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ABSTRACT: OBJECTIVE  To establish a determination method for 5 kinds of amino acid in rats with high performance 

liquid-fluorescence detector. To study the effects of tetramethylpyrazine phosphate(TMPP) on amino acid content in acute 

cerebral ischemia rats model. METHODS  Microdialysis fluid was determined with Agilent 1100 liquid system fluorescence 

detector, ZORBAX SB-Aq C

l8

 chromatographic column was applied. Excitation wavelength and emission wavelength were set at 

357 nm and 455 nm, respectively, mobile phase consisted of methanol and 50 mmol·L

−1
 sodium acetate buffer (pH=6.5), with 

gradient elution, the flow rate was 1 mL·min

−1
. Tweleve male rats randomly divided into model control group and treatment 

group, each group had 6. Microdialysis was used to collect samples in striatum of rats area after dialysate, five kinds of amino 

acid concentration was determined by HPLC-FD. RESULTS  Glu and Asp levels in TMPP group were decreased significantly 

compare with control group, however, the amount of Tau and GABA increased. CONCLUSION  TMPP can obviously reduce 

excitatory amino acid content and increase brain inhibitory amino acid content in model rats, which has protect effect on acute 

ceretral ischemia rats. 

KEY WORDS: HPLC-FD; tetramethylpyrazine phosphate pH-sensitive in situ gel; amino acid; brain microdialysis; acute 

cerebral ischemia rat model 
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«�TMPP~<����)����

&'(�¬­�®¯TMPP~���9:���o

/&'(�D°  

1  ����� 

1.1  ±² 

Agilent 1100 ³´µ�²�¶°·(Agilent ¸

¹)º68001�»¼�½��¨±(¾¿��ÀÁÂ

ÃÄ�ÄÅÆ} 1.2 mm�ÇÈÉÊËLÌÍ�V

Î¸¹)ºBAS ���°·ÏMD0100 ÐÑ²e

MD1001 ÐÑ²ÒÓÔeMD1002 ÐÑ²ÕÖe

MD1000×ØÙ1²(BAS¸¹)º����®ÚÏ

CMA/12�4 mm membrane window�cut-off 20k 

dalton(ÉÛ CMA¸¹LÜ�Ý#ÞßàËáLM

��â��ã)  

1.2  äåæçè 

é&((Glu)eêëì&((Asp)eí&((Gly)e

γ-&'î((GABA)eïð((Tau)(Sigma ¸¹)º 

2,3,5-ñ[òó'`ôõ(TTC�êö÷øù[\ç

èú)ºWûaü(mýþÉs���VÎ¸¹)º

���(mý
ä��[\çèVÎ¸¹)º�ó�

aü(OPA�
ä��[\çèVÎ¸¹)ºβ-	'


�(Sigma¸¹)ºa�_�
�(��¸¹���Ï

20080915)º��çè�_O��çè  

1.3  rM 

�� SD)������* 300~350 g���

��\strM�ã���� !�ÏSKXK(") 

2008-0002  

2  ����	 

2.1  �#����$1 

�#���%& CMA ¸¹¸'��()$

1Ïñ[* 147 mmol·L

−1
�ñ[+ 1.2 mmol·L

−1
�

ñ[, 2.7 mmol·L

−1
�ñ[- 0.85 mmol·L

−1
�.è

_/01 $1«o 0.22 µm �1°�234{

3�567h«8o  

2.2  TMPP¢o pH¦§��¨©ª�19 

:;*� Carbopol= HPMCO<$=�>?

@�.��,A 24 h8�BO.C�OD�E�

FGHIJ��EKLMN©ª �ä©ª�1

9�GäM.#0O1«JPMN'���QR

�E«oò
�ZST pHUV 5.5WXYy  

2.3  ZL[çè�$1æZL[\ 

2.3.1  ZLçè�$1  ]: OPA 10 mg .#

0.25 mLa���^P 20 µL β-	'
��F^P

2 mL 0.2 mol·L

−1
_`ab�(pH=9.5)�JE cE

«Pã:m���BôhA#d(e, 24 h«Y

y8o fêg^ 10 µL β-	'
�  
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����å��ij��JE�kA 2 min «Ó

� &'(~&å.��ZL[\>m  
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lm 

Agilent ZORBAX SB-Aq C

l8

(4.6 mmn250 mm�

5 µm)o�p�qr 357 nm��sqr 455 nmº

otÏ25 ��×r¶ÏA_a��B_ 50 mmol·L

−1


(*ab�(pH=6.5)�u@v7wxÏ0~3 minÏ

25%×r¶ A�75%×r¶ Bº8 minÏ35%×r¶
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−1
 �
yzy 1 "y 1y{�

|}~��
lm�MN����������

UV������  

 

 

� 1  ��������	
��
�� 

A−���� !(Asp"t

R

=3.017 min�Glu"t

R

=3.592 min�Gly"t

R

=10.592 

min�Tau"t

R

=12.701 min�GABA"t

R

=15.243 min)�B−#$%&'(! 

Fig 1  HPLC spectrum of amino acid 

A−amino acid standard(Asp: t

R

=3.017 min; Glu: t

R

=3.592 min; Gly: 

t

R

=10.592 min; Tau: t

R

=12.701 min; GABA: t

R

=15.243 min); B−brain 
microdialysis sample 
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��]:S�*� 5T&'((AspeGlueGlye

TaueGABA)~&å;*�O<A#���*���

^P�#���BO��8�.�«��KL?
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−1
��_~&å�9��~&å�

9�y� 4 �����eS� ��>?@&'

(��åZL«Ó���K�?@/�����

��)we����æ� µ�?@(� S/N¡3

¢)�]£zw 1  
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Tab 1  The retention time, standard curve, correlation 

coefficient, linear range, detection limit of amino acids 

��� 

)*+,/ 

min 

-./0 R

2

 

0123/ 

µg·mL

−1
 

456/ 

ng·mL

−1
 

Asp  3.017 Y=83.25X+7.442 0.999 0.0109~10.9 5.19 

Glu  3.592 Y=282.5X+26.55 0.998 0.0104~10.4 2.12 

Gly 10.592 Y=447.9X+97.42 0.997 0.0114~11.4 0.55 

Tau 12.701 Y=249.7X+15.57 0.999 0.0102~10.2 1.89 

GABA 15.243 Y=297.3X+30.14 0.999 0.0125~12.5 2.16 

2.6  ��@çt 

O<��¤: 1 µg·mL

−1
�$&'(~&å.

� 15 µL�^P 5 µL ZLè�JE 2 min«Ó��

¥T&'(~&å.�¦§Ó� 6 ¨�©ª��

� ]£��@«��AspeGlueGlyeTaueGABA

� RSDO<_ 0.9%�1.0%�1.9%�2.8%�1.7%  

2.7  ä¬\uv 

2.7.1  �­�1�  :Æ} 0.26 mm ®¯°�

50 mm�S±²�³^´8µ=´¶·��F�¸

¹º»8�·�¹´¶���¼·� 18~20 mm (

��©�½«¾¿�WûÀ&(.��ÁÂ!2�

Ã½Ä�«9o  

2.7.2  ä¬\uv  : SD)� 12 Å���Æ�

O= 2 Ç�¥Ç 6 Å�SÇ_��~&Ç�SÇ

È�«¢£¤¥Ã1�TMPP¢o pH¦§��¨

©ª(10 mg·kg

−1
) stÉ 24 hÊË�Ê1�o 20%

���Lgd1.�(0.6 mL·100g

−1
)Ì£ÑsÍ

Î�G�ÅÏÐ�#½��Ñ±m�ÒÓÔÏÕ

Ö�×@ÕØ«Ù��XÚÛâÅÕOPÜ4Ý

ÞÔÜ�½��¨±�¨����

[6]

(APÏß0.2 mm�

MLÏà3.2 mm�DVÏ−7.0 mm)�oÃÄÄSÆ}

1.2 mm á2�G®Úâ��:¸á2AP�i�

�oãäåÐ���!â���ær çP�Ï

®Ú�Ð× ½«�oè«� Zea-longa �­é

[7]

ê½)�<������ GrM:ëì¨�O

PQWÚíKrî(CCA)eíïrî(ECA)eíi

rî(ICA)��ð�9o ñ�Ï®ÚÐ× 1 h«�

ò� 2 óMNÐÑ��¥óò� 15 min ½«]

ô CCA õã±æ ECA�G®¯°�: ICA öV

Ãi ¤äÇñ°�çPÃi«�m¤ä�â÷

ò�Ð×��rMt@²G)��tÙ1� 37 � 

¥2f 15 min ò� 1 ¨�åø 30 µL(�mò�)�

ùò� 3 h�ú 4 h ¥ 20 min ò�Sû�å�ò

��å«��&'(%9:ü���* stÉ

�®Ú��ï�ò� st]ý«�rM(�:

���þ 1 h WX«GÉ�Û��TTC �� ¡

���  

2.7.3  )��Ç�Û��� ¡  <�����

�)��)�: TTC��«����n�Ç��

�	����
���Ç��N����Ç)�:

È�«)��V�>w@���
��Ç�Q�  

2.7.4  ®Ú�ï�ò����  ¥Õ®Ú�8o

É�G®Ú¾¿�S�?@�&'(ü��J�

�����Ð×�=ò�)é/ TMPP ��ò�

ò�¶>���®Ú~$M���ò� ¥¨8

o®ÚÉ�������*�������
�

®Ú)y8o�8o«�o0O1Ð×®Ú«�

e �stùo®Ú 6Õ�O<��®Ú~ Aspe

GlueGlyeTaueGABA��ò��]£zw 2  

� 2  ���"#$%&�'(�)* 

Tab 2  Recovery of microdialysis probes on amino acid(n=6) 

��� 789:;/µg·mL

−1
 <=>?@/% 

Asp 1.09 52.4±3.7 

Glu 1.04 48.7±5.3 

Gly 1.14 44.6±2.9 

Tau 1.02 56.1±6.4 

GABA 1.25 51.9±4.5 

2.7.5  ä¬\���µ�  :$!2��Ï��

��å��?2.4A��)éÓ�����¶�


Ó���������)w¢��Ï&'(�?

@���]£Ý�&'(%9:ü��� Gly µ

ï��� 4 û���/��Ç��[��mV·

¢\�� G$Çä¬\��~!2�y�]£

zy 2 
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� 2  +,-�./01-�"#$234 Asp�Glu�Tau�GABA�1-�5�� 

Fig 2  Concentraion-time curves of Asp, Glu, Tau, GABA in microdialysis sample of treatment group and blank model group 
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3.2  HPLC-FDµ�)é�
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��)��i�&'(9:ü����*Á��

;ê½ST<Øe�
��*&'(�*O�)

é �¬�¶-³´µ�²�
éUVOP!27e

OP@��%���st��ó�aü_oÉZ

Lè�ê½�ST=>e?¦�&'(��ZL

)é�çtwx��)é;o#µ�����å

��*&'(��*  

3.3  &'(®Ú�ï�ò����@A 

®Ú��ò��G�����\o# PKe

PDePK/PD uv�SûDEB9��)áC®Ú

���(DV¬4�r@e42)á$)eñ�M�

��(E.�eFN]��eO&)á$)eÐ×�

�Ç=(�E�epH U$)e×Ø$GW�F�¬

­ �¸�������\o��~|uv�M

�Ó��ïe�i�ò�uv�HnI�� �

&'(%9:ü��S%iJ�M���Ó�r

M�iuv!��é����i�ò� Kï�

"#�iLM�N����>M���ï�ò�

/�i�ò��S�¶$�|��89��&'

(�ï�ò��jOP��i�ò��8o�Å

�_®Ú�QjRNSo�%T  

3.4  &'(%9:ü��}~=st]U 

AspeGlueGlyeTau= GABA��/9:°

·R��ü� AspeGlu_-.�&'(�Glye

TaueGABA_01�&'( ���n��9:

;BC����!���9:;+,�)*-.

�&'(�\V/©We9:;BC$Lg=�

gLg{w��XDE�o

[9-10]

ºY GlyeTaue

GABA ��/9:°·Z��01��o�D�

���{w��)��� GABA ijV|�[�

8�D\]���7!2i�V9:���o

[11]

 

|�}~&'(%9:ü��_ä¬\µ���  

st]£wx�¤ä«���)��i� Glu

= Asp /��~&Ç¶�Ý0�[�Y Tau =

GABA �*^V|_^�!x TMPP jxÝ[ 
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