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Neuroprotective Effect of Cerebrospinal Fluid of Nimodipine on Various PC12 Cell Injuries in Vitro 
 
ZHANG Qichun a, KOU Junpinga*,ZHU Dannia, YAN Yongqinga, WANG Qiujuanb (China Pharmaceutical University, 
a.Department of Complex Prescription of TCM;b.Department of Physiology,Nanjing 210009,China) 
 
ABSTRACT:OBJECTIVE  To explore the standard conditions and application of the cerebrospinal fluid �CSF�pharmacological 

method, by investigating the neuroprotective effect of CSF with nimodipine on PC12 cells injured by various factors. METHODS  
The effect of rat CSF with nimodipine on injured PC12 cells induced by potassium chloride (KCl) was observed by 3-(4,5-dimethyl- 
2-thiazol)-2, 5-diphenyl-2H-tetrazolium bromide (MTT) assay under various experimental conditions (dosage regiment, addition 
level and treatment process), then its neuroprotective effect under certain conditions on PC12 cells injured by hydrogen peroxide 
(H2O2), sodium dithionite (Na2S2O4) and L-glutamate sodium were determined as well. RESULTS  The viability of PC12 cells 
injured by KCl increased with the addition level of CSF with nimodipine, and at the same addition level, CSF of rat administrating 

nimodipine repetitiously (twice�d-1×3.5d) exerted higher protective efficacy on PC12 cells than that of single administration.The raw 

CSF with nimodipine and the CSF with nimodipine treated by heat (56 ), ethanol or acetone ha� d notable protective effects on 
injured PC12 cells (P<0.01), and there was no obvious statistical difference among them. The similar distinct protective effects of 
CSF with nimodipine under certain conditions on PC12 cells injured by H2O2, Na2S2O4 and L-glutamate sodium were also observed. 
CONCLUSION  It is proposed that the CSF with nimodipine having significant protective effects on PC12 cells injuries caused by 
multi-factors such as KCl, Na2S2O4

 and H2O2 etc may be prepared by 10% rat CSF without treating after administrating drugs 
repetitiously.  
KEY WORDS: cerebrospinal fluid pharmacology; nimodipine; method standardization; neuroprotective effect  
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1  ����� 

1.1  �5678  

9:;<�=>?@AB �CDEF�GHI

030124J���KLM�N�=OPQ�R78�

SJTUVW�=OXYZ[Z\]^CDEFJ

_` DMEM abc�=O Gibco EFJdefg 

(NCS)�=OhijklZ\]^EFJ�mnU

V (Poly-L-Lys)KMTT [o�-(4,5-pqc-2-2 rs

c)-2�5-ptcjus]�=O SigmaEF4 

1.2  v\  

wxgyz SD{|�}~�250 ± 20�g�=

>PQ��{R(�v\������HI�Y�

SCXK 2001-00154 

1.3 ��  

PC12���({|����������)��

��R���Z\�R6�����./��_`

DMEMab���� 10%defg�100 u·L-1
l�


�100 mg·L-1
��
�pH7.2ab4 

1.4  ��)�6���� !����' 

{|�� ��¡¢�£9:;< 5 mg·kg-1(2

�·d-1×3.5 d)¤, 0¥¦§[6,9]  ! �'���4 

1.5  �����	
� PC12���
¨©  

1.5.1  ����
¨©  ª«Y� PC12 ��¬­

> 25 cm2
ab®�ab�&� 10%defg�

DMEM�¯ 37°K5%CO2± ²³´µ¶�·¤�

¸¹ 0.25%º»¼½> 37 °¾��¬­>�mn

UV¿!� 96ÀabÁ���Â³& 1×105
�mL-1

�

37 �K5% CO2abÃ�ab24 h4�PBSÄÅPC12

�� 2� (100 µL�À-1) 4̧ ¹� 524 mmol�L-1 KCl

�Æfg DMEMabc 100 µL�À-1
�ÇÈ�¥É

¸¹Ê� KCl �Æfg DMEM abc�37 �K

5%CO2abÃ��� 15 min, �Ë¸¹Ì-Í³�

����Î¤0¥¦§

[10]
�Ï�MTT*ÐÑ OD570

Ò��ÇÈÉ OD570<ÓÒ& 100%�ÔÕÖÉ��

�×�Ø0¥EÙÔÕ��Ú= (��É���×Û

Ü¼É���×)/(ÇÈÉ���×Û¨©É���

×)Ý100%4 

1.5.2  LM�N�
¨©  Þ�{�ßà1.5.1áâ

´)*��ãÀ¸¹äÍ³ 200 µmol·L-1
� H2O2�

37 °�5%CO2abÃ�� 3 h�å�
�'4 

1.5.3  æpçèVW�
¨©  Þ�{�ßà1.5.1á

â´)*��ãÀ¸¹äÍ³ 8 mmol·L-1
�æpç

èVW�37 °�5% CO2abÃ�� 4 h�å�


�'4 

1.5.4  TUV�
¨©  Þ�{�ßà1.5.1áâ´

)*��ãÀ¸¹äÍ³ 20 mmol·L-1
�TUV�

37 °�5%CO2abÃ�� 4 h�å�
�'4  

1.6  é3�'  

é3� x
—

±sêë�ì� SPSSí%�å tî��

Ø�å�	
)ïðñ(ANOVA)4 

2  ��  

2.1  ÊßòóôË9:;<������ KCl �

PC12�
�õö 

���£9:;<¤ 0.5�1�1.5�2 h�{|�

�����Ó÷øùú_ KCl �
� PC12 �×

(P<0.01�ûê 1)J����¤ÖôËü�����

���ÚÓ_>����¤Ì-ÖôËü����

����Ú�ßôý÷þ�������¤ 1.0 h� 

{|�������_�¨©���Ú�_4

� 1  ��������	
��
��� KCl� PC12�����(n=8, sx ± ) 

Tab 1  Effects of rat CSF samples of different time points from 0.5 h to 2.0 h after single or multiple oral administration of 

nimodipine on viability of PC12 cells injured by KCl(n=8, sx ± ) 

���� ���� 
�  � 

�	
�/% �
�/% �	
�/% �
�/% 

���� 100.0± 5.6  100.0±10.8  

���� 41.8± 7.21)  48.0± 5.51)  

����� 49.7± 5.8  52.5± 4.6  

�� 0.5 h��������� 54.6± 8.6 8.44      70.4± 4.52) 34.41 

�� 1.0 h��������� 56.7±10.1 12.08      76.4± 9.32) 45.85 

�� 1.5 h��������� 58.3± 6.4 14.72      72.3± 4.52) 38.00 

�� 2.0 h��������� 55.6± 4.5 10.19      63.7± 3.52) 21.40 

� !���"#, 1)P<0.01;!������"#, 2)P<0.01 

Note:Compared with normal group,1)P<0.01;Compared with blank CSF group,2)P<0.01  
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2.2  ��������	
��
�� KCl �

PC12����� 

����������	�������


��
�� PC12� ��!"#��$��%&'

(!)*+!,-20%./0�����
��


�1�� 2345678�
�9:1;<!#

=>?@(P<0.05)A10%B15%C20%./0���

�	��
��
�1�� 2345678�


�9:1;<!"#DE=>?@(P<0.01!F

G2)H

� 2  ��������	
��
� KCl� PC12�����(n=8, sx ± ) 

Tab 2  Effect of various concentration of rat CSF sample of 1 h after single or multiple oral administration of nimodipine on 

viability of PC12 cell injured by KCl(n=8, sx ± ) 

���� ���� 
�  � 

�	
�/% �
�/% �	
�/% �
�/% 

���� 100.0±11.7  100.0±7.2  

���� 48.4± 5.21)  51.1±7.11)  

5%����� 48.7± 9.4  52.7±4.4  

5%��������� 54.7± 5.7 11.63 57.8±6.8 10.49 

10%����� 51.4± 7.0  53.7±4.7  

10%��������� 59.8±11.6 16.28 71.8±4.33) 37.08 

15%����� 51.9±11.2  52.6±3.1  

15%��������� 61.6±13.7 18.80 78.9±4.93) 53.66 

20%����� 51.4± 9.4  53.3±5.0  

20%��������� 63.2± 7.32) 22.87 84.1±3.33) 62.99 

� !���"#$

1)P<0.01;!%&������"#$2)P<0.05,3)P<0.01 
Note:Compared with normal group, 1)P<0.01;Compared with blank CSF group,2)P<0.05,3)P<0.01 
2.3  ��IJKL����	
��
�� KCl
� PC12����� 
MN2BON2BPQN2CRSN2KL�

�������	� 1 h��
��
�(10%)!"

TU=VWKCl���PC1223(P<0.01, FG 3)H

�MN2X�KL1���
��
��YZ[

\]^� PC12 � �W_��9:%&`ab�

cdI?ef!Tg Ph0.968 5(>0.05)!iU��

IJKL�jklm!�n9:� �%&'(�

op=>q?@H 

2.4  ���	
��
��rsZtBuvwxy

zC{|yz� PC12� ����� 

����� 1 h ��
��
�(10%)� PC12

� rsZtBuvwxyzC{|yz��9:

"#=>�%&'((P<0.01, FG 4)HGUn}~

�
�������j�(�� 3 �cd\���

 ��9:H 
� 3  ��������	
��
���� ��� � ����

������n��� sx ±
! 

Tab 3  Effects of rat CSF samples of nimodipine 1 h after 
multiple oral administration with various treatment on viability 

of PC12 cell injured by KCl(n=8, sx ± ) 
�       � ����/% ��	/% 


��
 100.0±7.2  

���
 51.1±7.11)  

����� 53.7±4.7  

������������ 69.9±3.62) 33.06 

56�������������� 69.7±4.82) 32.60 

� ������������� 70.0±2.92) 33.23 

!"������������� 69.4±6.32) 31.97 

#$%
��&', 1)P<0.01;%������&', 2)P<0.01 

Note:Compared with normal group, 1)P<0.01;Compared with blank CSF 
group, 2)P<0.01

� 4  �	
��
����"#$%&'()*+,-./+,� PC12 �����(n=8, sx ± ) 

Tab 4  Effect of rat CSF sample of 1.0 h after multiple oral administration of nimodipine on viability of PC12 cell injured by H2O2, 

Na2S2O4 and L-glutamate Sodium(n=8, sx ± ) 
()*+,- ./0123,- 4523,- 

�  � 
����/% ��	/% ����/% ��	/% ����/% ��	/% 


��
 100.0±7.9  100.0±5.9  100.0±8.6  

���
 34.9±4.01)  64.7±10.81)  60.7± 9.71)  

����� 32.5±3.0  69.6±10.6  66.7±12.9  

��������� 58.6±7.52) 40.11 85.9±9.52) 46.07 86.0±14.42) 49.00 

#$%
��&', 1)P<0.01;%������&', 2)P<0.01 

Note:Compared with normal group, 1)P<0.01;Compared with blank CSF group, 2)P<0.01 
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¿o�PC12RSTUz{À}����+,-.�

=>?�Á�ÂCN5OTUz{¿Ã~�!"

#$%�&'(67���aÄ��Å�Á���

��XY

[9]
D 

Æ
¿��l.J1KHL��m�¢±��

���vc�_�� 10%�!"#$%�&'(E

N5O½K�¨¾o PC12 RSTU�ÇdÈ�+

,-.�2&'(��������%�&'(67

�k.�m�:.;<�>~@ABCDÉÊXË[

Ì�gÍÎÏ�gÐ�`�ÑÒ�&'(�����

��Ó�ÔÕÖIZ×�Ø�89)*Ù£�`��

e:w-.ÚÛIÜ6�ÝÞ�\ßà:.D 
 

REFERENCES 
 

[1] MEI J X, ZHANG B L. A Preliminary Attempt to Develope the 
New “Cerebrospinal Fluid Pharmacology of Chinese Materia 

Medica on Neurotrophic Effects of Astrocytes[J].Chin Tradit  

Herb Drugs(���), 2000, 31 (7): 523- 526. 

[2] TENG H, GAO D Y, ZHU X F. Effects of the ischemic 
cerebrospinal fluid on survival and differentiation of hippocampal 

neural stem cells in rats[J].Heilongjiang Med Pharm(����

���), 2003, 26(5): 10 - 12. 

[3] XIE N, ZOU C P, NIU Y C, et al.Effect of decoction of 
rehmanniae on the expression of apoptosis of  hippocampal 

neurons model of alzeimer disease [J].Chin J Exp Tradit Med 

Form(�������	
), 2004, 10(4): 29 - 32. 

[4] GUO J W, HE Y C, CHEN S H, et al. The protection effect of 

beagle dog cerebrospinal fluid on the neuron [J].Chin J Integr 

Med Cardio-/Cerebrovasc Dis(�������� !	
), 

2005, 3(10): 884 - 886. 
[5] ZHANG Q C,WANG Q J,KOU J P,et al.Protective effect of 

cerebrospinal fluids containing optimized dan gui shao yao 
san(FBD)on injured PC12 cells[J].Chin J Exp Tradit Med 

Form(�������	
), 2005, 11(5): 55 -58 

[6] VAN DEN BERG MP, ROMEIJN S G, VERHOEF J C.Serial 
cerebrospinal fluid sampling in a rat model to study drug 
uptake from the nasal cavity [J]. J Neurosci Methods, 2002, 
116(1): 99 - 107. 

[7] XU Y, ZHANG J J, YANG S Q. The influence of nimodipine 

on cognitive impairment after TIA [J].J Clin Med("#$�	


), 2007, 24(5):331-332. 

[8] HE L C,WANG S C.Studies on differences of pharmacokinetic 
behavior and tissue distribution of nimodipine and its two 
enantiomers in rats using achiral and chiral liquid 

chromatography [J]. Acta Pharm Sin (���%), 2003, 38(8): 

603-608. 
[9] ZHANG Q C,KOU J P,ZHUN D N,et al.Preliminary studies on 

the standardization of cerebrospinal fluid pharmacological 

experimental methods [J].Chin J Exp Tradit Med Form(���

����	
), 2007, 13(8):10-13. 

[10] YANG L Q, WU J J, WANG J D, et al.Effect of Pergolide and 
L-dopa on PC12 Cells Induced by MPP+[J].Chin J Clin 

Neurosci(��"#&'��), 2006, 14(5):464-474. 

[11] LI Y K, WU J Y. The discussion of “ordinary method” of 

obtaining serum in serum pharmacology method.[J].Chin 

Pharmacol Bull(���(�)%), 1999,15(6):569-570. 

[12] ZOU C P, XIE N, SONG C Z, et al. Study on influence of 
decoction of rehmanniae on releasing of LDH and live activity of 

cell on cultured hippocampal neurons injury [J].J Harbin Univ 

Commerce(Nat Sci)(*+,-./��%  01��2 ), 

2004, 20(1): 1-3. 
[13] MEI J X, ZHANG B L. A Chinese herbal compound induces 

neurotrophy in astrocyte by a new study method called 

“Cerebrospinal fluid pharmacology in Chinese materia medica” [J]. 

J Chin Med Mater(��3),2000,23(8):467- 469. 

�����2008-04-30


	402_111_prn_p0001
	402_111_prn_p0002
	402_111_prn_p0003
	402_111_prn_p0004

