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Abstract 
 

Background and purpose: Non-alcoholic fatty liver disease (NAFLD) is one of the chronic liver diseases. 

Microalgaeas, a functional food and prebiotic agent, is considered as a new approach in the treatment of NAFLD. 

Therefore, this study aimed to assess the effect of microalgae chlorella vulgaris (C. Vulgaris) supplementation on 

inflammatory factors in patients with NAFLD. 

Materials and methods: This double-blind randomized placebo-controlled clinical trial was conducted on 70 

NAFLD patients confirmed by ultrasonography and liver enzymes level. The subjects were randomly allocated into two 

groups: (1) “Intervention” (n = 35) who received 400 mg/d vitamin E plus four 300 mg tablets of C. vulgaris, and (2) 

“placebo” who received 400 mg/d vitamin E and four placebo tablets per day for eight weeks. Weight, dietary data and 

fasting serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), hs-CRP, 

and tumor necrosis factor α (TNF-α) were assessed at baseline and after 8 weeks. 

Results: Weight, ALT and ALP significantly were decreased in both groups after the intervention 

(P < 0.001). There were significant reductions in AST and hs-CRP in the intervention group (P < 0.001). Intra-group 

changes in TNF-α level was statistically significant (P< 0.05). 

Conclusion: C. vulgaris supplementation could improve liver function through decreasing weight, liver 

enzymes and hs-CRP concentrations after 8 weeks. 
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2  �OO2��C.vulgaris    ;� [OO�c �#OO� SOO�)

   (��O� ;� [O�c �#� S� & ��R�� ;� [�c �#� &� �$��*�F  ���O:� &

�,�&��� �&��          ��#O1� ��O,R $O	 & ��O2; ��O,R �� hO
c� ��O] $O	

  ���,OO� ���OOJ�) #OO���- Z�OOJ2 �OO,�&��� b�OOc1 & [OO,�2 .(

    $
�OO� �OO�� & �;�#OO�� �OOs� ;� �OO,�&���    [OO,�2 .#OO���	 ^OOR 

C.vulgaris    ) #O2��8> ���O'� ��O� �	Algomed  -�O� ;� (

 #O� $
=� ��
����� ��. ����: .   $O
=� ���O	  �O,�&��� �O�� ;�   ��OR

��
e
OOO_-� ;� & �;�OOO.&��� ;�OOO'2   �OOOs� ;� $OOO- ����OOO2) �OOOR

�	 S�7�8�-�2��:     ��8��O. �Q
8�+O_��-&��
2 #O/��2 �#/+_R �W�

 ��l+OO.� ^��OO
/2 & $+OO.��� �;�OO+-V.#OO� ���T+OO.� ((�  &� ���OO	

$+_	 (����,
	 & h)*2) �;�.��-�.   �� �O,�&��� & [,�2 �#/	

   �� & #O� ��O'�� ����� ��: g.�� �;�#�� & ��� & [�� S�

-�� ���,� $	��2 ��R :�� ���c �#� ���%�  ���O'� ;� 9� .

[,�2   SO� $O+TR &� �R ����,
	 ��R      ���O'� �O���& O=3 ��O	

 ;� ��/
,]� & �R&����2 $13��2 �R&��� Z�J2 .#���,�  

 ;� 9� ����,
	 �#��& ��� $��,�14 -12   %O�� ���+��� ��.

 M�
�&��
2 �� ��. �;�.�#3 ;� 9� &1 ��
2   & #O� $+q�� ��+
8

f��2;> ��'�� ��2; ��  ����: �� �R70 - �+��. $3��   ���#O=�� ����

 .#OOOO����^��OOOO�>  ��OOOORALT )Alanine transaminase�( 

AST )Aspartate aminotransferase ( &ALP 

)Alkaline phosphataseQ
OO	 ��
OO.��#: ?&� $OO	 (  �OO��,8�

) �R��OOOOOO���2;> IOOOOOO] & �/
8�OOOOOO	 �,
OOOOOO�IFCC �OOOOOO�  

International Federation of Clinical Chemistry & (

     �(���OO�� ��OO.) ��OO2;> u��OO� OO
-hs-CRP  $OO	 ?&�

  (���OO�� ��OO.) ��OO2;> u��OO� OO
- & ��+2&#OO
	����/,�� &  
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 ����� ��	
�1������ ������ �	�� :  

  

TNF-α  ?&� $OOO	ELISA OOO
- & Diasource  ��OOO.)

�;�#�� (S���2    #O�- �:������O. ����,
	 ��,� ���2 �� .#� ��
�

 �OO	 & OO_
:������. SOO� gOO.�� $OO18��2 ��OO=+�� & �#OO+	� �� SOO� 

+
_
�7�-� 
1Y& �.��	 =3 ���+.��#�- $ &    ��O'�� ;���l+O.�

�;�#�� .:�� ��
� Q� ��R  ��O� ����%L :���� ��'/.   & ��O
�

.#���� ����� $18��2 ��=+�� �� �:������. ���   ���O:�SPSS   $qO_�

17 )version 17, SPSS Inc., Chicago, IL(    [O
�*� ���O	

���� ���� nOO�;�� .OO:�� ���OOc ���T+OO.� ���OO2 �OOR  ��OO2;> �OO	 �OOR

Kolmogorov-Smirnov  ���� $O
�- .#� �.��	    �O,- ��OR

       ��O
12 Z��O*�� & Q
���O
2 (��OF $O	 ���O	 m�2�� (��F ��

���� Q
���
2 $_��)2 ���	 .#���� $����     & $O���#2 �&�O� Q
O	 �R

    ;� [O�c ����O)2 �&� [�#O1� �	 & ���	 m�2�� (��F �� �,�&���

 ;� �OOR&�� �&�� $OO_��)2 ���OO	 �9��OO���&�- [OO
�*� �$OO���#2

2;> ��Paired t ���� ������ =3 &   ;� ���#O�� �	 �T
- ��R  

) ����� �	�
 ����� ������257 (���  

187  ������ �� ����� ��  �!"� #� ���

����� �� ���� $��% #&"�'(  

�!)*� +��� �, )26 ���( 

:�!"� #� #&"�'( �� $
�%  

/��	 )1 ���) 0���1( 2(2 ��� ��  2(

) ���
��� 3�4(5 ���( 
 ) 5������1 (��� 

70 ��� 7!18� +
�9 
� #� ���4� �:; #� ���� 

)35 (���  

 =� �!(���
 ��>( �� E  
4  �� 

���
��� 

:�!"� #� #&"�'( �� $
�%  

) 5��>�, #(��� #� ����� �� 3 ���2(  �� 

��>( 3�4( )2 ���( 
 ) 5������1 ���( 

�!)*� +��� �, )29 ���( 

)35 (���  

 �!(���
 ��>( ��  =�E 
 4  �� 

 ��>(C.vulgaris  
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 ��2;>2χ .#� ���T+.�  

  �OO�; $OO�	�� ;� �OO
� �OOR�
"+2 (��OO

"� #OOF�� �	�OO�;�� ���OO	

:#���� ���T+.�  

100 ×  $���#2 ��#+	� �;�#�� /$18��2 ��#+	� �;�#�� - $���#2 ��=+�� �;�#��    

  

	2��� ��  
 ;�70   $O18��2 �� �#O//- -�� ��,
	 �55  ) �OT�29   �� �OT�

 & $���#2 �&��26        ��O��� $O	 �� $O18��2 (�O,�&��� �&�O� �� �OT�

    $OO���#2 �&�OO� �� QOO. ��OO
12 Z��OO*�� & Q
���OO
2 .#�#��OO.�  

4/7 ± 0/37  �OO,�&��� �&�OO� �� & m�OO.2/8 ± 7/37  .��OO	 m�OO.

��U�&  ���,� m&#3 �� $18��2 ���2 ����,
	 S
:����2� ��R

1 
_/3 ..� �#� $����    [ORX+2 �+O�
	 & �; �����,
	 ;� �,
�

     �(E
OJ*� d�O. �[ORX� 
1OY& �9/3 �Q. $_��)2 .#���	

       (&�OT� �&�O� &� �� M�ON #O�- (#O� & ��#O	 
8�1: d�.

�/12 ���2> .��#� ���� �� ����  

  
 ����� ����1����� : �� �!" #����� �$ ������ %�&���	"$ #�'  

�
"+2  
) $���#229 (�T�  ) �,�&���26 T�(�  

P* 
(#F��) ��#1� (#F��) ��#1�  

(��2) 9/3  )8/51 (15  )8/51 (15  887/0  

[RX+2  )1/93 (27  )5/88 (23  659/0  

(E
J*�  

744/0  ^�e�� ��;  )7/25 (8  )8/53 (14  

��V�	 & ^�e��  )4/72 (21  )2/46 (12  

��#	 
8�1: d�.  

870/0  
S�.  )9/37 (11  )3/42 (11  

g.�+2  )1/24 (7  )8/30 (8  

Q
�/.  )9/37 (11  )9/26 (7  

M�N #�- (#�  

744/0  
p
T�  )3/48 (14  )4/65 (17  

g.�+2  )8/44 (13  )8/30 (8  

#�#�  )9/6 (2  )8/3 (1  
*  ��2;>2χ  

  

�%"2 ��� & �7��� :����     $O18��2 ���O2 �&�� &� ��R

 ���,� m&#3 ��2      ���O2 �&�O� &� Q
O	 .O.� �#� ���� ����

8 ;� $18��2     �%O"2 O��� & �7�O�� O:���� ���O
2 ��*   �� �OR

         ZE+O�� $O18��2 ^+O�R $O+TR ��O��� & ���O=N $O+TR ��O��� ��#+	�

�/12 ) #�� :�� ����050/0 > P  �� $O���#2 �&�� �� �=/� & (

 m�]8     �O/12 fR�O- �+:�O��� (��#O
R�	�- ��#)2 $+TR  ����

��� )050/0 < P.(  

  
����� ����2��" )����� � *�+���" :#,-" .��$ � #/��� ���0�� .&���$ ��  �'

(�� �!" 2�3' ��4' ���5 � 6��78 ��4' ���5 9�����) �� �!" $�	" ���� �$ �$  

�R�
"+2  ) $���#229 (�T�  ) �,�&���26 (�T�  P* 

(�����
-) �7���    

$���  02/424 ± 99/1974  22/584 ± 99/2007  810/0  

���=N $+TR  00/387 ± 00/1950  00/545 ± 00/1978  942/0  

^+�R $+TR  00/370 ± 00/1944  00/550 ± 00/1969  840/0  

P**  171/0  063/0    

(���) (��#
R�	�-   

$���  21/83 ± 10/291  96/94 ± 04/248  079/0  

���=N $+TR  51/79 ± 86/275  35/92 ± 79/237  812/0  

^+�R $+TR  33/70 ± 01/264  33/70 ± 01/248  409/0  

P**  002/0  769/0    

(���) �	�N    

$���  51/16 ± 75/54  49/23 ± 30/58  516/0  

���=N $+TR  91/17 ± 90/52  81/22 ± 77/57  355/0  

^+�R $+TR  33/70 ± 01/64  50/22 ± 00/58  060/0  

P**  064/0  657/0    

(���) Q
l�&��    

$���  49/17 ± 22/72  55/23 ± 30/67  388/0  

���=N $+TR  97/17 ± 70/71  07/24 ± 97/66  763/0  

^+�R $+TR  92/15 ± 69/71  72/23 ± 10/67  979/0  

P**  679/0  773/0    

(���) ��
:    

$���  25/5 ± 24/15  55/4 ± 59/13  225/0  

���=N $+TR  81/5 ± 66/14  83/4 ± 66/13  782/0  

^+�R $+TR  42/4 ± 16/14  04/6 ± 98/14  201/0  

P**  236/0  344/0    
*  ��2;>Independent t  

**  ��2;>Repeated measures  

 
       ;� #O1	 & [O�c �&�O� &� �� ��O. ���
,
O��
	 [O2��� d�.

 ���,� m&#3 �� $���#23   �� �;& $O18��2 m�] �� ..� �#2>
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 �O/12 fR�- (�,�&��� & $���#2) �&�� &� �R    �O2� �O:�� ����

 ��OO	 �OO,�&��� �&�OO� ;� �+OO�
	 $OO���#2 �&�OO� �� fR�OO- ���OO
2

)001/0 < P�OO=+�� �� .(   ���OO� Q
OO	 ;� �OO
� $OO18��2 �   ��OOR

Q� �/12 (&�T� �;& �� g): �'/.     & $O���#2 �&�O� Q
O	 ����

) #���� �#R��2 �,�&���050/0 < P.(  

  
 ����3<=�� � 0� ����" )����� � *�+���" :  ���� �$ �$ �������	�� #�'

�� �!" $�	"  

�R�
"+2  
) $���#229 (�T�  ) �,�&���26 (�T�  

P*  Q
���
2± *�� Z��

��
12  

 Q
���
2±  Z��*��

��
12  

(�����
-) �;&    

$���#2 ;� [�c  74/10 ± 21/86 87/13 ± 50/89  327/0  

$���#2 ;� #1	  15/11 ± 60/82  33/13 ± 34/87  010/0  

(��

"� #F��  05/2 ± 26/4 -  60/1 ± 36/2 -  010/0  
**P  001/0 ˂  001/0 ˂    

Q
	 #5�&) ;��T_�����/
2> Q
�V> 	 [�,8��+
8 �(    

$���#2 ;� [�c  80/22 ± 59/43  71/23 ± 62/42  878/0  

$���#2 ;� #1	  32/18 ± 38/39  83/22 ± 88/36  154/0  

(��

"� #F��  75/19 ± 60/26 -  48/62 ± 93/3 -  154/0  
**P  001/0  001/0    

Q
	 #5�&) ;��T_�����/
2> (����e.> �+
8 �	 [�,8�(   

$���#2 ;� [�c  19/12 ± 14/29  34/12 ± 69/28  894/0  

$���#2 ;� #1	  01/9 ± 93/21  65/10 ± 62/25  188/0  

(��

"� #F��  21/41 ± 89/20 -  46/44 ± 37/3 -  188/0  

P**  001/0  070/0    

Q
	 #5�&) ;���T_: Q
8��8> �+
8 �	 [�,8�(   

$���#2 ;� [�c  31/55 ± 59/188  21/70 ± 15/194  744/0  

$���#2 ;� #1	  72/52 ± 79/158  13/63 ± 50/191  040/0  

(��

"� #F��  07/18 ± 85/14 -  90/18 ± 80/0  040/0  

P**  001/0  001/0    

hs-CRP ��
2) �+
8 �	 ���(    

$���#2 ;� [�c 99/2 ± 96/2  24/3 ± 29/3  253/0  

$���#2 ;� #1	  21/2 ± 06/2  89/3 ± 41/3  024/0  

(��

"� #F��  98/35 ± 04/23 -  43/76 ± 66/5  024/0  

P**  001/0 ˂  440/0    
*  ��2;>ANCOVA  

**  ��2;>Paired t  

hs-CRP: High sensivity-C Reactive protein;  
TNF-α: Tumor necrosis factor alpha 

^���> s�L �$���#2 �&�� ��  �#�- ��RALT �AST  &

ALP    fR�O- $O18��2 G&�� ��2; $	 �_� ^+�R $+TR ����� ��

�OO/12 ) OO��� ����001/0 < P  OOs�L �OO,�&��� �&�OO� �� .(

ALT  &ALP  �O/12 fR�- $18��2 m�] ��   ��� ��O�� �� ����

)001/0 < P^���> Q
	 ;� $���#2 ;� #1	 .(    �� gO): �#O�- ��R

ALP    �O/12 fR�O- �O.��	 ���2 �&�� &� Q
	   �#R�O�2 ����

) #�050/0 < P  ���O
2 .(hs-CRP     fR�O- $O���#2 �&�O� ��

�OO/12 ) ��� ��OO�� �� ����001/0 < P   �&�OO� �OO	 $OO_��)2 �� .(

�/12 fR�- �$18��2 ��=+�� �� �,�&���  d�. �� ����TNF-α 

) #���� �#R��2050/0 < P.(  

  

6)
  
 [O,�2 Q

1� Z#R �	 �Y�5 $18��2   ���O�C.vulgaris   �O	

  $O	 E+�2 ����,
	 �� �	�=+8� [2���NAFLD    �� .O:�� ��O'��

 & �7��� ���%L :���� �	��;�� �$18��2 Q���%"2 ���  $	 �R

     �OO/12 �OO

"� �#OO/R� ��OO�� ��OO�&#q2 [OO2��� ���OO/�  �� ���

     ��#O//- ?&#Oq2 �OW� $O- ��	 $���#2 �&�� �� (��#
R�	�-

 [�#1� 9�����&�- [
�*� ��2;> ;� ���T+.� �	 ���+� $���� �� �>

Q�� ;� .#����  ���%L [2��� �W� ����
,
��
	 [2��� �*	 �� &�

	�2 �#� m�+/- (��F $ .#��	  

  �O/12 fR�O- ;� �-�5 �Y�5 $18��2 ���+�   �OR �� �;& ���

        �O	 $O_��)2 �� $O���#2 �&�O� �� fR�O- QO�� $O- ��	 �&�� &�

�OO/12 ���OO2> �OOs� ;� �OO,�&��� ) #OO� �#R�OO�2 ���64/1 ± 60/3 

 �OO	��	 �� ����OO�
- 51/1 ± 15/2  .(����OO�
-  n	�OO/2 �OO.��	

��;�� �� �#� ��+/2 ��3�2 �W� �	C.vulgaris   $O	 �=/� ��;& �	

  �OO2 �&#OO*2 ���OO_�� $OO18��2 SOO�    $OO18��2 QOO�� �� $OO- ��OO�

[,�2  ����1200  �O�
2   ��O�C.vulgaris    (#O2 $O	3   �� ��O2

  $OO	 E+OO�2 ����OO,
	NAFLD  �OO/12 fR�OO- $OO	 �OO'/2  �;& ���

 #OO����)25( $OO+:�� �OO	 $OO-  .���� ����OOq,R �OOY�5 $OO18��2 ��OOR

 ����,� ^_
���2 ��/-��C. vulgaris ���� fR�- �	  ��R

Q�       [O
8� $O	 ���� m�O,+5� $O- O.� �#��2 �c�	 $+��/��� �'/.

��� (��
-�� ��3&  �� ��3�2 �8�/:C. vulgaris  .#��	 �R $	

  �OOO�� (�OOO�
-�� $OOO	 �;& fR�OOO- m�OOO5   �� ��OOO3�2 �8�OOO/:
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C.vulgaris �2 ���� �_�   .��O� �O��  m�O/:     #O/N hO��] ;� �OR

 �� [
�� �,���> �
_2 �� S
8�	��> ��R�
_2 ��7��� ^_
8�	�+2

  �O2 m�O1: �� S
8�	���- ��R�
_2 & ��=2      m�O�2 ���O/� $O	 .#O//-

     & ;�++/OOO. M�OOON #
OOO.� �;E
OOO_-�	�->�- [
+OOO.� ^��OOO�>

�2 ��=2 ;�+-&�� >�- [������� [
+2 �_-&�#
R   �+/O. & ���

  �O2 fR�O- �	�N n,'� &       Q
+
���O- �O����:� ^
Os/� �O	 & #O	��

 [
v�+
,8�� ;��T_����1 f���:� M�N ��R#
.� ��
.�#
_-� �+	 �

 m&�OO_
�� &3   ;��TOO_���� [
OO.> (�TOO_:1  ��
OO.��
T��+.� ;�

�OOO2 fR�OOO- M�OOON ��R#
OOO.� �> [�#OOO�� ;� & #OOO	��  $OOO	 �OOOR

��� �2 ��
���3 #��_
��  #/-)28-26(.  

��� m�/: �R   �O	�N M%3 ;� & ���� �.������ ;�e
8 �	 ���=2 �W�

OO2 ��
��OO�3 ��&� ��� �7 ��OO
	 fR�OO- �OO	 �OO
� & #OO//- PPARγ 

)Peroxisome proliferatoractivated receptors ( - ;� $OO-

   OOOO.� �OOOO	�N OOOO:�	 �OOOO_���&� ��OOOOR��+-�: -  ���OOOO,� ;�  
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