1 000 µg·mL−1�� ICP-OES�u?oÅ��ÆÇÈHC8254989 
1.3  ÉÊ ËÌ(ÍÂ>99.99%)�¿ÎÏÐÑÌD�¸ÒÓ¦§��¨HNO3(ÔÕÍ)¨Ö�×�VÖ�ÃÄt�ÉÊØ�UÙÍ9 
1.4  ÚÛ ���ÚÛÜÇ 1~5'(U��)/ÝªÞ��)*Ïß��)à0ß�)/á0Þ��)*+,-.�âã�)pä�Tåp�æçQ�Åè:éêëìèí�ÅØ���� (Fritillaria 

thunbergii Miq.)9 
2  ����	 
2.1  ��îï � îïÈÚÛðñ 0 s�ÚÛòóñô 30 s�

ÚÛhõö� �%�V÷oÖ±¨øTùUñô 30 s¨ö� úòóúû 50 r·min−1¨UÙúû
50 r·min

−1¨úðññô 5 s¨RF�ü 1 150 W¨ýþÌ 0.5 L·min−19R@AUÙoÅ+��< 19 � 1  ��������	 

Tab 1  Elemental analysis wavelength �� � /nm �� � /nm 

Ag 328.068 Fe 259.940 

As 189.042 Hg 184.950 

B 249.773 In 230.606 

Ba 455.403 Ga 294.364 

Bi 223.061 Mn 257.610 

Cd 228.802 Ni 221.647 

Co 228.616 Pb 220.353 

Cr 283.563 Tl 190.856 

Cu 324.754 Zn 213.856 

2.2  �ÉÛ½¾�� U�����Fs'(����	 0.5 g�±� 3
9U��ÚÛ�õ���>+���p��«�õ�[ 8.0 mL�����9�����õ>+�����>+����< 29���ÚÛ
��¾���=���¾�×�VÖ��Å � 50 mL?!p�"#�ÉÛ½¾9$32.16%&îï�� ICP-OESUÙoÅ Ag�As�B�Ba�
Bi�Cd�Co�Cr�Cu�Fe�Ga�Hg�In�Mn�
Ni�Pb�TlY Zn% 18S@Au?�'�()a¼��9 � 2  
������ 

Tab 2  Optimization of microwave digestion parameters �* �� �� W % 

�©��/ 

min 

��©ª/ � ����/ 

min 

1 800 100 05:00 120 02:00 

2 1 600 100 10:00 185 18:00 

2.3  a¼Û½¾�� �»�a¼½¾�� 5%HNO3��� Ag�B�
Ba�Bi�Cd�Co�Cr�Cu�Fe�Ga��In�Mn�
Ni�Pb�TlY Zn 1�2�3�4�5 µg·mL−1�HgY
As 0.1�0.2�0.3�0.4�0.5 µg·mL-1
FsÁÂ»�a¼Û½¾9 
2.4  *L�® +,�RÁÂ
»�a¼Û½¾-õ����%�Vq����
�Ú.p��oÅ�/ïyUÙ
012(y)�34¹�ÁÂ(x)�54¹�6�¹º7*�#89:�;���®< r1F=� 0.999 0��>�< 39 
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Tab 3  Elemental linear ranges, linear regression equations 

and detection limits 

�� 
�¾��/ 

µg·mL
-1
 

(��� 
	
�� 

r 

��� 

(n=10)/ 

ng·mL
-1
 

Ag 1.0~5.0 y=35 916.361 02x−344.949 786 0.999 8 0.041 8 

As 0.1~0.5 y=2526.019 765x+19.146 627 0.999 8 0.831 3 

B 1.0~5.0 y=23 783.633 92x+2 109.199 082 0.999 9 0.063 1 

Ba 1.0~5.0 y=1 122 539.061x+5 591.638 144 0.999 5 0.000 3 

Bi 1.0~5.0 y=2 647.582 043x−26.334 605 0.999 7 1.019 8 

Cd 1.0~5.0 y=45 364.560 09x+41.995 881 0.999 9 0.006 6 

Co 1.0~5.0 y=31 877.430 81x+11.172 805 0.999 8 0.009 4 

Cr 1.0~5.0 y=50 908.009 15x+276.821 031 0.999 8 0.017 7 

Cu 1.0~5.0 y=49 496.436 59x+325.897 239 0.999 7 0.018 2 

Fe 1.0~5.0 y=29 505.336 59x+136.568 804 0.999 8 0.050 8 

Ga 1.0~5.0 y=6 783.640 922x+202.403 180 0.999 7 0.309 6 

Hg 0.1~0.5 y=9 392.564 906x−8.670 222 0.999 3 0.031 9 

In 1.0~5.0 y=2 387.343 732x+34.099 361 0.999 7 2.513 3 

Mn 1.0~5.0 y=20 9817.798 7x+231.272 401 0.999 7 0.001 4 

Ni 1.0~5.0 y=27 295.239 64x−997.171 499 0.999 7 0.022 0 

Pb 1.0~5.0 y=5 757.897 136x−45.788 978 0.999 8 0.260 5 

Tl 1.0~5.0 y=2 586.508 702x+53.366 399 0.999 7 0.695 9 

Zn 1.0~5.0 y=48 489.232 45x+452.802 287 0.999 7 0.012 4 

2.5  � �«ÂÉ�  �ÁÂ� 2 µg·mL−1
(Hg�AsÁÂ� 0.2 µg·mL−1

)
»�a¼Û½¾�?@oÅ 6 ,�AB012
 RSD2�Ã RSD2ØB 0.10%~0.77%7ô�<=� �«ÂCD9 
2.6  HELÉ� �«��3)/Ýª6ÚÛ 6 
�$32.26%&����ÚÛ��$32.16%&îïoÅ�ABu?z RSD2�RSD2Ø<3%�F�UÙIG9 
2.7  �Ú9HÉ� �3)/Ýª6ÚÛ	I 6
�J
 0.25 g��«oÅ�U��«�õ»�a¼Û½¾�$32.26%&�����ÉÛ½¾��ÚoÅ�AB�Ú9Hüz RSD��><=�R@A�Ú9HüB
95.0%~103.2%�RSD<10%�F�>?UÙIG��< 49 
2.8  ÚÛoÅ $¼32.26%&�����ÉÛ½¾�-õ����%�Vq���
�Ú.p��oÅ�ABR@A
u?��>�< 59 

� 4  ������� !(n=6) 

Tab 4  Elemental results for recovery experiment(n=6) �� �Á%/µg ÓF�/µg ��%/µg ()*/% RSD/% 

Ag 0.000 0 0.500 0 0.477 8 95.6 1.84 

As 0.021 4 0.050 0 0.070 3 97.8 0.92 

B 0.195 3 0.500 0 0.678 0 96.5 1.23 

Ba 0.069 1 0.500 0 0.585 2 103.2 2.65 

Bi 0.000 0 0.500 0 0.475 1 95.02 2.73 

Cd 0.023 8 0.500 0 0.511 9 97.6 1.84 

Co 0.000 0 0.500 0 0.486 2 97.2 2.09 

Cr 0.000 0 0.500 0 0.497 9 99.6 1.64 

Cu 0.412 0 0.500 0 0.923 6 102.3 0.68 

Fe 22.330 5 0.500 0 22.840 3 102.0 2.37 

Ga 0.000 0 0.500 0 0.496 2 99.2 2.90 

Hg 0.026 2 0.050 0 0.074 0 95.6 1.17 

In 0.159 6 0.500 0 0.636 4 95.4 1.83 

Mn 2.648 1 0.500 0 3.145 2 99.4 2.05 

Ni 0.645 4 0.500 0 1.149 6 100.9 0.58 

Pb 0.000 0 0.500 0 0.497 5 99.5 2.26 

Tl 0.000 0 0.500 0 0.476 9 95.4 2.63 

Zn 3.507 8 0.500 0 3.990 6 96.6 1.95 � 5  "#$%&'(��)*(n=3) 

Tab 5  Content of elements in Fritillaria from different 

places(n=3) ��/µg·g
-1
 �� FG 1 FG 2 FG 3 FG 4 FG 5 

Ag − − − − − 
As 0.08 0.14 0.11 0.10 0.11 

B 0.78 − − − − 
Ba 0.28 3.22 7.21 1.80 1.84 

Bi − − 0.06 0.11 0.23 

Cd 0.10 0.52 0.61 0.04 0.15 

Co − − 0.22 − − 
Cr − − − − − 
Cu 1.65 2.30 1.56 1.37 2.07 

Fe 89.32 73.18 53.50 61.85 47.23 

Ga − − − − − 
Hg 0.10 0.02 − − − 
In 0.64 1.03 0.96 1.06 1.01 

Mn 10.59 12.50 24.01 11.82 13.44 

Ni 2.58 1.22 2.78 1.70 2.21 

Pb Q 0.72 0.25 0.01 0.21 

Tl − − − − − 
Zn 14.03 27.31 28.68 20.38 30.95 À.�−�−���� �� 

Note: “−” −no signal is detected 

3  
� a���p
>?@A:;KLl��Fs��U�aM<NS@A��no[5-7]9����� 1,no�;sñoÅ 18S>?@A���p>+���ÚÛOP��ÚÛP�Q�RSM�TUV9W�� XYÂ©�Z[�\�~�J,��Ø1]'�()a¼9 ¿�>f^�Fs'(���pØ_no`
Ag�Cr�Ga�Tl¨Ãa 14S@Ap Ba�B�Bi�
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Cd�Co�Hg�Pb u? RSD 2bT��c���pÎd 6 S@Au?BFs'(|}{T�As�
Cu�Fe�In�Mn�Ni�Zn u? RSD 2{L 6 SbV��c���pÎd 6 S@Au?BFs'(|}{V9CDef
>?@AW Fe�Cu�Mn�
Zn%�Fs'( 4@Au?Ø{©�Ãp Feu?)/Ýªø©� 89.32 µg·g−1�Cuu?�)*Ïø©� 2.30 µg·g−1�Mn u?�)à0ø©� 24.01 
µg·g

−1�Znu?�)*+,-ø©� 30.95 µg·g−19 P¼g���	z�Ê�8hij�k¹ºlmÅ[8]È�>mc 5'(��� Pb�Cu�Hg�As¸?F�mÅ¨Cd ¸?�)*Ï�à0n¹�Ãa'(ÚÛF�mÅ9 
REFERENCES 

[1] GAO X M. Traditional Chinese Pharmacology(���) [M]. 

Beijing: China Press of Traditional Chinese Medicine, 2007: 

356. 

[2] KANG T G. Authentication of Chinese medicines(����

�) [M]. Beijing: China Press of Traditional Chinese Medicine, 

2007: 208-211. 

[3] LIU Y, QIU C G. Review of study on heavy metals in Chinese 

traditional medicines [J]. Stud Trace Elements Health(���������), 2008, 25(4): 56-58. 

[4] WANG D M, FENG J, JIAO A J, et al. Determination of 14 

trace elements in Zanthoxylum Nitidum (Roxb.) DC. in 10 

different habitats of Guangxi by ICP-AES [J]. Chin J Mod 

Appl Pharmacy(��������), 2012, 29(3): 219-222. 

[5] LI J S, XU Q C. Study on heavy metal elements content in 

Fritillaria thunbergii Miq for detection method [J]. Beijing J 

Tradit Chin Med(�����), 2008, 27(3): 211-213. 

[6] MA W C, SHENG Z H, RONG J H. Determination the total 

alkaloid in different habitat Fritillaria thunbergii Miq [J]. Chin 

Arch Tradit Chin Med(������� ), 2009, 27(7): 

1495-1496. 

[7] MA X M, HUANG Z Y, QIU Z C, et al. Determination of 

harmful elements in Liuweidihuang pill measured with 

microwave digestion and inductively coupled plasma mass 

spectrometry(ICP-MS) [J]. Chin J Pharm Anal(��� !"), 

2005, 25(5): 554-556. 

[8] WM2-2001. The green industry standard of medicinal plants 

and preparation for import and export (��#�$%&'()*+,-./) [S]. 2001: 1. )+,-.2012-07-09

 

 

 45±t²³v´µ PLGA¶·¸�;¹
8º 

 �����������	
��������*
(!"3424u8ùq !" 264005) 

 �����  ����-������	(PLGA)
����������-������	(MePEG-PLGA)���������������� (DiI)!"#$��%&!��'()*�+,��  -./�012345��"#$67859:;0"#$�<=>?9��@5A* DiI!BC�DEF�GH,�	  DiI.C� 0.5 mg�PLGAI MePEG- 

PLGAJKC� 50 mg�PVAL@� 0.5%�>�M$NOPQ!"#$,DiI-PLGA-NPRS$N�(280.7±3.6)nm�ZetaTU�(−2.98±0.47)mV��GH>V 88.0%6 DiI-MePEG-PLGA-NPRS$N�(157.2±3.2)nm�ZetaTU�(-4.90±0.54)mV��GH>V 87.1%,�
  DiIW�X1YZ[!\]2�.^�M!��_"#$>�%&!`='()*Z[!�+, ����������� 6���-������	"#$6����������-������	"#$6/�01234567856<=>?9��@5 ������R943       ������B       �����1007-7693(2013)03-0280-05 

 

Preparation and Characterization of DiI Loaded PLGA Nanoparticles 

 

WEN Zhen, GUO Guiping, XIE Xinxin, WANG Junteng, QIN Lifang, LIN Donghai
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Yantai University, Yantai 264005, China) 

 

ABSTRACT: OBJECTIVE  To prepare DiI loaded nanoparticles using PLGA and MePEG-PLGA as carriers. METHODS  

Spontaneous emulsion solvent diffusion method(SESD) was adopt to prepare nanoparticles. Ultrafiltration-UV-visible 

spectrophotometry was used for the determination of DiI-NP' encapsulation efficiency. RESULTS  When DiI’s dosage was 0.5 
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