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Executive summary 

Alcohol consumption causes health effects result from ethyl alcohol itself and also its 
metabolite, acetaldehyde. Including, the production of alcoholic beverages contaminated with 
toxic substance such as acetaldehyde, formaldehyde and methanol should be concerned 
about their combined effects. This study was aimed to assess the sub-chronic and chronic 
health effects of alcohol intake at early age in male Wistar rats (5 weeks of age). The amount of 
162 rats were divided into 9 groups and were gavaged with the artificial alcohol mixed with 
toxic substances sequentially in different feeding patterns, heavy drinker (daily), heavier drinker 
(4 times a week) and light drinker (once a week), and treated with 2 commercial alcoholic 
beverages having highest acetaldehyde concentration. The survival decreased of 12.5±16.5% 
after the experiment was terminated at day 90 and 180 to investigate chemical clinic. Results 
showed that increased significantly (p<0.05) levels of AST, ALT and ALP, swelled hepatocytes, 
and higher lipid accumulation in liver were found in all alcohol feeding groups compared to 
control group indicating the effects to liver tissue.  Glucose in serum were detected the highest 
level in the treated group with 2 commercial alcoholic beverages evaluating to trend diabetes in 
further. Significant decreases in fertility parameters, less sperm concentration (24.7±16.6%) 
and higher percentage of abnormally-motile sperm were found in all alcohol treatment groups 
(p < 0.01). 

The chronic health effects of alcohol intake after the experiment was terminated at day 
180 to investigate chemical clinic. Results showed that increased significantly (p < 0.05) levels 
of GLU, CREA ALB and relative liver weight, and liver section were found higher lipid 
accumulation in liver. In addition, semen analysis on sperm concentration was reduced 
significantly (p < 0.01) and the motility that shown abnormal forward movement in a certain 
amount of semen.  

Key words; alcoholic beverages, acetaldehyde, sub-chronic, chronic, semen analysis  
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"�*ก�*�"���5(��B6� 
�ก
�ก
�� acetaldehyde �*?
����2�
7-,2���ก�"��
ก��
��
��*����
�&=<6��*?
����	:  
�กก������ก3��3	ก������-
(��&����6�*&�6�
�*��B6����������
��  ���2�
*�	��$�"�������������
��� noradrenaline %&" serotonin 
"�(��<�
-&��
�ก��ก��7-���� acetaldehyde 
��6%3ก32��ก�
 (Javier Franco-Perez, et.al., 2006) %&"7
ก�"��
ก��ก&�6
-�ก����
	
�*��2���(�$) 
"���7-�
*�	��$ fusel oil *
�*@A�
��(27
����ก&�6
 =<6�
"�*?
��
3���32�5(��B6��42
ก�
 

7
ก�"��
ก��ก&�6
��������-���ก&�6
��5&32�ก���ก	�*�	ก	�	��������*�"ก��32��|7
���B6���B6�
%�&ก�;�&)�42
 ��
) ���
��
ก��ก&�6
��
) 5&�����65&	3��� ���
"��ก�������5&����������674����-���ก&�6
32�
���)*�"ก��������6
����6ก&�6
 ����"��
)5&���%32&"4
	������*�"ก����6�*?
���)*�"ก��7
��
)��632��ก�
 7

ก��ก&�6
���B6���B6�%�&ก�;�&)
��
��B6���ก��ก&�6
���74���������-���ก&�6
��6�*?
�-&8กก&������
	�-�B�%ก��
"7-�5&
���ก�����������5(���	���36��ก�2����B6���B6�%�&ก�;�&)��6ก&�6

�ก���B6��ก&�6
��6���
�ก���%�� ก��'<ก:�5&
���ก��5&	3 Cachacas =<6��*?
���B6���B6�%�&ก�;�&)��6����������
	��7
*�"��'���=	&����*������������
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*�"������5����� Cachacas 
�กก��ก&�6
���74�-���ก&�6
���%��%&"-���ก&�6
�-&8กก&������
	� 5&��6���5(�
�����4	�7-�����4��7
 Cachacas ��6ก&�6
���74�-���ก&�6
���%����กก�2� Cachacas ��6ก&�6
���-���
ก&�6
�-&8กก&������
	� (Bettin, et.al.,  2002) =<6�����&���ก��ก��'<ก:�5&������%�� �-&8กก&������
	� %&"
%ก����6
����74��*?
��������-���ก&�6
32���$���������6
����65&	3
�ก��
)�"��� ���*�2�ก��74�-���ก&�6

���%�� �-&8กก&������
	� %&"%ก����B6�
�������ก��ก&�6
��
)�"���
"������)*�"ก����������6��(27
���6
��
%3ก32��ก�
 ������6
����6ก&�6

�ก-������%�� �����)*�"ก����67-�ก&	6
����6�����%ก2 *�	��$��� �"=	3�&���;�) 
���	&�"=	�3� %&" >(�=&&)��� �(�ก�2�ก��ก&�6
���74���3
�&� �3�& %&"%ก�� (4�,$���), 2543) 

�
B6��
�ก��5(�
	���B6�%�&ก�;�&)�*?

��
�
��ก  %32����
���*?
���B6���B6���6�*?
��
3���32��2��ก�� %&"���
����ก����������
3�����	6�
�ก���*
�*@A�
7
���������ก ���%ก2 ����
�& (methanol)  �"�=3�&���;�) 
(acetaldehyde)  ��#	&�"=	�33 (ethyl acetate)    %�&ก�;�&)���&ก�&�(� (higher alcohols)  >(�=&���&) 
(fusel oil) �*?
3�
   �����6����-&2�
��
"�ก	��<�
�"-�2��ก�"��
ก��5&	3����%42   ก��'<ก:��	����"-)*�	��$ 
����
�&  �"�=3�&���;�) %&" ��#	&�"=	�33  =<6�*
�*@A�
7
����%42 ��B6�74��*?
%
����*���*���%&"������
���
3�
32��|7
ก��5&	37-�!(ก3���  ��B6�7-����5&5&	3��6����$�����3�}�
32�5(���	���  (���� '��
��, 2531) 

����
�&-�B����	&%�&ก�;�&) �*?
5&	3��$x)��6��2����ก	�
�กก��-��ก%�&ก�;�&)%32�*?
5&��
�ก ก��
�;����&=����� Methylate pectin ��6��7
5&��� �����
�=�) Pectin methylesterase (PE) (Hernandez-
Gomez, et.al.,  2003) ����
�&7
���6
��
"��7
*�	��$��6%3ก32��ก�
��ก�* 3��4
	�%&"*�	��$���3	
 
7
5&���%32&"4
	� �����6��*
"�� 0.1188 �*��)�=8
3)���
���-
�ก(Amerine, et.al., 1980) *+

���
�����2�*?

��6%
24���2�����
�&����������*�"������5����2����%32��B6���*�	��$��ก
"�*?
��
3���ก���2��ก�����
����
�&
"�ก	�*�	ก	�	����ก=	��4�6
���7-��ก	��*?
���>��)��&���;�)%&"ก��>��)�	���6�*?
��
3��� ����
������

�&
"��5&32��"��*�"������3��
<�3�����ก��������7-���*�	��$�-��"��7
���B6���B6�%�&ก�;�&) 

�;����)%�&ก�;�&)-�B�>(�=&��� (fusel oil) �*?
%�&ก�;�&)��6�����)��
�"3����กก�2� 2 �"3�� 
*�	��$�;����)%�&ก�;�&)��6��7
���6
��*ก3	%&��
"����2�ก	
 0.3 �*��)�=8
3)���*�	��3� �;����)
%�&ก�;�&)*�"ก���*���� ���=���	&%�&ก�;�&) %�ก������	%�&ก�;�&) 1-�����
�& 2-�����
�& %&"
�B6
| ����;����)%�&ก�;�&)
"��5&32�ก&	6
�������
)%&"���6
�� �����6��**�	��$������=���	&%�&ก�;�&) 

"����กก�2� 50 �*��)�=8
3) ����;����)%�&ก�;�&)����-�� (Zoeckein, et.al., 1995) ���*+

����6��5&7
ก��
�2����	�ก���ก	��;����)%�&ก�;�&) ��
���%ก2 ����"7
ก��-��ก 4
	������3!��	� �"�����ก=	�

 %&"���
	�
%&"�	#���674�7
ก��ก&�6
 ���%�&ก�;�&)7
�2�

��
"��*�	��$�(�7
�2�
%�ก���ก��ก&�6
���B6���B6�%�&ก�;�&) 
(Silva and Malcata, 1998) ��B6���7
*�	��$��ก
"�������*?
�	:32��2��ก�� 

%�&ก�;�&)�*?
�����6���	: �2�
7-,2�2�5&!<�-&��| �"�� -�B�-&��| �����"��6��(27
�2��ก�� %&"��
�����4B6����������
#)�ก�6��ก������5	�*ก3	��6�ก	��<�
��กก�2� 60 %�� �42
 ���
	3-&�
 / *�"���-&�
 
(Alcoholic  halluciosis)  ���
�
��2-&�� (Insomnia ) ���*�"�����B6��
�ก���� (Alcoholpolyneuropathy) 
������&	ก���%*�*��
%��-����"%������"�	:���� (Alcoholic paranoid) ���3����ก��� (Fatty liver 
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Hepatitis) ���3��%�8�
�ก���� (Alcohol liver  cirrhosis ) �"��8�3�� ( Liver cancer) ���ก�"���"��-��
��ก���-�B����ก�"���"��ก���
�ก����(Alcohol gastritis)  ���3���2�
��ก����~����&�
 (Pancreatitis / 
Acute ) ���3	����� (Alcohol -dependence syndrome) ���74������ก	
�
�� (Alcohol abuse) ��ก������

�&�*?
�	:(Ethanol and Methanol toxicity) �*?
3�
 ������6������%�&ก�;�&)%���"�"���
 %&"�"�"��� 
(Rehm, 2004) -&��| ��B6�
�����7-����������6����	6��<�
�2��ก��*�	��$ก����	���%�&ก�;�&)��6��	6��<�
 

�����2�5&32��������2��ก������%���~����&�
 (acute) =<6�
"�ก	�ก������ก���������"��ก&����
B�� 
(muscular incoordination) (Sullivan, 1995) �"�"��&�ก��3���	
7
4��&� ����!���ก������-8
&�&� 
��������������4�6�7
 ������ก&����ก�<�
 ����!��������*�"��� �<
�� (stuporous) 3��
���"���
���3�&
7
�&B��36�� ก��-��7
%&"ก���3�
���-��7
!(กก� (Johnson, 1995) *�"������5��32�� | 
"�����* ��2
�(��<ก3�� (unconciousness) ก��-��7
4��&� %&"��
����4��	3��� (*�	���'  '	&*ก	
 %&"�$", 2542) 
%&"%����B����� 5(���6�B6�����3	�32�ก�
�*?
�"�"��&�
�

"���7-��ก	�ก���*?
�	:32������"��ก�2�
����2��ก�� 
=<6��*?
���-3����7-��ก	����32�� | ���
�� �42
 

5&32����� %�&ก�;�&)��5&32���B6�-����=&&)*�"���  (membranes of neuron)  ����*��	6�������2
��6
��32�5
���=&&)   
"���7-���$����3	��6�ก�6������ก��-
����63������B6�*�"���  �����
#)ก��42������-&������ก
���*�"
��>>���
5
���=&&)     =<6��ก�6������ก��ก�������
��	6��<�
���    
	��3	
	�   �"=	3	&��&�
      (nicotinic 
acytylcholine)    =����3
�
  (serotonin),   3�����ก����4
	���     (GABA type A receptors)     %&"�������ก��
�����
���  ก&(3���� ���=��3��)  (glutamate receptors) =<6��ก�6������ก��42�����������ก���*�"
�%�&�=��� 
(voltage-gated calcium channels)      %&"3������*�3�
��6��
��ก��5
���=&&)�B6
 |        (membrane-bound 
function protines)   �*&�6�
%*&��*
�ก��	�7
�"�"���
 |  %&"!���B6�%�&ก�;�&)�*
�
 |  
"��5&���7-�5
��
�=&&)��	6�ก���  %&"%�8� 5&32�ก��
�
-&�� ���2� ��5&���7-���
�ก��
�
-&������ก&2���B� %�&ก�;�&)&�
��
�ก��
�
�"�" REM  (rapid eye movement) sleep  %&"�"�"-&��&<ก (NREM stage 4) ���7-���
�ก��

�
����*?
42�� |   (increased sleep fragmentation)   �*?
5&���7-�
�
-&����2�
	�-&�� | 3B6
 |    

!<�

�
��2-&�������B
 

5&32�3���
B6��
�ก3���*?
%-&2���
��*��6�����,���%�&ก�;�&)���
��
 3��
<��*?
�����"��6����	:���
%�&ก�;�&)��กก�2������"�B6
 (Naegle and D{Avanzo, 2001) �	:���%�&ก�;�&)
"���7-��ก	�ก���"��
����
%&"�*�3�
7
3��
���*�(2���3���-&B�� (fatty liver) 3����ก����
B6��
�ก�	:������� (alcoholic hepatitis) 
%&"3��%�8� (cirrhosis) 

ก����	���%�&ก�;�&)��5&ก�"��32������"32��| ���%ก2 3�� �"��*�"��� 3���2�
 �3 -��7
%&"-&��
�&B�� �*?
3�
 3���*?
�����"�*��-�����6�����,7
ก���5�5&�,%�&ก�;�&) (Bunout 1999; Thurman et al., 
1999) =<6��*?
����	:��6�2��ก����23���ก�� -�ก�2��ก��������%�&ก�;�&)7
*�	��$�(�%���~����&�
 (acute) 
-�B�%����B����� (chronic) ก8
"���7-��=&&)3��!(ก���&�� =<6����#	���� 
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��	6�%�ก��6��ก��7
5(�*�����6��	���%�&ก�;�&)ก8�B� ก���"���������
7
3��

�ก	����"3����6�����
 
(fatty liver -�B� steatosis) (Zhou et al., 2003) %&"��B6��=&&)3��3��&��"���-
<6� 
"�����!���
�7-��ก	�
�������%��32��| 32��*��� �42
 3����ก��� (hepatitis) ก���ก	����5B� (fibrosis) ���3��%�8� (liver cirrhosis) 
-�B�%��%32����"��8�3�� (hepatocellular carcinoma) �*?
3�
 ก���(,�����=&&)3����ก�=&&)�*?
ก���(,������6
!���%&"��2��ก��������<�
��%�
 ���
��
-�ก5(�*�����	���%�&ก�;�&)�*?
��&�
�
3	�32�ก�
%����B�����ก8
��

"���7-��=&&)3��!(ก���&����ก�<�
 %&"��ก����65(�*���
"����4��	3ก8�	6���ก�<�
 

5&32��"�������	
��-��%�&ก�;�&)
"���7-���ก��-&�6�;��)��
�ก�3�	
 (hormone gastrin) ��	6��<�
    
���7-��������*?
ก����ก�<�
 �*?
����-3����ก���ก	�%5&7
ก�"���"��-�� (peptic ulcer) ���-&����-��
��ก��� (esophagitis) ก�"���"��-����ก��� (gastritis) -&���&B������*�������	��$-&����-���2�

*&�� (esophageal varices) ����"��8�3���2�
 (pancreatic cancer) �������	3��	
��2����
%�� (serious 
vitamin deficiency) �42
 ก������	3��	
�� 1 �� 12 �>&	� �
��=�
 (B1, B12, Folic acid, Niacin) ���3��
�2�
��ก��� (pancreatritis) �*?
3�
 (����3
)  ��ก:4�3	��$�ก�, 2542) 

5&32�-��7
%&"�"��ก���-&����
�&-	3   �ก	����"������ก&����
B��-��7
    (alcohol heart failure)        
���
"���7-�ก&����
B��-��7
����3    ก���3�
���-��7
5	�*ก3	��
���7-��ก	����"-��7
��� (congestive 
heart failure) �
B6��
�ก%�&ก�;�&)
"���7-�ก���������"-)����
��ก�3�ก&��=��)���)�(� %&"
"�������ก��
�������"-)�*�3�
���ก&����
B��-��7
 ���7-�����!���ก�������
&�&� ������
�&-	3�(�    

5&32�32������2����7-�;��)��
���)3	=�&�(��<�
7
��'4�� ;��)��
����3-������

"36��&� %32;��)��

����3��

�(��<�
���7-���$x"��� (testicular atrophy) ���3��
� (gynecomastia) 7
��'-,	�ก�������
���
�����2
"&���-&� (ovarian failure) 5&32��"��*�"����2�
ก&��   ก������	3��	
�� 1  -�B�  ������
 
(thiamin) ���7-�����ก������
 (mental confusion) ��	
�= (truncal ataxia) ����ก�������������"�-&��  
(alcoholic dementia)  ����ก�����������B6�� (dementia) �B��3	*+,,���B6���ก	�
�ก��������2�
!(ก
���&������"�-&��  -�B�
�กก������	3��	
�� 1  ����ก�����3����2���  (ataxia)   3�%ก�2�   (nystagmus)   
ก���(��	ก��  (speech impaired)  ����-
8�4� (polyneuropathy) ����ก��4���6*&��*�"���  

5&32��3%�&ก�;�&)
"&�ก��5&	3;��)��
%�
3�����(��3	� (antidiuretic hormone) ���32���	�(�	���� 
(pituitary) 
"���7-��2��ก���(,�����=�������ก����ก   �2��ก��
"�(�
��������(2�"���-&����
�&B����&"��ก 
| ��
���7-��ก	����"
����*?
�	:��� ('(
�)��������ก:� �����3	���
%ก2
, 2546) 

5&32����ก7
����)
"���7-����ก�
�	,�3	��34�� �(*�2��5	�*ก3	%&"�	ก�� (Naegle and D{Avanzo, 
2001) 5&32�������
	35&���%�&ก�;�&)�����!ก2�7-��ก	���ก�����
	3��� �42
 ��ก��-(%�2� *�"���
-&�
 �*?
���
	3
�ก����   

7
5(���6�B6������2��ก��
"����	3��	
���
B6��
�ก�2��ก���(�=<����
���&� 
<���ก��'<ก:�7
-
(%�������
#�) 
Wistar ��'5(� �ก�6��ก��5&���%�&ก�;�&)%&"ก���������	3��	
�� 5 ����
��
 ���2�ก��������ก��
	��3	
	ก 
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�2��ก��%�&ก�;�&)
"42��&��"������&��3���& �3�ก&��=����) %&"�"�����
�=�)%��*����7
-
(��B6������
ก��-
(��6������%�&ก�;�&)�������2������� (Kolovou, 2005)  

ก��'<ก:�5&���5&	3��$x)
�!�6��-&B���2��ก������
�&7
-
(��&��=<6�74�-
(%�� ����ก������������
�&
%����
%��%&"��B����� ���2�5&	3��$x)
�!�6��-&B�������!�������ก���(�=<��������
�& %&"���7-�
ก�"��
ก����%���&	=<��������
�&��	6��<�
=<6���
��
�ก��� isoflavones 7

�!�6��-&B���*?
*+

��
ก�"3��
ก�"��
ก����%���&	=<�7-������
���<�
 �������ก�����-
����632�3��
ก���(�=<��������
�&��ก���� 
(Kano, 2002) 

�����
�ก�6��ก������&-
(%��7-�2=<6�74�-
(%�������
#�) Wistar ��'���� ���������%�&ก�;�&)*�	��$ 5 
g/kg ��ก 24 4�6���� �*?
��&� 4 ��*��-) ���2�%�&ก�;�&)�����!4�ก
��7-���ก���"������
��ก�<�
 �42
 ���
����
���3�
7
���
�&B�� ����������7-��ก	�ก����ก���%&"ก��3������
B����B6�3����	6���ก�<�
 (Enomoto, 1999)  


�กก�������7
-
(���2� acetaldehyde ���7-��ก	�ก��������=&&)�"��8� %&"���7-�������=�7
�=&&)
5	�*ก3	 �ก	� sister chromatid exchanges %&"���2� acetaldehyde ���7-��ก	�*�	ก	�	��7
&�ก:$"ก��
���3��ก�
��� DNA �*?
 N(2)-ethyl-2'-deoxyguanosine =<6���*�	��$��ก�<�
7
�=&&)3�����-
(��67-�ก	

%�&ก�;�&) %&"7
��8��&B���������
��6�B6�%�&ก�;�&)%����
3��� (alcohol abusers) (Qiu, 2005) %&"��
ก�������
���'(
�) IARC ก&2���2� acetaldehyde �2�5&���7-�������5	�*ก3	7
ก��3������������3�)%&"���
�*?
������7-��ก	��"��8�7
�
�:�)��ก���� (IARC, 1984) 

%�&ก�;�&)�*?
*+

��-
<6���6�2�
7-,2�ก�6������ก��ก����	6���
�=�)7
3�� %&"����ก�6���
B6���"-�2��*�	��$
%�&ก�;�&)��6������ก��%�&ก�;�&)��64�ก
��7-��ก	����3�� ก��'<ก:����4���	3�&����2�%�&ก�;�&)
2�
"�*?

���-3����ก��*����*?
���3��!<� 23% %&"���2�ก���	����"-)%�ก%�"��
�=�)3��
�ก5&���
���-
�ก3��-�B�
ก����	���%�&ก�;�&)������%3ก32��ก�
 (Duk-Hee, 2001) 

�=&&)3�����-
����6-&��*�"ก�� �42
 �ก	����
ก����%���&	=<���������-��  ������	3��	
 �����%&"
-&�6�
����� ก��
������	:��6������
�ก���
�ก-�B������
�ก�2��ก�����  ���-&��4
	���6�����
�ก3��
"!(ก���
��ก����2�
����� ก�������3�����ก��3��
�����
�=�)��6�2�4���2���ก�����&��-�B�=2��%=��=&&)3��ก��
��	6��<�
�����
�=�)
"�<�
ก��4
	� ������
%�� �"�"��&�����	6�ก�"3��
  ก���*&�6�
%*&��2���
�=�)��
��2�2�
��ก!<�ก��ก&���������
3��*ก3	���3��7
42����&���63��
ก8��� 

��
�=�) Alanine aminotransferase (ALT) -�B� SGPT ก���*&�6�
%*&����������!7
ก��=<�52�
���
5
���=&&)3��
"�ก	�ก��-&�6���
�=�) �"���ก����	6��<�
�����
�=�)�"���
!<�*�	��$����=&&)3����6����-�� 
���2��2���<6�4��	3��� ALT ���2��*?
4�6���� %327
����&	
	ก�2���<6�4��	3
"���
�

�ก*+

���B6
| 


�ก
�ก ALT �������
�=�)��ก4
	��B� Aspartate aminotransferase (AST) -�B� SGOT =<6���7
�=&&)3��
%&"7
�=&&)ก&����
B������   �
B6��
�กก����ก������ก&����
B�������
���7
��
��%&"%��%&"ก����� creatine  
kinese  activity  
"�2���ก���"ก&����
B�������ก�2�  ���
��
  AST  
<�74������3���������  ��� AST  �� 2 
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�(*%��  �B�&"&�����7
 cytosol  (Soluble  form)  -�B�
��ก�� organelles ���7
�=&&) (Bound form)  
���
��
ก���*&�6�
���������!7
ก��=<�52�
���5
���=&&)3��
"��ก��-&�6� AST  �(* soluble  form  ��ก��  
%32!��3��!(ก���&����
%���<�
  
<�
"-&�6� bound form  

7
ก�$���63��!(ก���&����2���~����&�

"��ก����	6��<�
��� enzyme  ALT  %&" AST  ������2�  AST  
"
ก&�������(2*ก3	��8�ก�2�  3����ก��5&	3��
�=�) alanine aminotransferase (ALT) ��B6���������������-�� 
����
8� -�B��*?
����ก�6��ก��3�� ����~��"��2���	6����3��%�8� %&"���3����ก���=<6������-3���
�ก
%�&ก�;�&) �� -�B������ ก�����*�	��$��
�=�) ALT ���ก���
�"�&B��=<6��-8
5&���7
 24 4�6���� 
"74�
�2��ก��ก�����*�	��$��
�=�) aspartate aminotransferase (AST) ��3���2�
��� AST 32� ALT �2���ก!<�
ก����63����������������-��
�ก*�	��$���%�&ก�;�&) (Sydney, 2006) 

Davydova %&"�$" (2005) ���ก����&��*��
%�&ก�;�&)7
-
(��&�� C57BI/6 *�	��$ 30 %&" 15 
µg/kg 
���-
�ก3��
�
 2 ���	3�) �����!3��
�������5	�*ก3	���%�
3	���	7
�2��ก����� %&"ก��7-�
*�	��$%�&ก�;�&) 5 µg/kg 
���-
�ก3�� 
�
 2 !<� 4 ���	3�) ���7-��ก	�ก�����&��3��-
( C57BI/6N 
�กก��
3��
�����
�=�) ALT 7

����&B�����2��(��<�
 (Barbara, et al., 2004) 

���������
#)�"-�2��ก����	��� Alcohol %&"�"���B���
#)��'4�� (Male reproductive system) �����
�*?
*+,-���6
2��
7
���
�ก�B6�
��
�
��ก 
�กก��'<ก:���� Gavaler and Van Thiel 1987 ���2���B6��
 
%&"-
(��&�������� Alcohol 3	�32�ก�
�*?
��&�
�
 
"���7-��ก	�ก�����&������=&&)�B���
#) (Germ cell) 
��	��$ Seminiferous tubule ��6�*?
%-&2������ sperm 7
 Testis 
�ก
�ก
���������ก�2� Acetaldehyde ��6
�ก	�
�ก���
ก����3���&	=<���� Alcohol (the initial product of alcohol metabolism) ���7-��ก	��	:32� 
Leydig cell (�B��=&&)��6��(27
 testis ���-
����6�����;��)��
��'4�� ���%ก2 testosterone) ��กก�2� Alcohol 
(Van Thiel et al. 1983; Santucci et al. 1983) 


�กก��'<ก:���� Fazakas %&"�$"l (2005) ��6'<ก:�5&32��"��*�"������ก��������%�&ก�;�&) 5% 
v/v �2��ก���&-"-
�ก 2 4
	��B� *���%&"3"ก�6� ���74���&�7
ก��'<ก:� 12 ��*��-) 5&ก��'<ก:�4��7-��-8
�2�
ก��������%�&ก�;�&)�2��ก���&-"-
�ก��5&���7-�ก���ก	��	:32��"��*�"������� central %&"/-�B� 
peripheral neurotxic ��ก�<�
 =<6�����&���ก��ก��'<ก:���� Pecze %&"�$" (2005) ��6%���7-��-8
!<�
5&ก�"�����ก��������%�&ก�;�&)�2��ก��3"ก�6� ��6�2�5&32��"��*�"�������%���~����&�
 %&"ก<6���B�����
�42
ก�
 

*�	ก	�	�����%�&ก�;�&) 

1) Alcohol Oxidation 

Ethanol + NAD+   →
asedehydrogen alcohol  acetaldehyde + NADH + H+ 

Ethanol + NADPH + H+ + O2  →
system 2E1 P450 cytochrome microsomal the          

acetaldehyde + NADP+ + water 



 10 

Fatty acid + O2  →
oxidation-beta  oxidized fatty acid + hydrogen peroxide 

Ethanol + hydrogen peroxide  →
catalase  acetaldehyde + water 

2) Acetaldehyde Oxidation 

Acetaldehyde + NAD+ + water  →
asedehydrogen alcohol acetate + NADH + H+ 

3) NADH oxidation (in the mitochondria) 

NADH + H+ + 1/2O2 → NAD+ + water 
 

�����*?
�	:��� methanol ��B6������(2�2��ก��
"!(ก�*&�6�
�*?
 formaldehyde %&"ก��>��	ก7
��6��� =<6�
ก���	
����)4
	�
��
"�*?
�	:32��=&&) 

Methanol →  Formaldehyde →  Formic acid 
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2. G�O!ก���J��� 

2.1. R���J��� (Wistar rate)  

ก�������5&ก�"��32�������
�กก����	������� ������ก����&��7
-
(�����2
��'5(� (Wistar rat) ���� 
5 ��*��-) (
���-
�ก 121-160 ก���) 
��
�
 162 3�� %�2��*?
 8 3��32�ก&�2� ���-���ก��'<ก:��*?
�"�"��&�
�
 
12 ��*��-) ��B6��(5&ก�"��32����������ก��ก2��	:%��ก<6���B����� (Sub-chronic) %&" 10 3��32�ก&�2� ���-���
ก��'<ก:��*?
�"�"��&�
�
 24 ��*��-) ��B6��(5&ก�"��32����������ก��ก2��	:%����B����� (Chronic) =<6�7

ก����&��
����ก&�2���&��%&"ก&�2�����������-�� 9 ก&�2� ���ก��*��
��������������8�*��
��� 
(gavage) 7-�-
( 1 �������ก��
  (Gupta and Gill, 2000) 3���(*%��ก����&��7
3������6 1 ���7-�����
������
�������
�& 2.5 g/Kg BW/day (Pecze et al., 2005) *�	��3���67-� 10 ml/Kg BW/day (Olfert et al., 
1993) 

3������6 1 �(*%��ก����&��%&"4
	�3����2�������7
%32&"ก&�2�ก����&�� �����ก&�2�3��*�	��$
����	:��6������
�ก��ก�*-�
��� 

ก&�2�ก����&�� 4
	����3����2������� *�	��$��6������ 
1. ���*�"ก��������6
������<�
    
   (artificial alcohol) 

35% Ethanol + 400 mg/l Methanol  
+ 700 mg/l Acetaldehyde  
+ 25 mg/l Formaldehyde 

��ก��
  

2. ก&�2� Acetaldehyde �(����  35% Ethanol+700 mg/l Acetaldehyde ��ก��
  
3. ก&�2� Acetaldehyde  *�
ก&�� 35% Ethanol+350 mg/l 

Acetaldehyde 
��ก��
  

4. ����
�	���6�� Acetaldehyde �(����  3����2������
�	� ��6-�� A ��ก��
  
5. ����
�	���6�� Acetaldehyde *�
ก&�� 3����2������
�	� ��6-�� B ��ก��
  
6. ���*�"ก��������6
������<�
 
    (artificial alcohol) 

35% Ethanol + 400 mg/l Methanol  
+ 700 mg/l Acetaldehyde  
+ 25 mg/l Formaldehyde 

4 ��
32���*��-) 
%&"
���ก&�6
 3 ��
 

7. ���*�"ก��������6
������<�
 
    (artificial alcohol) 

35% Ethanol + 400 mg/l Methanol  
+ 700 mg/l Acetaldehyde  
+ 25 mg/l Formaldehyde 

1 ��
32���*��-)
%&"
���ก&�6
 6 ��
 
 

8. ก&�2� positive control   35% Ethanol (v/v) ��ก��
  

9. ก&�2� negative control 
���ก&�6
 ��ก��
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�&����-
(7
ก���B�
3�
 2 3��/ก�� 7
-����&������6��ก������������%��&��� ��$-�(�	 25 ± 2 ��'�
�=&�=��� ����4B�
������#) 70 ± 10% ������42����2��/�B� �*?
 12/12 4�6���� 7-���-�� 082 
�ก��	:������)
�>�������
��
 %&"
���ก���5���&���
 10-12 ppm 3&����&�   

-&��
�กก����&����� 12 ��*��-) %&" 24 ��*��-) ����-��-
(�����B
ก2�
���ก���ก8�3����2���&B�� 
%&"�����"
�ก-
( ������7-�-
(3����2���������ก_�=���)��
����ก�=�)  

ก�����
�$�2�����!	3	���74�%5
ก����&��%����2����(�$) (Completely Randomization Design, 
CRD) ก���	����"-)����!	3	74��	#��	������	�3��) (Parametric method) ����	#� One Way ANOVA %&" LSD 
(Least Significant Difference) %&"�	#���2�	������	�3��) (Nonparametric methods) ����	#� Kruskal-Wallis 
test %&" Mann-Whitney U test �����*�%ก���!	3	 SPSS ��6�"��������4B6���6
 95% %&" 99% �!�
��6
����
	
��
�	
�� ���73������2���B� %&"ก���(%& $ ���
�ก��3�)��&��%-2�4�3	 �-��	���&���-	�& '�&���  

2.2. ก��Ĥก#������!" 1 

2.2.1. ก��G�� ���R
���� 
! ����  


���&B����*+�
%�ก=���6���B6�
���*3��
�	����"-)�2������&	
	� 12 �2����%ก2 ก&(���, ��
�=�)3�� (AST, ALT, 
ALP), creatinine, chloresterol, uric acid, blood urea nitrogen (BUN), total protein, albumin, 
triglyceride, %&" total bilirubin �������B6��3��
�	����"-)��3�
��3	 Hitachi 902  

2.2.2. ก����G�G�J���
�� ���	������(���ZV���Z"���� 

��V�%�ก�L�ก��	ก�JM�
����ก��� 

������
��4	�
�2�
3����6%42%�8����7
��$-�(�	 -80 ��'��=&�=��� -
�ก*�"��$ 800 mg ��7
 liquid 
nitrogen 

&"����� 
�ก
��
�3	����&"&�� hexane:isopropanol (3:2 v/v) *�	��3� 2 ml 
������ก������

��6���7�27
 microcentrifuge tube �
�� 1.5 ml 
���**+�
�-��6����6 10,000 x g 
�
 5 
��� ��6��$-�(�	-��� �(�
���&"&��4��
�
7�27
-&��7-�2 %&"���ก���ก��=�����ก������������&"&�� hexane:isopropanol (3:2 v/v) 
*�	��3� 1 ml 
������ก������
��6����**+�
�-��6����ก�������6 10,000 x g 
�
 5 
��� �(����&"&��4��
�
��6���
���ก�������6�ก����������%�ก 7�27
 test tube �
�� 5 ml ��6����*o� 
�ก
��
�3	����&"&�� 15% Na2SO4 7

*�	��3� 1 ml 5�����&"&��7-�����ก�
 
�ก
��

���**+�
�-��6����6 10,000 x g
�
 5 
��� 
�����&"&��
�2�
�
 (organic top layer) 7�27
 vial -�B� ��ก�ก��) ��B6����ก���"�-� hexane%&" isopropanol ���ก���*��
���&�7
3(��(����
 
�ก
��
&"&��3"ก�
����
ก&������ chloroform *�	��3�
���| ��B6�7-��������ก������

������
 %�2�����ก������
��6&"&��ก&����� ��ก�*?
 2 �2�
 7
*�	��3���2�| ก�
 7�27
 Microcentrifuge tube 
�
�� 1.5 ml �ก8�-
<6�-&�������6��$-�(�	 4 ��'��=&�=�����B6���� TLC �2�
��ก-&��
�����"�-� Chloroform 


-�� %&��&"&��ก&��3"ก�
����
���� Absolute ethanol ��B6�3��
���*�	��$���&��3���& ���ก�����
ก��>��3�}�
 �3�������&"&�����&��3���&��3�}�
����������
 62.5 µg/ml 
�ก
��
�(����&"&����6
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���&�7
-&����&��*�	��3� 80, 160, 320, 480, 640, 800 �����&	3�3��&����� %&"*���*�	��3������ก
-&��7-����*�	��3���� 1000 µl ���� Absolute ethanol 
"���*�	��$���&��3���&��3�}�
7
%32&"
-&���*?
 2.5, 5, 10, 15, 20, 25 µg/ml 3��&����� 
�ก
��
7
%32&"-&��
"!(ก�3	����&"&�� Acid-ferric 
chloride 7-����*�	��3������2�ก�� 2000 µl ���&"&����674��*?
 blank 7-��3	� Absolute ethanol *�	��3� 
500 µl %�
���3����2��%&"���&"&�����&��3���&��3�}�
 
�ก
��
�3	����&"&�� Acid-ferric chloride
*�	��3� 1500 µl 7-����*�	��3���� 2000 µl -&��
�ก
��
�2����&"&���	�������6��$-�(�	-��� �*?
��&�
�
 30 

��� %&"����2�ก���(�ก&B
%�����5&5&	3��6���
�ก���3����2����6��������&B6
 550 nm %&"���*�	��$
���&��3���&����*���������ก��ก��>��3�}�
 

��V��!"	��ก���L�%�กK��JM�
��J$G��� ��  Thin Layer Chromatography (TLC) 

���
	� TLC �*?
���
	���6
	��74�7
ก��%�ก���%32&"4
	� �42
 ����
 ��ก
�ก���5�� �����6ก��%�ก
"
�ก	��
B6��
�ก����
%32&"4
	�!(ก�(�=������
 stationary phase 7
��3����6��2��2�ก�
 ��������6����
��6&"&��
�����7
 mobile phase %&"!(ก�(�=��
����
 stationary phase 
"��&B6�
��6�����8�ก�2� ���
	� TLC �*?

���
	���6�"��ก�����8� 7-�5&�� ���
	��74���กก�$���6�����
��� %&" 74������ก������"�-���ก 
�ก
�ก
�����
�*?
%�� Solid - Liquid adsorption ��� �� stationary phase �*?
3���(�=�� 
����ก SiO2 -�B� Al2O3 ~��
�
ก�"
ก -�B� �"&(�	�
��� (chromatoplate) �2�
 mobile phase �*?
3�����&"&���	
����)4
	������ -�B� 
-&��4
	�5��ก8��� �����6
	����ก�42
 hexane, acetone, methanol, ethanol �*?
3�

������ก������
��6�ก��
�����
��%
ก4
	��������
��6�*?
���)*�"ก���������
	� TLC 7
���
3�
%�ก
"�*?
ก���3����
chromatoplate -�B� TLC plate ���
��%52
ก�"
ก��&B������ silica gel 
�ก
��
��� Chromatoplate &��

�B�
�"��� %&��*&2��7-�%-�� 7
��ก�' -�B� ����6 110 ��'��=&�=��� �*?
��&� 3 4�6���� %&"�ก8����7
��=	��
�3��) (desiccator) 

ก�2�
"���ก����&�� ���
3�
32��*�*?
 

ก���3���� mobile phase ก��%�ก����
%32&"4
	�
"�&B�ก74� mobile phase ��6%3ก32��ก�
 �������

ก&�2� neutral lipids ���%ก2 triolein oleic acid %&" linoleic acid 
"74� chloroform:acetone (96:4) �*?
 
mobile phase �2�
ก��%�ก����
ก&�2� polar lipids �42
 cholesterol %&" phosphatidylcoline 74� 
chloroform:acetone:methanol:acetic acid:water (100:40:20:20:10) �*?
 mobile phase ��B6���	6���� TLC 
3����3����!�� (chromatographic tank) ����3	�3�����&���	
����)��6�*?
 mobile phase &��*7-��(�
�กก�
!��
*�"��$ 1 �=
3	��3� 3��ก�"��:ก���7�27
!����B6�7-���4
"�	6�3���*���������&"&����8��<�
 
�ก
��
���
ก��
�� (spot) �������
��3�}�
��6�*?
����
ก&�2� neutral lipids ���%ก2 Triolein, Oleic acid %&"Linoleic 
acid %&"����
��3�}�
ก&�2� polar lipids ���%ก2 Cholesterol %&" phosphatidyl choline %&"���3����2��
����
���74�-&���(�&8ก (capillary tube) 
�2�&�7
����ก������
��63���ก��%�ก %&"%3"&��
3��%-
2���6��� 
���B6��-���������ก��74��	
��������|&��
 chromatoplate ก��
�����3����2����

��=���3��%-
2���	� 2-3 
�������B6�7-����*�	��$����
3����2����6��ก��(������*�	��$ 5 µl) 
�ก
��
*&2��7-�-��������%-����6
��$-�(�	-��� 3����"�����2�7-�
�����7-,2�ก	
�* (���
52�
'(
�)ก&����2����ก	
 0.2 �	&&	��3�) ����"
"���7-� 
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�ก	�ก��=��
���ก��
����6��(27ก&��������B6���&B6�
��6�(��<�
 
�ก
��
��� chromatoplate &��*7
!�� (�"�����2�
7-��"��� mobile phase ��(2�(�ก�2�
��3����2��) ��

ก�"��6� mobile phase ��&B6�
��6!<��"��� solvent front ��6
ก��-
� (�"�"���*�"��$���7
��6��� chromatoplate) 
<�
�� chromatoplate ��ก  

����	�����7-�%-����6��$-�(�	-��� 
�ก
��
3��
�(����
��6%�ก������
�� chromatoplate ��7�27
!������*o���6��
�ก&8�������
��(2 ���������

"��� *�	ก	�	��ก��
������	
����)���� unsaturated carbonyls %&"��� aromatic 
�*?

����
���3�&���� 74��	
�������
�������6%�ก��ก %&�����
�$-���3����8�7
ก����&B6�
��6-�B��2� Rf (rate 
of flow)  

��� Rf = �"�"�����6�����&B6�
��6 / �"�"�����63�����&"&����&B6�
��6  

%&"�2� Rf ���������73�����"�����ก�
 ���%ก2 3���(�=�� 3�����&"&�� ��$-�(�	 ����4B�
 �*?
3�
 �*?
�2�
�~��"������ =<6������!
�����	
	
~�������� 

2.3. ก��Ĥก#������!" 2 

2.3.1. ก��G�� ���R
 G�
��b���#���	�����O�ก��
 �J�G�O!M
� ���G��!�	(��
cJ��Z�J%J� 
(Determination of genetic toxicity using erythrocyte micronucleus assay) 

1) 
��-���&B���*������)�
%52
��&�)  
2) 
���*%427
����
�&��	���#	� 100% ��&� 15 
��� ก2�

���<�
��3����	�����7-�%-�� ��B6�7-��&B��

3	�%
2
�
%52
��&�) �����!�ก8�������
�
7
ก&2���ก8���&�) 
3) 
��%52
��&�)���ก&2���*������ Acridine Orange (0.125 mg/mL) 7
>���>3��>�>��) pH 

7.4 ��&� 5 
��� 
<�&�����ก����>���>3��>�>��) pH 7.4 ��&� 5 
��� &��� 2 ����� 
4) *o����� cover slip ก2�

���*�2�����73�ก&��� fluorescene microscopy (FITC filter 

combination, excitation wavelength 495 nm, emission wavelength 520 nm) 74�
ก��&������ 1000 !<� 1250 ��2� ����ก3ก���ก	��	:32������
#�ก��� (genotoxicity) %&"
��

��
�
 micronucleus 7
�=&&)��8��&B��%��  =<6�
"*��ก�
�����-&B����2�����7
�=&&) 
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�(*��6 2 ���
3�
ก�������=&��8��&B��%������ Acridine orange %&"ก���2�
5&����ก&���
�&���'
)
%��>&(������=
3) 

 

2.3.2. G�� ���R
���O�	���������  

'<ก:�������

�&���#	�	�������=&&)3����B6��*�������������������=&&) ��6������5&ก�"��%��ก<6���B����� 
(subchronic) %&"%����B����� (chronic) �����	#� Hematoxylin & Eosin staining (Histopathology) ��B6�
'<ก:�&�ก:$" %&"�������������=&&)3�� ��������
3�
ก����� ���
�� 

1)  3���
B����B6�3����3�)��&��%427
�����ก:������
B����B6� 4% paraformaldehyde/0.1 M 
phosphate buffer 

 2) �����(2ก�"��
ก���+�4	�
�
B������ paraffin; dehydration 7
 graded series ethanol, 
clearing 7
 xylene, infiltration 7
 paraplast %&" embedding 7
 peraplast 

 3)  3��4	�
�
B���*?
%52
����
������-
�*�"��$ 3-5 µm ���� microtome ����

��&�) 

 4)  ก��
�� paraplast ��ก
�ก%52
4	�
�
B��3��������� xylene %&" re-dehydration ���� 
100%, 90%, 80% %&" 70% ethanol 3��&����� 

DryDryDryDry    

Acridine OrangeAcridine OrangeAcridine OrangeAcridine Orange    
(0.125 mg/mL) in(0.125 mg/mL) in(0.125 mg/mL) in(0.125 mg/mL) in    

phosphate buffer pH 7.4phosphate buffer pH 7.4phosphate buffer pH 7.4phosphate buffer pH 7.4    
5 min5 min5 min5 min    

StaininStaininStaininStainin RinsinRinsinRinsinRinsin WashinWashinWashinWashin

Phosphate bufferPhosphate bufferPhosphate bufferPhosphate buffer    
pH 7.4, 5 minpH 7.4, 5 minpH 7.4, 5 minpH 7.4, 5 min    

Phosphate bufferPhosphate bufferPhosphate bufferPhosphate buffer    

pH 7.4, 5 minpH 7.4, 5 minpH 7.4, 5 minpH 7.4, 5 min    

Fix in Fix in Fix in Fix in     
Absolute MeOHAbsolute MeOHAbsolute MeOHAbsolute MeOH    

15 min15 min15 min15 min    

Cover slipCover slipCover slipCover slip    

PCE: Bright Red stained    PCE: Bright Red stained    PCE: Bright Red stained    PCE: Bright Red stained        

NCE: Dark Green stained  NCE: Dark Green stained  NCE: Dark Green stained  NCE: Dark Green stained      

    AAAAAAAAccccccccrrrrrrrriiiiiiiiddddddddiiiiiiiinnnnnnnneeeeeeee        OOOOOOOOrrrrrrrraaaaaaaannnnnnnnggggggggeeeeeeee        SSSSSSSSttttttttaaaaaaaaiiiiiiiinnnnnnnniiiiiiiinnnnnnnngggggggg        MMMMMMMMeeeeeeeetttttttthhhhhhhhoooooooodddddddd        

MN: Bright YellowMN: Bright YellowMN: Bright YellowMN: Bright Yellow    
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 5)  �������� Hematoxylin & Eosin (H&E) 

 6)  
����&�)����� dehydration %&" mounting 
 7) '<ก:�ก���*&�6�
%*&�������������
�&���#	�	�������
B����B6����73�ก&���
�&���'
)

#����� ������ %&"�	����"-)����(& 
 

2.3.3. G�� ���R
���O�	�������e��
	Z����O�
 (Semen analysis) %��� ��	�$������G��G�	�$��
	��g�

 (Sperm)  Z� ���S� (Testis)  

1) 3��%�ก��$x" �<�����2�
��6�*?
 Testis ��ก 3����	��$*&�����
&2����� Testis 
"��
�2�
��� Epididymis 3	���(2 ��&�ก:$"�*?
���
���*�� ����� �
���&8ก ���ก��
3��
������������!����=&&)�B���
#�) (��*o�)�) ������
����4B����ก
�ก�2�
�����
	 �(�

����4B��*�	��3� 10 µl 7�27
��&�)��������* ���-���
��
��
�
��*o�)� (a Makler 
sperm-count chamber) 
��
�
��*o�)���6
�����
"!(ก�($���� 106/ml �
B�
��
����4B������
>���>3��>�>��) (PBS,1X) *�"��$ 10-20 µl 
���*�2�7
3(���������$-�(�	��6 37°C 

�
 5-10 
���  ก2�

�����2�����73�ก&���
�&���'
)%���2��ก��� (Microscopic 
observation) ก��&������ 200 ��2� 
���~��"��*o�)���6�38���������
"�B���
#�)��� �2�

ก������ก3������8�%&"��$���7
ก����&B6�
��6�����*o�)� (Motility) 74�ก��&������ 400 
��2� ���
�$����&"ก����&B6�
��6�����*o�)�
�กก��7-��ก�� 4 �"����B� A (��*o�)�
��&B6�
��6�*����-
���*?
���
3��), B (��*o�)���&B6�
��6�*����-
���*?
���
����), C (��*o�)�
��2��&B6�
��6�*����-
��%32��ก����&B6�
�-����-��-�B�-��) %&" D (��*o�)���2��ก��
��&B6�
�-�)   

2) �	����"-)���#	�����"���
�&ก���	�������=&&)%&"������������ Testis 
�กก������
�� Fluorescent  
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3. ��ก���J��� 

3.1. ��ก�������	�����ก��(R$�ก�J��#%��ก̂"���ZV���� (Sub-chronic) 

3.1.1. ��ก��G�� ���R
���� 
! ����  

5&ก�������-&��
�ก*��
�����2��ก������	:7
-
(��&�� �*?
�"�"��&� 90 ��
 ��ก�����4��	3&�&�  
12.5 ± 16.5% (�(*��6 3) ����2�

���-
�ก3��32�
���-
�ก3��-
(�(���� -�B�
���-
�ก3��������#)���-
(7
ก&�2���6
������%�&ก�;�&)��2���������ก��
 (ก&�2���6 8) 
"���
��3��7-,2ก�2�ก&�2�������%�� negative %&"ก&�2���6
�������������� 1 ��
/��*��-) (�(*��6 4) %&"5&
�กก��3��
�	����"-)�2������&	
	ก ���2����������6������
%3ก32��7
%32&"ก&�2�ก����&����2����
�������,��6�"��������4B6���6
 95% (�(*��6 5) ���%ก2 ��
�=�) 
aspartate aminotransferase (AST), alanine aminotransferase (ALT) %&" alkaline phosphatase (ALP) 

�ก
�ก
�������*�	��$ก&(���7
-
(ก&�2���&��ก&�2� 4 %&" 5 �(��<�
��2����
�������,  (�(*��6 6) �������
*�	��$ Creatinine %&" Uric acid ก8�(��<�
���� %32��2������%3ก32�����*�	��$  Triglyceride, 
Cholesterol, Blood urea nitrogen, Total bilirubin, Globulin, Albumin %&" Total protein ��6�"�������
�4B6���6
 95% 
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�(*��6 3 
��
�
����&"ก�����4��	3 (Survival) ���-
(��&����6���������*�"ก�������2��ก������	:��6

ก2�7-��ก	��	:%��ก<6���B�����   

 



 18 

 

 

 

 

 

2

3

4

1 2 3 4 5 6 7 8 9

Exp. group

R
at

io
 [

L
iv

er
 w

t.
/B

o
d

y 
w

t.
]

 

�(*��6 4 
���-
�ก3��������#) (����2�

���-
�ก3��32�
���-
�ก3��) ���-
(��&����6���������*�"ก�������2��ก��
����	:��6ก2�7-��ก	��	:%��ก<6���B����� 
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�(*��6 5 *�	��$��
�=�)���-
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�(*��6 6 �"���ก&(���7
�&B�����-
(��&����6���������*�"ก�������2��ก������	:��6ก2�7-��ก	��	:%��ก<6�
��B����� 
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3.1.2. ��ก������
�� G�
	�
��\���	��g�

 

5&
�กก��3��

��
��
�
�=&&)�B���
#�)7
-
(ก&�2���&�� ��6������%�&ก�;�&)�2��ก������	: %&"����
�	� 

"��
��
�
�=&&)�B���
#�)&�&� 24.7 ± 16.6% ��2����
�������,��6�"��������4B6���6
 99% (�(*��6 7) �2�

��$�������=&&)�B���
#�)�������ก3
�กก����&B6�
��6 ���2���
��
�
����&"����=&&)�B���
#�)��6��ก����&B6�
��6
�*����-
��7
%
����
���� (�ก�� B) ���-
(ก&�2���&��
"
���ก�2����ก&�2������� 7
���3��ก�
��������&"
����=&&)�B���
#�)��6��2��ก����&B6�
��6�*����-
�� %32��
��ก����&B6�
�-��~��"�2�
-��-�B�-�� (�ก�� C+D) 
���-
(7
ก&�2���&��
"��*�	��$�(�ก�2����-
(ก&�2������� ��2����
�������,��6�"��������4B6���6
 99% (�(*
��6 8) 

0

5

10

15

20

25

30

35

1 2 3 4 5 6 7 8 9

Exp. group

S
p

er
m

  [
x1

06  c
el

l/m
l]

 
�(*��6 7 
��
�
����������
����=&)�B���
#�)���-
(��&����6���������*�"ก�������2��ก������	:��6ก2�7-��ก	�

�	:%��ก<6���B����� 
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�(*��6 8 ���������!7
ก����&B6�
��6����=&&)�B���
#�)���-
(��&�� ��6���������*�"ก�������2��ก������	: 
��6ก2�7-��ก	��	:%��ก<6���B����� (B = �=&&)�B���
#�)��ก����&B6�
��6�*����-
��7
%
����
����, C+D = -��
-�B�-���=&&)�B���
#�)��ก����&B6�
�-� %32��2��ก����&B6�
��6�*����-
��) 

 

 

 

 

3.1.3. ��ก��G�� ���R
 G�
��b���#���	�����O�ก��
 �J�G�O!M
� ���G��!�	(��
cJ��Z�J%J� 
(Determination of genetic toxicity using erythrocyte micronucleus assay) 


�กก����&��7
��B���3�
 =<6�������ก��'<ก:�7
ก&�2���6�����,��6����2�
2�
"��5&%3ก32��ก�
ก2�
 ������
ก���	����"-)7
ก&�2���6 1 (ethanol + acetaldehyde + formaldehyde + methanol), ก&�2���6 8 (positive 
control; ethanol) %&"ก&�2���6 9 (negative control; water) ��
��
�
�����
	���&���7
��8��&B��%�� 
2/1000 cell, 3/1000 cell %&" 0/1000 cell 3��&����� ���������%3ก32��ก�
��2����2��
�������,����!	3	 
�2�
7
ก&�2��B6
| ��(2�"-�2��ก����&�� 

3.1.4. ��ก��G�� ���R
���O�	�����ZV���Z"���� 


�ก��'<ก:����73�ก&���
�&���'
) (Light microscope) ���2�7
3�������3�)��&��ก&�2���6 1-8 (�ก���

ก&�2���6 9 -�B�ก&�2�������) ���=&&)3�� (hepatocyte) ��6���7-,2ก�2�*ก3	 (swelling) %&"��!��7� 
(vacuolation) ��(2���7
�
B����B6�������
	���&�����(2�*?

��
�
��ก =<6�&�ก:$"����5	�*ก3	����=&&)3��
���ก&2��
������ก�2� ballooning hepatocyte (����(*��6 9) 
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�(*��6 9 Ballooning hepatocyte (black arrow) ��6��7
3�������3�)��&��ก&�2���6 1 y 8 ��6���������*�"ก��
�����2��ก������	:��6ก2�7-��ก	��	:%��ก<6���B����� 

  
��B6��*���������*�	��$ ballooning hepatocyte 3������!�6���ก�����������*�"ก�������2��ก��

����	:��6ก2�7-��ก	��	:%��ก<6���B����� �B� ก&�2���6 1 (7��
32���*��-)), ก&�2���6 6 (4 ��
32���*��-)), ก&�2���6 7 (1 ��

32���*��-)) ���2� ก&�2���6 1 ��*�	��$  ballooning hepatocyte ��ก��6��� (����(*��6  10A), ก&�2���6 6 ��*�	��$  
ballooning hepatocyte *�
ก&�� %&"ก&�2���6 7 ��*�	��$  ballooning hepatocyte 
�����6��� (����(*��6    
10B) 

 
 
 

 
�(*��6 10 �*���������*�	��$ ballooning hepatocyte (black arrow) 7
3�������3�)��&�� ��6������

���*�"ก�������2��ก������	:��6ก2�7-��ก	��	:%��ก<6���B����� �"-�2��ก&�2���6 1 ��6������ 7 ��
32���*��-)
(�(* A) %&"ก&�2���6 7 ��6������ 1 ��
32���*��-) (�(* B) ������2���*�	��$ ballooning hepatocyte 
�*?

��
�
��ก7
3�������3�)��&��ก&�2���6 1 %&"��*�	��$
���7
ก&�2� 7    

 

A B 
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3.2. ��ก�������	�����ก��(R$�ก�J��#%����ZV���� (Chronic) 

7
-
(��&��ก&�2���6������%�&ก�;�&)����3��ก�����4��	3&�&� 0-30% (�(*��6 11) 
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�(*��6 11 
��
�
����&"ก�����4��	3 (Survival) ���-
(��&����6���������*�"ก�������2��ก������	:��6

ก2�7-��ก	��	:%����B����� (Chronic) 

 

 

3.2.1. ��ก��G�� ���R
���� 
! ����  

����2�

���-
�ก3��32�
���-
�ก3��-
(�(���� -�B�
���-
�ก3��������#)���-
(7
ก&�2���6������%�&ก�;�&) 
"��
�
��3��7-,2ก�2�ก&�2�������%�� negative %&"ก&�2���6�������������� 1 ��
/��*��-) (�(*��6 12) 
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�(*��6 12 
���-
�ก3��������#) (����2�

���-
�ก3��32�
���-
�ก3��) ���-
(��&����6���������*�"ก�������2��ก��

����	:��6ก2�7-��ก	��	:%����B����� 
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�(*��6 13 *�	��$��
�=�)���-
(��&����6���������*�"ก�������2��ก������	:��6ก2�7-��ก	��	:%����B����� 
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�(*��6 14 �"���ก&(���7
�&B�����-
(��&����6���������*�"ก�������2��ก������	:��6ก2�7-��ก	��	:%��

��B����� 
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�(*��6 15 *�	��$ albumin 7
�&B�����-
(��&����6���������*�"ก�������2��ก������	:��6ก2�7-��ก	��	:

%����B����� 
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3.2.2. ก����G�G�J���
�� ���	������(���ZV���Z"���� 

�VL�R��ก��G (BW) �VL�R��ก��� (LW) %��	�J	�G�����VL�R��ก��G����VL�R��ก������R�� (LW/BW) 


���-
�ก3���~&�6����-
(���� 4 ก&�2� ���2���2%3ก32��ก�
��2����
�������, %&"
���-
�ก3���~&�6����-
(���� 4 
ก&�2� ���2���2%3ก32��ก�
��2����
�������, 
���-
�ก3��32�
���-
�ก3���~&�6����-
(���� 4 ก&�2� ���2�%3ก32��ก�

��2����
�������, (One Way ANOVA, P<0.05) ���-
(ก&�2� 4, 5 %&" 8 ���2�
���-
�ก3��32�
���-
�ก3��
��กก�2�-
(ก&�2���������6������
���ก&�6
%�
��2����
�������, (P<0.05) ���-
(ก&�2� 9 (9) ���2� 0.0265 ก���, 
ก&�2� 4 4) ���2� 0.0296 ก���, ก&�2� 5 (5) ���2� 0.0301 ก��� %&"ก&�2� 8 (8) ���2� 0.0296 ก��� %32
���-
�ก3��32�

���-
�ก3�����-
(ก&�2� 4, 5 %&" 8 ��2������%3ก32��ก�
��2����
�������, (�(*��6 16) 
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�(*��6 16 %���ก��>�*���������
���-
�ก3��32�
���-
�ก3�� 

* �*���������ก��-
(ก&�2���6������
���ก&�6
%�
 (G9) 
 
 

��ก����G�R����
�� ���	������ 

*�	��$���&��3���&�~&�6��"��7
3��-
(���� 4 ก&�2� ���2�%3ก32��ก�
��2����
�������, (One Way 
ANOVA, P<0.05) ���3�����-
(��6����������
�	���6������	: acetaldehyde *
�*@A�
 ���������6-�� (4 %&" 5) ��
*�	��$���&��3���&�"��7
3����กก�2�-
(ก&�2���������6������
���ก&�6
 %&" 35% ethanol (v/v) ��2����

�������, (P<0.01) %&"*�	��$���&��3���&7
3�����-
(��6����������
�	���6-�� A (5) ����กก�2�-
(��6������
����
�	���6-�� B (4) (P<0.01) ��2����
�������, (�(*��6 17) 

 

* * 
* 

* 
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�(*��6 17 %���*�	��$���&��3���& (µg/ml) 
�ก4	�
�2�
3��-
(��&�� 

*�*���������ก�� G9; $ �*���������ก�� G8; #�*���������ก�� G4 
 
 

��ก���L� TLC 


�ก5&ก��
��%
ก4
	��������

�ก4	�
�2�
3�����-
(��&���������
	� TLC �*���������ก������

��3�}�
ก&�2� Neutral lipids (�(* 18A) %&" Polar lipids (�(* 18B) ���2�����
3����2��*�"ก����������

4
	� Triglyceride, Oleic acid %&" Cholesterol �*?
���)*�"ก��-&�ก %&"
�กก��3��
����2������������
��� spot ����
�3�ก&��=����)7
-
2����� intensity/mm2 ���74� �*�%ก�� Quantity One version 4.6.3 
(Bio-Rad laboratories) ���2� *�	��$����
�3�ก&��=����)�~&�6���6���
�ก3����2��4	�
�2�
3��-
(���� 4 ก&�2� ��
�2�%3ก32��ก�
��2����
�������, (One Way ANOVA, P<0.05) ������2� *�	��$�3�ก&��=����)���ก&�2� 4 
��กก�2�ก&�2� 9 ��2����
�������, (P<0.01), *�	��$�3�ก&��=����)���ก&�2� 5 
���ก�2�ก&�2� 9 ��2����

�������, (P<0.05), *�	��$�3�ก&��=����)���ก&�2� 4 ��กก�2�ก&�2� 8 ��2����
�������, (P=0.046), *�	��$
�3�ก&��=����)���ก&�2� 9, 8 %&"ก&�2� 5 
���ก�2�ก&�2� 4 ��2����
�������, (P<0.05) 7
�$"��6 ก&�2� 4, 8, %&" 
9 ��*�	��$�3�ก&��=����)��กก�2�ก&�2� 5 ��2����
�������, (P<0.01) (�(*��6 18) 
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�(*��6 18 %���3����2��5&ก��
��%
ก4
	��������
ก&�2� Neutral lipids (A) %&" Polar lipids (B) 
�*���������ก������
��3�}�
 triolein, oleic acid, linoleic acid, cholesterol %&" lecithin����
���
	� TLC ���-
(��&��ก&�2� 8 

3.2.3. ��ก������
�� G�
	�
��\���	��g�

 

5&
�กก��3��

��
��
�
�=&&)�B���
#�)7
-
(ก&�2���&�� ��6������%�&ก�;�&)�2��ก������	: %&"����
�	� 

"��
��
�
�=&&)�B���
#�)&�&���2����
�������,��6�"��������4B6���6
 99% (�(*��6 19) �2�
��$�������=&&)
�B���
#�)�������ก3
�กก����&B6�
��6 ���2���
��
�
����&"����=&&)�B���
#�)��6��ก����&B6�
��6�*����-
��7
%
�
���
3��%&"���
���� (�ก�� A+B) ���-
(ก&�2���&��
"
���ก�2����ก&�2������� 7
���3��ก�
��������&"
����=&&)�B���
#�)��6��2��ก����&B6�
��6�*����-
�� %32��
��ก����&B6�
�-��~��"�2�
-��-�B�-�� (�ก�� C+D) 
���-
(7
ก&�2���&��
"��*�	��$�(�ก�2����-
(ก&�2������� ��2����
�������,��6�"��������4B6���6
 99% (�(*
��6 20) 
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�(*��6 19 
��
�
����������
����=&)�B���
#�)���-
(��&����6���������*�"ก�������2��ก������	:��6

ก2�7-��ก	��	:%����B����� 
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�(*��6 20 ���������!7
ก����&B6�
��6����=&&)�B���
#�)���-
(��&�� ��6���������*�"ก�������2��ก��

����	: ��6ก2�7-��ก	��	:%����B�����  (A = �=&&)�B���
#�)��ก����&B6�
��6�*����-
��7
%
����
3��, B = 
�=&&)�B���
#�)��ก����&B6�
��6�*����-
��7
%
����
����, C+D = -��-�B�-���=&&)�B���
#�)��ก��
��&B6�
�-� %32��2��ก����&B6�
��6�*����-
��) 

 
 

3.2.4. ��ก��G�� ���R
 G�
��b���#���	�����O�ก��
 �J�G�O!M
� ���G��!�	(��
cJ��Z�J%J� 
(Determination of genetic toxicity using erythrocyte micronucleus assay) 


�กก����&��7
��B���3�
7
-
(��6������ก��'<ก:�%��ก<6���B�����7
���ก&�2�%&�� ก���	����"-)�����*?
�	:
32������
#�ก���
��
 
"���ก��ก��'<ก:�7
ก&�2���6�����,��6����2�
2�
"��5&%3ก32��ก�
ก2�
 �42
�����ก�
 ��B6�
*�"��	
5&�2�
"'<ก:�7
ก&�2��B6
����-�B���2 =<6�5&ก��'<ก:�
"����
	
ก��'<ก:�7
�"�"32��*  

3.2.5. ��ก��G�� ���R
���O�	�����ZV���Z"���� 


�ก��'<ก:����73�ก&���
�&���'
) (Light microscope) ���2�7
3�������3�)��&����6���������*�"ก��
�����2��ก������	:��6ก2�7-��ก	��	:%����B����� ก&�2���6 1, 2, 3 %&"����������
�	� 2 ��6-�� (ก&�2���6 4 %&" 5) ���=&&)
��6��&�ก:$"�-�6���&8ก&� (shrinking) 
	���&������
���&8ก3	������� %&" cytoplasm 3	���4��(���� �����������6
��&�ก:$"���ก&2��
������ก�2� Counsilman{s body =<6��4B6��2��*?
�=&&)��6�(,����-
����6 ���
"�����ก&�2�ก��
�=&&)��8��&B����� (white blood cell) %&"����(2����|-&���&B�� (Perivascular area) (����(*��6 21 ) 
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�(*��6 21 %���ก&�2� Counsilman{s bodies %&" White blood cells (black arrow) ��6��(2��	��$ Perivascular 

area 7
3�������3�)��&����6���������*�"ก�������2��ก������	:��6ก2�7-��ก	��	:%����B����� ก&�2���6 1, 
2, 3 %&"����������
�	� 2 ��6-�� (ก&�2���6 4 %&" 5)  

 

�ก
�ก
������������������6���&���!��7� (vacuolation) ��(2���7
�
B����B6��ก�6����
 (connective tissue) 

��6&�������=&&)3�� 7
3�������3�)��&����กก&�2���6������%�&ก�;�&) 
�
�*?
��&� 6 ��B�
 (ก&�2���6 1-8) (���
�(*��6 22 ) 

 
 
 
 
 
 
 
 

 
�(*��6 22 %������������ vacuolation (black arrow) ��6��%��ก��(2��6��*7
 connective tissue ����
B����B6�

3�� =<6���7
3�������3�)��&����6���������*�"ก�������2��ก������	:��6ก2�7-��ก	��	:%����B����� 
  ก&�2���6 1 -8 %32��2��7
ก&�2������� (ก&�2���6 9) %&"������=&&) balloon hepacyte (white arrow) 

�42
�����ก��ก&�2�ก<6���B�������ก���� 
 


�กก�������=&&)�
B����B6�3�� ������
�"��7
�
B����B6�3�����-
(��&����6����������
�	� 2 ��6-���B� ก&�2���6 
4 %&" 5 (�(*��6 23) �*���������ก��ก&�2������� ก&�2���6 8 (positive control) %&"ก&�2���6 9 (negative control) 
(�(*��6 24)    (ก&�2��B6
| ��(2�"-�2������
	
ก����&��) 
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�(*��6 23 ����
7
�
B����B6�3�����-
(��&��ก&�2���6����������
�	� A (ก&�2� 4) %&" B (ก&�2� 5) 
 

 

 
 
 
 
 
�(*��6 24 ����
7
�
B����B6�3�����-
(��&�� A (ก&�2� 8 positive control) %&" B (ก&�2� 9 negative control) 

3.2.6. ��ก��G�� ���R
���
��M�
��	�	
(���� 


�กก����&��7
-
(��6����������
�	� 2 ��6-�� (ก&�2� 4 %&" 5) �*���������ก��ก&�2������� (ก&�2� 8 %&" 9) 
��*�	��$�&��&��3���& 7
�=&&)3�����-
(��&����2%3ก32����2����
�������, (�(*��6 25) 
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�(*��6 25 *�	��$ cholesterol 
�ก�=&&)3�����-
(��&����6����������
�	���6ก2�7-��ก	��	:%����B����� 

A B 

A B 
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3.3. 	\���ก�����!����!��%����ก���
ก���J������ Sub-chronic (�� ��Gก  ) 

3.3.1. ���!����!�� G�
\!": ก���
�!"MJ$��� Artificial alcohol ��กG�� (ก���
 1), 4 G�����	��J�R
 (ก���
 6) 
%�� 1 G�����	��J�R
 (ก���
 7) 


�กก���	����"-) SPSS: Blood glucose ��2%3ก32����2����
�������, ��B6��*����������"-�2�� G1, 6, 7, 
8, 9 %����2�!���!�6���ก�������� Artificial alcohol 7
-
(���� 3 ก&�2���2��5&32��"��� Blood glucose 


�กก���	����"-) SPSS: BUN ��2%3ก32����2����
�������, ��B6��*����������"-�2�� G1, 6, 7, 8, 9 %���
�2�!���!�6���ก�������� Artificial alcohol 7
-
(���� 3 ก&�2���2��5&32��"��� BUN 


�กก���	����"-) SPSS: GLOB ��2%3ก32����2����
�������, ��B6��*����������"-�2�� G1, 6, 7, 8, 9 
%����2�!���!�6���ก�������� Artificial alcohol 7
-
(���� 3 ก&�2���2��5&32��"��� GLOB 


�กก���	����"-) SPSS: Creatinine ������%3ก32����2����
�������, ��B6��*����������"-�2�� G1, 6, 7, 
8, 9 %����2�!���!�6���ก�������� Artificial alcohol  ��ก��
%��ก<6���B�������5&32�ก����	6��<�
����"��� 
Creatinine %����2�5&32�ก�������
����3 (3������6  2 �(*��6 26) 

3������6  2 ก���	����"-)�2�����%*�*��
��� Creatinine 7
ก&�2� 1, 6, 7, 8, 9 ��� sub-chronic 

 

Multiple Comparisons

Dependent Variable: CREA

LSD

.0846* .02237 .001 .0387 .1305

.0731* .02237 .003 .0272 .1191

.0893* .02314 .001 .0419 .1368

.0831* .02237 .001 .0372 .1291

-.0846* .02237 .001 -.1305 -.0387

-.0114 .02043 .580 -.0533 .0305

.0048 .02126 .824 -.0389 .0484

-.0014 .02043 .945 -.0433 .0405

-.0731* .02237 .003 -.1191 -.0272

.0114 .02043 .580 -.0305 .0533

.0162 .02126 .453 -.0274 .0598

.0100 .02043 .628 -.0319 .0519

-.0893* .02314 .001 -.1368 -.0419

-.0048 .02126 .824 -.0484 .0389

-.0162 .02126 .453 -.0598 .0274

-.0062 .02126 .773 -.0498 .0374

-.0831* .02237 .001 -.1291 -.0372

.0014 .02043 .945 -.0405 .0433

-.0100 .02043 .628 -.0519 .0319

.0062 .02126 .773 -.0374 .0498

(J) EXP

G6

G7

G8

G9

G1

G7

G8

G9

G1

G6

G8

G9

G1

G6

G7

G9

G1

G6

G7

G8

(I) EXP

G1

G6

G7

G8

G9

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 
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�(*��6 26 �!	3	ก���*����������2� Creatinie 7
ก&�2�ก����&�� 1, 2, 3, 4, 5 ��� Sub-chronic 
 

3.3.2. ���!����!�� G�
\!" : ก���
�!"MJ$��� Artificial alcohol + Acetaldehyde ��กG�� (ก���
 2, 3) 
���!����!��ก�� G8 %�� G9 


�กก���	����"-) SPSS: GLU ��2������%3ก32����2����
�������,��B6��*����������"-�2�� G2, 3, 8, 9 
��� G3 ���"��� GLU 36����� %����2�ก��������%��ก<6���B����� Artificial alcohol (35% ethanol) + 
Acetaldehyde �"���*�
ก&����5&32�ก����	6��<�
����"��� GLU 
���ก�2�ก�������� 35% ethanol ��6�� 
Acetaldehyde �(�ก�2� -�B��������~��" 35% ethanol -�B� 
���ก&�6
��2������� (�(*��6 27) 

 

Descriptives

CREA

5 .5460 .04159 .01860 .4944 .5976 .50 .61

7 .4614 .02968 .01122 .4340 .4889 .44 .52

7 .4729 .04231 .01599 .4337 .5120 .42 .52

6 .4567 .04590 .01874 .4085 .5048 .40 .53

7 .4629 .03147 .01190 .4338 .4920 .40 .50

32 .4766 .04715 .00834 .4596 .4936 .40 .61

G1

G6

G7

G8

G9

Total

N Mean Std. Deviation Std. Error Lower Bound Upper Bound

95% Confidence Interval for
Mean

Minimum Maximum
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�(*��6 27 �!	3	ก���*����������2� Blodd glucose 7
ก&�2�ก����&�� 2, 3, 8, 9 ���  Sub-chronic 
 

3.3.3. ���!����!����RG���ก���
 2, 4, 8, 9 

 
3������6 3 ก���	����"-)�2�����%*�*��
�����
�=�) AST 7
ก&�2� 2, 4, 8, 9 ��� Sub-chronic 

Multiple Comparisons

Dependent Variable: AST

LSD

-1.1583 9.19203 .901 -20.1735 17.8568

19.7833 9.82669 .056 -.5447 40.1114

22.6952* 9.46924 .025 3.1066 42.2839

1.1583 9.19203 .901 -17.8568 20.1735

20.9417* 9.19203 .032 1.9265 39.9568

23.8536* 8.80886 .013 5.6311 42.0761

-19.7833 9.82669 .056 -40.1114 .5447

-20.9417* 9.19203 .032 -39.9568 -1.9265

2.9119 9.46924 .761 -16.6767 22.5005

-22.6952* 9.46924 .025 -42.2839 -3.1066

-23.8536* 8.80886 .013 -42.0761 -5.6311

-2.9119 9.46924 .761 -22.5005 16.6767

(J) EXP

G4

G8

G9

G2

G8

G9

G2

G4

G9

G2

G4

G8

(I) EXP

G2

G4

G8

G9

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 

 
 
 

* 



 35 

0.0

20.0

40.0

60.0

80.0

100.0

120.0

140.0

2 4 8 9

Experiment Group

A
S

T
 (

U
/L

)

 
* compared to G9 
$ compared to G8 and G9 

 
�(*��6 28 �!	3	ก���*����������2���
�=�) AST 7
ก&�2�ก����&�� 2, 4, 8, 9 ���  Sub-chronic 
 
 

3.3.4. ���!����!����RG���ก���
  3, 5, 8, 9 

 
3������6 4 ก���	����"-)�2�����%*�*��
��� Blood glucose 7
ก&�2� 3,5, 8, 9 ��� Sub-chronic 

 
 
 

Multiple Comparisons

Dependent Variable: GLU

LSD

-94.5250* 30.47950 .006 -158.1041 -30.9459

-65.8583* 31.38953 .049 -131.3357 -.3809

-41.2393 30.47950 .191 -104.8184 22.3398

94.5250* 30.47950 .006 30.9459 158.1041

28.6667 27.05437 .302 -27.7678 85.1011

53.2857 25.99300 .054 -.9347 107.5062

65.8583* 31.38953 .049 .3809 131.3357

-28.6667 27.05437 .302 -85.1011 27.7678

24.6190 27.05437 .374 -31.8154 81.0535

41.2393 30.47950 .191 -22.3398 104.8184

-53.2857 25.99300 .054 -107.5062 .9347

-24.6190 27.05437 .374 -81.0535 31.8154

(J) EXP

G5

G8

G9

G3

G8

G9

G3

G5

G9

G3

G5

G8

(I) EXP

G3

G5

G8

G9

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 

* $ 
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* compared to G5 and G8 

 
�(*��6 29 �!	3	ก���*����������2� Blood glucose 7
ก&�2�ก����&�� 3, 5, 8, 9 ���  Sub-chronic 
 
 
3������6 5 ก���	����"-)�2�����%*�*��
�����
�=�) AST 7
ก&�2� 3, 5, 8, 9 ��� Sub-chronic 

 
 
 
 
 
 

Multiple Comparisons

Dependent Variable: AST

LSD

-21.8357 11.49518 .072 -45.8142 2.1428

2.5667 11.83839 .831 -22.1278 27.2611

5.4786 11.49518 .639 -18.4999 29.4571

21.8357 11.49518 .072 -2.1428 45.8142

24.4024* 10.20341 .027 3.1184 45.6863

27.3143* 9.80312 .011 6.8653 47.7632

-2.5667 11.83839 .831 -27.2611 22.1278

-24.4024* 10.20341 .027 -45.6863 -3.1184

2.9119 10.20341 .778 -18.3720 24.1958

-5.4786 11.49518 .639 -29.4571 18.4999

-27.3143* 9.80312 .011 -47.7632 -6.8653

-2.9119 10.20341 .778 -24.1958 18.3720

(J) EXP

G5

G8

G9

G3

G8

G9

G3

G5

G9

G3

G5

G8

(I) EXP

G3

G5

G8

G9

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 

* 
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�(*��6 30 �!	3	ก���*����������2���
�=�) AST 7
ก&�2�ก����&�� 3, 5, 8, 9 ���  Sub-chronic 
 
 
3������6 6 ก���	����"-)�2�����%*�*��
�����
�=�) ALP 7
ก&�2� 3, 5, 8, 9 ��� Sub-chronic 

 
 
 
 
 
 
 
 

Multiple Comparisons

Dependent Variable: ALP

LSD

-24.0714* 8.71928 .012 -42.2595 -5.8833

-8.3333 8.97961 .364 -27.0645 10.3978

-6.3571 8.71928 .474 -24.5452 11.8310

24.0714* 8.71928 .012 5.8833 42.2595

15.7381 7.73945 .055 -.4061 31.8823

17.7143* 7.43583 .027 2.2034 33.2251

8.3333 8.97961 .364 -10.3978 27.0645

-15.7381 7.73945 .055 -31.8823 .4061

1.9762 7.73945 .801 -14.1680 18.1204

6.3571 8.71928 .474 -11.8310 24.5452

-17.7143* 7.43583 .027 -33.2251 -2.2034

-1.9762 7.73945 .801 -18.1204 14.1680

(J) EXP

G5

G8

G9

G3

G8

G9

G3

G5

G9

G3

G5

G8

(I) EXP

G3

G5

G8

G9

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 

* 
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* compared to G8 and G9 

 
�(*��6 31 �!	3	ก���*����������2���
�=�) ALP 7
ก&�2�ก����&�� 3, 5, 8, 9 ���  Sub-chronic 
 

3.3.5. ���!����!����RG���ก���
 4, 5, 8, 9 

 
3������6 7 ก���	����"-)�2�����%*�*��
��� Creatinine 7
ก&�2� 4, 5, 8, 9 ��� Sub-chronic 

 
 
 

Multiple Comparisons

Dependent Variable: CREA

LSD

.0175 .02358 .465 -.0312 .0662

.0608* .02461 .021 .0100 .1116

.0546* .02358 .029 .0060 .1033

-.0175 .02358 .465 -.0662 .0312

.0433 .02535 .100 -.0090 .0957

.0371 .02436 .140 -.0131 .0874

-.0608* .02461 .021 -.1116 -.0100

-.0433 .02535 .100 -.0957 .0090

-.0062 .02535 .809 -.0585 .0461

-.0546* .02358 .029 -.1033 -.0060

-.0371 .02436 .140 -.0874 .0131

.0062 .02535 .809 -.0461 .0585

(J) EXP

G5

G8

G9

G4

G8

G9

G4

G5

G9

G4

G5

G8

(I) EXP

G4

G5

G8

G9

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 

* 
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�(*��6 32 �!	3	ก���*����������2� Creatinine 7
ก&�2�ก����&�� 4, 5, 8, 9 ��� Sub-chronic 
 
 
3������6 8 ก���	����"-)�2�����%*�*��
�����
�=�) AST 7
ก&�2� 4, 5, 8, 9 ��� Sub-chronic 

 
 
 

Multiple Comparisons

Dependent Variable: AST

LSD

-3.4607 10.51662 .745 -25.1660 18.2445

20.9417 10.97408 .068 -1.7077 43.5911

23.8536* 10.51662 .033 2.1483 45.5588

3.4607 10.51662 .745 -18.2445 25.1660

24.4024* 11.30503 .041 1.0699 47.7348

27.3143* 10.86152 .019 4.8972 49.7314

-20.9417 10.97408 .068 -43.5911 1.7077

-24.4024* 11.30503 .041 -47.7348 -1.0699

2.9119 11.30503 .799 -20.4205 26.2443

-23.8536* 10.51662 .033 -45.5588 -2.1483

-27.3143* 10.86152 .019 -49.7314 -4.8972

-2.9119 11.30503 .799 -26.2443 20.4205

(J) EXP

G5

G8

G9

G4

G8

G9

G4

G5

G9

G4

G5

G8

(I) EXP

G4

G5

G8

G9

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 
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* compared to G8 and G9 
# compared to G8 

 
�(*��6 33 �!	3	ก���*����������2���
�=�) AST 7
ก&�2�ก����&�� 4, 5, 8, 9 ��� Sub-chronic 

 
 
3������6 9 ก���	����"-)�2�����%*�*��
�����
�=�) ALT 7
ก&�2� 4, 5, 8, 9 ��� Sub-chronic 

 
 

 
 

 
 

Multiple Comparisons

Dependent Variable: ALT

LSD

12.3000 8.09124 .142 -4.3995 28.9995

26.4333* 8.44320 .005 9.0074 43.8592

20.4571* 8.09124 .018 3.7576 37.1566

-12.3000 8.09124 .142 -28.9995 4.3995

14.1333 8.69782 .117 -3.8181 32.0848

8.1571 8.35660 .339 -9.0900 25.4043

-26.4333* 8.44320 .005 -43.8592 -9.0074

-14.1333 8.69782 .117 -32.0848 3.8181

-5.9762 8.69782 .499 -23.9276 11.9752

-20.4571* 8.09124 .018 -37.1566 -3.7576

-8.1571 8.35660 .339 -25.4043 9.0900

5.9762 8.69782 .499 -11.9752 23.9276

(J) EXP

G5

G8

G9

G4

G8

G9

G4

G5

G9

G4

G5

G8

(I) EXP

G4

G5

G8

G9

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 

* * # 
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* compared to G8 and G9 

 
�(*��6 34 �!	3	ก���*����������2���
�=�) ALT 7
ก&�2�ก����&�� 4, 5, 8, 9 ��� Sub-chronic 
 
 
3������6 10 ก���	����"-)�2�����%*�*��
�����
�=�) ALP 7
ก&�2� 4, 5, 8, 9 ��� Sub-chronic 

 
 
 
 
 
 
 
 
 
 

Multiple Comparisons

Dependent Variable: ALP

LSD

-3.5714 6.89802 .609 -17.8082 10.6654

12.1667 7.19807 .104 -2.6894 27.0228

14.1429 6.89802 .051 -.0940 28.3797

3.5714 6.89802 .609 -10.6654 17.8082

15.7381* 7.41515 .044 .4340 31.0422

17.7143* 7.12424 .020 3.0106 32.4180

-12.1667 7.19807 .104 -27.0228 2.6894

-15.7381* 7.41515 .044 -31.0422 -.4340

1.9762 7.41515 .792 -13.3279 17.2803

-14.1429 6.89802 .051 -28.3797 .0940

-17.7143* 7.12424 .020 -32.4180 -3.0106

-1.9762 7.41515 .792 -17.2803 13.3279

(J) EXP

G5

G8

G9

G4

G8

G9

G4

G5

G9

G4

G5

G8

(I) EXP

G4

G5

G8

G9

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 

* 
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* compared to G8 and G9 

 
�(*��6 35 �!	3	ก���*����������2���
�=�) ALP 7
ก&�2�ก����&�� 4, 5, 8, 9 ��� Sub-chronic 
 
 

3.3.6. �$�
�����!����!���L��G��e��
	Z����O�
 (sperm) 

 
3������6 11 ก���	����"-)�2�����%*�*��
���
��
�
��*o�)�7
ก&�2� 1, 6, 7, 8, 9 ��� Sub-chronic 

 
 

Multiple Comparisons

Dependent Variable: SPRM

LSD

-15.4000* 2.10600 .000 -19.6898 -11.1102

-13.6500* 2.10600 .000 -17.9398 -9.3602

-15.4000* 2.10600 .000 -19.6898 -11.1102

-17.4000* 2.10600 .000 -21.6898 -13.1102

15.4000* 2.10600 .000 11.1102 19.6898

1.7500 1.84708 .351 -2.0124 5.5124

.0000 1.84708 1.000 -3.7624 3.7624

-2.0000 1.84708 .287 -5.7624 1.7624

13.6500* 2.10600 .000 9.3602 17.9398

-1.7500 1.84708 .351 -5.5124 2.0124

-1.7500 1.84708 .351 -5.5124 2.0124

-3.7500 1.84708 .051 -7.5124 .0124

15.4000* 2.10600 .000 11.1102 19.6898

.0000 1.84708 1.000 -3.7624 3.7624

1.7500 1.84708 .351 -2.0124 5.5124

-2.0000 1.84708 .287 -5.7624 1.7624

17.4000* 2.10600 .000 13.1102 21.6898

2.0000 1.84708 .287 -1.7624 5.7624

3.7500 1.84708 .051 -.0124 7.5124

2.0000 1.84708 .287 -1.7624 5.7624

(J) EXP

G6

G7

G8

G9

G1

G7

G8

G9

G1

G6

G8

G9

G1

G6

G7

G9

G1

G6

G7

G8

(I) EXP

G1

G6

G7

G8

G9

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 

* 
P=0.051 
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*compared to G6, G7, G8, G9 

 
�(*��6 36 �!	3	ก���*���������
��
�
��*o�)�7
ก&�2�ก����&�� 1, 6, 7, 8, 9 ��� Sub-chronic 
 
 
3������6 12 ก���	����"-)�2�����%*�*��
���
��
�
��*o�)�7
ก&�2� 2, 3, 8, 9 ��� Sub-chronic 

 
 
 
 
 
 

Multiple Comparisons

Dependent Variable: SPRM

LSD

-2.4333 2.59999 .359 -7.8118 2.9452

-7.8333* 2.31889 .003 -12.6303 -3.0364

-9.8333* 2.31889 .000 -14.6303 -5.0364

2.4333 2.59999 .359 -2.9452 7.8118

-5.4000* 2.44781 .038 -10.4637 -.3363

-7.4000* 2.44781 .006 -12.4637 -2.3363

7.8333* 2.31889 .003 3.0364 12.6303

5.4000* 2.44781 .038 .3363 10.4637

-2.0000 2.14687 .361 -6.4411 2.4411

9.8333* 2.31889 .000 5.0364 14.6303

7.4000* 2.44781 .006 2.3363 12.4637

2.0000 2.14687 .361 -2.4411 6.4411

(J) EXP

G3

G8

G9

G2

G8

G9

G2

G3

G9

G2

G3

G8

(I) EXP

G2

G3

G8

G9

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 

* 
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*compared to G8, G9 

 
�(*��6 37 �!	3	ก���*���������
��
�
��*o�)�7
ก&�2�ก����&�� 2, 3, 8, 9 ��� Sub-chronic 
 
3������6 13 ก���	����"-)�2�����%*�*��
���
��
�
��*o�)�7
ก&�2� 2, 4, 8, 9 ��� Sub-chronic 

 
 
 
 

Multiple Comparisons

Dependent Variable: SPRM

LSD

-5.4583* 2.29302 .025 -10.1717 -.7450

-7.8333* 2.29302 .002 -12.5467 -3.1200

-9.8333* 2.29302 .000 -14.5467 -5.1200

5.4583* 2.29302 .025 .7450 10.1717

-2.3750 2.12293 .273 -6.7387 1.9887

-4.3750* 2.12293 .049 -8.7387 -.0113

7.8333* 2.29302 .002 3.1200 12.5467

2.3750 2.12293 .273 -1.9887 6.7387

-2.0000 2.12293 .355 -6.3637 2.3637

9.8333* 2.29302 .000 5.1200 14.5467

4.3750* 2.12293 .049 .0113 8.7387

2.0000 2.12293 .355 -2.3637 6.3637

(J) EXP

G4

G8

G9

G2

G8

G9

G2

G4

G9

G2

G4

G8

(I) EXP

G2

G4

G8

G9

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 

* * 
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*compared to G4,G8, G9 
# compared to G4 

 
�(*��6 38 �!	3	ก���*���������
��
�
��*o�)�7
ก&�2�ก����&�� 2, 4, 8, 9 ��� Sub-chronic 
 
 
3������6 14 ก���	����"-)�2�����%*�*��
���
��
�
��*o�)�7
ก&�2� 3, 5, 8, 9 ��� Sub-chronic 

 
 
 
 
 
 
 

Multiple Comparisons

Dependent Variable: SPRM

LSD

-2.1143 2.07236 .318 -6.3914 2.1629

-5.4000* 2.01767 .013 -9.5643 -1.2357

-7.4000* 2.01767 .001 -11.5643 -3.2357

2.1143 2.07236 .318 -2.1629 6.3914

-3.2857 1.83173 .085 -7.0662 .4948

-5.2857* 1.83173 .008 -9.0662 -1.5052

5.4000* 2.01767 .013 1.2357 9.5643

3.2857 1.83173 .085 -.4948 7.0662

-2.0000 1.76962 .270 -5.6523 1.6523

7.4000* 2.01767 .001 3.2357 11.5643

5.2857* 1.83173 .008 1.5052 9.0662

2.0000 1.76962 .270 -1.6523 5.6523

(J) EXP

G5

G8

G9

G3

G8

G9

G3

G5

G9

G3

G5

G8

(I) EXP

G3

G5

G8

G9

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 

* # * 
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*compared to G8 and G9 
#compared to G9 

 
�(*��6 39 �!	3	ก���*���������
��
�
��*o�)�7
ก&�2�ก����&�� 3, 5, 8, 9 ��� Sub-chronic 
 
 
3������6 15 ก���	����"-)�2�����%*�*��
���
��
�
��*o�)�7
ก&�2� 4, 5, 8, 9 ��� Sub-chronic 

 
 
 
 

Multiple Comparisons

Dependent Variable: SPRM

LSD

.9107 1.85085 .627 -2.8869 4.7083

-2.3750 1.78809 .195 -6.0439 1.2939

-4.3750* 1.78809 .021 -8.0439 -.7061

-.9107 1.85085 .627 -4.7083 2.8869

-3.2857 1.85085 .087 -7.0833 .5119

-5.2857* 1.85085 .008 -9.0833 -1.4881

2.3750 1.78809 .195 -1.2939 6.0439

3.2857 1.85085 .087 -.5119 7.0833

-2.0000 1.78809 .273 -5.6689 1.6689

4.3750* 1.78809 .021 .7061 8.0439

5.2857* 1.85085 .008 1.4881 9.0833

2.0000 1.78809 .273 -1.6689 5.6689

(J) EXP

G5

G8

G9

G4

G8

G9

G4

G5

G9

G4

G5

G8

(I) EXP

G4

G5

G8

G9

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 

*  
# 
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*compared to G9 

 
�(*��6 40 �!	3	ก���*���������
��
�
��*o�)�7
ก&�2�ก����&�� 4, 5, 8, 9 ��� Sub-chronic 
 
 

3.4. 	\���ก�����!����!��%����ก���
ก���J������ Chronic (�� ��Gก �) 

3.4.1. �$�
�� chronic ���!����!����RG���ก���
 1, 6, 7, 8, 9 

5&����"��� Glu ��2������%3ก32����2����
�������, (P=0.067) 

3������6 16 ก���	����"-)�2�����%*�*��
��� Blood glucose 7
ก&�2� 1, 6, 7, 8, 9 ��� Chronic 

 

 
 

Ranks

7 10.00

8 17.25

10 15.70

7 23.29

32

EXP

G1

G6

G7

G8

Total

GLU

N Mean Rank

Test of Homogeneity of Variances

GLU

4.188 4 37 .007

Levene
Statistic df1 df2 Sig.

*  *  
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�(*��6 41 �!	3	ก���*����������2� Blood glucose 7
ก&�2�ก����&�� 1, 6, 7, 8, 9 ��� Chronic 
 
 
3������6 17 ก���	����"-)�2�����%*�*��
��� ALB 7
ก&�2� 1, 6, 7, 8, 9 ��� Chronic 

 
 

Multiple Comparisons

Dependent Variable: ALB

LSD

.2536* .10805 .024 .0346 .4725

.1886 .10288 .075 -.0199 .3970

.0571 .11159 .612 -.1690 .2832

.2786* .10288 .010 .0701 .4870

-.2536* .10805 .024 -.4725 -.0346

-.0650 .09903 .516 -.2656 .1356

-.1964 .10805 .077 -.4154 .0225

.0250 .09903 .802 -.1756 .2256

-.1886 .10288 .075 -.3970 .0199

.0650 .09903 .516 -.1356 .2656

-.1314 .10288 .209 -.3399 .0770

.0900 .09336 .341 -.0992 .2792

-.0571 .11159 .612 -.2832 .1690

.1964 .10805 .077 -.0225 .4154

.1314 .10288 .209 -.0770 .3399

.2214* .10288 .038 .0130 .4299

-.2786* .10288 .010 -.4870 -.0701

-.0250 .09903 .802 -.2256 .1756

-.0900 .09336 .341 -.2792 .0992

-.2214* .10288 .038 -.4299 -.0130

(J) EXP

G6

G7

G8

G9

G1

G7

G8

G9

G1

G6

G8

G9

G1

G6

G7

G9

G1

G6

G7

G8

(I) EXP

G1

G6

G7

G8

G9

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 



 49 

4.4

4.6

4.8

5.0

5.2

5.4

1 6 7 8 9

Experiment Group

A
L

B
 (

g
/d

l)

 
*compared to G6 and G9 
#compared to G9 

 
�(*��6 42 �!	3	ก���*����������2� ALB 7
ก&�2�ก����&�� 1, 6, 7, 8, 9 ��� Chronic 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*  
# 



 50 

3������6 18 ก���	����"-)�2�����%*�*��
��� Creatinine 7
ก&�2� 1, 6, 7, 8, 9 ��� Chronic 
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*compared to G6, G7, G9 
#compared to G9 

 
�(*��6 43 �!	3	ก���*����������2� Creatinine 7
ก&�2�ก����&�� 1, 6, 7, 8, 9 ��� Chronic 
 

Multiple Comparisons

Dependent Variable: CREA

LSD

.0732* .02961 .018 .0132 .1332

.0817* .02820 .006 .0246 .1388

.0300 .03059 .333 -.0320 .0920

.0887* .02820 .003 .0316 .1458

-.0732* .02961 .018 -.1332 -.0132

.0085 .02714 .756 -.0465 .0635

-.0432 .02961 .153 -.1032 .0168

.0155 .02714 .571 -.0395 .0705

-.0817* .02820 .006 -.1388 -.0246

-.0085 .02714 .756 -.0635 .0465

-.0517 .02820 .075 -.1088 .0054

.0070 .02559 .786 -.0448 .0588

-.0300 .03059 .333 -.0920 .0320

.0432 .02961 .153 -.0168 .1032

.0517 .02820 .075 -.0054 .1088

.0587* .02820 .044 .0016 .1158

-.0887* .02820 .003 -.1458 -.0316

-.0155 .02714 .571 -.0705 .0395

-.0070 .02559 .786 -.0588 .0448

-.0587* .02820 .044 -.1158 -.0016

(J) EXP

G6

G7

G8

G9

G1

G7

G8

G9

G1

G6

G8

G9

G1

G6

G7

G9

G1

G6

G7

G8

(I) EXP

G1

G6

G7

G8

G9

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 
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3������6 19 ก���	����"-)�2�����%*�*��
���
��
�
��*o�)� 7
ก&�2� 1, 6, 7, 8, 9 ��� Chronic 
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*compared to G7, G8, G9 

 
�(*��6 44 �!	3	ก���*���������
��
�
��*o�)�7
ก&�2�ก����&�� 1, 6, 7, 8, 9 ��� Chronic 
 
 

Multiple Comparisons

Dependent Variable: SPRM

LSD

-.0179 3.59916 .996 -7.3040 7.2683

-9.2429* 3.42708 .010 -16.1806 -2.3051

-9.3929* 3.59916 .013 -16.6790 -2.1067

-12.9429* 3.42708 .001 -19.8806 -6.0051

.0179 3.59916 .996 -7.2683 7.3040

-9.2250* 3.29868 .008 -15.9028 -2.5472

-9.3750* 3.47712 .010 -16.4141 -2.3359

-12.9250* 3.29868 .000 -19.6028 -6.2472

9.2429* 3.42708 .010 2.3051 16.1806

9.2250* 3.29868 .008 2.5472 15.9028

-.1500 3.29868 .964 -6.8278 6.5278

-3.7000 3.11003 .242 -9.9959 2.5959

9.3929* 3.59916 .013 2.1067 16.6790

9.3750* 3.47712 .010 2.3359 16.4141

.1500 3.29868 .964 -6.5278 6.8278

-3.5500 3.29868 .289 -10.2278 3.1278

12.9429* 3.42708 .001 6.0051 19.8806

12.9250* 3.29868 .000 6.2472 19.6028

3.7000 3.11003 .242 -2.5959 9.9959

3.5500 3.29868 .289 -3.1278 10.2278

(J) EXP

G6

G7

G8

G9

G1

G7

G8

G9

G1

G6

G8

G9

G1

G6

G7

G9

G1

G6

G7

G8

(I) EXP

G1

G6

G7

G8

G9

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 

*  

 # 
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3.4.2. �$�
�����!����!����RG���ก���
 2, 3, 8, 9 

 
3������6 20 ก���	����"-)�2�����%*�*��
��� Blood glucose 7
ก&�2� 2, 3, 8, 9 ��� Chronic 
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�(*��6 45 �!	3	ก���*����������2� Blood glucose 7
ก&�2�ก����&�� 2, 3, 8, 9 ��� Chronic 
 
 
 
 
 
 
 
 
 

Multiple Comparisons

Dependent Variable: GLU

LSD

-69.9071* 27.01437 .015 -125.2436 -14.5707

-87.4286* 27.90032 .004 -144.5798 -30.2774

-17.6271 25.72282 .499 -70.3180 35.0637

69.9071* 27.01437 .015 14.5707 125.2436

-17.5214 27.01437 .522 -72.8579 37.8150

52.2800* 24.75908 .044 1.5633 102.9967

87.4286* 27.90032 .004 30.2774 144.5798

17.5214 27.01437 .522 -37.8150 72.8579

69.8014* 25.72282 .011 17.1106 122.4922

17.6271 25.72282 .499 -35.0637 70.3180

-52.2800* 24.75908 .044 -102.9967 -1.5633

-69.8014* 25.72282 .011 -122.4922 -17.1106

(J) EXP

G3

G8

G9

G2

G8

G9

G2

G3

G9

G2

G3

G8

(I) EXP

G2

G3

G8

G9

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 
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3������6 21 ก���	����"-)�2�����%*�*��
��� ALB 7
ก&�2� 2, 3, 8, 9 ��� Chronic 

 

 
 

 
�$�	���ก�: ANOVA ��2������%3ก32����2����
�������, (p=0.063) %32 Homogeneity of Variance ������
%3ก32����2����
�������, 
 
 
 
 

Test of Homogeneity of Variances

ALB

.736 3 28 .539

Levene
Statistic df1 df2 Sig.

ANOVA

ALB

.528 3 .176 2.722 .063

1.811 28 .065

2.340 31

Between Groups

Within Groups

Total

Sum of
Squares df Mean Square F Sig.

Multiple Comparisons

Dependent Variable: ALB

LSD

.0321 .13164 .809 -.2375 .3018

-.3143* .13596 .028 -.5928 -.0358

-.0929 .12535 .465 -.3496 .1639

-.0321 .13164 .809 -.3018 .2375

-.3464* .13164 .014 -.6161 -.0768

-.1250 .12065 .309 -.3721 .1221

.3143* .13596 .028 .0358 .5928

.3464* .13164 .014 .0768 .6161

.2214 .12535 .088 -.0353 .4782

.0929 .12535 .465 -.1639 .3496

.1250 .12065 .309 -.1221 .3721

-.2214 .12535 .088 -.4782 .0353

(J) EXP

G3

G8

G9

G2

G8

G9

G2

G3

G9

G2

G3

G8

(I) EXP

G2

G3

G8

G9

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 
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�(*��6 46 �!	3	ก���*����������2� ALB 7
ก&�2�ก����&�� 2, 3, 8, 9 ��� Chronic 
 
 
3������6 22 ก���	����"-)�2�����%*�*��
���
��
�
��*o�)�7
ก&�2� 2, 3, 8, 9 ��� Chronic 

 
 
 
 

Multiple Comparisons

Dependent Variable: SPRM

LSD

3.0476 2.73643 .274 -2.5409 8.6362

.4643 2.81026 .870 -5.2750 6.2036

-3.0857 2.67591 .258 -8.5506 2.3792

-3.0476 2.73643 .274 -8.6362 2.5409

-2.5833 2.63848 .335 -7.9718 2.8052

-6.1333* 2.49489 .020 -11.2286 -1.0381

-.4643 2.81026 .870 -6.2036 5.2750

2.5833 2.63848 .335 -2.8052 7.9718

-3.5500 2.57565 .178 -8.8102 1.7102

3.0857 2.67591 .258 -2.3792 8.5506

6.1333* 2.49489 .020 1.0381 11.2286

3.5500 2.57565 .178 -1.7102 8.8102

(J) EXP

G3

G8

G9

G2

G8

G9

G2

G3

G9

G2

G3

G8

(I) EXP

G2

G3

G8

G9

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 
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*compared to G9 

 
�(*��6 47 �!	3	ก���*���������
��
�
��*o�)�7
ก&�2�ก����&�� 2, 3, 8, 9 ��� Chronic 
 

3.4.3. ���!����!����RG���ก���
 2, 4, 8, 9 

��2���2�7���6������%3ก32����2����
�������, 

3.4.4. ���!����!����RG���ก���
 3, 5, 8, 9 

��2���2�7���6������%3ก32����2����
�������, 

3.4.5. ���!����!����RG���ก���
 4, 5, 8 ,9 

 
3������6 23 ก���	����"-)�2�����%*�*��
��� Blood glucose 7
ก&�2� 4, 5, 8, 9 ��� Chronic 

 

Multiple Comparisons

Dependent Variable: GLU

LSD

35.4057 30.11921 .249 -26.1059 96.9174

-15.3514 30.11921 .614 -76.8631 46.1602

54.4500 27.33274 .056 -1.3709 110.2709

-35.4057 30.11921 .249 -96.9174 26.1059

-50.7571 32.66887 .131 -117.4759 15.9616

19.0443 30.11921 .532 -42.4674 80.5559

15.3514 30.11921 .614 -46.1602 76.8631

50.7571 32.66887 .131 -15.9616 117.4759

69.8014* 30.11921 .027 8.2898 131.3131

-54.4500 27.33274 .056 -110.2709 1.3709

-19.0443 30.11921 .532 -80.5559 42.4674

-69.8014* 30.11921 .027 -131.3131 -8.2898

(J) EXP

G5

G8

G9

G4

G8

G9

G4

G5

G9

G4

G5

G8

(I) EXP

G4

G5

G8

G9

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 

*  
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�(*��6 48 �!	3	ก���*����������2� Blood glucose 7
ก&�2�ก����&�� 4, 5, 8, 9 ��� Chronic 
 
 
3������6 24 ก���	����"-)�2�����%*�*��
��� ALB 7
ก&�2� 4, 5, 8, 9 ��� Chronic 
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�(*��6 49 �!	3	ก���*����������2� ALB 7
ก&�2�ก����&�� 4, 5, 8, 9 ��� Chronic 

Multiple Comparisons

Dependent Variable: ALB

LSD

-.0129 .10936 .907 -.2362 .2105

-.2414* .10936 .035 -.4648 -.0181

-.0200 .09924 .842 -.2227 .1827

.0129 .10936 .907 -.2105 .2362

-.2286 .11862 .064 -.4708 .0137

-.0071 .10936 .948 -.2305 .2162

.2414* .10936 .035 .0181 .4648

.2286 .11862 .064 -.0137 .4708

.2214 .10936 .052 -.0019 .4448

.0200 .09924 .842 -.1827 .2227

.0071 .10936 .948 -.2162 .2305

-.2214 .10936 .052 -.4448 .0019

(J) EXP

G5

G8

G9

G4

G8

G9

G4

G5

G9

G4

G5

G8

(I) EXP

G4

G5

G8

G9

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 
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3������6 25 ก���	����"-)�2�����%*�*��
��� Creatinine 7
ก&�2� 4, 5, 8, 9 ��� Chronic 

 
 
3������6 26 ก���	����"-)�2�����%*�*��
�����
�=�) ALP 7
ก&�2� 4, 5, 8, 9 ��� Chronic 

 
 
 
 
 
 
 
 
 
 
 
 
 

Multiple Comparisons

Dependent Variable: ALP

LSD

-4.6857 3.96880 .247 -12.7911 3.4197

.3143 3.96880 .937 -7.7911 8.4197

3.1000 3.60163 .396 -4.2555 10.4555

4.6857 3.96880 .247 -3.4197 12.7911

5.0000 4.30477 .255 -3.7915 13.7915

7.7857 3.96880 .059 -.3197 15.8911

-.3143 3.96880 .937 -8.4197 7.7911

-5.0000 4.30477 .255 -13.7915 3.7915

2.7857 3.96880 .488 -5.3197 10.8911

-3.1000 3.60163 .396 -10.4555 4.2555

-7.7857 3.96880 .059 -15.8911 .3197

-2.7857 3.96880 .488 -10.8911 5.3197

(J) EXP

G5

G8

G9

G4

G8

G9

G4

G5

G9

G4

G5

G8

(I) EXP

G4

G5

G8

G9

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

Multiple Comparisons

Dependent Variable: CREA

LSD

.0099 .02884 .735 -.0490 .0688

-.0187 .02884 .521 -.0776 .0402

.0400 .02617 .137 -.0134 .0934

-.0099 .02884 .735 -.0688 .0490

-.0286 .03128 .368 -.0925 .0353

.0301 .02884 .304 -.0288 .0890

.0187 .02884 .521 -.0402 .0776

.0286 .03128 .368 -.0353 .0925

.0587 .02884 .051 -.0002 .1176

-.0400 .02617 .137 -.0934 .0134

-.0301 .02884 .304 -.0890 .0288

-.0587 .02884 .051 -.1176 .0002

(J) EXP

G5

G8

G9

G4

G8

G9

G4

G5

G9

G4

G5

G8

(I) EXP

G4

G5

G8

G9

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval
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3������6 27 ก���	����"-)�2�����%*�*��
���
��
�
��*o�)�7
ก&�2� 4, 5, 8, 9 ��� Chronic 
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�(*��6 50 �!	3	ก���*���������
��
�
��*o�)�7
ก&�2�ก����&�� 4, 5, 8, 9 ��� Chronic 
 
 
3������6 28 ก���	����"-)�2�����%*�*��
��� TG 7
ก&�2� 4, 5, 8, 9 ��� Chronic 

 

Test of Homogeneity of Variances

TG

4.642 3 23 .011

Levene
Statistic df1 df2 Sig.

Multiple Comparisons

Dependent Variable: SPRM

LSD

-4.4000 3.03770 .158 -10.5954 1.7954

-6.0429 3.15594 .065 -12.4794 .3937

-8.7000* 2.86397 .005 -14.5411 -2.8589

4.4000 3.03770 .158 -1.7954 10.5954

-1.6429 3.31440 .624 -8.4026 5.1169

-4.3000 3.03770 .167 -10.4954 1.8954

6.0429 3.15594 .065 -.3937 12.4794

1.6429 3.31440 .624 -5.1169 8.4026

-2.6571 3.15594 .406 -9.0937 3.7794

8.7000* 2.86397 .005 2.8589 14.5411

4.3000 3.03770 .167 -1.8954 10.4954

2.6571 3.15594 .406 -3.7794 9.0937

(J) EXP

G5

G8

G9

G4

G8

G9

G4

G5

G9

G4

G5

G8

(I) EXP

G4

G5

G8

G9

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 
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*compared to G9 

 
�(*��6 51 �!	3	ก���*���������  TG 7
ก&�2�ก����&�� 4, 5, 8, 9 ��� Chronic 
 
3������6 29 ก���	����"-)�2�����%*�*��
���*�	��$���&��3���&7
ก&�2� 4, 5, 8, 9 ��� Chronic 

 

Multiple Comparisons

Dependent Variable: CHOLEST

LSD

-6.1546* 1.66251 .001 -9.6024 -2.7067

-11.3517* 1.66251 .000 -14.7996 -7.9039

-2.9460 1.66251 .090 -6.3938 .5018

6.1546* 1.66251 .001 2.7067 9.6024

-5.1971* 1.51766 .002 -8.3446 -2.0497

3.2086* 1.51766 .046 .0611 6.3560

11.3517* 1.66251 .000 7.9039 14.7996

5.1971* 1.51766 .002 2.0497 8.3446

8.4057* 1.51766 .000 5.2583 11.5531

2.9460 1.66251 .090 -.5018 6.3938

-3.2086* 1.51766 .046 -6.3560 -.0611

-8.4057* 1.51766 .000 -11.5531 -5.2583

(J) EXP

G4

G5

G8

G9

G5

G8

G9

G4

G8

G9

G4

G5

(I) EXP

G9

G4

G5

G8

Mean
Difference

(I-J) Std. Error Sig. Lower Bound Upper Bound

95% Confidence Interval

The mean difference is significant at the .05 level.*. 

Test Statisticsa,b

16.855

3

.001

Chi-Square

df

Asymp. Sig.

TG

Kruskal Wallis Testa. 

Grouping Variable: EXPb. 

*  
*  

*  
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* เปรียบเทียบกับกลุม G9 
#เปรียบเทียบกับกลุม G4 
$ เปรียบเทียบกับกลุม G8 

 
�(*��6 52 �!	3	ก���*���������*�	��$���&��3���&7
ก&�2�ก����&�� 4, 5, 8, 9 ��� Chronic 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

* $  

* $ #  
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4. G�����
��ก���J���  

4.1. ��ก�������	�����ก��(R$�ก�J��#%��ก̂"���ZV���� (Sub-chronic) 

ก�����4��	3���-
(7
ก&�2���&��ก&�2���6 1, 2 %&" 3 &�&��2�
������ก ��
�����-3�
�ก���
	����ก��
*��
��� *�"ก��ก��4
	����3����2���������6������	:7
ก&�2��������"�-��2��5����(2 ����"��B6����ก��
52�4�
�(3�%&�� ��>����ก�'��(2
��
�
��ก =<6���
�*?
���-3�ก��3��7
��B���3�
 ��2����ก83��
���*?
3�����
ก��3��
���&�ก:$"�
B����B6�7
���
32��* 

ก��74�-
(%�������
#�) Wistar ��'���� ���������%�&ก�;�&)*�	��$ 5 g/kg BW ��ก 24 4�6���� �*?
��&� 
4 ��*��-) ���2�%�&ก�;�&)�����!4�ก
��7-���ก���"������
��ก�<�
 �42
 �������
���3�
7
���
�&B�� 
����������7-��ก	�ก����ก���%&"ก��3������
B����B6�3����	6���ก�<�
 (Enomoto et al., 1999) =<6�
"����&���
ก��ก��'<ก:�
����6���2�%�&ก�;�&)4�ก
��7-��ก	�ก���"���������
7
�
B����B6�3����ก�<�
 ���7-�ก&�2���6������
%�&ก�;�&)��2���������ก��
 (ก&�2���6 8) ������2�
���
���-
�ก3��32�
���-
�ก3���(��<�
��2����
�������, (p < 
0.05) 

�=&&)3��=<6����-
����6ก��
������	:��6������
�ก���
�ก-�B������
�ก�2��ก�����  ก�������ก�������

���3�������!���������ก��3��
���*�	��$��
�=�) ���%ก2 AST, ALT %&" ALP =<6������!�2�4���2���ก��
���&��-�B�=2��%=��=&&)3�� ก��'<ก:����4���	3�&����2�%�&ก�;�&)
2�
"�*?
���-3����ก��*����*?
���
3��!<� 23% %&"���2�ก���	����"-)
��%
ก��
�=�)3�� 
�ก5&���
���-
�ก3��-�B�ก����	���%�&ก�;�&)��
����%3ก32��ก�
 (Duk-Hee et al., 2001) 
�ก
�ก
��ก���*&�6�
%*&�����"��� ALT 74�7
ก���	
	
~�� 
hepatic necrosis %&"�"��������
�=�) AST 
"�(��<�
�����8�-&��
�ก�ก	��
B��3�� �
B6��
�ก3��!(ก���&�� 
���7-���
�=�)��ก
�ก�=&&)��6!(ก���&�������(2ก�"%��&B�� (Kramer and Hoffmann, 1997) %&"��3���2�
��� 
AST 32� ALT �2���ก!<�ก����63����������������-��
�ก*�	��$���%�&ก�;�&) (Sydney, 2006) =<6�7

ก��'<ก:������
�����2�*�	��$��
�=�) AST, ALT %&" ALP 7
-
(��&����6������%�&ก�;�&)�2��ก������	: 
%&"����
�	����"����(�ก�2� ก&�2���������2����
�������, (p < 0.05) 


�กก��3��
����"����������7
�&B�����2� ก&(�����*�	��$�(��<�
��%
��
�����ก���*?
������-��
 
%&"��	6�ก2�7-��ก	�����5	�*ก3	����3��B6�3��
��*�	��$ Creatinine %&" Uric acid ��6�(��<�
��2����

�������,����   %32�����24���

 �
B6��
�ก3���74��2� BUN ��*�"ก��ก���	
	
~��  =<6��2�
����2������%3ก32��
����!	3	���-���ก��ก2�7-��ก	��	:%��ก<6���B����� 


�กก��
��
��
�
�=&&)�B���
#�)��6&�&���2���-8
���4��7
ก&�2���&�� 3&��

�������(�$)����=&&)
�B���
#�)��6����ก3
�กก����&B6�
�-�ก84��&����� %���7-��-8
������2���(�$)����=&&)�B���
#�)��6�(��<�
���7-�
ก����&B6�
��64��&� ��ก��*�"�����������8
7
ก���B���
#�)ก8
���&����� ��2����
�������,  (p < 0.01) 
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�&ก���	���'��3�)���3�� ���2���กก&�2�����=&&)3����6���%�&ก�;�&)��
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8� �"-�2��ก&�2���6������%�&ก�;�&)7
����!�6��6%3ก32��ก�
 ���2�7
ก&�2���6���������*�"ก������
��6*
�*@A�
����	:��ก��
 
"��*�	��$�=&&)��6����������
8���กก�2�ก&�2���6���������*�"ก��������6*
�*@A�

����	:7
����!�6��6
���ก�2� 

4.2. ��ก�������	�����ก��(R$�ก�J��#%����ZV���� (Chronic) 

7
ก&�2�ก����&��%����B�����
"������%3ก32������!	3	�"-�2��ก&�2�
��� !���*���������ก&�2���6������
����	:�-�B�
ก�
 ���%ก2  ethanol+acetaldehyde+methanol+formaldehyde %32*�	��$����!�6��6������
32��ก�
�B� ก&�2� 1, 6 %&" 7 (�����
�ก��ก�*
���) 
"��2������%3ก32������2������&	
	� �2�
ก&�2� 2 %&" 
3 ��6��������� ethanol+acetadehyde ������������
��� acetaldehyde �(���� %&"*�
ก&��3��&����� ��
����%3ก32����� glucose ���"����(�ก�2���ก%32���
���ก�2�ก&�2� 8 (positive control; ethanol) !��
�*�������������%3ก32��ก��ก&�2��B6
�*?
�(2 ���2�������%3ก32������2������&	
	�-&���2� �42
  glucose, 
crea, chol, trg, tpr, alb  �2�
ก&�2� 1 %&" 2 ��6������*�	��$ acetaldehyde �(���� ���2����2� ua �(�ก�2�ก&�2� 
9 (negative control; water) �����!�2�4��!<����"����35	�*ก3	 ���ก&�2���6 1 ���2� crea �(��2������%���
!<�%
��
��������"�3&���-&� %32�����2����ก�����3����64���

 ��
�*?
����"��(27
���"��� recovery 
���3�� ���7-��2���
�=�)��2%3ก32����������2� total bilirubin  


�กก����&�����2�-
(��6����������
�	���6���"=	��&�	�;�)�(���� %&"������ 35% (v/v) ���	&%�&ก�;�&) 
%����B����� ����3���2�
���
���-
�ก3��32�
���-
�ก3�� �(��<�
��2����
�������, ��B6��*���������ก��-
(��6������
���
ก&�6
 
�ก
�ก
��������2�-
(��6����������
�	����������6-����*�	��$���&��3���&7
3���(�ก�2�-
(ก&�2�������
��2����
�������, %&"
�กก��'<ก:�4
	��������
��6�*?
���)*�"ก��7
����ก������
��6���
�ก4	�
�2�
3��-
(
������
	� TLC ���2�������
4
	� �3�ก&��=����), ก������
���&�	ก %&" ���&��3���& ����*���������ก��
����
��3�}�
 ��2����ก83������� spot ����
3����2�� �*?
���)*�"ก��7
����
3����2����6��2�����!�"��
4
	��������
��� (�(*��6 18) ���
��
-�ก��	6�4
	��������
��3�}�

"���7-�����4
	��������
�B6
| ��ก�<�

ก&2��������*
"�-8
�2� ก��������%�&ก�;�&)
�ก������6������	:�"=	��&�	�;�)*
�*@A�
7
*�	��$�(�%����B�����

"�2�5&7-��ก	�ก���"���������
��63��=<6��*?
��ก��%�����ก��	6�%�ก���ก���ก	����#	������63�� =<6�-�ก
�2��ก�������������%�&ก�;�&)*�	��$�(� %&"/-�B�������	:*
�*@A�
%����B�����ก8��
���7-��ก	�ก�����
����
����*�(2���"3����ก��� 3��%�8� -�B�%��%32�"��8�3����� (Diehl 2001) 

ก��'<ก:�5&ก�"��32��
B6�����2� %�&ก�;�&)4�ก
��7-��ก	�ก���"���������
7
�
B����B6�3����ก�<�
 ���
7-�ก&�2���6������%�&ก�;�&)��กก&�2� ������2�
���
���-
�ก3��32�
���-
�ก3���(��<�
��2����
�������, (p < 0.05) 

5&ก��
��
��
�
�=&&)�B���
#�)��6&�&���2���-8
���4��7
ก&�2���&�� 3&��

�������(�$)����=&&)
�B���
#�)��6����ก3
�กก����&B6�
�-�ก84��&����� %���7-��-8
������2���(�$)����=&&)�B���
#�)��6�(��<�
��2����

�������,  (p < 0.01) ���7-�ก����&B6�
��64��&� ��ก��*�"�����������8
7
ก���B���
#�)ก8
���&����� 
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B6��
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�	:32������
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��8��&B��%�� 7
ก&�2���6-
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5. 	�����ก���J��� 

5.1. ��ก��G�� ���R
���� 
! ����  

 
3������6 30 4
	���������6!(ก3��
����������&	
	��2�������%3ก32��ก�
��2����
�������,7
%32&"ก&�2�

ก����&�� 

Sub-chronic Chronic ก&�2���&����6 *�	��$����	:��6������ 

(p < 0.05) (p < 0.01) (p < 0.05) (p < 0.01) 
1-9 *�	��$%&"4
	����

����	:��6������32��ก�
 
AST, ALT, 
ALP, GLU, 
CREA, UA 

CREA GLU, ALB, 
CREA 

ALB 

1, 2, 3, 4, 5, 8, 9 *�	��$����	:��6������
��2�ก�
 

AST, ALT, 
ALP, GLU, 
CREA, UA 

- GLU, ALB GLU, ALB 

1, 6, 7, 8, 9 *�	��$����	:��6������
32��ก�
 

CREA CREA GLU, ALB, 
CREA 

- 

2, 4, 8, 9 ������ Acetaldehyde �(���� AST, ALT - GLU - 
3, 5, 8, 9 ������ Acetaldehyde �(�

*�
ก&�� 
AST, ALT, 
ALP, GLU 

AST, ALT, 
ALP 

- - 

 

5.2.  G�
	�
��\����e��
	Z����O�
 (semen analysis) 

*�	��$����������
����=&&)�B���
#�) (��*o�)�) &�&� %&"���������!7
ก����&B6�
��6�����*o�)�&�&�
��2����
�������,����!	3	 (p < 0.01) 

5.3. � ��	�$��(���J�����ก��G��� H�	��
������ (Microscopic observation) 
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"
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��&�
�
!<� 6 ��B�
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�� ��Gก 

 
�� ��Gก ก ����(&�	�
���-
�ก3�� %&"ก��52�4�
�(3�=�ก-
(��6������%�&ก�;�&)�2��ก������	:%��

ก2�7-��ก	��	:ก<6���B����� (Sub-chronic) 

Exp. Ani. BW Necropsy 
Gr. No. (g) sign 

History 

1 2 482.30 normal   
  7 431.05 normal   
  13 414.14 normal   
  14 467.45 normal   
  16 429.11 normal   
2 21 421.17 mild fatty degeneration   
  22 460.63 mild fatty degeneration   
  25 463.36 mild fatty degeneration   
  27 447.13 normal   
  28 440.33 mild fatty degeneration   
  33 473.15 normal   
3 37 481.18 normal   
  38 458.43 normal   
  39 517.94 normal   
  42 432.80 normal   
  51 475.75 normal   

4 65 459.33 normal ��*��
��� 1 ��
  

  66 448.91 normal   
  67 579.34 normal   
  68 448.43 normal   
  69 464.01 normal   
  70 492.43 normal   
  71 469.07 normal   
  72 445.21 normal   
5 83 495.48 normal   

  85 399.30 ก��
-
����	��$�2�
3�
�����	
��-�� ��*��
��� 4 ��
  

  86 515.73 normal   
  87 396.20 normal   
  88 428.47 normal   
  89 489.99 normal   
  90 518.00 normal   
6 91 396.71 normal   
  92 473.98 normal   
  93 405.99 normal   
  94 495.82 normal   
  95 497.99 normal   
  96 409.99 normal   
  97 474.45 normal   
  98 472.96 normal   
7 119 475.23 normal   
  120 536.85 normal   
  121 465.03 normal   
  122 545.26 normal   
  123 443.15 normal   
  124 489.91 normal   
  125 401.61 normal   
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  126 445.09 normal   
8 127 471.32 normal   
  128 464.28 normal   
  129 496.15 normal   
  130 513.75 normal   
  137 422.93 normal   
  138 478.42 normal   
  139 457.72 normal   

  140 480.78 ��ก��
����
Φ 1=�.7
42������   
9 155 551.84 normal   
  156 449.24 normal   
  157 426.49 normal   
  158 536.93 normal   
  159 481.31 normal   
  160 422.97 normal   
  161 459.40 normal   
  162 435.86 normal   
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�� ��Gก � ����(&�	�
���-
�ก3�� %&"ก��52�4�
�(3�=�ก-
(��6������%�&ก�;�&)�2��ก������	:%��
ก2�7-��ก	��	:��B����� (Chronic) 

Exp. Ani. BW Necropsy 
Gr. No. (g) sign 

History 

5 559.77 normal   
9 565.61 normal   
10 522.18 normal   
11 485.67 normal   
12 577.06 normal   
17 501.98 normal   

1 

18     537.40  normal   
19 552.91 normal   
23 475.91 normal   
24 540.27 normal   
29 598.74 normal   
30 550.27 normal   
31 664.85 normal   

2 

32 546.28 normal   
43 531.04 normal   
44 597.95 normal   
46 558.87 normal   
47 515.49 normal   

48 501.90 ��ก��
-
����6*&��3�� 1 ก��
   

49 505.33 ��ก��
�
B��%��ก7
����
   
50 557.09 normal   
53 509.21 normal   
54 599.26 normal   

205 403.97 ��ก��
����
7
3�� ก&�2� 3 �� ���	� 2 3�� ���� 4 ���	3�)  

3 

206 592.52 normal   
55 581.70 normal   
56 547.47 normal   
57 676.46 normal   
58 528.97 normal   
59 519.71 normal   
60 507.82 normal   
61 567.79 normal   
62 565.09 normal   
63 547.01 normal   

4 

64 550.79 normal   
73 684.23 normal   
74 487.90 normal   
75 537.12 normal   
78 494.84 3����ก   
79 569.67 normal   
80 506.10 normal   

5 

81 662.13 normal   
105 546.85 normal   
106 528.76 normal   
107 508.72 normal   
108 609.05 normal   
99 623.75 normal   
101 540.91 normal   

6 

102 580.00 normal   
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104 576.07 normal   
109 556.99 normal   
110 512.25 normal   
111 684.23 normal   
112 540.70 normal   
113 487.40 normal   
114 625.67 normal   
115 588.44 normal   
116 550.13 normal   
117 542.77 normal   

7 

118 600.59 ������2�
���3���5&2��(27
42���ก   
131 600.13 normal   
133 504.59 normal   
134 500.20 normal   
135 531.07 normal   
136 563.68 normal   
143 562.46 normal   
144 596.60 normal   

8 

141 569.37 normal   
145 567.64 normal   
146 580.64 normal   
147 603.95 normal   
148 623.08 normal   
149 552.75 normal   
150 585.17 normal   
151 566.07 normal   
152 617.63 normal   
153 574.28 normal   

9 

154 555.39 normal   
1 153.30 normal   
2 162.91 normal   
3 154.26 normal  
4 155.62 normal  
5 150.18 normal  
6 159.67 normal  
7 156.46 normal  

Control 
-
(���� 5 

wk 

8 158.27 normal  
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�� ��Gก   ����(&����!	3	�*���������%32&"ก&�2�ก����&����� Sub-chronic 

I �*�������������!�6 : ก&�2���6������ Artificial alcohol ��ก��
 (ก&�2� 1), 4 ��
32���*��-) (ก&�2� 6) %&" 1 
��
32���*��-) (ก&�2� 7) 
 

GLU 1 6 7 8 9 
(mg/dl) 273.8 236.6 159.3 223.3 129.8 

 235.5 205.5 197.1 232.8 226.7 
 241.8 228.0 189.0 196.4 230.0 
 211.5 224.1 208.6 250.2 241.8 
 200.9 230.9 235.1 261.1 197.5 
   226.7 222.1 260.8 236.9 
   252.1 283.3   227.0 

 

�กก���	����"-) SPSS: Blood glucose ��2%3ก32����2����
�������, ��B6��*����������"-�2�� G1, 

6, 7, 8, 9 %����2�!���!�6���ก�������� Artificial alcohol 7
-
(���� 3 ก&�2���2��5&32��"��� Blood glucose 
 

BUN 1 6 7 8 9 
(mg/dl) 23.2 17.5 19.6 19.4 17.5 

 19.0 18.0 19.3 17.5 20.7 
 21.4 21.2 18.4 20.1 20.0 
 25.3 21.4 17.8 18.2 17.2 
 18.5 18.4 23.7 15.6 16.2 
   19.9 22.1 19.5 20.6 
   21.6 21.5   20.3 

 
 


�กก���	����"-) SPSS: BUN ��2%3ก32����2����
�������, ��B6��*����������"-�2�� G1, 6, 7, 8, 9 %���
�2�!���!�6���ก�������� Artificial alcohol 7
-
(���� 3 ก&�2���2��5&32��"��� BUN 

 
GLOB 1 6 7 8 9 
(g/dl) 2.4 2.5 2.5 2.7 2.3 

 2.7 2.6 2.5 2.4 2.6 
 2.7 2.3 2.3 2.3 2.8 
 3.3 2.9 2.4 2.5 2.3 
 2.6 3.1 2.8 2.7 2.7 
   2.3 2.7 2.9 2.5 
   2.7 2.8   2.6 

 

�กก���	����"-) SPSS: GLOB ��2%3ก32����2����
�������, ��B6��*����������"-�2�� G1, 6, 7, 8, 9 

%����2�!���!�6���ก�������� Artificial alcohol 7
-
(���� 3 ก&�2���2��5&32��"��� GLOB 
 

CREA 1 6 7 8 9 
(mg/dl) 0.56 0.44 0.42 0.53 0.40 

 0.50 0.44 0.49 0.46 0.46 
 0.53 0.45 0.45 0.42 0.48 
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 0.61 0.48 0.42 0.45 0.48 
 0.53 0.44 0.52 0.40 0.46 
   0.46 0.50 0.48 0.50 
   0.52 0.51   0.46 
Mean 0.55 0.46 0.47 0.46 0.46 
SD 0.041593 0.029681 0.042314 0.045898 0.031472 

 

�กก���	����"-) SPSS: Creatinine ������%3ก32����2����
�������, ��B6��*����������"-�2�� G1, 

6, 7, 8, 9 %����2�!���!�6���ก�������� Artificial alcohol  ��ก��
%��ก<6���B�������5&32�ก����	6��<�
����"��� 
Creatinine %����2�5&32�ก�������
����3 
 
II �*�������������!�6 : ก&�2���6������ Artificial alcohol + Acetaldehyde ��ก��
 (ก&�2� 2, 3) �*���������
ก�� G8 %&" G9 
 

GLU 2 3 8 9 
(mg/dl) 216.6 152.9 223.3 129.8 

 200.8 177.9 232.8 226.7 
 238.1 175.5 196.4 230.0 
 159.5 180.0 250.2 241.8 
 222.9   261.1 197.5 
 196.9   260.8 236.9 
     227.0 
Mean 205.80 171.58 237.43 212.81 
SD 27.20382 12.58501 25.19545 39.23346 
     
     

ALB 2 3 8 9 
(g/dl) 5.0 4.9 4.8 4.6 

 4.8 4.9 4.9 4.8 
 4.9 4.8 4.6 5.0 
 4.7 4.3 4.7 4.6 
 5.0   4.8 4.7 
 4.6   4.9 4.8 
     5.1 
Mean 4.83 4.73 4.78 4.80 
SD 0.163299 0.287228 0.116905 0.191485 
     
     

BUN 2 3 8 9 
(mg/dl) 19.4 24.6 19.4 17.5 

 15.7 19.8 17.5 20.7 
 22.4 19.5 20.1 20.0 
 18.4 16.5 18.2 17.2 
 21.7   15.6 16.2 
 23.1   19.5 20.6 
     20.3 
Mean 20.12 20.10 18.38 18.93 
SD 2.813835 3.349627 1.660622 1.890074 
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GLOB 2 3 8 9 
(g/dl) 2.5 2.3 2.7 2.3 

 2.1 2.5 2.4 2.6 
 2.7 2.5 2.3 2.8 
 2.5 2.4 2.5 2.3 
 2.7   2.7 2.7 
 2.5   2.9 2.5 
     2.6 
Mean 2.50 2.47 2.56 2.58 
SD 0.244949 0.057735 0.240832 0.17224 

    
 
 

CREA 2 3 8 9 
(mg/dl) 0.47 0.51 0.53 0.40 

 0.44 0.46 0.46 0.46 
 0.56 0.43 0.42 0.48 
 0.47 0.40 0.45 0.48 
 0.43   0.40 0.46 
 0.55   0.48 0.50 
     0.46 
Mean 0.49 0.43 0.44 0.47 
SD 0.061237 0.03 0.031937 0.01633 

 
 
�กก���	����"-) SPSS: GLU ��2������%3ก32����2����
�������,��B6��*����������"-�2�� G2, 3, 8, 
9 ��� G3 ���"��� GLU 36����� %����2�ก��������%��ก<6���B����� Artificial alcohol (35% ethanol) + 
Acetaldehyde �"���*�
ก&����5&32�ก����	6��<�
����"��� GLU 
���ก�2�ก�������� 35% ethanol ��6�� 
Acetaldehyde �(�ก�2� -�B��������~��" 35% ethanol -�B� 
���ก&�6
��2������� 
III �*����������"-�2��ก&�2� 2, 4, 8, 9 

AST 2 4 8 9 
(U/L) 76.0 87.2 77.0 64.2 

 96.7 122.2 88.1 65.6 
 108.8 97.0 96.9 72.9 
 112.8 111.7 64.4 65.2 
 86.0 138.3 70.0 82.5 
 115.3 77.6 80.5 108.4 
   83.5   77.2 
   85.9     
Mean 99.3 100.4 79.5 76.6 
SD 15.84319 21.51689 11.85098 15.62484 

 
ALT 2 4 8 9 
(U/L) 38.0 37.4 29.6 19.6 

 42.6 69.0 40.3 36.1 
 62.1 40.8 38.8 31.2 
 78.1 81.1 25.5 27.6 
 60.7 103.5 31.5 58.4 
 73.8 46.3 33.9 64.0 
   47.0   37.8 
   52.5     
Mean 59.2 59.7 33.3 39.2 
SD 16.16186 23.02198 5.610229 16.21705 
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IV �*����������"-�2��ก&�2� 3, 5, 8, 9 
 
 

GLU 3 5 8 9 
(mg/dl) 152.9 224.4 223.3 129.8 

 177.9 240.1 232.8 226.7 
 175.5 273.8 196.4 230.0 
 180.0 135.6 250.2 241.8 
  371.0 261.1 197.5 
  319.8 260.8 236.9 
  298.0  227.0 
Mean 171.6 266.1 237.4 212.8 
SD 12.58501 75.7295 25.19545 39.23346 

 
AST 3 5 8 9 
(U/L) 86.3 78.8 77.0 64.2 

 78.4 100.7 88.1 65.6 
 78.1 108.0 96.9 72.9 
 85.4 162.5 64.4 65.2 
  95.0 70.0 82.5 
  89.7 80.5 108.4 
  92.5  77.2 
Mean 82.1 103.9 79.5 76.6 
SD 4.404921 27.39169 11.85098 15.62484 

 
 

ALP 3 5 8 9 
(U/L) 55 53 54 63 

 58 74 61 68 
 57 75 56 61 
 48 80 60 63 
  96 46 47 
  69 100 68 
  103  56 
Mean 54.5 78.6 62.8 60.9 
SD 4.50925 16.74174 18.97806 7.380799 
     

 
V �*����������"-�2��ก&�2� 4, 5, 8, 9 

GLU 4 5 8 9 
(mg/dl) 186.1 224.4 223.3 129.8 

 220.4 240.1 232.8 226.7 
 168.9 273.8 196.4 230.0 
 263.7 135.6 250.2 241.8 
 368.8 371.0 261.1 197.5 
 400.0 319.8 260.8 236.9 
 299.1 298.0   227.0 
 304.0    
Mean 276.38 266.10 237.43 212.81 
SD 82.89356 75.7295 25.19545 39.23346 

* 
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ALB 4 5 8 9 
(g/dl) 4.4 4.6 4.8 4.6 

 4.9 4.8 4.9 4.8 
 4.4 4.6 4.6 5.0 
 5.2 4.9 4.7 4.6 
 4.4 4.9 4.8 4.7 
 5.0 4.9 4.9 4.8 
 4.8 5.0  5.1 
 4.9    
Mean 4.75 4.81 4.78 4.80 
SD 0.311677 0.157359 0.116905 0.191485 

  
 
   

     
BUN 4 5 8 9 

(mg/dl) 19.1 19.3 19.4 17.5 
 24.0 28.7 17.5 20.7 
 17.5 17.4 20.1 20.0 
 28.1 19.1 18.2 17.2 
 18.1 18.7 15.6 16.2 
 20.1 20.7 19.5 20.6 
 20.4 19.7  20.3 
 21.0    
Mean 21.04 20.51 18.38 18.93 
SD 3.481353 3.74541 1.660622 1.890074 
     

  
 
   

GLOB 4 5 8 9 
(g/dl) 2.5 2.5 2.7 2.3 

 2.5 2.8 2.4 2.6 
 2.5 2.2 2.3 2.8 
 3.0 2.5 2.5 2.3 
 2.5 2.9 2.7 2.7 
 2.8 2.6 2.9 2.5 
 2.5 2.6  2.6 
 2.8    
Mean 2.64 2.59 2.58 2.54 
SD 0.199553 0.226779 0.22286 0.190238 

  
 
   

     
CREA 4 5 8 9 
(mg/dl) 0.47 0.48 0.53 0.40 

 0.59 0.49 0.46 0.46 
 0.43 0.52 0.42 0.48 
 0.61 0.47 0.45 0.48 
 0.47 0.50 0.40 0.46 
 0.55 0.55 0.48 0.50 
 0.48 0.49  0.46 
 0.54    
Mean 0.52 0.50 0.46 0.46 
SD 0.06431 0.02708 0.045898 0.031472 
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AST 4 5 8 9 
(U/L) 87.2 78.8 77.0 64.2 

 122.2 100.7 88.1 65.6 
 97.0 108.0 96.9 72.9 
 111.7 162.5 64.4 65.2 
 138.3 95.0 70.0 82.5 
 77.6 89.7 80.5 108.4 
 83.5 92.5  77.2 
 85.9    
Mean 100.43 103.89 79.48 76.57 
SD 21.51689 27.39169 11.85098 15.62484 

 
 
    

     
ALT 4 5 8 9 
(U/L) 37.4 31.3 29.6 19.6 

 69.0 51.6 40.3 36.1 
 40.8 50.0 38.8 31.2 
 81.1 47.2 25.5 27.6 
 103.5 42.2 31.5 58.4 
 46.3 55.7 33.9 64.0 
 47.0 53.8  37.8 
 52.5    
Mean 59.70 47.40 33.27 39.24 
SD 23.02198 8.371977 5.610229 16.21705 

 

 
 
   

 
 

ALP 4 5 8 9 
(U/L) 68 53 54 63 

 68 74 61 68 
 86 75 56 61 
 77 80 60 63 
 64 96 46 47 
 85 69 100 68 
 74 103  56 
 78    
Mean 75.00 78.57 62.83 60.86 
SD 8.053393 16.74174 18.97806 7.380799 

 
 

UA 4 5 8 9 
(mg/dl) 2.27 3.50 3.83 2.09 

 3.02 3.75 3.42 3.65 
 3.36 5.39 2.15 3.81 
 5.92 2.90 3.76 5.25 
 6.39 6.13 4.50 3.38 
 8.19 5.22 4.08 3.46 
 4.44 3.98  2.87 
 4.60    
Mean 4.77 4.41 3.62 3.50 
SD 1.966926 1.176407 0.806292 0.964545 
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�� ��Gก � ����(&����!	3	�*���������%32&"ก&�2�ก����&����� Chronic 

I ����(& chronic �*����������"-�2��ก&�2� 1, 6, 7, 8, 9 
5&����"��� Glu ��2������%3ก32����2����
�������, (P=0.067) 

 
GLU 1 6 7 8 9 

(mg/dl) 195.0 157.9 188.8 216.4 148.1 
 213.2 326.5 288.8 401.1 263.2 
 247.5 211.6 302.7 335.9 287.7 
 204.2 170.7 286.1 217.2 261.5 
 216.8 350.4 144.6 382.0 276.7 
 204.5 280.1 262.9 361.1 273.0 
 250.2 372.2 243.9 284.1 223.4 
   281.8 278.0   227.3 
     218.6   259.2 
     250.0   221.6 
Mean 218.8 268.9 246.4 314.0 244.2 
SD 21.71441 81.21425 49.7632 76.04651 40.99789 

 
 

ALB 1 6 7 8 9 
(g/dl) 5.2 4.8 4.7 5.1 4.5 

 4.9 4.7 5.3 5.7 4.6 
 5.2 4.8 5.0 4.9 4.7 
 5.0 4.8 4.9 4.8 4.8 
 5.1 4.6 4.7 4.9 4.6 
 5.0 5.0 4.6 4.8 5.1 
 4.8 4.8 4.8 4.6 4.9 
   4.7 4.9   4.8 
     4.7   4.7 
     4.8   4.8 
Mean 5.0 4.8 4.8 5.0 4.8 
SD 0.149603 0.116496 0.201108 0.354562 0.171594 

 
 

CREA 1 6 7 8 9 
(mg/dl) 0.70 0.53 0.49 0.68 0.50 

 0.61 0.56 0.68 0.71 0.63 
 0.71 0.50 0.59 0.56 0.56 
 0.61 0.59 0.57 0.52 0.53 
 0.59 0.61 0.51 0.64 0.53 
 0.60 0.54 0.52 0.57 0.52 
 0.56 0.61 0.52 0.49 0.55 
   0.48 0.53   0.56 
     0.51   0.48 
     0.52   0.51 
Mean 0.6 0.6 0.5 0.6 0.5 
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SD 0.056821 0.048917 0.056214 0.082635 0.041647 

 
 
Concentration 1 6 7 8 9 

(*106 cell / ml) 32 18 25 24 26 
 30 17 32 38 32 
 27 18 30 44 28 
 17 21 25 34 40 
 13 10 35 28 42 
 13 20 20 20 34 
 14 28 28 28 38 
   35 34 26 32 
     30   34 
     42   32 
Mean 20.9 20.9 30.1 30.3 33.8 
SD 8.47405 7.567553 6.17252 7.887603 5.028806 

 
 
Concentration 1 6 7 8 9 

(*106 cell / ml) 32 18 25 24 26 
 30 17 32 38 32 
 27 18 30 44 28 
 17 21 25 34 40 
 13 10 35 28 42 
 13 20 20 20 34 
 14 28 28 28 38 
   35 34 26 32 
     30   34 
     42   32 
Mean 20.9 20.9 30.1 30.3 33.8 
SD 8.47405 7.567553 6.17252 7.887603 5.028806 

 
 
II ����(&�*����������"-�2��ก&�2� 2, 3, 8, 9 
 

GLU 2 3 8 9 
(mg/dl) 299.4 301.4 216.4 148.1 

 190.6 252.4 401.1 263.2 
 214.7 292.6 335.9 287.7 
 206.7 203.6 217.2 261.5 
 257.9 329.3 382.0 276.7 
 184.3 333.7 361.1 273.0 
 232.2 303.8 284.1 223.4 
   354.8   227.3 
       259.2 
       221.6 
Mean 226.5 296.5 314.0 244.2 
SD 40.68943 48.58906 76.04651 40.99789 
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ALB 2 3 8 9 
(g/dl) 4.8 4.9 5.1 4.5 

 4.5 4.5 5.7 4.6 
 5.0 4.5 4.9 4.7 

 4.6 4.2 4.8 4.8 
 4.8 4.9 4.9 4.6 

 4.2 4.6 4.8 5.1 
 4.7 4.6 4.6 4.9 
   4.8   4.8 
       4.7 
       4.8 
Mean 4.7 4.6 5.0 4.8 
SD 0.257275 0.237547 0.354562 0.171594 

 
 
�$�	���ก�: ANOVA ��2������%3ก32����2����
�������, (p=0.063) %32 Homogeneity of Variance ������
%3ก32����2����
�������, 
 
 
Concentration 2 3 8 9 

(*106 cell / ml) 30 32 24 26 
 35 25 38 32 
 30 27 44 28 
 28 25 34 40 
 30 20 28 42 
 25 28 20 34 
 37 30 28 38 
   32 26 32 
   30   34 
       32 
Mean 30.7 27.7 30.3 33.8 
SD 4.070802 3.905125 7.887603 5.028806 

 
 
III �*����������"-�2��ก&�2� 2, 4, 8, 9 
 

��2���2�7���6������%3ก32����2����
�������, 
 
IV  �*����������"-�2��ก&�2� 3, 5, 8, 9 
 

��2���2�7���6������%3ก32����2����
�������, 
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V �*����������"-�2��ก&�2� 4, 5, 8 ,9 
 

GLU 4 5 8 9 
(mg/dl) 324.3 219.8 216.4 148.1 

 403.4 287.6 401.1 263.2 
 191.3 325.4 335.9 287.7 
 319.8 285.8 217.2 261.5 
 228.3 156.9 382.0 276.7 
 347.2 280.0 361.1 273.0 
 382.1 287.0 284.1 223.4 
 292.8     227.3 
 236.4     259.2 
 260.6     221.6 
Mean 298.62 263.21 313.97 244.17 
SD 69.30531 56.28334 76.04651 40.99789 

 
 

ALB 4 5 8 9 
(g/dl) 4.8 4.6 5.1 4.5 

 4.8 5.0 5.7 4.6 
 4.7 4.9 4.9 4.7 
 4.7 4.8 4.8 4.8 
 4.5 4.3 4.9 4.6 
 4.9 4.8 4.8 5.1 
 4.9 4.8 4.6 4.9 
 4.7     4.8 
 4.6     4.7 
 4.7     4.8 
Mean 4.73 4.74 4.97 4.75 
SD 0.125167 0.229907 0.354562 0.171594 

 
 

GLOB 4 5 8 9 
(g/dl) 2.7 2.5 2.7 2.3 

 2.8 3.1 3.4 3.0 
 2.6 2.8 2.5 3.1 
 2.6 2.6 2.6 2.7 
 2.5 2.6 2.8 3.0 
 3.0 2.6 2.8 2.8 
 2.6 2.7 2.6 2.7 
 2.7     2.6 
 2.3     2.7 
 2.5     2.7 
Mean 2.63 2.70 2.77 2.76 
SD 0.188856 0.2 0.298408 0.2319 

 
 

CREA 4 5 8 9 
(mg/dl) 0.66 0.51 0.68 0.50 

 0.63 0.62 0.71 0.63 
 0.49 0.54 0.56 0.56 
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 0.52 0.60 0.52 0.53 
 0.58 0.54 0.64 0.53 
 0.68 0.54 0.57 0.52 
 0.57 0.62 0.49 0.55 
 0.55     0.56 
 0.55     0.48 
 0.54     0.51 
Mean 0.58 0.57 0.60 0.54 
SD 0.061473 0.044987 0.082635 0.041647 

 
 

AST 4 5 8 9 
(U/L) 122.3 123.9 98.5 79.1 

 84.0 109.7 85.6 111.2 
 85.7 79.5 81.0 88.7 
 83.2 109.0 92.4 70.4 
 90.0 90.8 104.1 91.5 
 84.7 95.6 83.9 140.3 
 188.0 121.0 97.9 83.6 
 90.6     79.8 
 83.1     70.3 
 106.9     91.3 
Mean 101.85 104.21 91.91 90.62 
SD 32.83877 16.26463 8.671299 21.12759 

 
 

ALT 4 5 8 9 
(U/L) 109.2 75.1 50.5 33.9 

 39.8 34.0 31.0 77.1 
 32.1 28.3 28.6 53.8 
 38.7 53.4 49.6 34.7 
 49.6 44.2 35.8 64.2 
 35.3 46.4 30.3 120.0 
 164.4 73.8 50.9 34.6 
 27.6     52.4 
 51.5     33.8 
 52.6     50.6 
Mean 60.08 50.74 39.53 55.51 
SD 43.27573 18.15506 10.34693 26.96893 

 
 

ALP 4 5 8 9 
(U/L) 52 75 62 49 

 52 63 55 52 
 69 50 61 59 
 61 55 47 49 
 57 57 57 51 
 60 50 47 73 
 61 72 58 50 
 50     42 
 49     47 
 45     53 
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Mean 55.60 60.29 55.29 52.50 
SD 7.244922 10.09479 6.129554 8.409651 

 
UA 4 5 8 9 

(mg/dl) 4.58 3.06 3.21 3.36 
 5.54 5.15 6.92 6.53 
 2.21 5.07 5.13 6.64 
 4.63 3.89 3.02 4.68 
 3.04 2.16 5.42 5.47 
 4.81 3.59 4.84 5.21 
 6.07 4.08 4.67 3.90 
 4.28     3.32 
 3.15     3.97 
 3.12     4.32 
Mean 4.14 3.86 4.74 4.74 
SD 1.226667 1.063041 1.334227 1.200333 

 
Concentration 4 5 8 9 

(*106 cell / ml) 10 35 24 26 
 32 25 38 32 
 30 37 44 28 
 25 20 34 40 
 25 30 28 42 
 21 28 20 34 
 24 37 28 38 
 24   26 32 
 30     34 
 30     32 
Mean 25.10 30.29 30.25 33.80 
SD 6.384878 6.473389 7.887603 5.028806 

 
TG (mg/ml) 4 5 8 9 
 8.597285 12.01357 5.791855 1.470588 
 5.904977 11.0181 5.678733 2.420814 
 5.927602 5.927602 5.40724 0.769231 
 7.579186 6.515837 4.932127 1.719457 
 7.828054 5.384615 8.461538 4.773756 
 4.095023   7.647059 3.597285 
 10.02262     2.60181 
 8.303167     3.868778 
Mean 7.28224 8.171946 6.319759 2.652715 
SD 1.87303 3.098697 1.399768 1.349186 

 
 
CHOL 
(ug/ml) 4 5 8 9 
 21.06 27.05 20.52 18.19 
 21.76 28.06 18.19 11.35 
 25.73 29.84 17.41 17.49 
 21.22 31.48 15.00 12.12 
 18.50 26.97 19.74 17.72 
 21.68 23.16 19.12   
 20.75 20.52 18.26   
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Mean 21.53 26.72 18.32 15.37 
SD 2.15 3.77 1.80 3.34 

 

 


