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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  �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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���� 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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