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Abstract 
 

1,4-Butanediol (1,4-BD) was a substance of chemical formula structure 
similar to GHB, it commonly used by the  industrial of polymers. 1,4-BD can take a drug 
by eaten and it was converted to GHB by alcohol dehydrogenase in liver rapidly. 
Currently, the Ladyboys and woman were to take the combined oral contraceptive pill 
content of estrogen hormone. The estrogen hormone had effect to dare increase 
alcohol dehydrogenase activity to a person who take estrogen hormone combined with 
1,4-BD therefore, the opportunity to receive of GHB was affect to high level in blood 
and cause of death. This studied were determination of 1,4-BD and GHB in whole blood 
used by Gas Chromatography W flame ionization detector (GC - FID) technique and 
samples were prepare by protein precipitation with methanol.  

In validation method study, the limits of detection (LOD) and limits of 
quantification (LOQ) of 1,4-BD and GHB were 2.5 and 6 µg/mL, respectively. The 
precision of intra-day and inter-day (% RSD) in 1,4-BD  were 1.11-5.47 and 3.90 -10.33 
and GHB were 1.47-2.65 and 1.44-3.65 %, respectively. The accuracy of intra - day and 
inter-day (%DEV) in 1,4-BD were -5.22-(-12.75) and -4.45-(-12.50) % and GHB were 
4.50-0.82 and -11.33-(-2.88), respectively. The percentage of recovery (% Recovery) in 
1,4-BD were 52.29-59.43 % and GHB were 82.85-103.67 %, respectively .The 
correlation coefficient of linearity (r) were 0.9998 and 0.9993 respectively. In this study 
was found the GC-FID and technique and prepare samples by protein precipitation with 
methanol can be use to analysis of 1,4-BD and GHB in whole blood samples. 

In animals study, Wistar male rats were divided into 3 groups (n=5) as 
follow: Group 1 (1,4-BD) was controlled single dose of 1,4-BD (150 µg/ kg), and group 2 
(1,4-BD+DS10) and 3 (1,4-BD+DS20) 1,4-BD (150 µg/kg) with diethylstilbestrol (100 
µg/kg) the period in 10 and 20 days, respectively, the rats were intraperitoneal (i.p.) 
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administration. In pharmacokinetic parameters studied analyzed based on one- 
compartment model. The elimination half-life (t1/2el) of 1,4-BD  in group 2 and 3 were 
significantly decreased compared to group 1 (15.21±1.67 min and 12.62±5.95 v.s.  
21.08±2.30 min; P < 0.05) and the elimination rate constant (kel) in group 3 was 
significantly increased compared to  group 1 (0.062±0.02 min-1 and 0.034±0.0038 min-1; 
P < 0.05)   and GHB had the, Time to maximum concentration (Tmax) in group 2 and 3 
were significantly decreased compared to group 1 ( 24±8.22 min v.s. 39±8.22 min; P < 
0.05) 
  In pharmacokinetic study, showed that estrogen hormone had effect to 
1,4-BD converted to GHB rapidly .Estrogen hormone had effect to dare increased of 
alcohol dehydrogenase activity in liver. A person who takes of estrogen hormone in the 
long period combined with 1,4-BD to dare had high level of GHB in blood, and the 
mechanism is not clearly it was interested to study. The method analysis the level of 
1,4-BD and GHB in whole blood in this study, the data can be applied in forensic 
science. 
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         )<!">����� 1,4-BD 	��" 150 mg/kg �"-��\)%�����+��-� ����
� >
�; (A):  
          )<���� 45 �� ) (GHB = 87.30 µg/mL,1,4-BD = 14.25 µg/mL), (C):  )<���� 
         60 �� ) (GHB = 79.14 µg/mL,1,4-BD = 8.62 µg/mL), (D):  )<���� 90 �� ) 
         (GHB = 45.14 µg/mL )                                                  50 
3.9     �=�&�� #%�&	
� GHB #�$ 1,4-BD *����
-�����P
"	
�+�,��-+��� )<!">��� 
         �� 1,4-BD 	��" 150 mg/kg �"-��\)%�����+��-� ����
� >
�; (A):  )<���� 
        120 �� ) (GHB = 15 µg/mL), (B):  )<���� 180 �� )      51   
3.10  %���=��&�&K��\�	
��$-$����%���$"��-�*���P
"	
��� 1,4-BD 	
�+�, )< 
         !">����� 1,4-BD 	��" 150 mg/kg (mean ± S.D.);%�J�&=��=J& )<!">����K)-�  
         1,4-BD (1,4-BD), %�J�& )<!">��� 1,4-BD ���&%�� Diethylstilbestrol 	��"  
         100 µg/kg �:;��$-$���� 10 ��� (1,4-BD+DS10), %�J�& )<!">��� 1,4-BD  
         ���&%�� diethylstilbestrol 	��" 100 µg/kg �:;��$-$���� 20 ���  
         (1,4-BD+DS20)                                             54 
3.11   %���=��&�&K��\�	
��$-$����%���$"��-�*���P
"	
��� GHB 	
�+�, )< 
         !">����� 1,4-BD 	��" 150 mg/kg (mean ± S.D.); %�J�&=��=J& )<!">����K)-�  
         1,4-BD (1,4-BD), %�J�& )<!">��� 1,4-BD ���&%�� diethylstilbestrol 	��" 
         100 µg/kg�:;��$-$���� 10 ��� (1,4-BD+DS10), %�J�& )<!">��� 1,4-BD  
         ���&%�� diethylstilbestrol 	��" 100 µg/kg �:;��$-$���� 20 ���            
         (1,4-BD+DS20)                                55 
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Cº     
����(��()- 
g     %��& 
kg     %���%��& 
L     ���� 
mg     &����%��& 
min     �� ) 
mL     &�������� 
mol     �&� 
NAD     Nicotinamide adenine dinucleotide  
NADP     nicotinamide adenine dinucleotide phosphate 
ng     ����%��& 
pKa     =��=� )<	
�%��#�%��� 
U     -,��� 
µg     !&�=�%��& 
µL     !&�=����� 
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����� 1 
 

����	 
 

1.1 ����	����	���	���  
 

��������	
	��� (Forensic Science) ��� �	���	����	
	�������	�	 	
!�"����#$% &'�(�!�")�$��	*�+, 	� !�")�$�-,.*�+, 	�/0%-�. !�")�$��	*����12332��
#�&��(�*�	�����+, 	� -4"!�")�$���*�	�12*�21#$%�+, 	� (Enforcement) #�&��(�*��*
1�4*)�9 ���:	��;<��������	
	����2*&!=�
	���-��*,�>(*�;(��	��"1���	��	*
����	
	��� 	����2��	���"��	?�0��*1���4 )0��	���	�2�@�'�	��;(&�A1/0%:	��@	��;(&��0
&,�� ,���:	��2�?B%�%�*�*�2� 	��	�	����:'��B:� &'�(�$.��#,%&:%	,�%	�;(��*�2C ;-���	*#��	�
��1�����1��� ��	#,%�	 	�@0�	&����	�:21�� �2�?B%��"��	?�0-4"4*)�9?B%��"��	?�0/0%)0�/ .
?�0�2� �2�:"�.�#,%&��0��	 &!=�D�� -4"��	 �.	&$�(�@����*��"1���	�����D�� #��2*�  

����'�9����	 (Forensic Toxicology) &!=��	�&�;���B%&��(�*�*�!�"��1��*
�	�&� ;�;(�.�#,%&��0�2���	�,���'�9�.���(* ;$;����2<*,4	�& �(���	/!!�"����#$%�21*	�0%	�
����
	���&'�(�,	�	&,���	��	� :>*&�;��$�(��.	 J����'�9����	K & �(� ;&,���2��.	�*�2��;(&�;(���%�*
�21�	��	���*1���4L>(*�	:&$�(� )�*�21�	�'�9:>*�%�* ;�	�&�A1�2���.	*�	�&,4�,���$�<��.��
��2��"�;(�	:&!MN���	�'�9/!#,%�2�'�9����	�%�,	�	&,����*�	�&�;�$;��� �	�#$%�	1	*$��0
&�����	0 	��C	��	:��	#,%&��0�	�&�;�$;���/0%/ .�.	0%��&:��	,���/ .�A�	 :>*�%�*�	
2�
��	 &$;(��$	3#��	���1����0;��*��	��: 02*�2<� �	�&�A1�2���.	*�	�&,4�,���&��<�&��(�:	�

'&'�(����:�	�'�9��.	* ; 	��C	�:>* ;�.��$.��#��	��4;(�4	��0;/0% 	��><� 

:	���O;&,���	�O& �(��2��;( 26  �@��	�� '.
. 2546  ;�	�*	��.	'�2�*	�
)�*-� ��	 &1���� & ��*'2��	 :.$41��; /0% ;�	���	/��!4�  	0�( U4�*�2�&��0��	#,% ;
?B%&�;�$;��� 1 �	� -4" ;�	�	��	&:;����.	*���-�* 8 �	� �.� 	&:%	,�%	�;(��	��:/0%��	�2���.	*
/��02*�4.	�#,%,�.��'�9����	 W	���$	'�	D�����	 �O"-'��
	��� )�*'�	1	4�	 	D�10;
��	�	����:��&��	", :	�?4�	����:��&��	",'1�.	 ;�	�'�9,42�L>(*&!=��2���	4"4	� 2 $��0 
��� Gamma-butyrolactone (GBL) L>(*&!=��	��;(#$%#�����	,��� 4%	*�;&!=��<�	�	$�	�"4%	*��	
��	 �"�	0&���(�*:2�� -4"�	� Tetrahydrofuran (T.H.F.) L>(*&!=��	��;(#$%#��	*����	,��� 
)'4;& �� ';�;L; -4"#$%#��	�&$�(� �.��.	*b -�.?4�	����:��&��	",/ .'1&�D�4-�4��c�4-4"
& D�4-�4��c�4 (��	�2��.	����*���D
	���, 2546)   

 

1 



 
 
 
 
 
 

2 

:	��	���1���?B%!e���2<*, 0/0%�%� B4�.	42�9O"��*��0/��!4� �;(&!=�'�9
02*�4.	��2<� ;42�9O"&!=���0�;&�;���;(�%	*���'��O�.	&!=�/���;(?4��:	�� ��/'�)0./ .�B%4%  �;(
��0&�;���.	 CHIANG RAI WINERY JDOHK (Elephantopus scaber) Herbal Fermented 
Liquor �2��2�9��;�	� U4	��;pq	  ;�B! %	��(*��B.��*�4	* �"1�$�(��	��%	 La santé :	��	���	
��0/��02*�4.	� 	��	�	����:��1'1�.	&!=���0/���;(��	!4� �><�)0��	��%	*$�(�/���;(?4��
)0�1��92�02*�4.	��%	*�%� -�.��.	*/��A�	 42�9O"U4	�-4"��0/���A/ .&, ����21/����*
:��*�;(?4��)0�1��92��;( ;�	��	*:�	,�.	�#��%�*�4	0 (�2  �, 2546) 

Elliot -4" Burgess (2005) /0%��	�	����:��&��	",�2���.	*&���(�*0�(  	���.	 
50 �2���.	*#�!�"&�
�2*�t9&'�(���&��	",,	�	� Gamma-hydroxybutyric acid  (GHB) -4" 
Gamma-butyrolactone (GBL)  �;(�	:?� ��B.#�&���(�*0�( �;( ;$�(�&�;���.	 Jspike drinkK )0���	
�	����:��&��	",0%��&�����-�w�)�� 	)���	ppx-4"�2����:�20$��0&p4 /���/�L (Gas 
chromatography - flame ionization detector, GC-FID)  -4"#$%&�����-�w�)��- 	)���	ppx
- ��&!�)�& ��; (Gas chromatography - mass spectrometry, GC-MS) #��	����:����2�
?4�	���&��	", :	��	����:��&��	",'1�	� GHB -4" GBL #��2���.	*/���	�-4"/���;(
?4��:	��*�.�-0*-�./ .�	 	�@���:'1#�&���(�*0�( :�	'��&1;��,�<�	?4/ %-4"#����	 )0�#�
/���;(?4��:	��*�.��	� (Vermouth) '1 GHB 8.2 mg/L -4"�	 	�@���:'1 GBL #�/��
-0* 4.1-21.4 mg/L #�/���	�'1�%����.	 3-9.6 mg/L 

�	� Gamma-butyrolactone (GBL) &!=��	�&�'��0�;(��� #$%��.	*��%	*��	*
#�!�"&�
�,�2C�& ���	)0� ;�B��)��*��%	*#�4%&�;�*�21�	��;��2���� Gamma-hydroxybutyric 
acid ,��� GHB 02*-�0* (W	'�;( 1.1) )0�#�!x �.
. 1999 �*��	��	,	�-4"�	��*!�"&�

�,�2C�& ���	 (FDA) /0%��� 	!�"�	
&����@>*�2���	���*�	� GBL )0�,%	  ;�	��2(*L�<�-4"
:�	,�.	�-4"#��2��;( 18 &0��� �� W	'2�D �.
. 2000 GBL -4" GHB �� @>*�	��;(&!=� 
analoguse �;($�(� 1,4-Butanediol /0%@B��*��	��	,	�-4"�	��*!�"&�
�,�2C�& ���	:20&!=�
�	���1�� !�"&W��;( 1 (Couper -4" Marinetti, 2002) 

�	� Gamma-butyrolactone (GBL)  ;$�(�&�;���	*&� ;,4	�$�(� &$.� 2(3)-
furanone dihydro,4-butyrolactone, furanone, tetrahydro-2-furanone, butyric acid lactone, 
4-butanolide, 4-deoxytetronic acid, γ-hydroxybutyric acid, cyclic ester -4" �2* ;$�(��;(&�;��
�2�#��4	0 �0�;� 	� 	�,4	�$�(� &$.� Blue Nitro, Gamma BL,Gamma-6480, Gen X , GH 
Gold, Verve 5.0, V3  -4" Wax Stripper  ;�B��)��*��%	*) &4��4 ��� C4H6O2 -4" ;�<�	,�2�
) &4��4&�.	�21 86.09 g/mol L>(*&!=��2���	4"4	��;(@B���	 	#$%#�&$�*'	O�$�-4"#$%!�")�$�#�
&$�*����	,���  &$.� ?4��W2O��;($�(��.	 JWax StripperK  �	� GBL  ;��O� 12���	 	�@4"4	�
/0%#�/� 2� (lipophilic) ,���&!=��	�!�"��1�;(/ . ;�2<� (non-polar compound)  	���.	�	� 
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GHB 02*�2<�:>*�	 	�@/!�20��	*&��(�,�% &L44 (cell membrane) /0%��0&�A���.	�	� GHB )0�
�;( GBL �	 	�@&��0��"1���	�/c)0�/4L�� (hydrolysis) -4"�	 	�@@B�&!4;(��-!4*/!&!=�
�	� GHB W	�#��.	*�	�/0%��.	*��0&�A�)0��;( ;�.	��>(*$;�����*�	 (half-life) �%����.	 1 �	�; 
(Couper -4" Marinetti, 2002) 
 

 

 
 
 

�	���� 1.1 �B��)��*��%	*��*�	� Gamma-butyrolactone (GBL) 
 

GBL &!=��	��;(�	 	�@@B�&!4;(��-!4*/!&!=� GHB /0%W	�����.	*�	��	
2�
!�������	 saponification )0��	�&�� �	��;( ;t�D��&!=�0.	* /0%-�. sodium hydroxide ,��� 
potassium hydroxide L>(*��"1���	��;<&!=���"1���	��;(��� #��4�. ?B%42�4�1?4�� GHB &'�(�
:�	,�.	� ��	,�21?B%�;(&�' GBL & �(� GBL &�%	�B.�.	*�	�-4%�:"@B�&!4;(��-!4*/!&!=� GHB /0%
)0�&��/L  lactonase W	�#��"�"&�4	��0&�A� #��	*&W�2$����	'1�.	 GBL �	 	�@@B�0B0
L> /0%0;��.	 GHB ��	#,%&�4	�;(���t�D��&�A���.	 GHB &��(�*:	��	� GBL  ; potency �;(�B*��.	
-4" ; duration of action �;(�	���.	 GHB (Shannon -4" Quang, 2000) 

GBL &!=��	��;(@B���	 	#$%&!=��2���	4"4	�#�*	��	*0%	�����	,��� &� ; 
&$.� #$%#��	�?4���<�	�	��	��	 �"�	0'�<�, �	�&� ;��	:20- 4*, �<�	�	�	&4A1 -4"�	�'42*$%	* 
(superglue) &��(�*:	�t�D���;( ;��O� 12��&!=��2���	4"4	��;(0;��	#,% GBL �	 	�@4"4	��	� 
polymer /0%,4	���.	* &$.� Polyvinylchloride, Polyethylene &!=��%� :�&!=��	&,��#,% GBL 
@B���	 	#$%&!=��	�!�"��1,42��;(&$�(��.	��	#,%&��0��O;/�� �O"02*�4.	��%	*�%� ��.	*/��A�	 
- %�.	:"�2*/ . ;�	��	�*	�&�;(���21�	�#$%�	�&�'��0#��4�. �;<��.	*&!=��	*�	�#�!�"&�
/��
���&,���:	���O;/�� �O"02*�4.	�-4%�&$�(��.	�4�. !�"$	���2���.�#�!�"&�
/�� ;��	 
&�;(�*�B*�;(:"&�'�	�#��4�. �;<&'�	"&��(�*:	�#�!�::�12�'1�.	 ;�	�&�'�	�; (Ecstasy ,��� 3,4-
methylenedioxy methamphetamine; MDMA) -4"�	&� (Ketamine) L>(*&!=��	��;( ;'t����� 
�	�&�'��1�B.�21�	� GHB (�2  �, 2546)  
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�	� 1,4-Butanediol (1,4-BD) &!=��	��;(��� ��	 	&�')0�&U'	"��.	*��(*& �(�
�*��	��	,	�-4"�	��*!�"&�
�,�2C�& ���	 (FDA) ���!�"�	
&����/ .#,% ;�	�:�	,�.	�
-4"&�' GHB -4" GBL &��(�*:	� GBL -4" 1,4-BD  &!=��	��;(�	 	�@@B�&!4;(��-!4*/!
&!=� GHB /0% )0��;( 1,4-BD �	 	�@@B�&�')0���D;�	��21!�"�	�-4"�	 	�@@B�&!4;(��&!=�
�	� GHB )0��	
2�&��/L -�4��c�40;/c)0�:;&�� (alcohol dehydrogenase; ADH) �;(�21
)0��	 	�@&��0&!4;(��-!4*/0%��.	*��0&�A� (Shannon -4" Quang, 2000) 

�	& A0�� ��	&��0&!=���D;�	��� ��	&��0$2(���	��;(&��( #$%��2<*-��#��	��	*-?�
���1��2�#�!x �.
.1960 �;(!�"&�
&!��)���)�:	��2<��A-'�.,4	�#��& ���	-4"!�"&�
�.	*b
�2(�)4� ��	,�21#�!�"&�
/��&��( #$%#�!x '.
.2507 -4":	��	���	��:��*�*��	���	 2�
��"���*�	D	�O���#�!x '.
. 2539 '1�.	���;/����� #$%�	& A0�� ��	&��0 	��;(��0#��	�
�	*-?����1��2� (�� �	, 2541) 

�	�� ��	&��0$��0c��) ���  (Combined oral contraceptive) !�"��10%��
c��) � 2 $��0 ��� &��)��&:� (Estrogen) -4")!�&:�&��)�� (Progesterone) )0�#��.��
��*&��)��&:��;(&!=�c��) �&��)��&:��2*&��	",�;(��� #$% ;��B. 2 $��0 ��� Ethinyl  estradiol 
(EE) -4" Mestranol (ME) ( 	4;�	, 2544)  

#�!�::�12�'1�.	�	�!�"&W���*��� �21!�"�	��	& A0�� ��	&��0&��(�*:	�
�	 	�@,	L�<�/0%*.	�L>(*?4��*�	��21!�"�	��	�� ��	&��0�;( ;�.��?� ��*c��) �&��)��&:� 
(Estrogen) -4")!�&:�&��)�� (Progesterone) �;( ;t�D��#��	��%	�c��) �&'
$	�)0�?4
��*c��) �&��)��&:�:"��	#,% ;42�9O"��*��	 &!=�,3�* 	��><� &$.�  ;&�%	� �;()��><�, 
?��'��O&!4.*!42(* ;�<�	 ;��4, / . ;���, ��	#,%,�%	#�-4" ;/� 2� 	�"� �;(1��&�O�")'�,���
�	 �2�&'�(  	��><�-4"#��O"&0;���2�c��) �&'
,3�*:"��	#,% ;�4%	 &��<�&4A�4*)0�#�1	*
���	:��	#,% ;&�;�*&!4;(�� (http://ramaclinic.ra.mahidol.ac.th/healthnews/hnews0063.html) 

Teschke -4" �O" (1986) /0%
>�9	?4��*c��) �&'
�.��	�& &�1�4�L> 
(metabolism) ��*-�4��c�4#�,�B'1�.	c��) �&'
 ��� estradiol  ;?4��	#,%-�������;��*
&��/L  alcohol dehydrogenase activity #�,�B&'
& ;�&'�( �B*�><� -4":	��	�*	��;(�.	�	� 
1,4-Butanediol �	 	�@@B�&!4;(��/!&!=� GHB )0�?.	�!�������	�;(#$%&��/L  alcohol 
dehydrogenase 02*�2<��	��;(c��) �&'
 ;?4�.��	�&'�( �	���	*	�,���-�������;<��*&��/L  
alcohol dehydrogenase /0%�2<�:>*�	: ;?4�.��	�!�"&W���*,������;�;(�21!�"�	��	
�� ��	&��0�;( ;�.����*c��) �&��)�&:��.� �21�	�/0%�21�	� 1,4-BD )0�c��) �&��)��&:�
�	: ;?4��	#,%-�������;��*&��/L #��21&'�( �B*�><�L>(*��	#,% 1,4-BD &��0��"1���	�& &�1�4�
L> -4"@B�&!4;(��&!=� GHB /0%&�A��><�,�����	#,%�"021��* GHB &'�( �B*�><�-4"�	:�.*?4��	#,% ;
�	�&'�( t�D��#��	*&W�2$����	,���&��0W	�"�;(&!=�'�9:��	:��	#,%&��0��O;��*�	�&�;�$;���/0%
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#��	�
>�9	��2<*�;<:>*&!=��	�
>�9	?4��*&��)��&:��.�&W�2$:4�
	��� (pharmacokinetic) 
��*�	� 1,4-BD -4" GHB L>(*�%� B4�;(/0%:	��	�
>�9	��2<*�;<�	:&!=�!�")�$�#�*	��	*0%	�
&W�2$����	 (pharmacology) -4"'�9����	 (toxicology) )0��	 	�@�;(:"��	/!!�"����#$%&!=�
'�	�,42�C	���21����#�*	��	*0%	���������	
	���/0% 
 
1.2 ����������	� 
1.2.1 Gamma-hydroxybutyric acid (GHB)    
 

GHB &!=��	�!�"��1�;('1#��"11!�"�	��.���4	*��*�2��&4;<�*4B�0%��� 
)0� ;�B��)��*��%	*�4%	��21�	��;�$��0,�>(*�;($�(��.	 gamma-aminobutyric acid (GABA) L>(*
&!=��	���(�!�"�	� (neurotransmitter) 02*-�0* (W	'�;( 1.2) (Vayer -4"�O", 1987)  

 

               
 

GHB                                           GABA 
 

�	���� 1.2 �B��)��*��%	*��* GHB -4" GABA 
 

GHB &!=��	�!�"��1�;(�	 	�@&��0�><�/0%&�*W	�#��.	*�	�)0�:20&!=� 
endogenous compound �;(&��0:	���"1���	�& &�1�4�L>  (metabolism) ��*�	���(�
!�"�	� (GABA) )0��	 	�@'1#�� �*��* ��9� (Waszkielewicz -4" Bojarski, 2004)    

���:	��;<�2* ;�	�*	��.	�"021 GHB #�&'
$	�-4"&'
,3�*0B&, ����.	:" ;
��	 -���.	*�2�)0� LeBeau -4"�O" (2001) /0%��	�	�
>�9	���:,	�"021 endogenous 
��*  GHB #��2���.	*!���	�"&'�(�,	�.	��	 -���.	*�",�.	*#�?B%$	� 5 �� -4"#�?B%,3�* 3 
�� �;( ;�	�#$% GHB  	��.	 1 ��2<*�.��2!0	, & �(���	�	����:��&��	",'1�.	�"021��	 
&�% �%���* GHB &U4;(��(�	��0��B.�;(�"021 0.28 mg/L -4"�B*��0�;(�"021 3.02 mg/L )0�#�&'

$	�'1�"021��	 &�% �%�&U4;(� 1.07 mg/L �.��#�&'
,3�*'1�"021��	 &�% �%� 0.23 mg/L 
:	��	�
>�9	-�0*#,%&,A�/0%�.	�"021��	 &�% �%���* endogenous GHB  ;��	 -���.	*�2�
�",�.	*&'
$	�-4"&'
,3�* 
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GHB �;(@B�#$%#��	*�	�-'���2*&��	",�><���2<*-��#��
���9�;( 1960 �.� 	
#�!x 1966 /0%@B���	 	#$%&!=��	$2���	#,%&��0�	��41 (intravenous anesthetic induction 
agent) -�.0%���%�&�;���* GHB �;(��	#,%?B%!e�� ;�	�	��	&:;��-4"$2�:>*��	#,%��	 ��� #��	�
#$%&!=��	�41, 0/!#��;(��0 -�.&��(�*:	� GHB  ;!�")�$�#��	*�	�-'��:>*��	#,% ;�	���	 
GHB  	#$%#��	��2�9	?B%!e���;( ;�	�	�*.�*L>  (narcolepsy) -4"W	�"�	�	�4*-0*:	����	 
(alcohol withdrawal syndrome) L>(*��	0�;(#$%�2�9	�	�	������	0!�" 	O 50 mg/kg �.��2� 
(Addolorato -4"�O", 1999)  

GHB  ;42�9O"�	*�	�W	'&!=�?*�;�	�,����	:��B.#��B!��*&,4��;(/ . ;�; 2�
��B.#��B!��*&�4�� 02*-�0* (W	'�;( 1.3) :20&!=��	�!�"��1�;( ;�2<� (polar compound) )0��;(
�	 	�@4	�/0%0;#��<�	-�.4"4	�/0%/ .0;#�/� 2�-4"�	�!�"��1�����;� (organic solvent)  ;
�B��)��*��%	*) ��4��� C4H8O3  ;�<�	,�2�) &4��4 104.10 g/mol -4" ;�.	 pKa &�.	�21 4.72 
&!=��	��;( ;��O� 12��&!=���0����" (free acid) GHB :20&!=��	��;(?�0�+, 	� ;$�(��;(&�;���2�
)0��2(�/!-4"$�(��;(&�;��#��4	0 �0,4	�$�(� &$.� Anectamine, Easy Lay, G-caps, Gamma-
OH, Liquid Ectacy, Liquid x, Oxy- Sleep, Sleep 500, Salt water, Scoop, Soap, Smart 
drug, Somsanit -4" Vita G. #�!4	�!x �.
. 1990 GHB /0%@B���	 	�	*:�	,�.	�W	�#��%	�
?4��W2O��	,	�&��� &'�(����W	', )�*�� �	����-4"1�&�A1/L��	*���&���&�A�-4"�2*@B�
:20-��/�%#�?4��W2O��	,	�&��� &'�(�40�<�	,�2� (Couper -4" Marinetti, 2002) 

Couper -4" Logan (2001) �	�*	��.	$	��2� 38 !x@B���	��::21�� &��(�*:	�
�	��21�@��*&�	?�0!���)0� ;�	��21�;(������&�%��	*&:%	,�%	�;(��	��::>*��	�	�&�A1�2���.	*
&4��0W	�,42* 1.5-2.5 $2(�) * ,42*:	�:21�� �	 	�@���:'1 GHB 44-184 mg/L :	��	�
��1���$	�02*�4.	�/0%#,%�	��21�	*&:%	,�%	�;(�.	&�	/0%��0�	� GHB -4" GBL �;( ;$�(��.	 
JRenew TrienK, Dream On, V35 �;(L�<� 	:	��@	�p��&�� (fitness) -4"&�	/0%#,%�	��21�	*
&:%	,�%	�;(�;��.	 ;)�*'�	1	4,4	�-,.*�;( ;�	� GHB -4" GBL /�%��	,�21#,%?B%�;(��0�	�#��4�. �;<
-4%��%�* 	'2��2�9	�2��;()�*'�	1	4 

    
 

  
 
 
 
 

�	���� 1.3 42�9O"��*�	� GHB 
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���:	��;< GHB @B�:20/�%��B.#��4�. �	�&�'��0�;(@B�&�;���.	 Jclub drugK �;( 2�
��� ��	 	#$%&�'�2�#��@	�12�&��*)0��;( ;�	�&�'&�;���.	 J RaveK L>(*, 	�@>* *	�&�%���	�;( ;
�4�. �2���.�:�	��� 	�&�%	�.� )0��	�&!�0&'4*�;(&4.�0%��&���(�*0���;��&4�)�����-4" ;�	�
&�%���	��.	*�.�&��(�*)0�#�*	�&$.��;< 2�:" ;�	�#$%�	&�'��0#��4�.  �23$	 (marijuana), �	&� 
(ketamine), �	1%	 (methamphetamine), �	�; (ectacy) �.� �21 GHB (Weir, 2000) -4" GHB 
�2*@B�:20#,%��B.#��4�. �	�&�'��0�;( ;'t����� �	�#$%�;(&�;���.	 JDrug-facilitated date rapeK 
L>(*, 	�@>* �	�#$%�	,����	�&� ;�;��	#,%&��0�	�	�*.�*L> ,���4� &,���	�O�;(&��0�><�-4", 0
��	 �	 	�@#��	�!q�*�2��2�&�*:	��	��. �����"��	$�	&�	/0% (Schwartz, 2000)  

Stephen -4" Baselt (1994) �	�*	��.	 ;$	��2� 42 !x @B�'1�.	/0%���,421
�	'�* 	42��@���)0�&�	/0%#,%�	��21&:%	,�%	��	��:�.	&�	/0%�21�	��;( ;42�9O"&!=�?*�;�	�
:	�)�*�� �-,.*,�>(*!�" 	O 1 $2(�) *�;(?.	� 	 W	�,42*!�" 	O 2 $2(�) *�	*&:%	,�%	�;(
��	��::>*/0%��	�	�&�A1�2���.	*!���	�"/!��	�	����:��&��	", '1�	� GHB 1975 mg/L -4" 
11-nor-9-carboxy-tetrahydrocanabinol L>(*&!=�& -�1�/4���*�23$	 26 ng/mL 

Ferrara -4" �O" (1995) �	�*	��.	'1��O;��*�	�&�;�$;���)0�&!=�$	��2� 
42 !x ?4:	��	���1!�"�2��'1�.	��0&c)��;�-4",4	�&0����.�� ;�	�#$%�	� GHB �.� 0%��?4
:	��	����:��&��	",'1��	 &�% �%���* GHB #��2���.	*&4��0 11.5 mg/L, !���	�" 258.3 
mg/L, �<�	0; 57 mg/L, � �* 40 mg/kg -4"#��21 43 mg/L )0��	 	�@'1�	� morphine 
-4" 6-monoacetylmorphine L>(*&!=�& -�1�/4���*&c)��;�0%�� 

 ;�	�*	��.	:	���O;�;( ;&0A�?B%,3�*�	�� 15 !x /0%/!�.� *	��2*�����21�4�. 
&'�(��b )0�&D�/0%0�( &,4%	�;(�*�2��.	:" ;�.��?� ��* GHB -4" GBL ,42*:	��2<�'1�.	&D� ;
�	�	�)� .	-4"�.� 	&D�/0%&�;�$;���4*�;()�*'�	1	4�.��&�;�$;��� 6 $2(�) *�	*)�*'�	1	4/0%
&�A1�2���.	*&4��0-4"!���	�")0��	 	�@���:'1 GHB �;(�"021��	 &�% �%� 510 -4" 2300 
mg/L �	 4�	021 W	�,42*&�;�$;���/0%��	�	�&�A1�2���.	*&4��0-4"!���	�")0�#��2���.	*&4��0
��	�	�&�A1�2���.	*&4��0:	�1��&�O,2�#: (heart blood) L>(*�	 	�@���:'1��	 &�% ��* 
GHB 15 -4" 150 mg/L �	 4�	021 �.��#��	��;(��0$;���&��0�><�W	�,42*:	�&�4	?.	�/! 14 
$2(�) *,42*:	��;(/0%0�( &,4%	L>(*&$�(��.	�	���0$;����.	:" ;�	&,��&��(�*:	��"021��	 &�% �%���* 
GHB #�&4��0-4"!���	�"40�(�	4* (Couper -4" Marinetti, 2002)  ;�	�*	�@>*��	 &�;(�*��*
�	�&�;�$;����;(�	:&'�( �B*�><�@%	 ;�	�&�'�	� GHB �.� �21�	�&�'��0$��0��(� ;�;(t�D����	#,%*.�*
L> �.� 0%��&$.� -�4��c�4 ,��� benzodiazepine (Timby -4"�O", 2000) 

Dyer -4"�O" (2001) �	�*	��.	�	�&�' GHB -4" analogues ��* GHB 
/0%-�. GBL -4" 1,4-BD ��.	*�.�&��(�*�	 	�@��	#,%&��0W	�"��0�	 (physical dependence) 
/0%)0�?B%&�':"&��(  ;�	�	��;( ;��	 �%�*�	�:"&�'�	#���	0�;(�B*�><�-4"1.����2<*�><�-4")0�
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@%	/ ./0%&�'�	 ��	 �%�*�	�-4%�:"&��0W	�"�	�	�@���	�><� (Withdrawal symptoms) )0�
#�?B%!e��1	*�	��;(��0�	:"�%�*�	�&�' GHB  &U4;(��2�4" 144 ��2 )0��%�*#$%���b 2 $2(�) *  

,42*'1�.	 ;�	�&�;�$;���&��(�*:	� GHB -4" ;�	���	/!#$%#��	*�;(?�0�+, 	�
&'�(��	��. ����	*&'
&$.�&0;���21 Rohypnol :>*/0% ;�	���1�� �	�#$%#�,4	�!�"&�

��	,�21!�"&�
�,�2C�& ���	#�!�::�12�/0% ;�	�!�"�	
,%	 �	�#$% GHB / .�.	��O;#0&'�	"/0%
!�"�	
&!=��	�,%	 #$%#�!�"&W��;( 1 �	 �+, 	���1�� �	� (The Controlled Substances 
Act, CSA) �2<*-�.&0���  ;�	�  #�!x �.
. 2000  ��	,�21#�!�"&�
/���	� GHB :20&!=��2�@�
���t�D���.�:��-4"!�"�	�!�"&W��;( 1 4�	021�;( 20 �	 123$;�%	�!�"�	
��"���*
�	D	�O��� U121�;( 97 ('.
. 2539) &��(�* �"1�$�(� -4":20-1.*!�"&W��2�@����t�D���	 ��	 
#�'�"�	$12332���2�@����t�D���.�:��-4"!�"�	� '.
. 2518 &'�( &��  )0�!�"�	
��"���*
�	D	�O��� (U121�;( 118) '.
. 2544 4*�2��;( 22 't
:��	�� '.
. 2544 
(http://www.dmsc.moph.go.th/webroot/secretary/Homepage/news48/Febuary/9.htm) ) 0 �
?B%&�':"�%�*�"�	*)�9:�	����2<*-�. 1-5 !x -4"!�21�2<*-�. 20,000-100,000 1	� ?B%?4�� 
:�	,�.	� -4"��	&�%	,����.*���:"�%�*�"�	*)�9:�	����2<*-�. 5-20 !x-4"!�21�2<*-�. 100,000-
400,000 1	� (��	�2�*	����D
	���, 2547) 

 

- ����2�3�4	5�6 GHB (Pharmacology of GHB)  
1) ����2�;	���< (Pharmacodynamics) 
�4/��	����t�D����* GHB �2*/ .&!=��;(��	1-�.$20 ��.	*/��A�	  ;�	�*	�

�.	�4/��	����t�D����* GHB :" ;�.��#��	���"��%��	���	*	���* GABAB receptor )0� ; 
G-protein-coupled presynaptic receptor �;( ;��	 :�	&'	"�21 GABAB (Snead, 1986)  

Mamelak -4"�O" (1989) �	�*	��.	�	� GHB  ;?4��	#,%�"021��	 02�
)4,���B*�><�-4" ;?4�.��"11!�"�	�'	�	L� '	&���� (parasympathetic) )0� ;?4#��	�
��"��%��	���	*	���*�"11!�"�	��4���&���:�� (cholinergic effect) ��	#,% ;�	�	��<�	4	�
/,4 (salivation) -4"�	�	��42<���::	�"-4"!���	�"/ .��B. 

Diana -4"�O" (1991) �	�*	��.	�	� GHB  ;?4�.��	�& &�1�4�L> ��*
�4B)��#�� �*�.��L;�;1�2  (cerebral glucose metabolism) -4"�2* ;?4�.��	���1�� 
��O,WB �, �"11�	�/,4&�;��)4,��-4"�	����,421 �	�&'�( �"021��* GHB �><���B.�21�	�
&!4;(��-!4*��*�	�)0!	 ;�#��"11!�"�	� (dopaminergic neurons) ��	#,%&��0��"1���	�
�	���%	*)0!	 ;� (synaptic dopamine) #��"021�;(�B*�><�-4"�.*?4��	#,%�"021��* GHB &'�( 
 	��><�0%��  
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 ;,4	��	�*	��;(/0%�4.	�@>*�4/��	����t�D����* GHB �.	 ;?4�.��"11
!�"�	��.���4	* (CNS) )0� ; GHB receptor �;( ;��	 :�	&'	"-4"�	 	�@���t�D��?.	� 
GABAB receptor �2<*�;<t�D���.��,�>(*�	:&��0�><�&��(�*:	��	��;( GABA #�� �*�	 	�@@B�
&!4;(��/!&!=� GHB /0% )0�@%	/0%�21 GHB #���	0-4"!�� 	O�;( 	��	 	�@&'�( �	�,42(*��* 
dopamine #��"021�;(�B*�><� ���:	��;<�2*'1�.	 GHB �	 	�@40�	�,42(*��* noradrenaline 
:	�� �*�.��/c)!�	4	 2� (hypothalamus) -4"�	 	�@&'�( �	�,42(* opiate-like substance 
:	�� �*�.�� striatum (Okun -4"�O", 2001) 

Li -4"�O" (1998) �	�*	��.	��	 ���-�*��*�	�	�-4"�	�-�0*�����*
��	 &!=�'�9�><��21��	0��* GHB �;(&�'&�%	�B.�.	*�	�)0��	 	�@&��(  ;�	�	�/0%W	�#� 15 
�	�; W	�,42*:	��;( ;�	�&�'�	 :	��	�
>�9	��	 �2 '2�D�",�.	*��	0��* GHB �21
�	�	��	*�4����'1�.	�	�&�' GHB )0��	��21!�"�	�#���	0 10 mg/kg )0� ;�	�&�'���
�2��.*?4��	#,%&��0W	�",4*4� *.	� (amnesia) -4" �4%	 &��<�,0�2� (hypotonia) )0�@%	,	�
/0%�21 GHB #���	0 20-30 mg/kg ��	#,%&��0W	�"�	�	�*.�*L>  (drowsiness), &�4�< ��� 
(euphoria) ,��*&�;��
;�9" (vertigo) -4"@%	/0%�21��	0 50 mg/kg :"��	#,%� �*&��0�	��B3&�;�
��	 ��*:�	 

Chin -4"�O" (1998) �	�*	��.	�	�&�' GHB #���	0&��� 60 mg/kg �><�/!
�	:�.*?4#,%&��0�	�	�)� .	-4", 0���/0%)0���	 ���-�*��*�	�	�-4"�	�-�0*�����*
W	�"'�9�;(&��0:	� GHB :"�	 	�@-�0*�	�	�/0%W	�#��"�"&�4	 15 �	�; W	�,42*:	� ;
�	�&�'�	�2<*�;<�><���B.�21��	0��* GHB �;(&�'0%��)0�:	��	�
>�9	��	 �2 '2�D�",�.	*
�	�	���	 ���-�*��*W	�"'�9�;(&��0:	� GHB �21�"�"&�4	��*�	�, 0���'1�.	�"�"&�4	
&U4;(��;(��	#,%&��0�	�, 0������!�" 	O 146-274 �	�;  

 
2) ����2��;	���< (Pharmacokinetics) 

- �	�ABACD� (absorption)  
Lettieri -4" Fung (1976) �	�*	��.	�	�/0%�21 GHB )0��	��21!�"�	�

�	 	�@@B�0B0L> :	���"&'	"�	,	�-4"4�	/�%/0%��.	*��0&�A�)0��	 	�@���:'1 GHB #�
&��<�&��(�!�" 	O 65% W	�,42*:	��.	*�	�/0%�21�	)0��	��21!�"�	�L>(*�	 	�@&!�;�1&�;�1
/0%�21�	�/0%�21�	�	*,4�0&4��00�	 (IV)  

Sprince -4"�O" (1966) �	�*	��.	)0��2(�/!?4��* GHB :" ;t�D��&��0�><�
W	�#� 2-5 $2(�) *W	�,42*/0%�21�	,�����O;�;(/0%�21�	�#�!�� 	O�;( 	�&���'� (over dose) 
:" ;�	����t�D���	��	� 3-6 $2(�) *�2<*�;<�.� �><���B.�21!�� 	O�;(/0%�21�	0%��  
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Brenneisen -4"�O" (2004) /0%
>�9	,	�.	�	*&W�2$:4�
	�����* GHB 
#��	�	� 2��:�	��� 8 ���;(/0%�21 GHB !�� 	O�;(&�����	0��� 25 mg/kg )0��	��21!�"�	�
'1�.	�"021��	 &�% �%���* GHB #�&4��0 ;�.	 39.4 ± 25.2  µg/L -4"�	 	�@'1�"021�	
�B*��0#�&4��0 (peak plasma concentration) &��0�><�/0%W	�#��"�"&�4	 20-45 �	�;  

 
- �	����F����	4 (distribution) 
Shumate -4" Snead (1979) �	�*	��.	�	�-'�.��":	���* GHB #� 

cerebrospinal fluid (CSF) :"&��0/0%$%	��.	#�&4��0,���#�� �*:	��	�
>�9	#����2�)0�#,% 
GHB ��	0 500 mg/kg �	*,4�0&4��00�	'1�.	�"021�	#�&4��0:"'1�B*��0W	�#��"�"&�4	 
5 �	�; ,42*:	�/0%�21�	 -4"#�� �*:"'1�"021�	�B*��0W	�#� 10 �	�; -�.#� CSF :"'1�.	
�"021��* GHB �B*��0&��0�><�W	�#��"�"&�4	 170 �	�; L>(*:	��	�
>�9	-�0*#,%&,A��.	 GHB 
/ . ;?4#��	���":	��2�:	�L;�2( ,���#�� �*/!�2* cerebrospinal fluid (CSF)  

Dyer (1991) �	�*	��.	 GHB �	 	�@@B�0B0L> /0%0;#��"11�	*&0���	,	�
)0��	 	�@�;(:"��":	��2�?.	��	*�"11/,4&�;��)4,���B.&��<�&��(��.	*b)0� ;�.	!�� 	O��*
�	���":	��2� (volume of distribution; Vd) 0.4-0.58 L/kg -4"�	 	�@@B�0B0L> ?.	� blood-
brain barrier /0%0;)0�&��( ���t�D��W	�#��"�"&�4	 15 �	�;  

 
 - �������	�������3CD� (metabolism) 
��"1���	�& &�1�4�L> ��* GHB &��0:	�!�������	���L�&0$2(� (oxidation) 

�;(�21&!4;(��/!&!=� succinic semialdehyde  )0��	
2�)�-p�&��� NADP+ /!:21�21&��/L 
JGHB dehydrogenaseK :	��2<� GHB :"@B�&!4;(��-!4*/!&!=� succinic semialdehyde -4"
succinic acid :	��2<��A:"&�%	�B.�2�:2��&��1� (Krebs cycle) -4"@B�&!4;(��-!4*�.�/!&!=� 
CO2 -4" H2O -4"��	,�21 endogenous ��* GHB &��0�><�:	��	�?.	���"1���	�& &�1�4�
L> ��* GABA )0��;( GABA :"@B�&!4;(���.�/!&!=� Succinic semialdehyde -4"@B�&!4;(��
�.�/!&!=� GHB 02*-�0* (W	'�;( 1.4) (Couper -4" Marinetti, 2002) 

 
- �	���	��A4	 (elimination) 
Brenneisen -4"�O" (2004) /0%��	�	�
>�9	&W�2$:4�
	�����* GHB #�

�	�	� 2��:�	��� 8 ���;(/0%�21 GHB ��	0 25  mg/kg '1�.	 GHB  ;�.	��>(*$;���#��	���	:20
�	 (elimination half-life) �;(&�4	 30.4 ± 2.45 �	�; )0� ;�2��	�	�$�	�"�	 (total clearance) 
1228 ± 233 µL/min 
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�	���� 1.4 ��"1���	�& &�1�4�L> ��* GHB -4" GABA 

 
 

1.2.2 1,4-Butanediol (1,4-BD) 
1,4-Butanediol &!=��	��;�$��0,�>(*�;( ;�B��)��*��%	*�4%	��21 GHB 02*-�0* 

(W	'�;( 1.5) )0��2(�/!&��0�><�:	� aliphatic alcohol &!=��	�/ . ;�; )0� ;�B��)��*��%	*�	*
&� ;��� C4H10O2  ;�<�	,�2�) &4��4 90.12 g/mol  ;$�(�&�;���	*&� ;&$.� Butanediol, butane-
1,4-diol, 1,4-butylene glycol, 1,4-dihydroxybutane, 1,4-tetramethylene glycol, butylene 
glycol, tetramethylene 1,4-diol  ;$�(�&�;��)0��2(�/!-4"#��4	0 �0,4	�$�(�&$.� Amino Flex, 
Blue Raine , BVM, Chery/Lemon FX, Drop, FUBAR, Ink Jet Printer Fluid, Inner G, 
Liquid Gold, NRG3, Thuder Nectar, White Magic Cleaner, X-12 -4" Zen (Couper -4" 
Marinetti, 2002) 

 
 
    

 
�	���� 1.5 �B��)��*��%	*��* 1,4-Butanediol 
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1,4-BD /0%@B���	 	#$%&!=��	�&� ;#�*	��	*0%	�����	,��� )0�#$%&!=��2���	
4"4	�#���"1���	�?4��)'4�& �� (polymer) &$.� polyurethane -4"�	 	�@4"4	� 
polymer /0%&$.�&0;���21 GBL )0� 1,4-BD �	 	�@@B�&!4;(��-!4*/!&!=� GHB /0% )0�?.	�
!�������	�;(#$%&��/L  alcohol dehydrogenase (ADH) �;(�21W	�#�&�4	��0&�A� (Shannon 
-4" Quang, 2000)  )0�#�!x 1966  ;�	�*	��.	�	��;(��	#,%&��0�	��41/0%�2<�&$�(��.	&!=��	��;(
&!=� analogues ��* GHB  �;( ;$�(��.	 1,4-Butanediol ,��� (1,4-BD) (Sprince -4"�O",1966) 

Zvosec -4"�O" (2001) �	�*	��.	'1��O;�	�&�;�$;��� 2 �	� :	��	�&�'
�	�1,4-BD )0�#��	�-���2<�&!=�&'
,3�* �	�� 42 !x '1�.	&D�&�;�$;���W	�,42*:	�/0%�21 
1,4-BD  )0��	�&�')0���D;�21!�"�	�)0�&D�/0%#$% 1,4-BD &'�(�-�%�	�	����/ .,421)0�
��	0�;(#$%!�" 	O 95-189 mg/kg W	�,42*:	��;(&D�&�;�$;���/0%��	�	�&�A1�2���.	*&4��0-4"
!���	�"&'�(���	�	����:��&��	",:	��	����:��&��	",'1 1,4-BD -4" GHB #�&4��0�;(��	 
&�% �%� 220 -4" 837 mg/L �	 4�	021 #�!���	�"���:'1�;(�"021��	 &�% �%� 1756 -4"
1,161 mg/L �	 4�	021 #��<�	4%	*��"&'	"���:'1�;(�"021��	 &�% �%� 579 -4" 201 mg/L 
�	 4�	021 �.��#��	��;( 2 &!=�&'
$	� �	�� 32 !x /0%�21!�"�	��	�;( ;�	��%	*���'��O�.	
�	 	�@&'�( � ��@W	'�	*&'
�;( ;$�(��	*�	��%	�.	 JThunder NectarK )0�/0%�21!�"�	�/!  
20 g )0� ;��	0��*�	 300 mg/kg )0��	$��0�;<&!=��	�;(W���	��*&�	/0% 	:	�
B���.*&��� 
�	�40�<�	,�2�L>(*�;(��01��:�?4��W2O�02*�4.	�/ . ;U4	�-�"��	@>*��D;�21!�"�	�-4"W���	
��*&�	�A/0%�21!�"�	�&$.�&0;���2�)0��21!�"�	�/!!�" 	O 11-14 g �.� 	&D�, 0���-4"
W	�,42*!�" 	O 7 $2(�) *&D�/0%�B%�>��2�-4"'1�.	�	 ;��*&D�/0%���&�;�$;���'�%� �21 ;
�	&:;�� !���	�"-4"��::	�"&�;(��	042�9O"&, ����21�	��42<���::	�"!���	�"/ .��B. W	�,42*
&�;�$;������:'1 GHB #�&4��0�;(�"021 432 mg/L -4"#�!���	�"�	 	�@���:'1�"021��	 
&�% �%���* 1,4-BD -4" GHB 845 -4" 5430 mg/L �	 4�	021 �.��#��<�	0;���:'1 GHB �;(
�"021 670 mg/L 

 
- ����2�3�4	5�6 1,4-Butanediol (1,4-BD) 
#��	*&W�2$����	 ;�	�*	�'1�.	�	�/0%�21�	� 1,4-BD :" ;?4�.���"�1�.�

�"11!�"�	��.���4	* (CNS) )0� ;�	�*	��	�
>�9	#�,�B�	�'2�D� Sprague-Dawley &'

?B%)0�#,% 1,4-BD ��	0 496 mg/kg '1�.	�	���1���*��*�"11!�"�	���*,�B404* ;
�	�	��4%	��	����,421,����	�	��41,�B ;�	��B3&�;��	���1���*��*�"11!�"�	��L;�
��	L>(*'1�.	�	�	��4%	��21?4��* GHB -�.:	��	�
>�9	'1�.	�	�	����,421��*,�B�;(
/0%�21 1,4-BD  ;�"&�4	�	��	���.	,�B�;(/0%�21 GHB  (Sprince -4"�O",1966)  
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Roth -4" Giarman (1968) �	�*	��.	:	��	�
>�9	#�,�B�	��	�'2�D� 
Sprague-Dawley �;(/0%�21 1,4-BD ��	0 520 mg/kg ��	�	�,	�"021��	 &�% �%���* GHB 
#�&4��0-4"� �*'1�.	 1,4-BD  ;?4�.��"11!�"�	��.���4	*)0�& �(�,�B/0%�21 1,4-BD ��	
#,%,�B&��0�	�	����,421�;(�	��	��><�-4"�	 	�@'1��	 &�% �%���* GHB #�� �*W	�#�
�"�"&�4	 15 �	�; -4"'1�.	�"021��	 &�% �%���* GHB &'�( �><���.	* ;�2���	�23)0�'1#�
&4��0!�" 	O 60 �	�;-4"#�� �*!�" 	O 90 �	�; W	�,42*/0%�21�	 

Maxwell -4" Roth (1972) /0%
>�9	,	��	 �	 	�@��*�	�& &�1�/4�#�
&��<�&��(�� �*,�21,/� -4",2�#: ��*,�B#��	�&!4;(��-!4*��*�	� 1,4-BD /!&!=� GHB -4"
�	�-�0*�����*'t�������*,�B,42*:	�/0%�21 GHB )0�/0%��	�	�
>�9	#�,�B�	�'2�D� 
Sprague-Dawley &'
?B%)0�#,% 1,4-BD ��	0 520 mg/kg �	*,4�0&4��00�	 :	��	�
>�9	
'1�.	,42*:	��;(,�B/0%�21 1,4-BD ,�B&��(  ;�	�	�,��0��(*-4"���,421W	�#��"�"&�4	 23 
�	�; -4"'1�.	�"021��	 &�% �%��B*��0��* GHB �	 	�@&'�( �><�/0%��.	*��0&�A�#�&4��0-4"
� �*W	�#��"�"&�4	!�" 	O 60 �	�; -�.�421'1�.	�"021��*1,4-BD #�&4��0-4"� �*�421
404*��.	*��0&�A�W	�#��"�"&�4	!�" 	O 15 �	�;  

Vree -4" �O" (1978) �	�*	��.	�"021��	 &�% �%���* GHB #�&4��0��*
���2�, 4�* -4" ��9�W	�,42*:	�#,% 1,4-BD ��	0 15 -4" 30 mg/kg �	*,4�0&4��00�	'1�.	
�	�&!4;(��-!4*��*1,4-BD /!&!=� GHB �	 	�@&��0�><�/0%��.	*��0&�A�#�����!x$;�-�.
�	 	�@�;(:"&��0�><�/0%&�A��;(��0#� ��9� 

Poldrugo -4" �O" (1984) /0%��	�	�
>�9	�2��������	 (interaction) �",�.	* 
1,4-BD �21&��	��4-4"��	 &�;(���%�*��*��"1���	�& &�1�4�L> ��*#��	�&!4;(��-!4* 
��*�	� 1,4-BD /!&!=� GHB #�,�B :	��	�
>�9	'1�.	&��	��4 ;?4#��	�&!4;(��-!4*
��*�	� 1,4 -BD /!&!=� GHB )0��;(&��	��4:" ;�.��#��	��;(:"/!�21�2<*�	�&!4;(�� 1,4-BD 
/!&!=� GHB ��.	*/��A�	 :	��	�
>�9	'1�.	�	� 1,4-BD �	 	�@ ;?4)0���*�21&��	��4
L>(*&��0�><�&��(�*:	��4/��	�-�0*�����* 1,4-BD �;(�4%	��21-�4��c�40%��&,���;< 1,4-BD 
:" ;t�D���	*&W�2$����	0%����O� 12���4%	��21 GHB 

��	,�21��"1���	�& &�1�4�L> #��	�&!4;(��-!4*��* 1,4-BD /!&!=� GHB 
:" ;�	�&��0?.	���"1�� 2 �2<���� )0�#��2<����-����*�	��;( 1,4-BD :"@B�&!4;(��/!&!=� 
GHB &��0:	��	��;( 1,4-BD @B���"��%�0%��)�-p�&��� NAD+ )0�:"&��0?.	�&��/L   
alcohol dehydrogenase (ADH) :	��2<�:"@B�&!4;(��-!4*/!&!=� γ -hydroxybutyraldehyde  
-4"#���"1���	���*�2<�����;(��* γ -hydroxybutyraldehyde :"@B�&!4;(��-!4*�.�/!&!=� 
GHB L>(*#���"1���	��;<:"&��0�><�)0��	
2�!�������	��*&��/L  aldehyde dehydrogenase 
(ALDH) (Couper -4" Marinetti, 2002) 02*-�0* (W	'�;( 1.6) 
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Thai -4" �O" (2007) /0%��	�	�
>�9	�	*0%	�&W�2$:4
	�����* 1,4-BD 
#��	�	� 2��:�	��� 8 ���;(/0%�21�	� 1,4-BD ��	0 25 mg/kg )0���D;�	��21!�"�	�-4"/0%
��	�	�&�A1�2���.	*&4��0W	�#� 24 $2(�) * '1�.	�"021�	�B*��0#�&4��0��* 1,4-BD �	 	�@
&��0�><�W	�#��"�"&�4	 24±12��	�; )0�'1�.	 GHB  ;�.	��	 &�%���*�"021�	#�&4��0 
45.6±19.7�mg/L W	�#��"�"&�4	 39.4±11.2 �	�; -4"'1�.	 ;�.	��>(*$;�����*�	���	:20�	 
(elimination half-life; t1/2 el) �;(�"�"&�4	 39.3±11 �	�; 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
�	���� 1.6 ��"1���	�& &�1�4�L> ��* 1,4-Butanediol 

 
1.2.3 �	������3���	�L<�	� GHB �� analogues 

#��	����:��&��	",�	� GHB -4" analogues &������	����:��1&1�<�*�%�
�	*'�9����	 (toxicology screen) �;(#$%)0��2(�/!/ .�	 	�@�;(:"��	�	����:��&��	", GHB 
-4" analogues #��2���.	*�	*$;�W	' (biological specimen) :�	&!=��%�*#$%�%�*#$%&����� 
Gas chromatography (GC) -4" Gas chromatography mass spectrometry (GC-MS) #�
�	����:��&��	",�	� GHB -4" analogues (Doherty -4"�O", 1975) 
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LeBeau -4"�O" (2000) /0%��	�	�
>�9	���:��&��	",�	� GHB -4" GBL 
&��(�*:	�'1�.	�	�#��4�. �;<��	42*@B���	 	#$%&'�( �B*�><�#�!�"&�
�,�2C�& ���	)0�&U'	"#��0;
�	��. ����	*&'
:>*/0%'2��	&�����#��	����:��&��	",-���	� GHB -4" GBL �;(&��0:	�
�	�&!4;(��-!4*��* GHB :	��2���.	*�	*$;�W	')0�-1.*�2���.	*���&!=� 2 �.�� #��.��
-�� ;�	�&��  sulfuric acid &'�(�#,%&��0�	�&!4;(��-!4*��* GHB /!&!=� GBL �.���;(��*/ .
&��  sulfuric acid ��	�	���20�2���.	*)0���D; liquid- liquid extraction (LLE) 0%�� Methelene 
chloride ��	�	���&��	",0%��&����� GC-FID )0���	 	��	�	�
>�9	&!�;�1&�;�1�21�	�
��&��	",0%��&����� GC-MS :	��	���&��	",0%��&����� GC-FID '1�.	#,%�.	�%��4"��*�	�
����421��*�	���20��B.#�$.�* 75% -4"& �(���	 	��&��	",0%�� GC-MS '1�.	#,%�.	�%��4"
��*�	�����421��B.#�$.�* 87% :	��	�
>�9	'1�.	&������;<�	 	�@#$%#��	����:��&��	", 
GHB -4" GBL #��2���.	*�	*$;�W	'/0%��.	*��0&�A� 

Vriendt -4" �O" (2001) /0%'2��	��D;�	����:��&��	", GHB #��2���.	*
&4��0,�B0%��&����� High-performance liquid chromatography (HPLC) )0�#$%�2����:�20
$��0 Ultraviolet (UV) detector -4"#$%  C-18 ��42 � #��	�-���	�-4"#$%��D; solid-phase 
extraction (SPE) #��	�&��;� �2���.	*)0�#$% GHB�D6 &!=� internal standard (IS) -4" ;�	�
��	���'2�D0%�� N,O-bis(trismethylsilyl)trifluoroacetamide (BSTFA) :	�?4�	����:��&��	",
'1�.	�.	�;0:�	�20�(�	��0��*�	����:�20#�&$�*!�� 	O (limit of quantification; LOQ )  ;�.	
&�.	�21 10 µg/mL )0�#,%�.	�%��4"��*�.	&1;(�*&1� 	��C	��2 '2�D (%RSD) &�.	�21 10.6% 
-4"#,%�.	��	 - .���	��*�	����:�20 ;�.	&�.	�21 86% :	��	�
>�9	'1�.	&����� HPLC 
�	 	�@#,%?4�	���&��	",�;(0;)0�& �(���	?4�	���&��	", 	��	�	�&!�;�1&�;�1�	���&��	",
0%��&����� GC-MS '1�.	/ . ;��	 -���.	*�2���.	* ;�2���	�23�	*�@��� :	��	�
>�9	'1�.	
&����� HPLC �	 	�@��	 	#$%#��	����:��&��	", GHB #��2���.	*&4��0,�B/0% 

Blanchet -4"�O" (2002) /0%��	�	�
>�9	��&��	",,	�	� GHB -4"1,4-BD 
#��2���.	*'4	� 	-4"!���	�"0%��&����� GC-FID )0�#$% Supelcowax-10 column #��	�
��&��	", 1,4-BD -4"#$% octanol &!=� internal standard (IS.) )0���	�2���.	*!�� 	�� 500 µL 
/!!���&,�;(�*�;(��	 &�A� 4,500 ��1/�	�; :	��2<���	�.��#�$2<�1� (supernatant) �;(/0% 	��	�	�
��&��	",)0��	�U;0�	��2���.	*)0���*���:0%��&����� GC-FID -4" GHB /0%��	�	�
>�9	
)0�&��;� �2���.	*0%����D;���"���)!��;� (protein precipitation) 0%�� ethanol -4" ;�	���	
���'2�D0%�� BF3 �butanol :	�?4�	�
>�9	�	����:��&��	",�	�  GHB -4" 1,4-BD '1�.	
 ;�.	 LOQ &�.	�21 25 mg/L -4" 10 mg/L �	 4�	021 -4"#,%�.	�%��4"�	�����421��* 1,4-BD
��B.#�$.�* 92.3±2.5% ��	,�21 GHB / ./0%��	�	�
>�9	&��(�*:	�'1�.	�	� GHB �	 	�@
&��0!�������	 esterification /0% 
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Lora-Tamayo -4" �O" (2003) /0%��	�	����:��&��	",,	�	� GHB -4" 
1,4�BD :	�$	���,�>(*�;(/0%&�'�	�$��0,�>(*�;(&�;���.	 Jliquid ecstasyK �;(/0%:	��@	�12�&��*
-,.*,�>(*#�!�"&�
�2*�t9)0���	�	�&�A1�2���.	*&4��0,!���	�"-4"�<�	4%	*��"&'	" 	��	�	�
���:��&��	",)0�#$%&����� Gas chromatography with nitrogen�phosphorus detection 
(GC�NPD) -4"�	�#$%&����� GC-MS #��	����:����2�?4�	���&��	",)0�#$% GHB�D6 &!=� 
internal standard ��	�	���20�2���.	*0%����0L24p����� (H2SO4) ��	/!!���&,�;(�*�;(��	 &�A� 
2,300 ��1/�	�; &!=��"�"&�4	 3 �	�; ��	�.��#�$2<�1� (supernatant) �"&,�-,%*0%��-�w�
/�)��&:�-4" ;�	���	���'2�D0%�� BSTFA, 1% TMCS :	�?4�	���&��	",'1�	� 1,4�BD 

#��2���.	*&4��0,!���	�"-4"#��<�	4%	*��"&'	"�;(�"021��	 &�% �%� 82, 401 -4" 7.4 µg/mL 
-4"�	 	�@���:'1�	� GHB #��2���.	*&4��0-4"!���	�"�;(�"021��	 &�% �%� 103 -4" 430 
µg/mL �	 4�	021 

Elliott (2003) /0%��	�	����:��&��	",�	� GHB #��2���.	*&4��0-4"!���	�"
:�	��� 144 �2���.	:	��	�	� 2��&'
$	��;( ;�	����B.#�$.�* 27 !x -4"&'
,3�*�;( ;�	����B.
#�$.�* 22 !x L>(*&!=��4�. �;(�21!�"�	��	,	�&��� &'�(�40�<�	,�2� )0���	�	���&��	",�2���.	*
0%��&����� GC-MS )0�#$% DB-5 capillary column )0�#$% GHB�D6 &!=� internal standard 
(IS.) -4"���:����2�?4�	���&��	",0%��&����� GC-FID )0�#$%��42 � Phenomenex 
Zebron FFAP #��	����:��&��	",0%��&����� GC-MS -4" ;�	���	���'2�D0%�� BSTFA 1% 
TMCS ��	,�21�	����:��&��	",0%��&����� GC-FID /0%��	�	�&��;� �2���.	*)0���D;
���"���)!��;� (protein precipitation) 0%����0L24p����� (H2SO4 ) ��	 &�% �%� 6 M -4"
��	�	���200%�� chloroform )0�/ . ;�	���	���'2�D :	��2<���	/!!���&,�;(�*0%����	 &�A� 
13,000 ��1/�	�; &!=��"�"&�4	 3 �	�; ��	�.���;(��B.$2<�4.	* 	��	�	����:��&��	",'1�.	�.	
�;0:�	�20�(�	��0��*�	����:�20 (limit of detection; LOD)  ;�.	&�.	�21 2.5 mg/L -4":	��	�
��&��	",/ .'1�	� GHB #��2���.	*!���	�":�	��� 119 �2���.	* -4"#�!���	�":�	��� 25 
�2���.	* �	 	�@���:'1�	� GHB �;(�"021��	 &�% �%� 3 mg/L �.��#��2���.	*&4��0:�	��� 
15 �2���.	* ���:/ .'1�	� GHB &��(�*:	� ;�"021��	 &�% �%��;(�(�	��.	�.	 LOD :	�
�	�
>�9	'1�.	&����� GC-FID -4" GC-MS �	 	�@#$%#��	����:��&��	",�	� GHB #�
�2���.	*&4��0-4"!���	�" 

Shima -4" �O" (2005) /0%��	�	����:��&��	",�	� GHB :	�&4��0��*
�	�	� 2��-4"��	�	�
>�9	��D;�	���20�2���.	*�� @>*/0%��	�	�
>�9	@>*�"�"&�4	#��	�&�A1
�2�9	�2���.	*&'�(�#$%#��	���&��	",)0�/0%��	�	�
>�9	0%��&����� GC-MS )0�#$%��42 � 
DB-17 ��	�	�
>�9	��D;�	���20�2���.	*)0�#$%��D;�	���20 3 ��D; ��� liquid-liquid extraction 
(LLE), Solid-phase extraction (SPE) -4"��D;�	����"���)!��;� (protein precipitation) 
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0%�� methanol '�%� �2<* ;�	���	���'2�D0%�� BSTFA 1%TMCS -4"#$% 2-Hydroxycaproic 
acid (HCA) &!=� internal standard (IS.) :	��	�
>�9	'1�.	�	���20�2���.	*0%����D; LLE #,%
�.	�%��4"��*�	�����421&�.	�21 37%, SPE 57% -4"��D;�	��	����"���)!�;�#,%�.	�%��4"
��*�	�����421&�.	�21 63% )0� ;�.	 LOQ &�.	�21 0.03 µg/mL -4":	��	�
>�9	�"�"&�4	
#��	�&�A1�2�9	�2���.	*'1�.	�;(��O,WB � 4 °C ,����(�	��.	�	 	�@&�A1�2�9	�2���.	*/0%��.	*
�%��!�" 	O 2 �2!0	,)0�/ .��	#,%�	� GHB @B�-!��W	'/0% 

Wong -4" �O" (2006) /0%��	
>�9	�	����:��&��	",�	� GHB #��2���.	*
!���	�"��*�	�	� 2���;(/0%:	��2�&�;���	��%����	��:-4"#��21/�.0%�� GC-MS )0�
>�9	@>*
&������	���20�2���.	*0%����D; Solid-phase extraction (SPE) -4"liquid-liquid extraction 
(LLE) 0%����0/c)0��4���� (HCl) -4" ethyl acetate '�%� �2<*��	���'2�D0%�� BSTFA :	�
�	�
>�9	'1�.	�	���20�2���.	*0%����D; LLE -4"��D; SPE #,%�.	�%��4"��*�	�����421 
23.7%, 60.7% �	 4�	021  :	��	�
>�9	'1�.	��20�2���.	*!���	�"-4"�21/�.0%����D; LLE  ;
�.	 LOD -4" LOQ &�.	�21 400  -4" 500 ng/mL�	 4�	021 �.���	���20�2���.	*!���	�"0%��
��D; SPE '1�.	 ;�.	 LOD -4" LOQ &�.	�21 100 -4" 200 ng/mL �	 4�	021 

Kaufmann -4" Alt (2007) /0%
>�9	�	����:��&��	",�	� GHB #��2���.	*
!���	�"-4"L;�2( 0%��&����� Liquid chromatography-mass spectrometry (LC/MS) )0�#$% 
Zorbax™ reversed-phase C-18 column -4"/0%��	�	���20�2���.	*0%�� ethyl acetate  #�
�	�
>�9	#$% GHB-D6 &!=� internal standard )0�/ . ;�	���	���'2�D:	��	�
>�9	'1�.	�	�
��20�2���.	*0%�� ethyl acetate  #,%�.	�%��4"��*�	�����421&�.	�21 70±4% #��2���.	*L;�2( 
-4" 60±3% #��2���.	*!���	�" :	�	�	�
>�9	'1�.	�.	 LOD -4" LOQ :	��	���&��	",
0%��&����� LC/MS #��2���.	*!���	�" ;�.	&�.	�21 1.3 -4" 2.4 µg/mL �	 4�	021 -4"#�L;�2( 
 ;�.	&�.	�21 0.03  -4" 0.6 µg/mL �	 4�	021 

Kankaanpaa -4"�O" (2007) ��	�	�
>�9	��D;�	����:��&��	", GHB, GBL 
-4" 1,4-BD #��2���.	*&4��0-4"!���	�")0�#��	�
>�9	/0%#$%�2���.	*&4��0-4"!���	�"��*
,�B-4"��	�	����:��&��	",0%��&����� GC-FID )0�#$%��42 � Innomax capillary :	��2<���	
�	���20�2���.	*0%����D; liquid-liquid extraction (LLE) 0%�� t-butylmethylether (TBME)  )0�
#$% Benzyl alcohol &!=� internal standard (IS.) )0�/ .��	���'2�D �.��#��	����:��&��	", 
GBL /0%��	�	���&��	",)0�#$%&����� GC-MS )0�#$%��42 � DB5-MS -4" ;�	���	���'2�D
0%�� N-(trimethylsilyl)trifluoroacetamide (MSTFA) :	��	�
>�9	'1�.	�.	 LOQ #��2���.	*
&4��0-4"!���	�"��* GHB  ;�.	&�.	�21 3 mg/L �.�� GBL #��2���.	*!���	�" ;�.	 &�.	�21 1 
mg/L -4":	��	�
>�9	'1�.	/ .�	 	�@���:��&��	", GBL #��2���.	*&4��0/0%  
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1.2.4 ���MC�<����N�<A�MNOA������ (alcohol dehydrogenase; ADH) 
&��/L &!=�)!��;��;(��	,�%	�;(&�.*!�������	�.	*b (biocatalyst) �;(&��0�><�#�

��(* ;$;�����	#,%�2��	&�A���*!�������	&'�( �B*�><�/0%@>* 108- 1010 &�.	��*!�������	&0� �;(/ . ;
&��/L &!=��2�&�.*#�!�������	�;( ;&��/L &!=��2�&�.*�2<�)0��	��;(&�%	��	!�������	�2� (reactant) 
�;(&�;���.	�21�&��� (substrate) L>(*)0��.��#,3.-4%�&��/L $��0,�>(*b:"�	 	�@&�.*!�������	
�;( ;�21�&���$��0#0$��0,�>(*)0�&U'	"&�.	�2<�)0�:"��B.#��B!-1142�9O"�;('2��2� (folding) 
:�&!=��%����*�	�)'4�&'!/�0 (polypeptide chain)  ;��0�" �)� (amino acid) ��	,�%	�;(#�
�	�:21�2���*�21�&���)�&��/L  (co-enzyme) -4")�-p�&��� (co-factor) ��*1��&�O��*
active site -4"��	,�%	�;(#��	�&�.*!�������	 ('2$�	, 2541)  

-�4��c�40;/c)0�:;&��&!=�&��/L �;(#$%!�����	���L�&0$2(� (oxidation) )0�
@B�'1��2<*-��#�!x�.
. 1937 )0� Negelein -4" Wulff  #� brewer�s yeast (Racker,1950) 
&��/L -�4��c�40;/c)0�:;&��:20&!=�&��/L #��4�.  E.C.1.1.1.1 L>(*&!=�&��/L �;( ; NAD+

��	,�%	�;(&!=�)�-p�&��� (co-factor) )0� ;���L�)0�;02�&�� (oxidoreductase) ��	,�%	�;(&!=�
)�&��/L  (co-enzyme) -4"�2�&�.*!�������	�;02�$2(� (reduction) -4"& �(�&��0!�������	-4%�:"
/0% NADH (Traves -4"�O",1993) ��	,�21#� ��9�&��/L -�4�c�40;/c)0�:;&��:"��	
,�%	�;(#��	�& &�1�/4� (metabolite) &��	��4L>(*!�������	�;<&��0�><��;(�21)0��	
2�!�������	
���L�&0$2(�#��	�&!4;(��&��	��4/!&!=���"&L�	40;/c0 (acetaldehyde) )0� ; NAD+  �;(��	
,�%	�;(&!=�)�-p�&���#��	�&�%	��	!�������	�;02�$2(� (reduction) /0%&!=� NADH (Vidal,1990) 
02*-�0* (W	'�;( 1.7) 
 
 
 
 
                                                      alcohol dehydrogenase 

       CH3CH2OH + NAD
+     CH3COH + NADH + H

+ 
                       Ethanol        Acetaldehyde 
 
 

�	���� 1.7 ��"1���	�& &�1�4�L> ��*&��	��4 
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1.2.5 �	��L���4���	���MC�< (enzyme induction)  
�	�&,�;(����	&��/L &��0:	��	��;(�	�$��0,�>(*b /!��"��%�,���&'�( �	�

��	*	���*&�A�/L L>(*?4�;<�	:&��0&��(�* 	:	��	�/!&'�( !�� 	O��*&��/L ,���&!4;(��-!4*
��O� 12����*&��/L ��	#,%�.�*/���(*�><�& �(�&��0�	�&,�;(����	&��/L :"��	#,% ;�	�
&!4;(��-!4*�.	'	�	 �&����	*:4�
	�����*&��/L  (enzyme kinetics) #��	*&W�2$����	
�2<��	���	:20�	��������.	*�	��	
2���2��"�;(��	�23��� �21-4"/�L>(*)0�!���-4%� parent 
compound  2�:"@B�&!4;(��#,%&!=�& &�1�/4� (metabolite) �;( ;t�D��-4"'�9�%��4*-4" ;
��	 �	 	�@4	��<�	/0%0;:>*�	 	�@�;(:"@B���	:20�������.	*�	�/0%*.	�-�.#�1	*��O;
��"1���	�& &�1�4�L>  (metabolism) �421&!4;(�� parent compound L>(* ;t�D���%��,���/ . ;
t�D��&4� (pro-drug) #,%&!=��	��;( ;t�D��,���'�9 	��><� !�������	�	�&!4;(��-!4*��O� 12���	*
&� ;-4"p�������*�	��;(&�%	�B.�.	*�	��2<��%�*�	
2� enzyme system & �(�&��0�	�&!4;(��-!4* 
activity ��*&��/L  &$.� ��	*	� 	���.	!���:"��	#,%�	��;(&�%	�B.�.	*�	�@B���	:20���&�A��><� 
active drug :"���t�D��/0%�%��-4" ; duration of action �;(�2<���.	!��� �.�� pro-drug �A:"@B�
&!4;(��&!=� active drug /0% 	��><��	��;(@B�&,�;(����	��	#,%&��0'�9)0��	
2���"1���	� 
metabolic activation �A:"�.�#,%&��0'�9/0% 	��><��	��;(?4��*�	�&,�;(����	��* enzyme 
activity :"&��0�><�/0% 	��%��&';�*#0�2<��><���B.�21�*�!�"��1 ��� ��	0�	,��	 @;(#��	�#,%
�	,��	 -���.	*��*�!x$;�,�	��-4"c��) �&'
 (sex hormone) (
�;:2���, 2542) 

Harada -4"�O" (1998) /0%��	�	�
>�9	?4��*c��) �&'
�.� activity ��*
&��/L -�4��c�40;/c)0�:;&��#��21,�B)0�/0%��	�	�
>�9	?4��* sex hormone ��� beta-
estradiol, progesterone ,��� testosterone �.��"021 activity ��*&��/L $��0�;<#��21)0�/0%
��	�	�
>�9	#�,�B�	�'2�D� Sprague-Dawley �;(/0%?.	��	�?.	�20�2<*&'
?B%-4"&'
& ;� (sham-
operated) -4"#�,�B&'
?B%�;( ;�	��20�2O�"��� (orchidectomy) -4",�B&'
& ;��;( ;�	�?.	�20
�2*/�.��� (ovariectomy) #��	�
>�9	/0%��	�	����:�"021 activity ��*&��/L #��21'1�.	
�"021 activity ��* ADH #�,�B&'
?B%�;(�20�2O�"�B*��.	#�,�B&'
?B%�;(/0%?.	��	�?.	�20-4"
'1�.	,�B&'
?B%�;(/0%��	�	��20�2O�"-4"/0%�21 testosterone 5 mg/kg ���b�2�&!=�&�4	 7 �2� 
 ;?4��	#,%�"021 activity ��* ADH 404*��.	* ;�2���	�23 :	��2<�/0%��	�	�
>�9	&!�;�1&�;�1
�",�.	*,�B&'
& ;��;( ;�	�?.	�20�2*/�.����21,�B&'
& ;��;(/0%?.	��	�?.	�20-4"#�,�B&'
?B%�;( ;
�	��20�2O�"���-4"/0%�21 beta-estradiol ��	0 50 µg/kg 2 �2��.���2<* &!=��"�"&�4	 20 �2� 
'1�.	,�B&'
?B% ;�"021 activity ��* ADH  	���.	,�B&'
& ;� :	�?4�	�
>�9	�	 	�@����2�
/0%�.	c��) �&'
$	� ;?4#��	��21�2<* activity �.��&��)��&:� ;�.��#��	�&!4;(��-!4*�"021
activity ��* ADH �;(&'�( �B*�><�  
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Simon -4"�O" (2002) /0%
>�9	�	�?4��*&'
-4"�.� #�%� �*�.��,�%	�.�
-�������;<��*&��/L  alcohol dehydrogenase (ADH) )0��%	*:	��	�*	��;(�.	 ADH activity
#�,�B&'
& ;��B*��.	&'
?B%)0�:>*/0%��	�	�
>�9	��	 &!=�/!��* growth hormone -4" sex 
steroid �;(�	: ;?4�.��	�-�0*�����* ADH activity )0�/0%��	�	�
>�9	#�,�B�	��	�'2�D� 
Sprague-Dawley  &'
?B%-4"&'
& ;��;( ;�	��20�.� &'
 (gonadectomize) -4"�.� '��B���	�; 
(hypophysectomize) '1�.	 growth hormone  ;?4�.��	���1��  activity ��* ADH )0� ;?4
��	#,% activity ��*&��/L #�,�B&'
& ;�&'�( �B*�><�-4"'1�.	 sex steroid ��� estradiol  ;?4
��	#,% activity ��*&��/L #�,�B&'
?B%&'�( �B*�><�0%���.�� testosterone hormone  ;?4��	#,%
�"021 activity ��*&��/L #�,�B&'
& ;�404*��.	* ;�2���	�23-4":	�?4�	�
>�9	�2*'1�.	 
growth hormone  ;?4�.��"021 activity ��*&��/L �;(404*#�,�B&'
?B%0%��&$.��2�  

 
1.2.6 N��<O�����O����� (estrogen hormone) 

&��)��&:�:20&!=�c��) �$��0�&�����0 (steroid hormone) &!=�c��) ��;(
��%	*:	��2*/�. (ovary) ��*&'
,3�*)0�& �(�@>*�2�&:��3'2�D:"@B���1�� 0%��c��) �)��	)0
)��p�� (gonadotropins) �;(,42(*:	��.� #�%� �*�.��,�%	 ��� Follicle stimulating hormone 
(FSH) -4" Luteinizing hormone (LH) )0��;( FSH :"/!��"��%��	�&:��3&��1)���*�2*/�.��	
#,%@�*/�.&:��3&�A �;(& �(�&L44/�.&:��3&��1)��A:"��	,�%	�;(#��	���%	*c��) �&��)��&:��.�� 
LH  ;?4��	#,%&L44/�.��	,�%	�;(?4��&��)��&:�&'�(  	���(*�><�)0�& �(� LH @B�,42(*��� 	�B*��0
�A:"��	#,%&��0 ;�	���/�. (ovulation) :	��2<� LH �A:"&!4;(��&L441�/�.#,%�4	�&!=����!��4B
&�;�  (corpus luteum) ��	,�%	�;(#��	���%	*&��)��&:�-4")!�&:�&��)��L>(*#��	�,42(*��*
c��) �)��	)0)��p��:	��.� #�%� �*�.��,�%	:"@B���1�� :	�� �*�.��/c)!&��4	 2� 
(hypothalamus) )0�&��)��&:�0%��&$.��2� (���D�, 2524)  

 
   

 
     

 
 

 
 
 

�	���� 1.8 �B��)��*��%	*��*&��)��&:� 
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c��) �&��)��&:�&!=�c��) ��;( ;��&4�&����4 (cholesterol) &!=��	��2<*
�%�:>*�	 	�@4"4	�/0%0;#�/� 2�?.	�?�2*&L44&�%	�B.#�&L44&!q	, 	�L>(*W	�#�:" ;�;&LA!&��� 
(receptor) �;(&U'	"#��	�:21�21c��) ��2<�b��	#,%/0%&!=� hormone-receptor complex L>(*:"
&�%	�B.���&�4;��-4%�/!:21�21)!��;�&U'	"�2�,�>(*��*�;( regulatory site 1��	���*)�� 	���
L>(*�	�:21�2��;< ;?4��"��%�#,%&��0��"1���	�@�0�,2� (transcription) :	� DNA /!&!=� 
mRNA �;( ;��	 :�	&'	"��	,�21�	��2*&��	",)!��;�#, .02*�2<�c��) �$��0�;<:>* ;?4�.��	�
&!4;(��-!4*�	�-�0*�����*�;� (gene) ��*&L44&!q	, 	�c��) �&��)��&:��;('1#�
D�� $	����� 17-β-estradiol, estrone -4" estriol )0�c��) �02*�4.	�:20��B.#� C18 steroids 
L>(*,42(*��� 	:	� theca interna -4" granulosa cell ��* ovarian follicles, corpus luteum 
-4" placenta L>(*�2*&��	", 	:	�-��)0�&:� (androgen) ���:	��2<��2*@B���%	* 	:	� 
androstenedione #���"-�&4��0)0��	
2�!�������	��*&��/L �")� 	&�� (aromatase) ��	
,�%	�;(#��	�&!4;(�� androstenedione #,%&!=� estrone :	��2<��A:"@B�& �	1�/4��;(�21-4"
&!4;(�� testosterone #,%&!=� estradiol ($B'*
, 2540) 02*-�0* (W	'�;( 1.9) 

 
 

 
 

 
 
 
 
 

�	���� 1.9 �	��2*&��	",&��)��&:� 
 

- Diethylstilbestrol  
&!=�c��) �&��)��&:��2*&��	",�;(/0% 	:	�c��) �&'
,3�*L>(*&!=�c��) �

$��0�;(/ .#$.�&�;����0 (nonsteroidal) 02*-�0* (W	'�;( 1.10)  ;42�9O"&!=�?*�;�	� ;�<�	,�2�
) &4��4 268.4 g/mol  ;:�0,4� &,4��;(��O,WB � 169-172 °C �	 	�@4"4	�/0%0;#� ethanol , 
diethyl ether, olive oil, fixed oils, acetone, -4" chloroform )0�@B��2*&��	",�><���2<*-��#�!x 
�.
. 1938 #�!�"&�
�,�2C�& ���	)0�@B���	#$%&!=��	�� ��	&��0�;(/0%�21��	 ��� ��.	* 	�
#�$.�*!x �.
.1940 :�@>* 1971��.	*/��A�	 /0% ;�	�*	� 	� 	��;('1�.	 Diethylstilbestrol 
�	 	�@��	#,%&��0 "&�A*#� ��9�-4"�2���04�*/0% #�!x �.
. 1971 �*��	��	,	�-4"�	��*
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!�"&�
�,�2C�& ���	 (FDA) /0%�2(*,%	 #$% Diethylstilbestrol #�,3�*�2<*���W�.��/0%�21���3	�
:	�-'�� (http://ntp.niehs.nih.gov/ntp/roc/eleventh/profiles/s071diet.pdf) 
 
 
 

 
 

 
 

�	���� 1.10 �B��)��*��%	*��* Diethylstilbestrol 
 

1.2.7 ��V�O���	O���	WX (Gas Chromatography, GC) 
-�w�)�� 	)���	px&!=�&������	�-���	��	*)�� 	)���	px)0�#����

�B!-11&�;(���%�*�21 distribution ,��� partition ��*�	�!�"��1#0b �",�.	*&p��;(-���.	*�2� 
2 &p� L>(*&!=�&p�&�4�(���;( (mobile phase) -4"&p���B.�21�;( (stationary phase) #��	�-��
�	��><���B.�21��	 �	 	�@#��	�4"4	� (relative solubility) & �(��	�#���*?� &�4�(���;(?.	�
&p���B.�21�;( )0� ;&p�&�4�(���;(��	/! �	�-�.4"�2�:"@B�&,�;(���2<* 	��%���.	*�2� &��(�*:	�
��	 �	 	�@#��	�4"4	��;(-���.	*�2� �	�:>*@B�-�����:	��2�/0% �	�#0 ;��	 �	 	�@#�
�	�4"4	�#� &p���B.�21�;( 	���.	�A:"#$%&�4	 	���.	 #��	�&�4�(���;(��� 	:	���42 � 
(column) ��� #$%-�w�&U�(��&!=�&p�&�4�(���;( ,���&�;���.	 -�w�'	 (carrier gas) )0�!��� 2�:"
#$%-�w�c;&4;�  (He) /c)0�&:� (H2) ,���/�)��&:� (N2) &!=�-�w�'	 ( *�4, 2537)  

-�w�)�� 	)���	px-1.*&!=� 2 !�"&W� ���  
1) -�w�)�� 	)���	px-11��*-�A* (Gas-solid chromatography, GSC) )0�

)�� 	)���	px$��0�;<:"#$%��*-�A* &$.� L�4��	&:4&!=�&p���B.�21�;( �4/��	�-���	��;(&��0�><�
&!=�-11�	�0B0L21 02*�2<��	�-���	�:"0;,���/ .�><��21��O� 12���	�0B0L21��*�	��;(1��:�#�
��42 � -�.)0��2(�/!)�� 	)���	px$��0�;</ .&!=��;(���  	��2�  

2) -�w�)�� 	)���	px-11��*&,4� (Gas-liquid chromatography, GLC) 
)0�#$%��*&,4�&!=�&p���B.�21�;( :>*�%�*��	�	�&�4��1��*&,4�#,%&!=�$2<�1	*b 1���*-�A*
&U�(���;(&�;���.	 solid support �4/��	�-���	��;(&��0�><�&!=�-11 partition L>(*�	 	�@#$%/0%
#�$.�*��O,WB ��;(��%	* 	�-4"#,%?4�	��04�*�;(0;��.	 GSC :>*�	#,% GLC &!=��;(��� #$%#�
!�::�12� 
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�*�!�"��1��*-�w�)�� 	)���	px 02*-�0* (W	'�;( 1.11 ) !�"��10%��  
1) -�w��2�'	 (Carrier gas)  
2) �	��2���.	* (Sample introduction)  
3) �.��U;0�	� (Injection system)  
4) ��42 � (Column)  
5) �B%�1#,%��	 �%�� (Oven)  
6) �2����:�20 (Detector)  
7) �.��!�" �4?4-4"12��>��%� B4 (Data processing and Recorder) 
 
 

 
 
 
 
 
 
 
 
 
 
 

�	���� 1.11 �.��!�"��1'�<�C	���*&���(�*-�w�)�� 	)���	ppx  
 

1) ��V�����	 (carrier gas)  
-�w��;(#$%&!=�&p�&�4�(���;(:"�%�*&!=�-�w�&U�(�� )0�!���:"#$%-�w�/�)��&:� 

c;&4;� , �	����,����	�1��/0���/L0 L>(*�	�&4���$��0��*-�w�:"�><��21$��0��*�2� 
���:�20 &p�&�4�(���;(:"@B���	&�%	�B.&���(�*-�w�)�� 	)���	px?.	��	*�2���1�� �2��	�	�/,4 
&'�(��2�9	�2��	�	�/,4#,%�*�;( @%	�2��	�	�/,4&!4;(��-!4*/!&';�* 1 % :"��	#,%�"�"&�4	#�
�	�,�.�*&,�;(��&!4;(��/! 1 % 0%��&$.��2�  
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2) �	�����4F	6 (sample introduction)  
�	��2���.	*�;(:"@B���	&�%	/!#�&���(�*-�w�)�� 	)���	p /0% 2 �@	�" ���  
- �@	�"�;(&!=�/�,���-�w� (gaseous samples)  
- �@	�"�;(&!=���*&,4� (liquid sample)  
�2���.	*�;(&!=���*&,4��	 	�@��	&�%	&���(�* GC /0%)0�#$% micro syringe 0B0

�	��2���.	*�;(��B.#��@	�"��*&,4�#,%/0%!�� 	���	 �;(�%�*�	�-4%�U;0?.	� silicone rubber 
septum �	 	�@��	/0% 2 ��D; ���  

(1) �	�U;00%�� �� (manual) �	�U;0-11�;<?B%�04�*�%�* ;��	 $�	�	3 :>*:" 
��	#,%�	���&��	", ;��	 &�;(�*��*�B* �%�&�;���*��D;�;<�����	#,%��<�&!4��* septum &'�	"�	�U;0
#�-�.4"��2<*?B%�04�*/ .�	 	�@U;0&�%	�;(:�0&0� /0% ��	#,% septum &��0�	�U;��	0 -4"-�w��2(�
/0%*.	� �%�* ;�	�&!4;(�� septum 1.���><� 

(2) �	�U;00%��&���(�* auto injector :"#,%?4�	���&��	", ;��	 &�;(�*��*-4" 
- .���	��.	�	�U;00%�� ��-4"�	 	�@#$%/0%�21!�� 	����*�2���.	*�;( ;:�	����%����.	 1 µL 
 

3) �F��Z�A�	� (injection system)  
& �(��	��2���.	*&�%	&���(�* GC 4*�B.1��&�O Inlet �;( ;��	 �%���B*'��;(:"��	#,%

�	��2���.	*�4	�&!=�/�-4%�@B�'	&�%	�B.��42 �0%��-�w��2�'	L>(*��O,WB ��;(&, 	"� ��* 
injector ���:"&!=���O,WB ��;(�B*'��;(:"��	#,%�	��2���.	*�"&,�/0%-�.�%�*/ .��	#,%�	��4	��2� 
L;(*&�;���"11��*�	�'	�.	 sample inlet system �"11��*�	�'	�2���.	*&�%	��42 � ;,4	�
-11 ��� 

(1) Split / Splitless Inlet  
- Split injection mode &, 	"�21�	��2���.	*�;(U;0&�%	��42 � ;!�� 	O 	� 

,�����	 &�% �%��B* L>(*�2���.	*$��0�;<�	:��	#,%��42 �&��0�	� overload ��	#,%�	�-��/ .0; ; 
';�L%���21�2�-4"�B!�.	*��*';�/ .�  	��:>* ;�	�!�21!��*�	���&��	",/0%)0��	�&4��� split 
mode (W	'�;( 1.12) 

- Splitless injection mode &, 	"�21�	��;(�%�*�	���&��	", ;!�� 	O�%��b 
,�����	 &�% �%��%��b (trace analysis) 

(2) Purged packed inlet &!=���D;�	�U;0�	��2���.	*0%���"11 purged 
packed #$%�21 packed column -4"�	 	�@#$%�21 wide - bore capillary column /0%& �(��2��	
�	�/,4��*-�w��2�'	 	���.	 10 mL/min 
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�	���� 1.12 W	'�20��	*�.��U;0�	�-11 Split / Splitless  

 
(3) Cool on - column inlet &!=���D;�	�U;0�	��2���.	*�;(&!=���*&,4���*&�%	�B.

�	'�44	�;��42 � L>(*��D;�	��;<�.����* inlet -4" oven �%�* ;��O,WB ��(�	��.	:�0&0��0��*�2���	
4"4	�& �(���	�	�U;0�	��2���.	*  

(4) Programmable Temperature Vaporisation Inlet (PTV) &��(�*:	���D;�	�
U;0�	��2���.	*�;(&!=���*&,4�&�%	��42 �)0���*'1�.	�	��;(/ .�	 	�@�"&,� (non - volatile) 
�;(��0 	�21�2���.	*&�%	/!��0-�.�#���42 � PTV &!=���D;�	�U;0�	��2���.	*�;('2��	�><� 	
&'�(�#,%�	 	�@��	*	�/0%#�,4	� b mode L>(*& �(� ;�	�#$%��O,WB ��*�;(�	 	�@&4����"11&!=�
-11 split/splitless L>(*@%	 ;�	��2<*�.	)!�-�� ��O,WB �&��( �%��;(�(�	-4"#$%�21 wide - bore 
capillary column :"�	 	�@&4���#$% on - column injection /0% ���:	��;<�2*�	 	�@#$%�21�	�
U;0�	��2���.	*�;( ;�2���	4"4	� 	�b L>(*&�;���.	 Solvent vent mode )0�#$%�	�U;0�	�
�2���.	*-11!�� 	�� 	� (large volume injection)  

 
4) �����< (column)  
��42 ��;(#$%�2�#�&���(�* GC )0��2(�/! :20/0%&!=� 2 !�"&W���� -'A���42 � 

(pack column) -4" WCOT (wall-coated open tubular column) ,��� �	'�44	�;��42 � 
(capillary column) �2<*�;</0% ;�	�'2��	-'A���42 � 	�.���.���	'�44	�;��42 �/0% ;�	�
'2��	 	�2<*-�. '.
. 2523  

(1) -'A���42 � (pack column)  ;!�"���D�W	'-4"�;0��	 �	 	�@#��	�
-���;(�(�	��.	�	'�44	�;��42 � (capillary column) -�.&!=���42 ��;( ;��	 :� 	���.	 L>(*��	#,%
�	���	�	�&�%	�B.��42 �*.	��><�-4"�2* ;�*�!�"��1��*�	��2���.	*#�!�� 	O 	��><���	,�21
�	���	&�%	�B.�2����:�20 -'A���42 ���	,�21�	���&��	",�2(�/! ;��	 �	� 2 - 5 & �� -4" ;
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&�%�?.	�
B���4	*W	�#� 2  �44�& �� &!=���42 ��;(#$%�2��	�	�/,4��*-�w��2�'	!�" 	O 
20 - 50 mL/min ��	,�21��42 ��;(#,3.��.	�;<�	 	�@�;(:"���-11#,%&!=��	�&U'	"�;(:"#$%*	�
��	,�21 GC $��0�;(#$%&��;� �	� (preparative - scale GC)  

(2) �	'�44	�;��42 � (capillary column) ��	:	� SiO2 �;(1�����D��-4"-�A*-�*
���	�&!=�'�&
9 )0�&�4��1U	1?��0%	����0%�� polyimide polymer !�::�12� ;�	�#$%
&��)�)4�;�	�?4���;( ;��OW	'�B*��1�� &�%�?.	�
B���4	*W	�#�-4"��	 ,�	��*p�4 �;(
&�4��1/0%L>(* ;�2<*-11&p��;( ;�2<�-4"/ . ;�2<� ��42 ��;(?4��42�9O"�;< ;��	 �	� 10 - 100 & �� 
&�%�?.	�
B���4	*W	�#� 0.20 - 0.53 mL -4"#$%�2��	�	�/,4��*-�w�'	 2 - 5 mL/min
�	'�44	�;��42 �&, 	"�21�	���&��	",�	�!�� 	O�%��b ��*�	�!�"��1�����;��;(
&U'	"&:	":*#���*?� �;(L21L%�� ( *�4, 2537) 

 
5) �B\��]L\��	��\�� (oven)  
�B%�1#,%��	 �%��&!=��.���;(#$%��	,�211��:���42 �-4"&!=��.���;(��1�� 

��O,WB ���*��42 �#,%&!4;(��/!�	 ��	 &, 	"� �21��D;�	��;(�%�*�	���&��	",�	�?�  �	�
��1�� ��O,WB ���*�B%�1#,%��	 �%���2<� ; 2 -11 ��� -11 Isothermal :"#$%��O,WB �&0;��
�4�0�	���&��	", -4"-11 temperature program :"�	 	�@&!4;(����O,WB �/0%#��",�.	*
�	���&��	",L>(*��� ��	 	#$%�21�	�?� �;( ;$.�*��*:�0&0��0�;(��%	*��	#,%/0%)�� 	)�-��  
(chromatogram) �;( ;42�9O"��*';��;(/ .��%	*-4"$.��40�"�"&�4	#��	����:��&��	",  

 
6) ���������A (detector)   
�2����:�20&!=��.���;(��B.�.�:	��	*�����*��42 ���	,�%	�;(#��	����:�20

�*�!�"��1�.	*b ��*�	��2���.	* #��O"�;(�	�&�4�(���;(?.	���� 	:	���42 � )0��;(�2�
���:�20:"�%�*/ .�.�*/��.�-�w��2�'	 & �(��2����:�20��	�	����:�20�*�!�"��1��*�	�:"��	
�	�12��>�?4&�;�1�21&�4	��	#,%/0%)�� 	)�-��  (chromatogram) �2����:�20�;(#$%#�!�::�12� 
/0%-�. &p4 /���/�&L$2(� (flame ionization detector, FID) /�)��&:�p��p��2� (nitrogen 
phosphorous detector, NPD) ��&4A�����-�'&:�� (electron capture detector, ECD) &���
 �4���02������;< (thermal conductivity detector, TCD) &p4 )p)� (flame photo detector, 
FPD) -4"- ��&!�)��& ��; (mass spectrometry, MS) 
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1.2.8 ���������A����W�M���M��C2��� (Flame ionization detector, FID)  
�2����:�20-11&p4 /���/�&L$2(�&!=��2����:�20�;( ; 	��C	��;(#$%*	��2�

��.	*-'�.,4	�)0�#$%&�����-�w�)�� 	)���	px&��(�*:	��	�)0�&U'	"�	�!�"��1�����;�
���$��0�	 	�@&��0�	�/���/�L (ionize) /0%#�&!4�/p��	#,%&��0��"-���*/�����;(�	 	�@
�"� ��B.�",�.	*�2<��;( ;!�":���*�%	  2 �2<� /0%�	 !�� 	O��*/���� 42�9O"�2����:�20
-11&p4 /���/�&L$2(�02*-�0* (W	'�;( 1.13) 
 
 
 
 
 
 
 

 
 
 

 
�	���� 1.13 42�9O"�2����:�20-11&p4 /���/�&L$2(�  

 
#��"11��* FID !�"��10%��-�w� 3 $��0 ��� -�w��2�'	�� �21/c)0�&:�

-4"�	�	
)0�-�w�/c)0�&:�:"��	,�%	�;(&!=�&$�<�&'4�*#��	�:�0&!4�/p0%�� heater L>(* ;
�	�	
&!=��2�$.����	#,%&��0�	��2�0	! (combustion) -4"$.��'	#,%-�w��;(&?	/, %-4%����/! 
)0��2��	�	�/,4��*-�w�/c)0�&:�-4"�	�	
�%�*!�21#,%&!=��20�.���;(&, 	"� �21-�w��2�'	 
@%	�20�.��/ .&, 	"�  �	�:�0&!4�/p�;(�2����:�20:":�0��0�	� &!4�/p��*-�w�/c)0�&:�
-4"�	�	
:"@B�:�0�;(,2� jet )0� ;��	-,�.*��*�2<� (electrode) �	*��B.&,���&!4�/p&'�(�&!=��;(
�"� ��*/�����	��2���.	* (analyte ion) -�w�'	-4"/���*�	��2���.	*:"&�%	�B.&!4�/p-4%�
��	#,%�	��2���.	*&��0�	�/���/�L/0%��&4A�����-4"/����1�� (Agilent Technologies, 
2006) ,42*:	��2<���&4A�����:"&�4�(���;(/!�2* flame jet /����1��:"&�4�(���;(/!�2*
��&4A�)��0)0��233	O�;(&��0�><��2<�:"@B�12��>�0%��&���(�*12��>��233	O/0%&!=�42�9O"��*
)�� 	)�-��  (- %� -4" � �, 2539 ) �%� B4#�&$�*��OW	'��&��	",:"-�0*��B.#��B!��* 
retention time L>(*�.���%	* ;��	 :�	&'	"��*-�.4"�	� �.���%� B4#�&$�*!�� 	O��&��	",:"
-�0*��B.#��B!��*'�<��;(';� (peak area) ,�����	 �B*��*';� (peak height) L>(*)�� 	)�-�� 
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�;(/0% ;?4:	��2�-!��.	*b &$.� ��O,WB � �2��	�	�/,4��*-�w�'	 -4"$��0��*��42 � &!=�
�%� L>(*�2�-!�&,4.	�;<�	 	�@��	��O,	�.	�;(&, 	"� /0%&'�(���	#,%?4�	���&��	", ;
!�"���D�W	' 	���(*�><� �	���1���*��*�2����:�20$��0�;<:" ;��	 ��0&�A� 	�-4"#,%�.	
��*��	p 	��C	��;( ;$.�*��	 &�% �%��;(��%	*-4"&!4�/p/c)0�&:�?4��/����/0%/ . 	��2� 
��0&!=���"-�/ppq	!�" 	O 10 - 14 -� -!�-�.& �(� ;�	�!�"��1�����;�:"��	#,% ;/����
&��0�><�!�� 	O 	� 	� L>(*�	���1���*��* FID :"�><��21:�	���/�����;(&��0�><�:	�-�.4"
�	�!�"��1)0��><��21:�	����	�1��#�) &4��4��*�	��2���.	*-4"!�� 	OL>(*�	���1���*
�;<:" ;��	 -���.	*�2����/!�",�.	*�	�!�"��1#�-�.4"�4�.  ( *�4, 2537) 

 
1.2.9 �	�����4��	�����4F	6A\�4�3a��	��������Ob���� (sample preparation of 
protein precipitation) 

�	����"���)!��;�&!=���D;�	�'�<�C	�#��	�-���	��;(��0&�A���.	��D;�	���(� 
)!��;��	 	�@4"4	��<�	/0%�><��21,42� 2 !�"�	� ��� ) &4��4��*)!��;� ;�.���;($�1�<�	
�	 	�@&��0-�*����	�21�<�	/0% &�;���.���;<�.	 hydrophobic patches �	 	�@&��0-�*0>*0B0�	*
/ppq	&�	) &4��4��*�<�	 	4%� ��1) &4��4��*)!��;�/0% -4"1�) &4��4��*)!��;���B.,.	*�2� 
:>*/ .�	 	�@�� �2�&�%	 	��B.#�4%�2�-4%����"���4* 	/0% 02*�2<�!�::2�#0�;(&'�( -�*!�������	
�",�.	*) &4��4��*)!��;�0%���2�&�* (protein-protein interaction) ,����	�40!�������	
�",�.	*) &4��4��*)!��;�-4"�<�	 (protein-water interaction) ��	#,%��	 �	 	�@#��	�
4"4	��<�	��*)!��;�404*��	#,%)!��;�&��0�	����"���4* 	 (Polson -4"�O", 2003) 
��	,�21�	����"���)!��;� ;0%���2� 3 ��D; ��� 

1) �	����"����;(�.	��	 &!=���0-0.	*��B.�;(:�0/�)L��&4����� (isoelectric 
pH) &�;����D;�;<�.	 isoelectric precipitation &��(�*:	�)!��;�-�.4"$��0 ;�.	 pH �;(��	#,%� 0�4
��*!�":����D�1�) &4��4&�.	�21
B�� &�;���.	�;<�.	 :�0/�)L��&4����� (isoelectric point, pl) �.	
�;<&!=�:�0�;()!��;�4"4	�/0%�%���;(��002*�2<�)!��;�:>*&�4�(���;(&�%	,	�2�&��(�*:	�/ . ;-�*?42�02�
/ppq	�@���",�.	*) &4��4��*)!��;�&�*�	#,%&��0�	��� �2�-4%����"���4* 	/0% 

2) �	����"���)!��;�)0��	�&'�( ��	 -�*�����0%����D;�	����"���-11
4�	021�.��0%��&�4�� (ionic strength ,��� salt fraction precipitation) &!=��	����"���
)!��;�)0�#$%&�4���;( ;��	 &�% �%��B*&'�(�&'�( ��	 -�*����� (ionic strength) ��*�	�4"4	�
#,%�B*�><�:���"�2(*/������*&�4��/!-�.*) &4��4��*�<�	�;(4%� ��1) &4��4��*)!��;�#,%
��� 	4%� ��1) ��4��*&�4��&�*��	#,%)!��;�4"4	�/0%�%��4*&��0�	�:21�2���*)!��;�:�
&��0�	����"���4* 	 
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3) �	����"���0%���2���	4"4	������;��;(��O,WB ��(�	 (organic solvent 
precipitation) �2���	4"4	������;��;(#$% /0%-�. & �	��4 �"L;)�� )0��2���	4"4	�&,4.	�;<:"/!
40�.	�*�;(/0��&4����� (dielectric constant) ��*)!��;�L>(* ;�<�	&!=��2���	4"4	� & �(�&'�( ��	 
&�% �%���*�2���	4"4	������;� 	��><�&��(��b :�@>*:�0�;('42**	�/ppq	�@����*-�*��"��	
�",�.	*) &4��4��*)!��;��B*��.	-�*��"��	�",�.	*) &4��4��*)!��;��21�<�	��	#,%&��0�	�
�� �2���*)!��;�-4%����"���4* 	 
 
1.3 ���cdb���6�< 
 

1.3.1 &'�(�
>�9	?4��*&��)��&:��.��	�&!4;(��-!4*��* 1,4-Butanediol -4" GHB 
#�&4��0 

1.3.2 &'�(����:��&��	",,	!�� 	O��* 1,4-Butanediol -4" GHB #�&4��0)0�#$%
&����� Gas chromatography-flame ionization (GC-FID) 

1.3.3 &'�(�
>�9	?4��*&��)��&:��.�&W�2$:4�
	�����* 1,4-Butanediol -4" GHB  
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����� 2 
 

�3a��	��3��4 
 
2.1 �	����� (Chemical reagent) 
 
     2.1.1 �	� 	��C	� Gamma-hydroxybutyric acid; (Lipomed, Switzerland) 
     2.1.2 �	� 	��C	� 1,4-Butanediol ; (Tokyo Kasei Kogyo, Japan) 
     2.1.3 �	� 	��C	� Octanol; (Fluka, Switzerland) 
     2.1.4 Methanol 99.99% HPLC grade; (J.T.Baker, U.S.A.) 
     2.1.5 Heparin; (Leo Pharmaceutical, Denmark) 
     2.1.6 Diethylstilbestrol; (Sigma, U.S.A.) 
     2.1.7 �<�	 2� "��� (Olive oil) 
 
2.2 ���e��6�e����db��f< (Instrument and equipment)  
 
     2.2.1 &���(�*-�w�)�� 	)���	ppx�;( ;$��0�2����:�20$��0&p4 /���/�&L$2(� 

   (Gas chromatography-flame ionize detector; GC-FID) ��.� HP-5890 series II  
   (Hewlett Packard, U.S.A.) 

     2.2.2 ��42 � Zebron- FFAP (15 m × 0.53 mm × 1.0 µm.); (Phenomenex, U.S.A.) 
     2.2.3 &���(�*!���&,�;(�* (centrifuge); (Hittech, Germany) 
     2.2.4 &���(�*&��.	�	� (vortex Genie-2); (Sciencetific industries, New York, U.S.A.) 
     2.2.4 &���(�*�"&,�-,%*-11��33	�	
 (CentriVap concentrator); (LABCONCO, U.S.A.) 
     2.2.5 Automatic pipette ��	0 200 -4" 1,000 µL; (Gilson, France) 
     2.2.6 ,4�0�04�*��	0 5 mL  
     2.2.7 microcentrifuge tube  
     2.2.8 ��"1��U;0�	 (syringe) ��	0 1 mL 
     2.2.9 ���/��?.	�20 
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2.3 �3a�A�	��3��	��3��4 
2.3.1 �	�����4��	��	��h	�  
1) �	�����4� Stock standard solution 

   - �	� 	��C	� GHB &��;� :	� stock solution �;(�"021��	 &�% �%� 3,200 µg/mL  
 - �	� 	��C	� 1,4-BD &��;� :	� stock solution �;(�"021��	 &�% �%� 10 mg/mL  
 - �	� 	��C	� octanol &��;� :	� stock solution �;(�"021��	 &�% �%� 10 mg/mL  
 

2) �	�����4� Working standard solution 
- �	� 	��C	� GHB )0�&��;� �;(�"021��	 &�% �%� 1,600, 1,200 800, 400, 200, 

100, 40 -4" 24 µg/mL #��	�4"4	�& �	��4 
- �	� 	��C	� 1,4-BD )0�&��;� �;(�"021��	 &�% �%� 1,200, 600, 300, 200, 100, 

80, 40 -4" 24 µg/mL #��	�4"4	�& �	��4 
  - �	� 	��C	� octanol )0�&��;� �;(�"021��	 &�% �%� 1,000, 500 -4"100 µg/mL 
#��	�4"4	�& �	��4  
 

2.3.2 �	�����4�����4F	6�e�A����F�� (preparation of whole blood sample) 
#��	�&��;� �2���.	*&4��0/0%020-!4*:	���D;�	�
>�9	��* Shima -4"�O" 

(2005) )0��	���	�2���.	* whole blood !�� 	�� 200 µL #�.#�,4�0�04�*��	0 5 mL 
:	��2<���	�	����"���)!��;� (protein precipitation) 0%��& �	��4!�� 	�� 1 mL :	��2<�
��	/!!���&,�;(�*�;(��	 &�A� 875 x g &!=��"�"&�4	 15 �	�; 0B0�	�4"4	��.��$2<�#� 
(supernatant) #�.4*#� microcentrifuge tube ��	0 1.5 mL ��	/!�"&,�-,%*�;(��O,WB � 60 °C 
&!=�&�4	 2.5 $2(�) *0%��&���(�*�"&,�-11��33	�	
 :	��2<���	�	�&��  (spike) �	� 	��C	� 
octanol  (internal standard; IS.) �;(��	 &�% �%� 10 µg/mL )0�#$%�	� 	��C	� octanol 
��	 &�% �%� 100 µg/mL !�� 	�� 10 µL :	��2<���	�	�!�21!�� 	��0%��& �	��4!�� 	��#,%
/0%!�� 	�� 100 µL :	��2<���	�	���&��	",�2���.	*0%��&���(�* GC-FID )0��	�U;0�	�
�2���.	*!�� 	�� 1 µL )0� ;�	�&��;� �W	�"��*&���(�*02*�;< 
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2.3.3 �	�����4���	�����e��6 GC-FID (preparation of GC-FID) 
           Injection temperature    :  240 °C 
           Detector temperature    :  260 °C 
           Carrier gas                 :  N2 (99.99%), �2��	�	�/,4 2.6 mL/min 
           Make up gas               :  N2 (99.99%), �2��	�	�/,4 2.6 mL/min 
           Oxidant gas                 : Air Zero gas, �2��	�	�/,4 300 mL/min 
           Fuel gas                     :  H2 (99.99%), �2��	�	�/,4 30 mL/min 

)0��	��2<*�.	��O,WB ���*&���(�* (oven temperature program) #��	����:��&��	", 02*�;< 
           Initial temperature :   80 °C 
           Holding time at initial temperature : 2 min 
           Temperature ramp rate : 35 °C/min 
           Final temperature :  240 °C 
           Holding time at final temperature:  1 min 
 
2.4 �	�;D�l	�3���	�L<O���	O����� (Study of chromatographic analysis) 

��	�	�
>�9	��&��	",)�� 	)�-�� ��*�	�)0��	�U;0�	� 	��C	� GHB 
-4" 1,4-BD '�%� �21�	� 	��C	�W	�#� (internal standard; IS.) )0�#$%�	� 	��C	� 
octanol &!=� internal standard #�& �	��4-4"#��2���.	*&4��0��1�.���;(?.	��	�&��;� )0�
��D;�	����"���)!��;�&'�(�
>�9	,	&�4	�;(';���*�	����:	���42 � (retention time; tR) 

 
2.5 �	�;D�l	��	�cB��\�65�6�3a��	��3���	�L< (method validation)  

��	�	�
>�9	�.	��	 @B��%�*#��	����:��&��	",�	� GHB -4" 1,4-BD )0�
��&��	",:	�'�<��;(#�%��	p (peak area) 0%��)!�-��  HP-ChemStation Rev A.06.03 #�
�	�
>�9	�.	��	 @B��%�*��*��D;�	���&��	",��**	���:2���2<*�;</0%
>�9	�	 -11��D;��* ICH 
guideline recommendation (Swartz -4" Krull,1997) -4" Guidance for Industry 
Bioanalytical Method Validation of Food and Drug Administration in U.S. (FDA, 2001)  

)0�#��	�
>�9	:"��	 working standard solution ��*�	� 	��C	�!�� 	�� 
50 µL /!�"&,��;(��O,WB � 60 °C :	��2<���	�	�&�� �2���.	* whole blood !�� 	�� 200 µL 
-4"��	�	�&��;� �2���.	*0%����D;���"���)!��;�)0���	�	�
>�9	�.	'	�	 �&���02*�;< 
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2.5.1 �F	5�A��	��A���	�dA5�6�	�������A (limit of detection: LOD) �� �F	
5�A��	��A���	�dA5�6�	�	������A]��236b�3�	f (limit of quantification: LOQ) 

#��	�,	�.	 LOD -4" LOQ )0�'�:	�O	:	� signal- to- noise ratio (S/N) 
�;(/0%:	��	���	�.	 peak area ratio ��* noise :	��	���&��	",�2���.	*�;(/ . ;�	�&�� �	�
 	��C	� (blank) (n=5) )0���	 	&!�;�1&�;�1�21�.	 peak area ratio ��*�2���.	*�;( ;�	�&�� 
�	� 	��C	� GHB -4" 1,4-BD  (n=5) )0� GHB ��	�	�
>�9	�;(��	 &�% �%� 6, 5 -4" 2.5 
µg/mL -4" 1,4-BD ��	�	�
>�9	�;(��	 &�% �%� 10, 5 -4" 2.5 µg/mL L>(*�.	�;(�� �21/0%��* 
LOD �%�* ;�.	 S/N ≥ 3 -4" LOQ �%�* ;�.	 S/N ≥  10  

  
2.5.2 �F	��	�����46 (precision) 

#��	�
>�9	�.	��	 &�;(�*��*�	���&��	",��	�	�
>�9	)0�#$%�.	��*?4�	�
��&��	",W	�#��2�&0;���2� (intra-day) -4"�",�.	*�2� (inter-day) &!=��"�"&�4	 3 �2� )0� 
GHB ��	�	�
>�9	�;(��	 &�% �%� 6, 50, 150 -4" 300 µg/mL -4" 1,4-BD �;(��	 &�% �%� 6, 
20, 75 -4" 150 µg/mL (n=5) L>(*�.	��	 &�;(�*��*�	���&��	",:"'�:	�O	:	��.	�%��4"��*
�2 !�"���D���.��&1;(�*&1� 	��C	��2 '2�D (% relative of standard deviation; % RSD) )0�
��0:	��.��&1;(�*&1� 	��C	� (S.D.) ��*�.	 peak area ratio �.��.	&U4;(� (mean) L>(*�.	��	 
&�;(�*�;(�	 	�@�� �21/0%�%�* ;�.	 < 15 % -4" < 20 % �;(�"021 LOQ )0��	 	�@��	��O/0%
:	��B��02*�;< 

 
 

                % RSD   =         
 

 
2.5.3 �F	��	���F�4�	 (accuracy)  

#��	�
>�9	�.	��	 - .���	��*�	���&��	",��	�	�
>�9	?4��*�	���&��	",
W	�#��2�&0;���2� (intra-day) -4"�",�.	*�2� (inter-day) ��	�	�
>�9	&!=��"�"&�4	 3 �2� 
)0� GHB ��	�	�
>�9	�;(��	 &�% �%� 6, 50, 150 -4" 300 µg/mL -4" 1,4-BD ��	�	�
>�9	
�;(��	 &�% �%� 6, 20, 75 -4" 150 µg/mL (n=5) �.	��	 - .���	#��	����:��&��	",'�:	�O	
:	��.	�%��4"��*��	 �4	0&�4�(�� (% deviation; % DEV) ��*�.	�;(/0%:	��	����:��&��	",
&!�;�1&�;�1�21�.	��	 &�% �%�:��*)0��.	��	 - .���	�;(�	 	�@�� �21/0%�%�* ;�.	 < ± 15 % 
-4"�;(�"021 LOQ �%�* ;�.	 < ± 20 %  L>(*��	��O/0%:	��B��02*�;< 

 

× 100 
Standard deviation (S.D.) 

mean 
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(%)  DEV    =    

 
 
 

2.5.4 �F	�\�4�5�6�	��e���� (% recovery) 
#��	�
>�9	�.	�%��4"��*�	�����421��	�	�
>�9	!�"���D�W	'��*��D;�	�

&��;� �2���.	*0%����D;�	����"���)!��;�0%��& �	��4 GHB ��	�	�
>�9	�;(��	 &�% �%� 6, 
50, 150 -4" 300 µg/mL -4" 1,4-BD ��	�	�
>�9	�;(��	 &�% �%� 6, 20, 75 -4" 150 µg/mL 
(n=5) )0��	���	�.	�233	O�	���1���*��* peak area ratio ��*�	� 	��C	��;(?.	��	�
&��;� �2���.	*)0���D;���"���)!��;�0%��& �	��4��	 	��	�	�
>�9	&!�;�1�21�.	�233	O
�	���1���*��* peak area ratio ��*�	� 	��C	�#��2���	4"4	�& �	��4)0��.	�%����*
�	�����421�;(�	 	�@�� �21/0%:"�%�*��B.#�$.�* 80-120 % L>(*�	 	�@��	��O/0%:	��B��02*�;< 

 
 
Recovery (%)   =      

 
 
 
  2.5.5 ��	��br���\���6��2F�6 (linearity and range)  

#��	�
>�9	�.	��	 &!=�&�%���*-4"$.�*��	�	�
>�9	,	�.	�2 !�"���D����*
��	 �2 '2�D&$�*&�%� (correlation coefficient; (r)) -4"� �	�&$�*&�%��;(-�0*��	 �2 '2�D
�",�.	*�"021��	 &�% �%���*�	� 	��C	��21 peak area ratio )0���	,�0#,%-�� X -���.	
�"021��	 &�% �%�-4"-�� Y -���.	 peak area ratio )0� GHB ��	�	�
>�9	�;(��	 &�% �%� 
6, 10, 25, 50, 100, 200 -4" 400 µg/mL(n=5) -4" 1,4-BD ��	�	�
>�9	�;(��	 &�% �%� 6, 
10,  25, 50, 150 -4" 300 µg/mL(n=5) :�	��� 5 L<�	 

 
2.6 �	�;D�l	]�����<�A�6 (animals study) 

�	�
>�9	#��2���04�*��*�	���:2���2<*�;</0%?.	��	�'�:	�O	��	 &,A�$�1
:	��O"��� �	�:��O�	1��O�2���04�* ,	����	42��*�4	��������	 ,�2*��� �;( 
D 
0521.11/364 4*�2��;( 18 �2��	�� '.
. 2551 , 	�&4�:��O�	1��O�;( Ref.23/51 #�
*	���:2���2<*�;</0%020-!4*��D;�	�
>�9	��* Harada -4" �O" (1998) )0���	�	�
>�9	#�,�B

× 100 

× 100 
(measured concentration � nominal concentration) 

nominal concentration 

response of peak area ratio after preparation 
response of peak area ratio direct injection 
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�	�#,3.&'
?B%�	�'2�D� Wistar ��	0�<�	,�2��2� 200-300 ��2  :	��@	��2���04�*W	�#�%
 ,	����	42��*�4	��������;( ;�	���1�� ��O,WB ���*,%�*&4;<�*�;( 23 ± 2 °C �;( ;�	���1�� 
��	 ��.	*-4"��	  �0&!=�&�4	 12 $2(�) *-4"#,%,�B/0%�21�<�	-4"�	,	���.	*����")0�#�
�	�
>�9	/0%-1.*,�B���&!=� 3 �4�.  (n=5) 02*�;< 
          - �4�. �;( 1 (BD) &!=��4�. ��1�� �;(/0%�21�	� 	��C	� 1,4-Butanediol ��	0 
150 µg/kg)0���D;1��,	��	�	*$.�*�%�* (intraperitoneal; i.p.) ��2<*&0;��#��2���	�	��04�*  
          - �4�. �;( 2 (BD+DS10) &!=��4�. �;(/0%�21 Diethylstilbestrol ��	0 100 µg/kg 
&!=��"�"&�4	 10 �2� )0�/0%�21 1 �2�&�%� 1�2� �.� �21�	� 	��C	� 1,4-Butanediol )0���D;
1��,	��	�	*$.�*�%�* (intraperitoneal; i.p.) ��2<*&0;��#��2���	�	��04�* 
          - �4�. �;( 3 (BD+DS20) &!=��4�. �;(/0%�21 Diethylstilbestrol ��	0 100 µg/kg 
&!=��"�"&�4	 20 �2� )0�/0%�21 1 �2�&�%� 1�2� �.� �21�	� 	��C	� 1,4-Butanediol )0���D;
1��,	��	�	*$.�*�%�* (intraperitoneal; i.p.)  ��2<*&0;��#��2���	�	��04�* 

#��	�
>�9	��2<*�;</0%��	�	�&�A1�2���.	*:	�&4��0)0�&�A1:	�1��&�O!4	�,	*
��*,�BL>(*�.����	�	�&�A1�2���.	*&4��0:"#$%-�4��c�4��	 &�% �%� 70 % &$A01��&�O,	*
�.����	�	�&�A1�2���.	*,42*:	��2<�#$%���/��?.	�20�4�11��&�O!4	�,	*��*,�B-4%���	�	�
&�A1�2���.	*&4��0)0���D;�	��B0:	�,	*)0�&��( :	�1��&�O)��,	*/4. 	:�@>*!4	���002*-�0* 
(W	'�;( 2.1) )0���	�	�&�A1�2���.	*&4��0�;(&�4	 0, 15, 30, 45, 60, 90,120 -4" 180 �	�; #�.
#� microcentrifuge tube �;( ;�	� heparin ��	 &�% �%� 60 U/mL !�� 	�� 10 µL :	��2<���	
�2���.	*&�A1/�%�;(��O,WB � -70 °C �.����	�	����:��&��	", 

 
 

 
 

�	���� 2.1 �	�&�A1�2���.	*&4��0:	�1��&�O,	*��*,�B 
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2.7 �	�;D�l	�3���	�L<��A��4	]��e�A 
��	�	����:��&��	",,	�"021�	#�&4��0��* GHB -4" 1,4-BD ��*,�B�2<* 3 

�4�.  (n=5) :	�)�� 	)�-�� �;(/0%:	��	���&��	",�;(&�4	 0, 15, 30, 45, 60, 90, 120 -4" 
180 �	�; :	��2<���	/!��%	*��	p��*��	 �2 '2�D�",�.	*�"021�	#�&4��0�21&�4	&'�(�#$%#�
�	�
>�9	�.	'	�	 �&����	*&W�2$:4�
	��� 
 
2.8 �	�;D�l	�F	�	�	�3����<�	6����2��;	���< (pharmacokinetic parameter) 
  #��	�
>�9	�.	'	�	 �&����	*&W�2$:4�
	�����* 1,4-BD -4" GHB #�
*	���:2���2<*�;</0%��	�	�
>�9	�	 -11��D;�	�
>�9	��* Abanades -4"�O" (2007) )0�#$%
-11:�	4�*�	*&W�2$:4�
	���-11,�>(*�.�� (one-compartment model) #��	�
>�9	02*�;< 

1) �.	�"021��	 &�% �%���*�	�B*��0 (Maximum concentration; Cmax) 
2) �.	&�4	�;(�"021�	�B*��0 (Time to maximum concentration; Tmax) 
�	�,	�.	'	�	 �&��� Cmax -4" Tmax ��	�	�
>�9	0%����D;�	���%	*��	p��*

��	 �2 '2�D�",�.	*&�4	�21�"021��	 &�% �%���*�	#�&4��00%��)!�-��  Microsoft® Excel 
2003 (Microsoft Corporation, U.S.A.) )0���	,�0#,%�.	-�� x -��&�4	-4"-�� y -��
�"021��	 &�% �%���*�	#�&4��0-4%���	�	��.	��.	)0���*:	���	p 

3) �.	��>(*$;�����*�	���	:20�	 (elimination half-life; t1/2 el ) 
�.	��>(*$;�����*�	���	:20�	&!=��.	'	�	 �&����;(-�0*@>*�"�"&�4	�;(#$%/!#�

�	��;(��	#,%�"021�	404*&,4����>(*,�>(*��*�"021�	&��( �%� �.	��>(*$;�����*�	���	:20�	/0%)0�
�	
2��.	�*�;(�2��	��*�	���	:20�	 (elimination rate constant; kel) )0���	��O:	��B��02*�;< 
  
 

   t1/2 el   =   
 
                       

�.	 kel -�0*@>*�.	�20�.����*�	�;(@B���	:20#�,�>(*,�.��&�4	)0��.	�	 	�@
,	/0%:	���	p�>(*4��	���> C	���1��	 �2 '2�D�",�.	*��	 &�% �%���*�"021�	#�&4��0�21
&�4	#�$.�*���!4	���*��	p (terminal phase) )0���	��O:	��B�� 02*�;< 

 
                    kel =            
 
   =  

 
× 2.303 

0.693 

kel 

- slope x 2.3030.693 

     (logC1 - log C2)     
     t1 - t2 
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4) �.	'�<��;(#�%��	p��*��	 �2 '2�D:	�&�4	&��( �%�@>*&�4	��0�%	� (area 
under the curve; AUC0→t) 

��	
>�9	,	�.	'�<��;(#�%��	p��*��	 �2 '2�D�",�.	*�"021��	 &�% �%���*
�	#�&4��0�21&�4	L>(*:"1��@>*!�� 	O�	�;(&�%	�B.�.	*�	�L>(*#��	�,	�.	'�<��;(#�%��	p��*
��	 �2 '2�D:"#$%&������+�;(&,4;(� �	*, B (trapezoidal rule technique) #��	���	��O��	
�	���	��O)0��	�-1.*'�<��;(#�%��	p'�<��;(#�%��	p���&!=��.��b #�-���2<*-4%���	�	�
��	��O'�<��;(�B!�;(&,4;(� �	*, B����B!�2<*-�.�"�"&�4	&��( �%�:�@>*�"�"&�4	��0�%	��;(��	�	�
&�A1�%� B4 

 
2.9 �	��3���	�L<�F	�	6�c3�3 (statistical analysis) 

#��	�
>�9	�	���&��	",�.	�	*�@���:"��	�	�
>�9	)0��	���	�%� B4��*
�.	'	�	 �&����	*&W�2$:4�
	�����*,�B�4�. �;( 2 -4" 3  	��	�	�
>�9	&!�;�1&�;�1�21,�B
�4�. �;( 1 )0���	 	��	�	���&��	",,	�.	��	 -!�!����	*�@���)0�#$%�	���&��	",�.	��	 
-!�!���-11�	*&0;�� (One way ANOVA) 0%��)!�-��  SPSS version 17.0 )0�
��	,�0�.	��	 -���.	*�	*�@��� (p value) p<0.05 
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����� 3 
 

s�����3�	�f< 
 

3.1 �	�;D�l	�3���	�L<O���	O����� (Study of chromatographic analysis) 
:	��	�
>�9	)�� 	)�-�� ��*�	� 	��C	� GHB, 1,4-BD -4" octanol 

L>(*&!=��	� 	��C	�W	�#� (internal standard; IS.) �;(��	�	���&��	",0%��&����� GC-FID 
'1�.	�"�"&�4	�;(';���*�	��;(���:	���42 ���*�	� GHB, 1,4-BD -4" octanol ��� �;(&�4	 
3.2, 4.4 -4" 2.7 �	�; �	 4�	021 02*-�0* (W	'�;( 3.1-3.4) 
 

     (A) 

      
 

     (B)       
                                                                             

   
 

�	���� 3.1 )�� 	)�-�� ��* GHB �;(��	 &�% �%� 50 µg/mL -4" octanol (IS.) �;(��	 
&�% �%� 10 µg/mL #��	�4"4	�& �	��4; (A): & �	��4 (blank), (B): GHB -4" octanol #�
�	�4"4	�& �	��4 
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     (A) 
 

 
 
               (B) 
 

 
 
�	���� 3.2 )�� 	)�-�� ��*�	� GHB �;(��	 &�% �%� 150 µg/mL -4" octanol (IS.) �;(��	 
&�% �%� 10 µg/mL :	��	�&��;� �2���.	*)0���D;���"���)!��;�0%��& �	��4; (A): whole 
blood (blank), (B):  GHB -4" octanol #��2���.	* whole blood 
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                                                                                                 (A) 

   
                                                                                             

                                                                                                 (B) 
 

    
 
�	���� 3.3 )�� 	)�-�� ��*�	� 1,4-BD �;(��	 &�% �%� 25 µg/mL -4" octanol �;(��	 
&�% �%� 10 µg/mL #��	�4"4	�& �	��4; (A): whole blood (blank), (B): 1,4-BD -4" 
octanol #��	�4"4	�& �	��4 
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     (A) 
 

   
                                                                                                

     (B)          
  

       
 
�	���� 3.4 O���	O�����5�6 1,4-BD �;(��	 &�% �%� 50 µg/mL -4" octanol �;(��	 
&�% �%�10 µg/mL :	��	�&��;� �2���.	*)0���D;���"���)!��;�0%��& �	��4; (A): whole 
blood (blank), (B): 1,4-BD -4" octanol #��2���.	* whole blood 
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3.2 �F	��	�cB��\�65�6�3a��3���	�L< (method validation)  
 

 3.2.1 �F	5�A��	��A���	�dA5�6�	�������A (limit of detection; LOD) ���F	
5�A��	��A���	�dA5�6�	�������A]��236b�3�	f (limit of quantification; LOQ) 

:	��	�
>�9	,	�.	 LOD -4" LOQ )0�'�:	�O	:	��.	 Signal-to-noise 
ratio ��* GHB L>(*��	�	�
>�9	�;(��	 &�% �%� 6, 5 -4" 2.5 µg/mL '1�.	 ;�.	�;(��	 &�% �%�
&�.	�21 2.5 -4" 6 µg/mL �	 4�	021 02*-�0* (�	�	*�;( 3.1) -4" 1,4-BD L>(*��	�	�
>�9	�;(
��	 &�% �%� 10, 5 -4" 2.5 µg/mL '1�.	 ;�.	�;(�"021��	 &�% �%�&�.	�21 2.5 -4" 6 µg/mL 
�	 4�	02102*-�0* (�	�	*�;( 3.2) 
 
�	�	6��� 3.1 �.	 LOD -4" LOQ ��*�	� GHB 
 

Concentration 
(µg/mL ) 

peak area ratio 
mean ± S.D.(n=5) 

Signal-to-noise ratio 
(S/N) 

Blank 0.04±0.003 - 
2.5 0.13±0.01 3.20 
5 0.22±0.04 5.48 
6 0.47±0.07 11.85 

 
 
�	�	6��� 3.2 �.	 LOD -4" LOQ ��*�	� 1,4-BD 
 

Concentration 
(µg/mL ) 

peak area ratio 
mean ± S.D.(n=5) 

Signal-to-noise ratio 
(S/N) 

Blank 0.03±0.007 - 
2.5 0.17±0.043 4.13 
6 0.35±0.054 11.20 
10 0.54±0.045 17.55 
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3.2.2 �F	��	�����46 (precision) 
:	��	�
>�9	,	�.	��	 &�;(�*��*�	����:��&��	",W	�#��2�&0;���2� 

(intra-day) -4"�",�.	*�2� (inter-day) ��*�	� GHB -4"�	� 1,4-BD )0�'�:	�O	:	��.	�%��
4"��*�.	&1;(�*&1� 	��C	��2 '2�D (%RSD) )0� GHB ��	�	�
>�9	�;(��	 &�% �%� 6, 50, 
150 -4" 300 µg/mL -4" 1,4-BD �;(��	 &�% �%� 6, 20, 75 -4" 150 µg/mL '1�.	�.	��	 
&�;(�*#��	����:��&��	",��* GHB #,%�.	�%��4"��*�.	&1;(�*&1� 	��C	��2 '2�D (%RSD) 
��*�	���&��	",W	�#��2�&0;���2�-4"�",�.	*�2� ;�.	��B.#�$.�* 1.47 - 2.65 % -4" 1.44 - 
3.63 % �	 4�	02102*-�0* (�	�	*�;( 3.3) -4" 1,4-BD  ;�.	��B.#�$.�* 1.11 - 5.47 -4" 3.90-
10.33 % �	 4�	02102*-�0* (�	�	*�;( 3.4) L>(*&!=��.	�;(��B.#�$.�*�;(�	 	�@�� �21/0% 
 
�	�	6��� 3.3 �.	��	 &�;(�*:	��	���&��	",�	� GHB  
 

 
Concentration 
(µg/mL ) 

Intra-day Inter-day 
Peak area ratio 
Mean±S.D. 

(n=5) 

 
RSD (%) 

Peak area ratio 
Mean±S.D. 

(n=5) 

 
RSD (%) 

6 0.66±0.02 2.57 0.64±0.02 3.63 
50 5.72±0.10 1.69 5.73±0.11 2.00 
150 16.80±0.25 1.47 16.77±0.24 1.44 
300 35.57±0.94 2.65 36.17±0.96 2.66 

 
�	�	6��� 3.4 �.	��	 &�;(�*:	��	���&��	",�	� 1,4-BD 
 

 
Concentration 
(µg/mL ) 

Intra-day Inter-day 
Peak area ratio 
Mean±S.D. 

(n=5) 

 
RSD (%) 

Peak area ratio 
Mean±S.D. 

(n=5) 

 
RSD (%) 

6 0.47±0.03 5.47 0.44±0.04 9.09 
20 1.45±0.08 5.32 1.31±0.14 10.33 
75 5.52±0.20 3.57 5.12±0.20 3.90 
150 11.73±0.13 1.11 10.81±0.69 6.38 
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3.2.3 �F	��	���F�4�	 (accuracy)  
:	��	�
>�9	,	�.	��	 - .���	��*�	����:��&��	",W	�#��2�&0;���2� 

(intra-day) -4"�",�.	*�2� (inter-day) ��*�	� GHB -4"�	� 1,4-BD )0�'�:	�O	:	��.	�%��
4"��*��	 �4	0&�4�(�� (%DEV) )0� GHB ��	�	�
>�9	�;(��	 &�% �%� 6, 50, 150 -4" 300 
µg/mL -4" 1,4-BD ��	�	�
>�9	�;(��	 &�% �%� 6, 20, 75 -4" 150 µg/mL '1�.	 GHB #,%�.	
�%��4"��*��	 �4	0&�4�(�� (%DEV) ��*�	����:��&��	",W	�#��2�&0;���2�-4"�",�.	*
�2� ;�.	��B.#�$.�* -4.50 - 0.82 -4" -2.88 -(-11.33) % �	 4�	021 02*-�0* (�	�	*�;( 3.5) -4"
1,4-BD  ;�.	��B.#�$.�* -5.22 -(-12.75) -4" -4.45 -12.50 % �	 4�	021 02*-�0* (�	�	*�;( 3.6) 
L>(*&!=��.	�;(��B.#�$.�*�;(�	 	�@�� �21/0% 

 
�	�	6��� 3.5 �.	��	 - .���	:	��	���&��	",�	� GHB 
 

Concentration 
(µg/mL ) 

Intra-day Inter-day 
 Measure concentration 

Mean±S.D. 
(n=5) 

DEV (%) 
 Measure concentration 

Mean±S.D. 
(n=3) 

DEV 
(%) 

6 6.02±0.13 0.33 5.32 ± 0.69 -11.33 
50 49.00±0.80 -2.00 47.19 ± 2.61 -5.62 
150 143.25±2.21 -4.50 137.80 ± 6.54 -8.13 
300 302.45±8.05 0.82 293.00 ± 8.54 -2.88 

 
�	�	6��� 3.6 �.	��	 - .���	:	��	���&��	",�	� 1,4-BD 
 

Concentration 
(µg/mL ) 

Intra-day Inter-day 
Measure concentration 

Mean±S.D. 
(n=5) 

DEV (%) 
Measure concentration 

Mean±S.D. 
(n=3) 

DEV (%) 

6 5.55±0.41 -7.50 6.75±0.55 12.50 
20 17.45±0.93 -12.75 19.11±2.49 -4.45 
75 66.80±2.39 -10.93 76.15±8.06 1.53 
150 142.17±1.58 -5.22 159.58±16.82 6.39 
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3.2.4 �F	�\�4�5�6�	��e���� (% recovery) 
           :	��	�
>�9	�.	�%��4"��*�	�����421��*�	� GHB -4" 1,4-BD 

:	��	�&��;� �2���.	*0%����D;�	����"���)!��;�0%��& �	��4)0� GHB ��	�	�
>�9	�;(
�"021��	 &�% �%� 6, 50,150 -4" 300 µg/mL -4" 1,4-BD ��	�	�
>�9	�;(��	 &�% �%� 6, 20, 
75 -4" 150 µg/mL '1�.	�	�&��;� �2���.	*)0���D;�	����"���)!��;�0%��& �	��4#,%�.	
�%��4"��*�	�����421��* GHB  ;�.	��B.#�$.�* 82.85-102.43% 02*-�0* (�	�	*�;( 3.7) -4"
�	� 1,4-BD  ;�.	��B.#�$.�* 52.29-59.43% 02*-�0* (�	�	*�;( 3.8) 
 
�	�	6��� 3.7 �.	�%��4"��*�	�����421��*�	� GHB 
 

Concentration (µg/mL) 
 Mean of peak area ratio ± S.D. (n=5) 

Recovery (%) 
Direct injection After extraction 

6 0.23±0.03 0.24±0.03 102.43 

50 1.95±0.18 1.98±0.09 102.06 

150 7.54±1.19 6.12±0.26 82.85 

300 12.30±0.86 12.69 ±0.03 103.67 

 
�	�	6��� 3.8 �.	�%��4"��*�	�����421��*�	� 1,4-BD 
 

Concentration 
(µg/mL) 

 Mean of peak area ratio ± S.D. (n=5) 
Recovery (%) 

Direct injection After extraction 
6 0.40±0.0 0.23±0.03 58.80 

20 0.73±0.04 1.27±0.03 59.43 

75 2.76±0.01 5.28±0.19 52.29 

150 5.86±0.07 11.04±0.58 53.12 
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3.2.5 ��	��br���\���6��2F�6 (linearity and range)  
:	��	�
>�9	,	�.	��*$.�*��	 &!=�&�%���*��*�	� GHB L>(*��	�	�
>�9	�;(

��	 &�% �%� 6, 10, 25, 50,100, 200 -4" 400 µg/mL -4"�	� 1,4-BD ��	�	�
>�9	�;(��	 
&�% �%� 6, 10, 25, 50, 150 -4" 300 µg/mL )0���	,�0#,%-�� X -���.	�"021��	 &�% �%�
-4"-�� Y -���.	 peak area ratio '1�.	�	� GHB -4" 1,4-BD  ;�.	�2 !�"���D����*��	 
&!=�&�%���* (r)  ;�.	&�.	�21 0.9993 -4" 0.9998 �	 4�	021 -4" ;� �	�&$�*&�%���*��	 &!=�
&�%���* y = (0.11±0.01)x-(0.82±0.2) -4" y = (0.0062±0.002)x-(0.046±0.032) �	 4�	021 
02*-�0* (W	'�;( 3.5 -4" 3.6) 
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r = 0.9993

 
 
 
�	���� 3.5 ��	 &!=�&�%���*-4"$.�*��*�	� GHB #��2���.	*&4��0 (mean±S.D.) �;(�"021
��	 &�% �%� 6, 10, 25, 50, 100, 200 -4" 400 µg/mL (n=5) 
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tio y = (0.062±0.002) x - (0.046±0.032)
r = 0.9998

 
 
�	���� 3.6 ��	 &!=�&�%���*-4"$.�*��*�	� 1,4-BD #��2���.	*&4��0 (mean±S.D.) �;(�"021
��	 &�% �%� 6, 10, 25, 50, 150 -4" 300 µg/mL (n=5) 
 

:	��	�
>�9	,	�.	��	 @B��%�*��*�	����:��&��	",�	� GHB -4" 1,4-BD
#��2���.	*&4��0)0���D;�	�&��;� �2���.	*0%����D;�	����"���)!��;�0%��& �	��4-4"��	
�	����:��&��	",�2���.	*0%��&����� GC-FID '1�.	#,%�.	�;0:�	�20�(�	��0��*�	����:�20 
(LOD) -4"�.	�;0:�	�20�(�	��0��*�	����:�20#�&$�*!�� 	O (LOQ) ��*�	� 1,4-BD -4" GHB 
 ;�.	&�.	�21 2.5 -4" 6 µg/mL )0�& �(���	�	�&!�;�1&�;�1�21��D;�	�
>�9	��* Blanchet -4"
�O" (2002) '1�.	#,%?4�	���&��	",�;(0;��.	L>(* ;�.	 LOQ ��*�	� 1,4-BD -4" GHB &�.	�21 
10 -4" 25 µg/mL �	 4�	021 :	��	�
>�9	�.	��	 &�;(�*-4"��	 - .���	#��	����:
��&��	",'1�.	#,%�.	��	 &�;(�*��*�	����:��&��	",W	�#��2�&0;���2�-4"�",�.	*�2�#,%�.	
��B.#�$.�*�;(�	 	�@�� �21/0%)0� ;�.	�%��4"��*�.	&1;(�*&1� 	��C	��2 '2�D (% RSD) ��*
�	� 1,4-BD  ;�.	��B.#�$.�* 1.11-5.47 -4" 5.72-10.33 % �	 4�	021 -4" GHB  ;�.	��B.#�$.�* 
1.47-2.65 -4" 1.44-3.63 % �	 4�	021 �.	��	 - .���	��*�	����:��&��	",W	�#��2�
&0;���2�-4"�",�.	*�2�'1�.	#,%�.	�%��4"��*��	 �4	0&�4�(�� (% DEV) ��* 1,4-BD  ;�.	
��B.#�$.�*�",�.	* -5.22 �(-12.75) % -4" -4.45-12.50 % �	 4�	021 -4" GHB  ;�.	��B.#�$.�*
�",�.	* 0.82-(-4.50) -4" 2.88-(-11.33)% �	 4�	021 L>(*&!=��.	�;(�	 	�@�� �21/0%
&$.�&0;���2� )0� ;�.	�2 !�"���D����*��	 &!=�&�%���* (r) ��* 1,4-BD -4" GHB  ;�.	&�.	�21
0.9998 -4" 0.9993 �	 4�	021 
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:	��	�
>�9	�%��4"��*�	�����421:	�&��;� �2���.	*)0���D;���"���
)!��;�0%��& �	��4��* GHB '1�.	 ;�.	��B.#�$.�*�",�.	* 82.85-103.67% L>(*&!=��.	�;(
�	 	�@�� �21/0% )0�& �(���	 	&!�;�1&�;�1�21��D;�	�
>�9	��* Shima -4" �O" (2005) �;(
#$%��D;�	����"���)!��;�0%��& �	��4&$.�&0;���2�-4" ;�	���	���'2�D��* GHB L>(*#,%�.	
�%��4"��*�	�����421&';�* 63% -4":	��	�
>�9	�.	�%��4"��*�	�����421��* 1,4-BD 
'1�.	 ;�.	��B.#�$.�* 52.29 � 59.43% -4"& �(���	�	�
>�9	&!�;�1&�;�1�21��D;�	�
>�9	��* 
Blanchet -4"�O" (2002) �;(#$%��D;�	�&��;� �2���.	*)0���D;���"���)!��;�0%��&��	��4�;(
#,%�.	�%��4"��*�	�����421 ;�.	 92.3 % -�.�	�
>�9	/0%��	�	�
>�9	)0��	�U;0�	��2���.	*
)0�/ .?.	��2<������*�	��"&,� -�.�	�
>�9	#���2<*�;</0%��	�	��2���.	*�;(?.	��2<������*�	� 
&��;� �2���.	*/!��	�	��"&,��	�4"4	�& �	��4�2<*�;<�	:��	#,%�	� 1,4-BD  ;�	��"&,�/!
'�%� �21�	�4"4	�& �	��4/0% ��.	*/��A�	 :	��	�
>�9	-�0*#,%&,A��.	/0%&����� GC-FID 
-4"�	�&��;� �2���.	*)0���D;���"���)!��;�0%��& �	��4�	 	�@��	/!!�"����#$%#��	�
���:��&��	", GHB -4" 1,4-BD #��2���.	*&4��0/0% 
 
3.3 �	�;D�l	]�����<�A�6 

:	��	�
>�9	��&��	",)�� 	)�-�� ��*�	� 1,4-BD  -4" GHB #��2���.	*
&4��0��*,�B:�	��� 3 �4�.  (n=5) �;(/0%�21�	� 1,4-BD ��	0 150 mg/kg )0���D;�	�1��,	��	
�	*$.�*�%�*'1�.	�	� 1,4-BD �	 	�@@B�&!4;(��-!4*/!&!=� GHB /0%W	�#�$.�*�"�"&�4	 
15 �	�; 02*-�0* (W	'�;( 3.7) -4"'1�.	�	 	�@���:'1�	� 1,4-BD /0%W	�#�$.�*�"�"&�4	 
90 �	�; (W	'�;( 3.8)  �.�� GHB �	 	�@���:'1W	�#�$.�*�"�"&�4	 120 �	�; 02*-�0* 
(W	'�;( 3.9)  

 
3.3.1 �	�;D�l	�3���	�L<��A��4	]��e�A 

:	��	����:��&��	",�"021�	#�&4��0'1�.	 1,4-BD �	 	�@���:�20#�&$�*
!�� 	O/0%�;(W	�#�$.�*�"�"&�4	 15-60 �	�; #�,�B�4�. �;( 1(1,4-BD) -4" 2 (1,4-BD+DS10)  
�.��,�B#��4�. �;( 3 (1,4-BD+DS10) �	 	�@���:�20#�&$�*!�� 	O/0%�;($.�*�"�"&�4	 15-60 
�	�; ��	,�21 GHB '1�.	�	 	�@���:�20#�&$�*!�� 	O�;($.�*�"�"&�4	 15-120 �	�; /0%#�,�B
����4�. -4":	��	���	?4�	���&��	", 	��	�	���%	*��	p��*��	 �2 '2�D�",�.	*��	 
&�% �%���*�"021�	#�&4��0�21�"�"&�4	&'�(���	 	,	�.	'	�	 �&����	*&W�2$:4�
	���/0%?4
�	�
>�9	02*-�0* (W	'�;( 3.10 -4" 3.11)                    
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     (A) 

 
 

     (B) 

 
 

     (C) 

 
 
�	���� 3.7 )�� 	)�-�� ��*�	� GHB -4" 1,4-BD #��2���.	*&4��0��*,�BW	�,42*�;(/0%�21
�	� 1,4-BD ��	0 150 mg/kg )0���D;�	�1��,	��	�	*$.�*�%�*; (A): �;(&�4	 0 �	�;, (B): �;(
&�4	 15 �	�; (GHB = 69 µg/mL,14-BD = 51.12 µg/mL); (C): �;(&�4	 30 �	�; (GHB = 
100.67 µg/mL,1,4-BD = 26.33 µg/mL), 
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     (A) 

 
 

     (B) 

 
 

     (C) 

 
                                                                                                   
�	���� 3.8 )�� 	)�-�� ��*�	� GHB -4" 1,4-BD #��2���.	*&4��0��*,�BW	�,42*�;(/0%�21
�	� 1,4-BD ��	0 150 mg/kg )0���D;�	�1��,	��	�	*$.�*�%�*; (A): �;(&�4	 45 �	�; (GHB 
= 87.30 µg/mL,1,4-BD = 14.25 µg/mL), (C): �;(&�4	 60 �	�; (GHB = 79.14 µg/mL,14-BD 
= 8.62 µg/mL), (D): �;(&�4	 90 �	�; (GHB = 45.14 µg/mL )                                                               
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     (A) 

 
 

     (B) 

 
 
�	���� 3.9 )�� 	)�-�� ��* GHB -4" 1,4-BD #��2���.	*&4��0��*,�BW	�,42*�;(/0%�21�	� 
1,4-BD ��	0 150 mg/kg )0���D;�	�1��,	��	�	*$.�*�%�*; (A): �;(&�4	 120 �	�; (GHB = 
15 µg/mL), (B): �;(&�4	 180 �	�;  
 

3.3.2 �	�;D�l	�	6����2��;	���< (Pharmacokinetics study)  
:	��	�
>�9	�.	'	�	 �&����	*&W�2$:4�
	�����*�	� 1,4-BD -4" GHB 

)0�#$%-11:�	4�*�	*&W�2$:4�
	���-11,�>(*�.�� (one-compartment model) #��	�
>�9	
-4"��	 	,	�.	��	 -���.	*�	*�@���)0�#$%�	���&��	",�.	��	 -!�!���-11�	*&0;�� 
(One-way ANOVA) �;(��	,�0�.	��*��	 -���.	*�	*�@��� (p value) p<0.05 :	��	�
>�9	
�.	'	�	 �&����	*&W�2$:4�
	�����* 1,4-BD #�,�B:�	��� 3 �4�.  (n=5) '1�.	�.	�"021�	
#�&4��0�B*��0 (Cmax), �.	�;(�"021�	�B*��0 (Tmax) -4"�.	'�<��;(#�%��	p��	 �2 '2�D��*
�"�"&�4	�21��	 &�% �%���*�"021�	#�&4��0 (AUC0→60) #�,�B�4�. �;( 2 -4" 3 L>(*&!=��4�. �;(
/0%�21 Diethylstilbestrol &!=��"�"&�4	 10 -4" 20 �2� �.� �211,4-BD '1�.	/ . ;��	 -���.	*
��.	* ;�2�& �(���	 	&!�;�1&�;�1�21,�B#��4�. �;( 1 L>(*&!=��4�. �;(/0%�21 1,4-BD &';�*��.	*&0;��
-�.:	�	�
>�9	�421'1�.	�.	�*�;(��*�2��	�	�$�	�"�	 (kel) #�,�B�4�. �;( 3  ;�.	&'�( �><���.	* ;
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�2���	�23& �(���	 	&!�;�1&�;�1�21,�B#��4�. �;( 1 (10.062±0.02 �21 0.033±0.00 �	�;-1;  

p<0.05) -4"'1�.	�.	��>(*$;�����*�	���	:20�	 (t1/2 el) #�,�B�4�. �;( 2 -4" 3  ;�.	404*��.	* ;
�2���	�23& �(���	 	&!�;�1�21�4�. �;( 1 (15.21±1.67 �21 21.08±2.30 �	�;; p<0.05 ) -4"
(12.62±5.95 �21 21.08±2.30 �	�;; p<0.05) 02*-�0* (�	�	*�;( 3.9) -4":	��	�
>�9	
�.	'	�	 �&����	*&W�2$:4�
	�����* 1,4-BD �2*'1�.	��0�4%�*�21�	�*	���* Thai -4"
�O" (2007) �;(/0%��	�	�
>�9	#��	� 2��:�	��� 8 �� �;(/0%�211,4-BD ��	0 25 mg/kg )0�
�	��21!�"�	��;('1�.	 GHB  ;�.	�"021��	 &�% �%���*�	#�&4��0&��0�><�W	�#��"�"&�4	 
39±11.2 �	�; & �(���	 	&!�;�1&�;�1�21�	�
>�9	'1�.	�.	'	�	 �&�����*�"�"&�4	�;(�"021�	
�B*��0 (Tmax) ��* GHB  #�,�B�4�. �;( 1 �;( ;�.	 39±8.22 �	�; &$.��2� 02*-�0* (�	�	*�;( 3.10) 

 
�	�	6���  3.9 �.	'	�	 �&����	*&W�2$:4�
	�����*�	� 1,4-BD #�,�B:�	��� 3 �4�.  (n=5) 
 
 
'	�	 �&��� 
(Parameters) 

 
,�.�� 
(Unit) 

�4�. ��*,�B (n=5) 

�4�. �;( 1  
(1,4-BD) 

�4�. �;( 2  
(1,4BD + DS10) 

�4�. �;( 3  
(1,4-BD + DS20) 

 
Cmax 

 
µg/mL 

 
64.53.±13.51 

 
57.73.±7.36 

 
61.23±24.53 

 
Tmax 

 
min 

 
18.00±6.70 

 
15±0.00 

 
15.00±0.00 

 
kel 

 

min-1 
 
0.033±0.004 

 
0.040±0.005 

 
0.062±0.02* 

 
t1/2 el  

 

min 
 

21.08±2.30 
 

15.21±1.67* 
 

12.62±5.95* 
 

AUC0→60 
 

 

µg min/mL 
 

1750.46±485.83 
 
1411.58±306.35 

 
1265.06±506.00 

 

*  ;��	 -���.	*��.	* ;�2���	�23�	*�@��� p<0.05 (One way ANOVA) & �(�&!�;�1&�;�1�21
,�B#��4�. �;(1 �;(/0%�21�	� 1,4-BD ��	0 150 µg/mL &';�*��.	*&0;�� 
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:	��	�
>�9	�.	'	�	 �&����	*&W�2$:4�
	��� GHB '1�.	�.	��*�"021�	
#�&4��0�B*��0 (Cmax), �.	�*�;(��*�2��	�	�$�	�"�	 (kel), �.	��>(*$;�����*�	���	:20�	 (t1/2el) 
-4"�.	'�<��;(#�%��	p��*��	 �2 '2�D (AUC0→120) #�,�B�4�. �;( 2 -4" 3 / . ;��	 -���.	*
��.	* ;�2���	�23& �(���	 	&!�;�1&�;�1�21,�B�4�. �;( 1 -�.�421'1�.	�.	�"�"&�4	�;(�"021�	
�B*��0 (Tmax) ��*,�B#��4�. �;( 2 -4" 3  ;�.	404*��.	* ;�2���	�23& �(���	 	&!�;�1&�;�1�21,�B
�4�. �;( 1 (24±8.22 �21 39±8.22) 02*-�0* (�	�	*�;( 3.10) :	��	�
>�9	�.	�	*�@�����*
�.	'	�	 �&����	*&W�2$:4�
	�����* 1,4-BD -4" GHB '1�.	,�B#��4�. �;( 2 -4" 3 L>(*&!=�
�4�. �;(/0%�21 1,4-BD �.� �21 diethylstilbestrol &!=��"�"&�4	 10 -4" 20 �2� �	 4�	021  ;�.	
��>(*$;�����*�	���	:20�	 (t1/2el) �;( ;�.	404*��.	* ;�2���	�23-4",�B#��4�. �;( 3  ;�.	�*�;(��*
�2��	�	�$�	�"�	 (kel) �;(&'�( �><���.	* ;�2���	�23& �(���	 	&!�;�1&�;�1�21,�B#��4�.  1 L>(*&!=�
,�B�4�. ��1�� �;(/0%�21�	�1,4-BD &';�*��.	*&0;�� 

 
�	�	6���  3.10 �.	'	�	 �&����	*&W�2$:4�
	�����*�	� GHB #�,�B:�	��� 3 �4�.  (n=5) 
 
 
'	�	 �&��� 
(Parameters) 

 
,�.�� 
(Unit) 

�4�. ��*,�B (n=5) 

�4�. �;( 1 
(BD) 

�4�. �;( 2  
(BD + DS10) 

�4�. �;( 3  
(BD + DS20) 

 
Cmax 

 
µg/mL 

 
101.54±11.29 

 
101.90±8.70 

 
116.52±13.66 

 
Tmax 

 
min 

 
39±8.22 

 
24±8.22* 

 
24±8.22* 

 
kel 

 

min-1 
 

0.034±0.0044 
 

0.037±0.006 
 

0.036±0.0007 
 

t1/2el 

 

min 
 

20.80±2.90 
 

18.98±3.17 
 

20.01±3.92 
 

AUC0→120 
 

 

µg min/mL 
 

7087.46±1779.62 
 
6510.20±554.35 

 
7434.09±1124.30 

 

*  ;��	 -���.	*��.	* ;�2���	�23�	*�@��� p<0.05 (One way ANOVA) & ��&!�;�1&�;�1�21
,�B#��4�. �;(1 �;(/0%�21�	� 1,4-BD ��	0 150 µg/kg &';�*��.	*&0;�� 
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:	�?4�	�
>�9	-�0*#,%&,A��.	,�B#��4�. �;( 2 -4" 3 L>(*&!=��4�. �;(/0%�21�	� 
1,4-BD �.� �21 diethylstilbestrol  ;?4�.��	�&!4;(��-!4*��*�	�1,4-BD /!&!=��	� GHB /0%
��0&�A��><� )0� ;��	 ��0�4%�*�21�.	'	�	 �&����	*&W�2$:4�
	�����* GHB �;('1�.	,�B
#��4�. �;( 2 -4" 3  ;�.	��*�"�"&�4	�;(�"021�	�B*��0 (Tmax) �;(404*��.	* ;�2���	�23& �(���	 	

>�9	&!�;�1&�;�1�21�4�. �;( 1 ?4:	��	
>�9	-�0*#,%&,A�/0%�.	 GHB �;(���:'1#��2���.	*
&4��0��*����4�. �;(/0%�21�	� 1,4-BD &!=� GHB �;(&��0:	��	�?.	���"1���	�& &�1�4�L> 
��*�	� 1,4-BD :	��	�*	��	�
>�9	��* Harada -4" �O" (1998) -4" Francis (2002) �;(
/0%�	�*	��.	�	�#,%c��) �&��)��&:� (17 β-estradiol) -�.,�B�	�&!=��"�"&�4	 20 �2� ;?4
��	#,% activity ��*&��/L -�4��c�40;/c)0�:;&��&'�( �B*�><� 02*�2<�#��	��04�*��2<*�;<�;( ;�	�
#,% diethylstilbestrol -�.,�B�	�&!=�&�4	 20 �2� �	: ;?4��	#,% activity ��*&��/L 
-�4��c�40;/c)0�:;&��#��21��*,�B�	�&'�( �B*�><�L>(*:"�.*?4��	#,%��"1���	�& -�1�4�L> 
��*1,4-BD �	 	�@�;(:"&��0/0%��0&�A��><�:���	#,% ;�"021��* GHB #�&4��0�B*�><���0&�A���.	
,�B�;(/ ./0%�21 diethylstilbestrol -�.��.	*/��A�	 ��"1���	�& -�1�4�L> ��* 1,4-BD �;(:"@B�
&!4;(��-!4*/!&!=� GHB �2<� 1,4-BD :"@B�&!4;(��-!4*/!&!=� γ-hydroxybutyraldehyde 
)0�&��/L -�4��c�40;/c)0�:;&���.�:	��2<��A:"@B�&!4;(��-!4*�.�/!&!=� GHB 0%��
&��/L -�40;/c0;/c)0�:;&�� (Couper -4" Marinetti, 2002) 02*�2<�:>* ;��	 &!=�/!/0%�;(#�
�	��04�*��2<*�;<�;(,�B#��4�. �;(/0%�21 diethylstilbestrol &!=�&�4	 20 �2� �	: ;?4��	#,% activity 
��*&��/L -�4��c�40;/c)0�:;&��#��21&'�( �><�:���	#,%&��0�	�&!4;(��-!4*��* 1,4-BD 
/!&!=� GHB �	 	�@&��0/0%��0&�A��><���.	,�B#��4�. �;(/ ./0%�21 diethylstilbestrol ��.	*/��A
�	 #�!�::�12��2*/ . ;�	�*	��;(-�0*�	�&!4;(��-!4* activity ��*-�40;/c00;/c)0�:;&��#�
�21�;(&!=�?4 	:	��	�/0%�21&��)��&:�&!=��"�"&�4	�	�  

:	��	�*	��	�
>�9	&�;(���21-�4��c�40;/c)0�:;&��#�,�B�	�'1�.	
&��/L $��0�;< ;��B.0%���2� 3 /�)L&��/L  ��� ADH-1, ADH-2 -4" ADH-3 )0�:" ;��":	�
��B.�2(�/!#��.	*�	�-4"#�&��<�&��(�,4	�$��0&��*,�B�	� (Boleda -4"�O", 1989) )0� ADH-
3 :"&!=�/�)L&��/L ,42��;('1/0% 	��;(��0#��21-4":" ; activity ,42��B*@>* 96% �.�
��"1���	�& -�1�4�L> ��*&��	��4#�,�B�	� (90% :	��21, 6% :	�&��<�&��(�����21) 
ADH-1 :" ;�.���.� #���"1���	��;<&';�* 4% )0� ADH-3 :"'1/0% 	��;(��0#��21-4"'1/0%
1%	*�;(!�0, 4�	/�%, /� -4"��2��"&'
 ADH-1 '1/0%�;( ,B, &��(�1�?��#�!	�-4": B�, ���&�;�, 
,4�0�	,	�, ��"&'	"�	,	�, 4�	/�%#,3.�.�� rectum, ��2��"&'
$	�-4"$.�*�4�0 ��	,�21 
ADH-2 '1/0%#�&��<�&��(��2(�/!-�.:" ;t�D���.���"1���	�& -�1�4�L> ��*&��	��4�%�� 	� 
���:	��;<�2* ;�	�*	��	��%�'1 ADH class IV #�&�%�&4��0��*,�B�	�-�./�)L&��/L �;< ;
?4�.���"1���	�& -�1�4�L> ��*&��	��4�%�� 	� (Allali-Hassani -4"�O", 1997)  
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��.	*/��A�	 #�!�::�12��2*/ . ;�	�*	�#0�;(�"1��.	/�)L&��/L #0 ;1�1	�
��	�23�.��	�& -�1�4�L> ��* 1,4-BD -�.&��(�*:	� 1,4-BD  ;��"1���	�& -�1�4�L> �4%	�
�21&��	��4#� ��9� (Couper -4" Marinetti, 2002) ?4:	��	�
>�9	02*�4.	�&���-�"�.	
�	�& -�1�4�L> ��* 1,4-BD &��0?.	��	* ADH-3 L>(* ;��B.#��21&!=��.��#,3.-4" ;��	 
&!=�/!/0%�;( 1,4-BD �	:@B�&!4;(��-!4*)0� ADH-3 #�&��<�&��(���(�,��� ADH-1 L>(*&��0�><�#�
�2��	�.���;(�%�� 	� 

GHB &!=��	��;('1/0%�	 D�� $	��W	�#��.	*�	�&��(�*:	�&!=��	��;(/0%:	�
�	�&!4;(��-!4*��* GABA (Couper -4" Marinetti, 2002) )0��"021��	 &�% �%���* 
endogenous GHB #�L;�2( ��* ��9�:" ;�.	��B.#�$.�* 0.62-3.24 mg/L (mean = 1.14 mg/L, 
median = 0.97 mg/L, n= 50) -4"#�!���	�"��* ��9�:" ;�.	��B.#�$.�* 0.64-4.20 mg/L 
(mean = 1.21 mg/L, median = 0.96 mg/L, n= 50) (Andresen -4"�O", 2010) #�!�::�12�
�2*/ . ;�	�*	��"021��	 &�% �%���* endogenous ��* GHB ��*,�B�	�-�.��	 &�% �%���* 
endogenous GHB #� ��9�:	��	�*	��%	*�%��;('1�.	:" ;�.	�;(�(�	��.	�"021 LOQ ��*�	�
���:��&��	",#��	�
>�9	��2<*�;< (6 µg/mL[mg/L])  ��.	*/��A�	 :	��%� B402*�4.	��;<
&���-�"�.	��	 &�% �%���* GHB �;(�20/0%:	��	�
>�9	#���2<*�;<:"&!=�?4�� ��* GHB �;(
&��0:	���	�& -�1�4�L> ��* 1,4-BD -4" endogenous GHB -�.&��(�*:	� endogenous 
GHB ��*�	�
>�9	#���2<*�;<:" ;#��"021�;(�(�	 	�)0�/ .�	 	�@���:�20�"021��* GHB #�
L;�2( :	��2���.	*&4��0�;(&�A1�;(&�4	 0 �	�; ��*,�B����4�. �	��04�* (�(�	��.	 LOQ) 02*�2<� 
endogenous GHB :>*/ .�.	:" ;?4�.��	��04�*#���2<*�;< �2<*�;<&!=��;(��",�2��.	& �(��"021
��	 &�% �%���* GHB #�&4��0��*,�B�	�40�(�	4* 	�&$.�#��2���.	*&4��0�;(&�A1�;(&�4	 120 
�	�; ��*,�B#�����4�. �	��04�*:� ;�.	#�4%&�;�*�21�"021 LOQ ��	#,%�"021��	 &�% �%��;(/0%
�	:&��0:	� endogenous GHB �;( ;#��2���.	*&4��00%��:>*�	:�.*?4�.��	�-!�?4��*�	�
�04�*/0% 
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����� 4 
 

��dbs�	�;D�l	��5\�������� 
 

:	��	�
>�9	?4��*&��)��&:��.�&W�2$:4�
	�����*�	�1,4-Butanediol 
(1,4-BD) -4" GHB )0�#��	�
>�9	��2<*�;</0%��	�	����:��&��	",,	!�� 	O��*�	� 1,4-BD 
-4" GHB L>(*&��0:	���"1���	�& &�1�4�L> ��*�	� 1,4-BD #��2���.	*&4��00%��&�����
-�A�)�� 	)���	px-4"�2����:�20$��0&p4 /���/�&L$2� (GC-FID) -4"#$%��D;�	�&��;� 
�2���.	*)0���D;���"���)!��;�0%��& �	��4 :	��	�
>�9	,	�.	��	 @B��%�*��*�	����:
��&��	",��*�.	�;0:�	�20�(�	��0��*�	����:�20 (LOD) -4"�.	�;0:�	�20�(�	��0��*�	����:�20
#�&$�*!�� 	O (LOQ) ��*�	� 1,4-BD -4" GHB '1�.	  ;�.	&�.	�21  2.5 -4" 6 µg/mL 
�	 4�	021 )0��.	��	 &�;(�*��*�	����:��&��	",W	�#��2�&0;���2�-4"�",�.	*�2���*�	� 
GHB  ;�%��4"��*�.	&1;(�*&1� 	��C	��2 '2�D (% RSD) ��B.#�$.�* 1.47-2.65 % -4" 1.44-
3.63 % �	 4�	021 -4" 1,4-BD  ;�.	��B.#�$.�* 1.11-5.47 -4" 3.90-10.33 % �	 4�	021 )0� ;
�.	��	 - .���	��*�	����:��&��	",W	�#��2�&0;���2�-4"�",�.	*�2���*GHB  ;�%��4"��*
�.	��	 �4	0&�4�(�� (% DEV) ��B.#�$.�* -4.50-0.82 % -4" -2.88-(-11.33) % �	 4�	021 
-4" 1,4-BD  ;�.	��B.#�$.�* -5.22-(12.75) % -4" -4.45-12.50 % �	 4�	021 L>(*&!=��.	�;(
�	 	�@�� �21/0% :	��	�
>�9	,	�.	��*$.�*��	 &!=�&�%���*��*�	� GHB -4" 1,4-BD 
'1�.	 ;�.	�2 !�"���D����*��	 &!=�&�%���* (r) &�.	�21 0.9993 -4" 0.9998 �	 4�	021 :	�?4
�	�
>�9	�.	�%��4"��*�	�����421��*&��;� �2���.	*)0���D;���"���)!��;�0%���	�4"4	�
& �	��'1�.	 ;�.	�%��4"�	�����421��* GHB  ;�.	��B.#�$.�* 82.85-103.67% L>(*��B.#�$.�*�;(
�	 	�@�� �21/0%-�.'1�.	�%��4"�	�����421��* 1,4-BD  ;�.	��B.#�$.�* 52.29 � 59.43% 
�2<*�;<�	:&��0�><�#��.����*�2<�����	��"&,��;(�	:��	#,%�	��"&,�/!'�%� �21& �	��4L>(*�	:
#$%��D;�	��;(&, 	"� #��	�&��;� �2���.	*-4"#��	�
>�9	��2<*�;</0%#$%�	� octanol &!=� 
internal standard (IS.) )0�&!=��	�&�� �	�W	�,42*:	�?.	��2<�����	�&��;� �2���.	*L>(*��
&���-�"#,%#$%�	�$��0��(��;( ;��	 &, 	"� ��.	 octanol )0�&!=��	��;( ;:�0&0��0�;(�B*-4" ;
��O� 12�����.���	 �%��-4"�	��"&,� -�.��.	*/��A�	 :	��	�
>�9	��2<*�;<-�0*#,%&,A��.	
&����� GC-FID -4"��D;�	�&��;� �2���.	*)0���D;���"���)!��;�0%��& �	��4�	 	�@#$%#�
�	����:��&��	",,	�	� GHB -4" 1,4-BD #��2���.	*&4��0L>(*'1�.	&!=���D;�	��;(#,%��	 
�"0����0&�A� ;��	 @B��%�*-4"- .���	#��	����:��&��	",�	 	�@40�.	#$%:.	�-4"�2<����
#��	����:��&��	",�	 	�@��	/!!�"����#$%#�*	��	*0%	���������	
	���/0% 
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:	��	�
>�9	#�,�B�	�#,3.&'
?B%�	�'2�D� Wistar :�	��� 3 �4�.  (n=5) )0�
,�B�4�. �;( 1 &!=��4�. ��1�� �;(/0%�21�	� 1,4-BD ��	0 150 µg/kg &';�*��.	*&0;��-4",�B�4�. 
�;( 2 -4" 3 &!=��4�. �;(/0%�21�	� 1,4-BD �.� �21 diethylstilbestrol L>(*&!=�c��) �&��)��&:�
�2*&��	",&!=��"�"&�4	 10 -4" 20 �2� �	 4�	021 )0�&�A1�2���.	*&4��0�;(&�4	 0, 15, 30, 45, 
60, 90, 120 -4" 180 �	�; :	��	�
>�9	�	*�@�����*�.	'	�	 �&����	*&W�2$:4�
	��� 
(pharmacokinetic parameter) ��* 1,4-BD )0�'1�.	,�B#��4�. �;( 3  ;�.	�*�;(��*�2��	�	�
$�	�"�	 (Kel) �;(&'�( �><���.	* ;�2���	�23-4" ;�.	��>(*$;�����*�	���	:20�	 (t1/2el) ��*,�B#��4�. 
�;( 2 -4" 3 40��.	* ;�2���	�23& �(���	 	&!�;�1&�;�1�21,�B#��4�. �;( 1 -�0*#,%&,A��.	 1,4-BD 
�	 	�@&��0��"1���	�& &�1�4�L> /0%&�A��><�)0� ;��	 ��0�4%�*�21�.	'	�	 �&����	*
&W�2$:4�
	�����* GHB �;('1�.	,�B#��4�. �;( 2 -4" 3  ;�.	�"�"&�4	�;(�"021�	�B*��0 (Tmax) 
404*-4"��.	* ;�2���	�23& �(�&!�;�1&�;�1�21,�B�4�. �;( 1 -�0*#,%&,A��.	&��)��&:��	: ;?4
��	#,% activity ��*&��/L -�4��c�40;/c)0�:;&��#��21��*,�B&'�( �><���	#,%�	�&!4;(��-!4*
��* �	� 1,4-BD /!&!=� GHB �	 	�@&��0/0%&�A��><�0%�� L>(*�	��;( activity ,����	���	*	���*
&��/L �;(&'�( �><��;<�	: ;?4�21�	�!�"&W���*,������;�;( ;�	��21!�"�	��	& A0�� ��	&��0�;( ;
�.��?� ��*c��) �&��)��&:�)0��4�. 1���4&,4.	�;<&!=��4�. �;( ;)��	��;(:"/0%�21&��)��&:�
��.	*�.�&��(�*&!=��"�"&�4	�	��	���0�.��2�)0�&��)��&:��	: ;?4#��	�&,�;(����	&��/L 
�;(��	#,% activity ��*&��/L -�4��c�40;)0�:;&��#��21&'�(  	��><�L>(*,	��4�. 1���4&,4.	�;<
/0%�	� 1,4-BD )0���D;�	�&�')0���*,����	:/0%�21�	� 1,4-BD )0��	*�%� �.� 0%��-4%��2<�
�	: ;?4��	#,%�4�. 1���4&,4.	�;< ;)��	�/0%�21�	� GHB /0%��0&�A��><�:��	: ;?4��	#,% ;�"021
��* GHB #���"-�&4��0&'�( �B*�><�:�@>*�"021�;(�.�#,%&��0��	 &!=�'�9-4"�	:�.*?4��	#,%&��0
��O;��*�	�&�;�$;���/0% ��.	*/��A�	 �	�
>�9	��2<*�;<&!=�&';�*�	�
>�9	�	*&W�2$:4�
	���
)0�/ . ;�	����:�20 activity ��*&��/L #��21&'�(�����2�?4�	��04�*-4"�%�*'>*�"�2*#�
&��(�*�"021 endogenous GHB #��.	*�	�&��(�*:	��	: ;?4�.��	�-!�?4�	����:��&��	",L>(*
�	:�.*?4#��	*�+, 	�-4"��"1���	�����D�� /0% ��.	*/��A�	 :	��	�
>�9	��:2�#���2<*�;<
:>*�	:&!=�!�")�$�#��	���� 	���	���1�� �	��4�. 02*�4.	��;<#�!�"&�
/��-4"�	0,�2*
&!=���.	*��(*�.	�%� B4�;(/0%:	��	�
>�9	#���2<*�;<�	:&!=�!�")�$�#��	���	/!#$%#��	�
>�9	
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�	�s������ 5 
 

�	�L	�	�	�3����<�	6����2��;	���<5�6�F	  kel 5�6 1,4-BD �� GHB ]�����4F	6
�e�A5�6L�B��	��� 3 �dF� (n=5) 

 
�	�s������ 5-1 �	�,	��.	 k ��* 1,4-BD #�,�B�4�. �;( 1 (n=5) 
 
                 :	��B�� 

         kel    =     - slope x 2.303 
                          =        (logC1 - log C2)     
                                        t1 - t2 
 

                     kel (n1)   =         log8.62 � log14.25 
                                                        15 
                                 =          0.94 � 1.15 
                                                    15 
                                   =     0.032 
 
                      kel (n2)   =          log11.22 � log20.53 
                                                          15 
                                  =           1.05 � 1.31 
                                                     15 
                                   =     0.039 
 
                      kel (n3)   =           log8.33 � log13.10 
                                                          15 
                                  =            0.92 � 1.12 
                                                       15 
                               =     0.030 
 
 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 
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                   kel (n4)    =            log6.20 � log9.90 
                                                       15 
                                =             0.80 � 0.99 
                                                    15 
                                  =     0.030 

 
                   kel (n5)    =             log8.93 � log14.73 
                                                        15 
                                =             0.95 � 1.17 
                                                     15 
                             =     0.035 
 
�	�s������ 5-2 �	�,	�.	 kel ��* 1,4-BD #�,�B�4�. �;( 2 (1,4-BD+DS10) (n=5) 
 
                   kel (n1)    =            log6.36 � log12.32 
                                                     15 
                                =          0.80 � 1.90 
                                                  15 
                            =     0.035 

 
                   kel (n2)    =           log7.81 � log14.17 
                                                      15 
                                =            0.89 � 1.15  
                                                    15 
                                =     0.039 

 
                    kel (n3)   =           log7.33 � log16.70 
                                                    15 
                                =             0.87 � 1.22 
                                                 15 
                              =     0.053 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 
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                    kel (n4)  =             log6.85 � log13.77 
                                                   15 
                               =              0.84 � 1.14 
                                                 15 
                       =     0.046 

 
                      kel (n5)  =          log8.77 � log18.0 
                                                    15 
                                 =           0.94 � 1.25 
                                                   15 
                             =     0.046 
 
�	�s������ 5-3 �	�,	�.	 kel ��* 1,4-BD #�,�B�4�. �;( 3 (1,4-BD+DS20) (n=5) 
 
                     kel (n1)  =            log7.65 � log18.62 
                                                      15 
                                =              0.88 � 1.27 
                                                    15 
                              =     0.060 

 
                      kel (n2)  =         log6.04 � log17.55 
                                                     15 
                                 =            0.78 � 1.24 
                                                15 
                               =     0.070 

 
                      kel (n3)  =           log11.35 � log31.64 
                                                     15 
                                 =           1.-05 � 1.50 
                                               15 
                                =     0.070 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 
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                     kel (n4)   =          log8.20 � log27.10 
                                                     15 
                                 =            0.91 � 1.43 
                                                15 
                          =     0.080 
 
                     kel (n5)   =         log8.77 � log14.09 
                                                    15 
                                 =         0.94 � 1.15 
                                                 15 
                                =     0.030 
 
�	�s������ 5-4 �	�,	�.	 kel ��* GHB #�,�B�4�. �;( 1 (1,4-BD) 

 
                     kel (n1)   =          log15.0 � log45.14 
                                                   30 
                                 =         1.18 � 1.65 
                                              30 
                                  =     0.037 

 
                      kel (n2)   =         log29.01 � log70.0 
                                                  30 
                                  =          1.46 � 1.85 
                                                    30 
                                    =     0.030 

 
                      kel (n3)    =        log27.52 � log64.20 
                                                    30 
                                   =          1.44� 1.80 
                                                   15 
                                     =     0.028 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 



 
 
 
 
 
 

106 

                    kel (n4)      =      log16.90 � log52.30 
                                                  30 
                                   =        1.23 -1.72  
                                                30 
                                    =     0.037 

 
                     kel (n5)     =        log11.0 - log33.67 
                                                   15 
                                   =          1.041 - 53  
                                                    15 
                                     =     0.037 
 
�	�s������ 5-5 �	��.	 kel ��* GHB ��*,�B�4�. �;( 2 (1,4-BD+DS10) (n=5) 
 

 
                     kel (n1)    =         log9.0 � log21.45 
                                                   30 
                                  =       0.95 � 1.33 
                                               30 
                                    =     0.030 

 
                      kel (n2)   =         log12.61 � log35.65 
                                                       30 
                                  =          1.10 � 1.55 
                                                    30 
                                    =     0.035 

 
                      kel (n3)    =        log21.76 - log8.03  
                                                    30 
                                   =         0.90 � 1.34 
                                                  30 
                                     =     0.035 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 
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                      kel (n4)   =          log6.0 � log19.67 
                                                      30 
                                  =           0.78 � 1.29 
                                                   30 
                                    =     0.039 

 
                       kel (n5)  =           log6.56 � log28.05 
                                                      30 
                                  =          0.82 � 1.45 
                                                  30 
                                    =     0.048 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

× 2.303 

× 2.303 

× 2.303 

× 2.303 
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�	�s������ 5-6 �	�,	�.	 kel ��* GHB ��*,�B�4�. �;( 3 (1,4-BD+DS20) (n=5) 
 
                     kel (n1)    =        log12.60 � log32.13 
                                                    30 
                                  =         1.10 � 1.50 
                                                  30 
                                    =     0.030 

 
                      kel (n2)    =       log6.92 � log28.76 
                                                   30 
                                   =         0.84 � 1.46 
                                                   30 
                                     =     0.046 
 
                      kel (n3)    =        log16.64 � log1.20 
                                                    30 
                                   =          1.20 � 1.64 
                                                   30 
                                     =     0.035 
               
                      kel (n4)     =         log24.0 � log54.0 
                                                       30 
                                    =          1.38 � 1.78 
                                                   30 
                                      =     0.028 

 
                       kel (n5)    =        log13.41 � log43.21 
                                                      30 
                                    =           1.13 � 1.64 
                                                   30 
                                      =     0.039 
 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 

× 2.303 
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�	�s������ 6 
 

�	�L	�	�	�3����<�	6����2��;	���<5�6�F	  t1/2 5�6 1,4-BD �� GHB ]�L�B
��	��� 3 �dF� (n=5) 

 
�	�s������ 6-1 �	�,	�.	 t1/2 ��* 1,4-BD #�,�B�4�. �;( 1 (1,4-BD) (n=5) 
                         
                       :	��B��  
                                   t1/2 el  =     0.693 
                                                     kel 
 

                            t1/2 el (n1)   =     0.693 
                                                   0.032 
                                           =      21.65 
 
                            t1/2 el (n2)   =     0.693 
                                                   0.039 
                                           =      11.77 
 
                            t1/2 el (n3)   =     0.693 
                                                   0.030 
                                           =      23.10 
 
                            t1/2 el (n4)   =     0.693 
                                                   0.032 
                                           =      21.65 
 
                            t1/2 el (n5)   =     0.693 
                                                   0.035 
                                           =      19.80 
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�	�s������ 6-2 �	�,	�.	 t1/2 ��* 1,4-BD #�,�B�4�. �;( 1 (1,4-BD+DS10) (n=5) 
 
                       :	��B��  
                                   t1/2 el  =     0.693 
                                                     kel 
 
 
                            t1/2 el (n1)   =     0.693 
                                                   0.046 
                                           =      15.07 
 
                            t1/2 el (n2)   =     0.693 
                                                   0.039 
                                           =      17.77 
 
                            t1/2 el (n3)   =     0.693 
                                                   0.053 
                                           =      13.08 
 
                            t1/2 el (n4)   =     0.693 
                                                   0.046 
                                           =      15.07 
 
                            t1/2 el (n5)   =     0.693 
                                                   0.046 
                                           =      15.07 
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�	�s������ 6-3 �	�,	�.	 t1/2 ��* 1,4-BD #�,�B�4�. �;( 3 (1,4-BD+DS20) (n=5) 
 
                       :	��B��  
                                   t1/2 el  =     0.693 
                                                     kel 
 
 
                            t1/2 el (n1)   =     0.693 
                                                   0.060 
                                           =      11.55 
 
                            t1/2 el (n2)   =     0.693 
                                                   0.070 
                                           =      9.90 
 
                            t1/2 el (n3)   =     0.693 
                                                   0.070 
                                           =      9.90 
 
                            t1/2 el (n4)   =.     0.693 
                                                   0.080 
                                           =      8.66 
 
                            t1/2 el (n5)   =     0.693 
                                                   0.030 
                                           =      23.10 
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�	�s������ 6-4 �	�,	�.	 t1/2 ��* GHB  #�,�B�4�. �;( 1 (1,4-BD) (n=5) 
                         
                       :	��B��  
                                   t1/2 el  =     0.693 
                                                     kel 
 

 

                            t1/2 el (n1)   =     0.693 
                                                   0.037 
                                           =      18.73 
 
                            t1/2 el (n2)   =     0.693 
                                                   0.030 
                                           =      21.10 
 
                            t1/2 el (n3)   =.     0.693 
                                                   0.028 
                                           =      14.75 
 
                            t1/2 el (n4)   =     0.693 
                                                   0.037 
                                           =      18.73 
 
                            t1/2 el (n5)   =     0.693 
                                                   0.037 
                                           =      18.73 
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�	�s������ 6-5 �	�,	�.	 t1/2 ��* GHB #�,�B�4�. �;( 2 (1,4-BD+DS10) (n=5) 
                         
                       :	��B��  
                                   t1/2 el  =     0.693 
                                                     kel 
 

                            t1/2 el (n1)   =     0.693 
                                                   0.030 
                                           =      21.10 
 
                            t1/2 el (n2)   =     0.693 
                                                   0.035 
                                           =      19.80 
 
                            t1/2 el (n3)   =     0.693 
                                                   0.035 
                                           =      19.80 
 
                            t1/2 el (n4)   =     0.693 
                                                   0.039 
                                           =      17.77 
 
                            t1/2 el (n5)   =     0.693 
                                                   0.048 
                                           =      14.44 
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�	�s������ 6-6 �	�,	�.	 t1/2 ��* GHB #�,�B�4�. �;( 3 (1,4-BD+DS20) (n=5) 
                         
                       :	��B��  
                                   t1/2 el  =     0.693 
                                                     kel 
 

                            t1/2 el (n1)   =     0.693 
                                                   0.030 
                                           =      23.10 
 
                            t1/2 el (n2)   =     0.693 
                                                   0.046 
                                           =      15.07 
 
                            t1/2 el (n3)   =     0.693 
                                                   0.035 
                                           =      19.80 
 
                            t1/2 el (n4)   =     0.693 
                                                   0.028 
                                           =      24.75 
 
                            t1/2 el (n5)   =     0.693 
                                                   0.039 
                                           =      17.77 
 
 
 
 
 
 
 



 
 
 
 
 
 

115 

�	�s������ 7 
 

�	��3���	�L<�F	�	6�c3�3��	��b�b�������	6�A�4�  (One-way �ANOVA) 5�6
�F	�	�	�3����<�	6����2��;	���<5�6 1,4-BD ��GHB 

 
�	�	6�	�s������ 7-1  �	���&��	",�.	��	 &�% �%���*�	�B*��0 (Cmax) ��* 1,4-BD 
                               #�,�B�2<* 3 �4�.  (n=5) 
 

ANOVA 

1,4-BD Cmax 

 Sum of 
Squares df Mean Square F Sig. 

Between Groups 115.562 2 57.781 .207 .816 

Within Groups 3354.667 12 279.556   

Total 3470.229 14    
 
 

Multiple Comparisons 

1,4-BD Cmax 
LSD 

(I) 
Group 

(J) 
Group 

Mean 
Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

1 2 6.79800 10.57460 .532 -16.2421 29.8381 

3 3.30400 10.57460 .760 -19.7361 26.3441 

2 1 -6.79800 10.57460 .532 -29.8381 16.2421 

3 -3.49400 10.57460 .747 -26.5341 19.5461 

3 1 -3.30400 10.57460 .760 -26.3441 19.7361 

2 3.49400 10.57460 .747 -19.5461 26.5341 
*. The mean difference is significant at the 0.05 level. 
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�	�	6�	�s������ 7-2  �	���&��	",�.	�"�"&�4	�;(�"021�	�B*��0 (Tmax) ��* 1,4-BD 
                               #�,�B�2<* 3 �4�.  (n=5) 
 
 
 

ANOVA 

1,4-BD Tmax 

 Sum of 
Squares df Mean Square F Sig. 

Between Groups 30.000 2 15.000 1.000 .397 

Within Groups 180.000 12 15.000   

Total 210.000 14    

 

 
 

Multiple Comparisons 

1,4-BD Tmax 
LSD 

(I) 
Group 

(J) 
Group 

Mean 
Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

1 2 3.00000 2.44949 .244 -2.3370 8.3370 

3 3.00000 2.44949 .244 -2.3370 8.3370 

2 1 -3.00000 2.44949 .244 -8.3370 2.3370 

3 .00000 2.44949 1.000 -5.3370 5.3370 

3 1 -3.00000 2.44949 .244 -8.3370 2.3370 

2 .00000 2.44949 1.000 -5.3370 5.3370 
*. The mean difference is significant at the 0.05 level. 
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�	�	6�	�s������ 7-3  �	���&��	",�.	�*�;(��*�2��	�	�$�	�"�	 (kel) ��* 1,4-BD 
                               #�,�B�2<* 3 �4�.  (n=5) 
 
 

ANOVA 

1,4-BD kel 

 Sum of 
Squares df Mean Square F Sig. 

Between Groups .002 2 .001 7.632 .007 

Within Groups .002 12 .000   

Total .004 14    

 

 
 

Multiple Comparisons 

1,4-BD kel  
LSD 

(I) 
Group 

(J) 
Group 

Mean 
Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

1 2 -.012800 .007386 .109 -.02889 .00329 

3 -.028800* .007386 .002 -.04489 -.01271 

2 1 .012800 .007386 .109 -.00329 .02889 

3 -.016000 .007386 .051 -.03209 .00009 

3 1 .028800* .007386 .002 .01271 .04489 

2 .016000 .007386 .051 -.00009 .03209 

*. The mean difference is significant at the 0.05 level. 
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�	�	6�	�s������ 7-4  �	���&��	",�.	��>(*$;�����*�	���	:20�	 (t1/2 el) ��* 1,4-BD 

                              #�,�B�2<* 3 �4�.  (n=5) 
 

ANOVA 

1,4-BD t1/2 

 Sum of 
Squares df Mean Square F Sig. 

Between Groups 188.085 2 94.043 6.500 .012 

Within Groups 173.617 12 14.468   

Total 361.702 14    

 

 
 

Multiple Comparisons 

1,4-BD t1/2 el 
LSD 

(I) 
Group 

(J) 
Group 

Mean 
Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

1 2 5.87400* 2.40567 .031 .6325 11.1155 

3 8.46400* 2.40567 .004 3.2225 13.7055 

2 1 -5.87400* 2.40567 .031 -11.1155 -.6325 

3 2.59000 2.40567 .303 -2.6515 7.8315 

3 1 -8.46400* 2.40567 .004 -13.7055 -3.2225 

2 -2.59000 2.40567 .303 -7.8315 2.6515 

*. The mean difference is significant at the 0.05 level. 
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�	�	6�	�s������ 7-5  �	���&��	",�.	'�<��;(#�%��	p��*��	 �2 '2�D (AUC) ��* 1,4-BD 
                               #�,�B�2<* 3 �4�.  (n=5) 
 
 

ANOVA 

1,4-BD AUC 

 Sum of 
Squares df Mean Square F Sig. 

Between Groups 620266.498 2 310133.249 1.588 .244 

Within Groups 2343671.382 12 195305.948   

Total 2963937.880 14    

 
 
 

Multiple Comparisons 

1,4-BD AUC  
LSD 

(I) 
Group 

(J) 
Group 

Mean 
Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

1 2 339.02800 279.50381 .248 -269.9585 948.0145 

3 485.54400 279.50381 .108 -123.4425 1094.5305 

2 1 -339.02800 279.50381 .248 -948.0145 269.9585 

3 146.51600 279.50381 .610 -462.4705 755.5025 

3 1 -485.54400 279.50381 .108 -1094.5305 123.4425 

2 -146.51600 279.50381 .610 -755.5025 462.4705 
*. The mean difference is significant at the 0.05 level. 
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�	�	6�	�s������ 7-6  �	���&��	",�.	��	 &�% �%���*�	�B*��0 (Cmax) ��* GHB 
                               #�,�B�2<* 3 �4�.  (n=5) 
 
 

ANOVA 

GHB Cmax 

 Sum of 
Squares df Mean Square F Sig. 

Between Groups 728.131 2 364.066 2.813 .100 

Within Groups 1553.071 12 129.423   

Total 2281.203 14    

 

 
 

Multiple Comparisons 

GHB Cmax 
LSD 

(I) 
Group 

(J) 
Group 

Mean 
Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

1 2 -.32600 7.19507 .965 -16.0027 15.3507 

3 -14.94000 7.19507 .060 -30.6167 .7367 

2 1 .32600 7.19507 .965 -15.3507 16.0027 

3 -14.61400 7.19507 .065 -30.2907 1.0627 

3 1 14.94000 7.19507 .060 -.7367 30.6167 

2 14.61400 7.19507 .065 -1.0627 30.2907 
*. The mean difference is significant at the 0.05 level. 
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�	�	6�	�s������ 7-7  �	���&��	",�.	�"�"&�4	�;(�"021�	�B*��0 (Tmax) ��* GHB 
                               #�,�B�2<* 3 �4�.  (n=5) 
 
 

ANOVA 

GHB Tmax 

 Sum of 
Squares df Mean Square F Sig. 

Between Groups 750.000 2 375.000 5.556 .020 

Within Groups 810.000 12 67.500   

Total 1560.000 14    

 
 
 

Multiple Comparisons 

GHB Tmax 
LSD 

(I) 
Group 

(J) 
Group 

Mean 
Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

1 2 15.00000* 5.19615 .014 3.6786 26.3214 

3 15.00000* 5.19615 .014 3.6786 26.3214 

2 1 -15.00000* 5.19615 .014 -26.3214 -3.6786 

3 .00000 5.19615 1.000 -11.3214 11.3214 

3 1 -15.00000* 5.19615 .014 -26.3214 -3.6786 

2 .00000 5.19615 1.000 -11.3214 11.3214 

*. The mean difference is significant at the 0.05 level. 
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�	�	6�	�s������ 7-8  �	���&��	",�.	�*�;(��*�2��	�	�$�	�"�	 (kel) ��* GHB 
                               #�,�B�2<* 3 �4�.  (n=5) 
 
 

ANOVA 

GHB kel 

 Sum of 
Squares df Mean Square F Sig. 

Between Groups .000 2 .000 .414 .670 

Within Groups .000 12 .000   

Total .001 14    
 
 
 

Multiple Comparisons 

GHB kel 
LSD 

(I) 
Group 

(J) 
Group 

Mean 
Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

1 2 -.003600 .003955 .381 -.01222 .00502 

3 -.001800 .003955 .657 -.01042 .00682 

2 1 .003600 .003955 .381 -.00502 .01222 

3 .001800 .003955 .657 -.00682 .01042 

3 1 .001800 .003955 .657 -.00682 .01042 

2 -.001800 .003955 .657 -.01042 .00682 
*. The mean difference is significant at the 0.05 level. 
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�	�	6�	�s������ 7-9  �	���&��	",�.	��>(*$;�����*�	���	:20�	 (t1/2 el ) ��* GHB 
                               #�,�B�2<* 3 �4�.  (n=5) 
 
 

ANOVA 

GHB t1/2 el 
 Sum of 

Squares df Mean Square F Sig. 

Between Groups 8.493 2 4.246 .376 .695 

Within Groups 135.675 12 11.306   

Total 144.168 14    

 

 
 

Multiple Comparisons 

GHB t1/2 el 
LSD 

(I) 
Group 

(J) 
Group 

Mean 
Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

1 2 1.82800 2.12662 .407 -2.8055 6.4615 

3 .71000 2.12662 .744 -3.9235 5.3435 

2 1 -1.82800 2.12662 .407 -6.4615 2.8055 

3 -1.11800 2.12662 .609 -5.7515 3.5155 

3 1 -.71000 2.12662 .744 -5.3435 3.9235 

2 1.11800 2.12662 .609 -3.5155 5.7515 
*. The mean difference is significant at the 0.05 level. 
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�	�	6�	�s������ 7-10  �	���&��	",�.	'�<��;(#�%��	p��*��	 �2 '2�D (AUC) ��* GHB 
                                #�,�B�2<* 3 �4�.  (n=5) 
 
 

ANOVA 

GHB AUC 

 Sum of 
Squares df Mean Square F Sig. 

Between Groups 2178241.592 2 1089120.796 .690 .521 

Within Groups 1.895E7 12 1579478.297   

Total 2.113E7 14    

 
 
 

Multiple Comparisons 

GHB AUC 
LSD 

(I) 
Group 

(J) 
Group 

Mean 
Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

1 2 577.26200 794.85302 .482 -1154.5740 2309.0980 

3 -346.62400 794.85302 .671 -2078.4600 1385.2120 

2 1 -577.26200 794.85302 .482 -2309.0980 1154.5740 

3 -923.88600 794.85302 .268 -2655.7220 807.9500 

3 1 346.62400 794.85302 .671 -1385.2120 2078.4600 

2 923.88600 794.85302 .268 -807.9500 2655.7220 
*. The mean difference is significant at the 0.05 level. 
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