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|�Z]��Sandhu et al., 1998��  
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ºË�¿MÄmÂm�½Ây�¹���É|^¯�ÉZÅÊf�Â³�ÉZÅ  
�Z¼Ìe  AST 

��fÌ·��]�¶¸¼·Y�¾Ì]|uYÁ�  
ALT 

��fÌ·��]�¶¸¼·Y�¾Ì]|uYÁ� 
ALP 

��fÌ·��]�¶¸¼·Y�¾Ì]|uYÁ�  
Ê´¿�§�´À¯�|��{��¨� a�����  ���  a������  

�Ê´¿�§�´À¯�|��{�  b�����  ���  b����  
{�Y|¿Zf�Y�ÉZ�y  ���  ���  ����  
µZ¼fuY�t��  ���  ���  ����  

Ê¸Ì»��¨�¾]�¯|Ë�¸¯Y�fe��fÌ· b�����  b���  b������  
Ê¸Ì»�®Ë¾]�¯|Ë�¸¯Y�fe��fÌ·  a�����  a���  a������  

{�Y|¿Zf�Y�ÉZ�y  ���  ���  ����  
��µZ¼fuY�t  ����  ����  �����  
½Ây��{�É�Ì³��Ê³�Á�� b�����  ���  a������  
½Ây��{�É�Ì³��Ê³�Á��  a�����  ���  b������  

{�Y|¿Zf�Y�ÉZ�y  ���  ���  ����  
µZ¼fuY�t��  ����  ���  �����  

½Z�¿�½Âf���Å��{�cÁZ¨f»�¥Á�uÊÀ »�¥ÔfyY�Ã|ÀÅ{Ê»��Y{|À�Z]�  
  

µÁ|m�-�Ì»�Ä�ËZ¬»¾Ì´¿Z��]�Ê�ËZ»�M�ÉZÅ�Z¼Ìe�cZ ]�»�¶«Y|u�ÉZÅ�d�¸£ºË�¿MÄmÂm�½Ây�¹���É|^¯�ÉZÅÊf�Â³�ÉZÅ  
�Z¼ÌeÊ�ËZ»�M�ÉZÅ�  ALT 

��fÌ·��]�¶¸¼·Y�¾Ì]|uYÁ� 
AST 

��fÌ·��]�¶¸¼·Y�¾Ì]|uYÁ�  
ALP 

��fÌ·��]�¶¸¼·Y�¾Ì]|uYÁ�  
|ÅZ�  

Ê´¿�§�´À¯ 
���  
���  

�����  
�����  

������  
������  

�¯|Ë�¸¯Y�fe¾]  ���  �����  ������  
�Ê´¿�§�´À¯�	¾]�¯|Ë�¸¯Y�fe  ���  �����  ������  

{�Y|¿Zf�Y�ÉZ�y  ���  ���  ����  
µZ¼fuY�t��  ���  ���  ���  

½Z�¿�½Âf���Å��{�cÁZ¨f»�¥Á�uÊÀ »�¥ÔfyY�Ã|ÀÅ{Ê»��Y{|À�Z]�  
  

��]� ¾]�¯|Ë�¸¯Y�fe� Á� Ê´¿�§�´À¯� cY�iY� Ä�ËZ¬»
µÂ¸��Êf§Z]��ZfyZ��ÉZÅ�¶°���{�|^¯��Ã|��Ã{Y{�½Z�¿�

d�Y� �� É�¯�»� ±�ÅZÌ�� Ä¯� {Y{� ½Z�¿� lËZf¿�ÃÁ�³� �{
Äf�Y{�Ê Ì^��d·Zu�|ÅZ��Á��ZÅ|ÌWÁ�ÂÀÌ���Ì¿�sÂ�Á�Ä]

�¶]Z«|Àf�Å�dËÁ�� �ÃÁÔ�� Ä],�µÂ¸��É�ÅZ��É|^¯�ÉZÅ

º·Z���Äf�Y{ÁÄf�Å��ZÆ¿M���Ì¿dËÁ��sÂ�Á�Ä]Ê»�{Â�����{
ZÌ�� dÌ �Á� ,Ê´¿�§�´À¯� Ã|ÀÀ¯� d§ZË�{� ÃÁ�³�±�Å

dÌ�ÂeZbÅ�,É�¯�»��Á�ZÅZÅ|ÌWÁ�ÂÀÌ�|ÅZ��ÃÁ�³�|À¿Z¼Å�
Ê»|�Z]� �Ä¯� Ê·Zu� �{,��Ã|ÀÀ¯� d§ZË�{� ÃÁ�³� �{

�d�{� �Y� Y�� {Ây� º�¿� É|^¯� ºÌ�¿Y�Za� ,¾]�¯|Ë�¸¯Y�fe
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Ã{Y{Êy�]� Á�µÂ¸��� ZÅÃ|�� \Ë�ze� ¶»Z¯� �Â�� Ä]|¿Y���
µÂ¸���f�Ì]��{�¾ÌÀr¼Å�¶]Z«�®qÂ¯�Á�±��]�cY�¨u�ZÅ

d�Y�Ã|ÅZ�»��Á�ÂÀÌ��ZÅ|ÌW�ÃÁ�³�¾ËY��{�Ã|Ì¯Á�q�d·Zu
�Äf�Y{�É�¯�»�±�ÅZÌ��Á�¶°�¼�À»{�Y|¿�Ê��ÃÁ�³��{�

,Ê´¿�§�´À¯�Á�¾]�¯|Ë�¸¯Y�fe�¹YÂe�Ã|ÀÀ¯�d§ZË�{��Äq��³Y

�]� Êy� �YµÂ¸�� É|^¯� ÉZÅÃ|�� \Ë�ze|¿Y,� Z»Y��½Y�Ì»
� \Ë�zed�Y� �f¼¯� ¹Â�� ÃÁ�³� Ä]� d^�¿� ��¾ÌÀr¼Å

Y{� Ã|Ì¯Á�q� d·Zu� ZÅ|ÌWÁ�ÂÀÌ�� Äf�ZÌ�� Ê·ÁÅ��±
|��k�Zy�Ê Ì^��Ì£�d·Zu��Y�É{Á|u�Ze�É�¯�»��Ãd�Y�  

� 

 
�¶°�� -|^¯�Êf§Z]�cY�ÌÌ¤e�  

É�¯�»�±�ÅZÌ���cv��|ÌWÁ�ÂÀÌ��ÉZ�§�,�sin�¶WÂ¯YÁ�,�®qÂ¯�ÉZÅ�²¿��ÃZÌ��½Z°Ìa��¶WÂ¯YÁ�Á�±��]�ÉZÅ��^��½Z°Ìa��  
 

�{ZË�e��ZfyZ��cY�ÌÌ¤e�É|^¯�¶°���{��Ã{Y{�½Z�¿�
d�Y�Ã|�����{ZÌ��|ÅZ��ÃÁ�³�ÉÁY�¨��ÉY�n»�,[Z]�±�Å

Y{�º·Z��É�ÅZ��É|^¯�±�y��� Á� Äf�Á����ÂeÄËÓ�ÉY
µÂ¸���Y�º�À»�Ä�ZuY�É|^¯�ÉZÅÃ|�|¿Y�  

� Ê´¿�§�´À¯� Ã|ÀÀ¯� d§ZË�{� ÃÁ�³�� �Ì¿�ÃÁ�³� |À¿Z¼Å
{�Y{�º·Z��É�ÅZ��|ÅZ����Z»Y�¾Ì]��Y�h�Z]�¾]�¯|Ë�¸¯Y�fe

¾f§�µÂ¸��Ä�ZuY�ÉZÅ�±�y��� ,ÉÁY�¨��ÉY�n»�Ã|ÀÀ¯
¯É|^Ì�� Á�� [Z]� ±�ÅZd�Y� Ã|�� ��Ze� ¹�ZÆq� ÃÁ�³� �{

�ÉÁY�¨��ÉY�n»�Ã|ÀÀ¯�Ä�ZuY�Ê·Â¸���ËY�M�É{Á|u�Ä]
� º�À»� d·ZuÁ� Äf�³�]� É{Z�� |À¿Z»� Ä¿Y{� �ÅZ��� �Ì¿��{

d�Y� Äf§��¾Ì]� �Y�[Z]�±�ÅZÌ���¾ËY�lËZf¿� Z]�²ÀÅZ¼Å�
Ä ·Z�»,�Ä¯�|¿{�¯���Y�³��Ì¿�½Y�´Ë{��Ê´¿�§�´À¯�Ã�Z��

�Âe�Ã|��{ZnËY�cZ»|��¶Ë| e�h�Z]]�¯|Ë�¸¯Y�fe��//�¾
]//^¯� �//ÄmÂm� |Å/ÉZ�f�Â³//Ê��Nateghi, 2011��Á�

»//��Â(Mehmetcik et al., 2008; Fallah Huseni et 

al., 2011)Ê»�{Â��  
Ä]�Ê»� ��¿� |��� cZ^Ì¯�e� Ã�iÂ»�|À¿Z»� Ê´¿�§�´À¯

�Á�¾Ì·ÂXeÂ·�Á�¾Ë�ZÀÌ���Ì¿�Ê°Ì·ÂÀ§�cZ^Ì¯�e�½M�¶Ì^«��Y
�¾°¼»�|Ì�Y�®Ì¿�Á�¸¯�Á�®ÌX§Z¯��{�d�Y»v�d�§Z�|^¯

|À�Z]�Äf�Y{��¬¿��Adzet et al., 1987��  
��Ä¯�d�Y�Ã|����Y�³��]�¾]�¯|Ë�¸¯Y�fe�Ê^Ë�ze��iY
� |^¯� ½|�� �ÅZ�� c�Â�]��{� |À¿Z»� [Z^u� ÉZÅ�ZfyZ�

É�¯�»� ±�ÅZÌ�� ¥Y��Y,[Z^u��ÄÌuZ¿� �{� Ê]�q� ÉZÅ
Ê¿ZÌ»,µÂ¸�� Êy�]� {ÂmÁ�µÂ¸�� Á� Ã�Á�°¿� ÉZÅ�ÉZÅ

�»� ±�ÅZÌ�� ¥Y��Y� �{� \Æf¸»É�¯Ê»� ½ZËZ¼¿��{Â�
�Shimizu et al., 2001; Kinnman et al., 2003���

� d�Y� Ã|�� ��Y�³� ¾ÌÀr¼Å�h�Z]� ¾]�¯|Ë�¸¯Y�fe� Ä¯
µÂ¸��½|��Ã�Á�°¿dÌ�Â¨À·��ËY�§Y�Á�É|^¯�ÉZÅ��{�ZÅ



���  �����������Ä¸n»�Ê»Y{�¹Â¸��½Y�ËY�Ã�Á{���Ã�Z¼��,��,���� 

ÊÅZ»�|^¯�[�Z]�É���ÉZÅ��Ì¿Ê»{Â���Bhattacharya et 

al., 2008� ��d�ÀËY� �´¿ZÌ]� ©Â§� Êf§Z]�cY�ÌÌ¤e� ¾ËY�]ZÀ]�
�Ê^Ë�ze� cY�iY� �Y� É|u� Ze� d�Y� �{Z«� Ê´¿�§�´À¯� Ä¯

|ËZ¼¿�É�Ì³Â¸m�¾]�¯|Ë�¸¯Y�fe�  
 

  
�¶°�� -{ZË�e��ZfyZ��Êf§Z]�cY�ÌÌ¤e�  

�[Z]�±�ÅZÌ��vein��±�y���,�É|^¯�A��ÉÁY�¨��ÉY�n»�,�B��¶WÂ¯YÁ�Á�ZÅ�½Z°Ìa�Â¿��  
  
ÄnÌf¿É�Ì³  

� Ä¯� {Y{� ½Z�¿� Ä ·Z�»�¾ËY�Ê¸¯� �Â�]��iY�¾]�¯|Ë�¸¯Y�fe
�zeÄmÂm�|^¯� �]�Ê^Ë{�Y{�Êf�Â³�ÉZÅ� ��Ê^Ë�ze� �ÌiZe

ºË�¿M��ÁY�e�c�Â��Ä]�½M½Ây�Ä]�É|^¯�ÉZÅ,��ÅZ¯�
��ËY�§Y� �Ì¿� Á� ½Ây� ¹Ze� ¾ÌXeÁ�a� Á� ¾Ì»Â^·M� �Ë{Z¬»

µÁ�f�¸¯É�e� Á� ¶¯|�� �z�»� ½Ây� |Ë�Ì�Ì¸³� ���{
�c�Â�]�¾]�¯|Ë�¸¯Y�fe�Ê^Ë�ze�cY�iY� �Ì¿�Êf§Z]� Ä ·Z�»

¿�Á�|^¯�Ê¼Ì�¿Y�Za�d§Z]�\Ë�ze�{ZË�e��ZfyZ���{��ÌÌ¤e��Ì
|Ë{�³��z�»�É|^¯� ��Ä¯�{Y{�½Z�¿�Ä ·Z�»�¾ËY� ÃÁÔ ]
�t����{�Ê´¿�§�´À¯��Ê¨À»�cY�iY�¶Ë| e�\^��|��{�

� ¾]�¯|Ë�¸¯Y�feÊ»{Â�� �¾ËY�]ZÀ],�dÌ¼ÅY� Ä]� ÄmÂe� Z]�
Êf¿M� ÉÂfv»� cZ^Ì¯�e�LÂ�� cY�iY� �ÅZ¯� �{� ½Y|Ì�¯Y

µZ°Ë{Y�Â�y� ¾ËY� �{� �f�Ì]� cZ ·Z�»� {Y�M� ÉZÅ��
ÌaÊ»�{ZÆÀ�{{�³�  

  
É�Y�´�Zb�  

�¹Â¸�� ÃZ´�¿Y{� Ê�ÅÁ�a� ¹�fv»� d¿ÁZ »� �Y� Ä¸Ì�ÂÀË|]
Ê Ì^���]ZÀ»�Á�É��ÁZ�¯�ÄÀË�Å�¾Ì»Ze���Zz]�½Z³�³�ÉZÅ

Ì¬ve�¾ËYÊ»��°�e�ª{Â��  

REFERENCES 
1. Adzet, T., Camarasa, J. & Laguna, J. C. (1987). Hepatoprotective activity of polyphenolic compounds 

from Cynara scolymus against CCl4 toxicity in isolated rat hepatocytes. Natural Products, 50, 612-617. 
2. Azeem, A. K., Mathew, M., Nair, C. & Dilip, C. (2010). Hepatoprotective effect of Averrhoea 

carambola fruit extract on carbon tetrachloride induced hepatotoxicity in mice. Asian Pacific Journal of 
Tropical Medicine, 1, 610-613. 

3. Bhattacharya, H., Zhang, S. & Xiao Q. (2008). Comparison of histopathological alterations due to 
sublethal CCl4 on Rosy Barb (Puntius conchonius) and Amphioxus (Branchiostoma belcheri) with 
implications of liver ontogeny. Toxicology Mechanisms and Methods, 18, 627�633. 

4. Bhoopat, L., Srichairatanakool, S., Kanjanapothi, D., Taesotikul, T., Thananchai, H. & Bhoopat, T. 
(2011). Hepatoprotective effects of lychee (Litchi chinensis Sonn.): A combination of antioxidant and 
anti-apoptotic activities. Journal of Ethnopharmacology, 136, 55�66 



  É�ÅÂ³½Y�Z°¼Å�Á�����ÌiZeÊ´¿�§�´À¯ÄnÀ�Y�§�Êy�]�Á�|^¯�dÌ·Z §��]�Ê¿Ây�ÉZÅ���  ��� 

5. Boll, M., Lutz, W. D., Weber, E. & Stampfl, A. (2001). Pathogenesis of carbon tetrachloride-induced 
hepatocyte injury bioactivation of CCl4 by cytochrome P450 and effects on lipid homeostasis. Zeitschrift 
für Naturforschung A, 56, 111-121. 

6. Bundy, R., Walker, A. F., Middleton, R. W., Wallis, C. & Simpson, H. C. (2008). Artichoke leaf extract 
(Cynnara scolymus) reduces plasma cholesterol in otherwise healthy hypercholesterolemic adults: a 
randomized, double blind placebo controlled trial. Journal of Phytomedicine, 15, 668- 675.  

7. Clawson, G. A. (1998). Mechanism of carbon tetrachloride hepatotoxicity. Pathology and 
Immunopathology Research, 8, 104-112. 

8. Devarshi, P., Kanase, A., Kanase, R., Mane, S., Patil, S. & Varuthe, A. T. (1986). Effect of mandur 
bhasma on lipolytic activities of liver, kidney and adipose tissue of albino rat during CCl4-induced 
hepatic injury. Journal of Bioscience, 10, 227�234. 

9. Drotman, R. B. & Lawhorn, G. T. (1978). Serum enzymes as indicators of chemical-induced liver 
damage. Drug and Chemical Toxicology, 1, 163�171. 

10. Dubey, S. K. & Batra, A. (2008). Hepatoprotective activity from ethanol fraction of Thuja occidentalis 
Linn. Asian Journal of Research Chemistry, 1(1), 32-35. 

11. Fallah Huseini, H., Zareei Mahmoudabady, A., Ziai, S. A., Mehdizadeh, M. & Rajabian, T. (2011). The 
effect of Cynara scolymus L.leaf and Cichorium intybus L. root extracts on carbon tetrachloride induced 
liver toxicity in Rats. Journal of Medicinal plant, 10, 33-40. 

12. Gebhardt, R. (1997). Antioxidative and protective properties of extracts from leaves of the artichoke 
(Cynara scolymus L.) against hydroperoxide-induced oxidative stress in cultured rat hepatocytes. 
Toxicology and Applied Pharmacology, 144, 279�286. 

13. Gravela, E. & Dianzani, M. U. (1970). Studies on the mechanism of CCl4-induced polyribosomal 
damage. Federation of European Biochemical Societies, 9, 93-96 

14. Hallywell, B. (1987)� Oxidants and human diseases. Some new concepts. Faseb Journal. 1, 441-445. 
15. Havel, R. J. (1986). Functional activities of hepatic lipoproteins receptors. Annual Review of Physiology, 

48, 119-134. 
16. Honma, T. & Suda, M. (1997). Changes in plasma lipo-proteins as toxicity markers for carbon 

tetrachloride, chloroform and dichloromethane. Indian Health, 35, 519�531. 
17. Karima, M. M. (2007). Possible prophylactic effects of vitamin E or lycopene treatment on renal toxicity 

induced by CCL4 administration in albino rats. World Journal of Zoology, 2, 19-28. 
18. Kinnman, N., Francoz, C., Barbu, V., Wendum, D., Rey, C., Hultcrantz, R., Poupon, R. & Housset, C. 

(2003). The myofibroblastic conversion of peribiliary fibrogenic cells distinct from hepatic stellate cells 

is stimulated by platelet-derived growth factor during liver fibrogenesis. Laboratory Investigation, 
83,163�173. 

19. Lieber, C. S. (1997). Role of oxidative stress and antioxidant therapy in alcoholic and nonalcoholic liver 
diseases. Advance Pharmacology, 38, 601-628. 

20. Li, X., Zhu, R., Li, B., Zhou, M., Sheng, Q., Yang, Y., Han, N. & Li, Z. (2010). Mechanism underlying 
carbon tetrachloride-inhibited protein synthesis in liver. World Journal of Gastroenterology, 16(31), 
3950-3956. 

21. Lieber, C. S. (2000). Alcoholic liver disease: New insights on pathogenesis lead to new treatment. 
Journal of Hepatology, 32, 113�128. 

22. Mandrekar, P. & Szabo, G. (2009). Signalling pathways in alcohol-induced liver inflammation. Journal 
of Hepatology, 50(6), 1258-1266. 

23. Mehmetçik, G., Özdemirler, G., Koçak-Toker, N., Çevikbaº, U. & Uysal, M. (2008). Effect of 
pretreatment with artichoke extract on carbon tetrachloride-induced liver injury and oxidative stress. 
Journal of Experimental and Toxicologic Pathology, 60, 475-480. 

24. Mujumddar, A. K., Upadhyay, A. S. & Pradhan, A. M. (1998). Effect of Azadirachta indica leaf extract 
on CCl4 induced hepatic damage in albino rats. Indian Journal Pharmacology Science, 60, 363-367. 

25. Nateghi, R. (2011). Effects of Cynara scolymus L. extract on liver histology and blood parameters in 
broiler chicks. MSc. Thesis of Gorgan University of Agricultural Sciences and Natural Resources. 64p. 
(In Farsi). 

26. National Research Council. (1994). Nutrient requirement of poultry. 9th edition. National Academy 
Press, Washington, DC. 

27. Owen, J. S. (1990). Extra hepatic cell membrane lipid abnormalities and cellular dysfunction in liver 
disease. Journal of Drugs, 40(3), 73-83. 

28. Recknagel, R. O., Glende, E.A., Dolak, J. A. & Waller, R. L. (1989). Mechanisms of carbon 
tetrachloride toxicity. Pharmacology and Therapeutics, 43, 139�154. 

29. Redman, C. M. (1969). Biosynthesis of serum proteins and ferritin by free and attached ribosomes of rat 
liver. Journal of Biology and Chemistry, 244, 4308-4315. 



���  �����������Ä¸n»�Ê»Y{�¹Â¸��½Y�ËY�Ã�Á{���Ã�Z¼��,��,���� 

30. Samadi, F. (2009). Anatomy and Physiology in Farm Animals. Gorgan University of Agricultural 
Sciences and Natural Resources. 324p. (In Farsi).  

31. Sandhu, B. S., Singh, B. & Brar, R. S. (1998). Haematological and biochemical studies in broiler 
chickens fed ochratoxin and inoculated with inclusion body hepatitis virus, singly and in concurrence. 
Veterinary Research Communications, 22(5), 335-346. 

32. SAS Institute. (2004). SAS User�s Guide, Version 8.2. SAS Institute, Cary, NC. 
33. Sarawek, S. (2007). Xanthine oxidase inhibition and antioxidant activity of an artichoke leaf extract 

(Cynara scolymus L.) and its compounds. PhD thesis of the University of Florida. 
34. Schaffer, S., Eckert, G. P., Muller, W. E., Llorach, R., Rivera, D., Grande, S., Galli, C. & Visioli, F. 

(2004). Hypochlorous acid scavenging properties of local Mediterranean plant foods. Lipids, 39, 1239-
1247. 

35. Shimizu, H., Uetsuka, K., Nakayama, H. & Doi, K. (2001). Carbon tetrachloride-induced liver acute 
liver injury in Mini and Wister rats. Experimental and Toxicologic Pathology, 53 (1), 11-17. 

36. Silva, P. R. L., Freitas, N. O. C., Laurentiz, A. C., Junqueira, O. M. & Fagliari, J. J. (2007). Blood serum 
components and serum protein test of Hybro-PG broilers of different ages. Brazilian Journal of Poultry 
Science,. 9(4), 229 -232. 

37. Sonkusale , P., Bhandarker , A. G., Kurkare , N. V., Ravikanth , K., Maini,  S. & Sood, D. (2011). 
Hepatoprotective activity of Superliv liquid and Repchol in CCl4 induced FLKS syndrome in broilers. 
International Journal of Poultry Science, 10(1), 49-55. 

38. Tsukamoto, H., Matsuoka, M. & French, S. W. (1990). Experimental models of hepatic fibrosis: A 
review. Seminar in Liver Disease,. 10, 56-65. 

39. Wells, F. E. (1988). Tests in liver and biliary tract disease. In: Gowenlock, H. A. (Ed.), Varley�s 

Practical Clinical Biochemistry. CRC Press, Florida. 
40. Wider, B., Pittler, M. H., Thompson, C. J. & Ernst, E. (2009). Artichoke leaf extract for treating 

hypercholesterolaemia. (Review). Complementary Medicine, Peninsula Medical School, Universities of 
Exeter and Plymouth, 25 Victoria Park Road, Exeter, UK, EX2 4NT. 

41. Wojcicki, J. (2004). Effect of 1,5-dicaffeylquinic acid (Cynarine) on cholesterol levels in serum and liver 
of acute ethanol-treated rats. Drug and Alcohol Dependence, 3, 143-145. 

42. Yildiz, G., Sacakli, P., Gungor, T. & Uysal, H. (2008). The effect of Jerusalem artichoke (Helianthus 
tuberosus L.) on blood parameter, Liver enzymes and intestinal pH in laying hens. Journal of Animal 
and Veterinary Advances, 7(10), 1297- 1300. 

43. Zapolaka-Downar, D., Zapolaka-Downar, A., Naruszewicz, M., Siennicka, A., Krasnodebska, B. & 
Klodziej, B. (2002). Protective properties of artichoke (Cynara scolymus) against oxidative stress 
induced in cultured endothelial cells and monocytes. Life sciences, 71, 2897-2908. 

44. Zeinab, M. A., Abdo, Nadia, L. & Nessrin, A. (2007). The effect of Artichocke leaves meal on the 
utilization of dietary energy for broiler chicks. International Journal of Poultry Science, 6, 973-982. 

45. Zimmerman, H. J. & Seef, L. B. (1970). Enzymes in hepatic disease. In: Goodly, E. L. (Ed.), Diagnostic 
Enzymology. Lea and Febiger, Philadelphia, 151-154. 


