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Abstract    

 
Background & Aims: Although regular exercise training with appropriate intensity, is 
considered an essential component of a healthy lifestyle that leads a desirable and 
beneficial adaptation in the body, however, is also known that exhaustive and strenuous 
exercises causes oxidative stress, inflammatory response, and structural damage to 
muscle cells, as well as decline in athletic performance (1). In several studies the 
exercise-induced muscle damage was indicated indirectly by increased serum creatine 
kinase (CK), lactate dehydrogenase (LDH), aspartate amino transferase (AST), alanine 
aminotransferase (ALT), alkaline phosphatase (ALP) and muscle soreness (53). In fact, 
it is reported that muscle fibers are subject to greater mechanical stress during 
exhaustive and long-term muscle contraction, which leads to enzymes efflux result from 
the loss of sarcolemmal integrity (increased permeability and/or breakdown of the 
membrane surrounding the muscle cell) due to the mechanical stress imposed by the 
repeated muscle contraction (53). 
Therefore, there has been much effort to identify appropriate sport supplementation 
strategies that may help to reduce or prevent exercise-induced muscle damage and stress 
(2), So that, due to its antioxidant and anti-inflammatory properties, the use of herbal 
medicines and natural supplements maybe very effective to prevent exercise-induced 
muscle damage and oxidative stress (3). Indeed, in recent years, there has been growing 
body of literature examining the possible physiological mechanisms responsible for 
muscle damage, adaptation, and interventions to reduce the negative effects of 
damaging exercise. Hence in the present review, in addition to study of possible 
mechanisms, it has provided the effects of some natural and herbal supplements in 
sports. 
Methods: For this review, all relevant information were collected using search of some 
keywords such as natural supplement, herbal supplement, herbal and natural supplement 
and exercise performance, herbal and natural supplement and muscle damage via some 
internal and external databases including Web of Science, Pubmed, Google Scholar, 
Science Direct, Magiran, IranDoc and SID, that this information was extracted without 
time and geographical location limit (all time periods until 2021). 
Results: The results indicated that the athletes are among those who use the herbal and 
natural supplement for their own benefit and it has been recognized that some herbs 
may help them to improve their performance, speed up recovery and reduce biomarkers 
of muscle damage. 
Conclusion: The use of herbs as ergogenic aids in exercise and sport is not novel and it 
is believed that these herbs have an ergogenic effect and thus help to improve physical 
performance (8). It is also known that that some of these herbal supplements may help 
to improve recovery, maintain health and fitness during strenuous exercise, increase 
muscle mass and reduce body fat (8). It has also been reported that some of these herbal 
supplements, in addition to increasing the mental alertness of athletes, stimulate fat-
burning metabolism, and therefore enhance physical performance by enhancing muscle 
tissue oxidation (9). In this regard, ginseng, caffeine, ma huang (also called 'Chinese 
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ephedra'), ephedrine and a combination of both caffeine and ephedrine are the most 
popular herbs used in exercise and sports. It is believed that these herbs have an 
ergogenic effect and thus help to improve physical performance (8). Moreover, some 
other alkaloids such as green tea extracts, tribulus terrestris, quercetin and ginkgo biloba 
have been used to improve body mass and composition in athletes (5). 
On the other hand, it has been reported that intense and prolonged exercise can cause 
exercise-induced muscle damage by mechanical tension and metabolic stress (49). This 
undesirable process may cause pain, soreness, inflammation, discomfort and impair 
subsequent athletic performance or training quality. These negative outcomes may 
cause discomfort and impair subsequent athletic performance or training quality, 
particularly in individuals who have limited time to recover between training sessions or 
competitions (51). Moreover, it seems that in exhaustive and acute exercise training, 
oxidative stress can implicated in muscle damage and development of symptoms of 
overtraining including increased fatigue, decreased immune function and decreased 
performance (3).   
In this regard, recently, the use of herbal and natural supplements, because of fewer side 
effects than synthetic supplements, more has been attention from several researchers. In 
the other words, the use of herbal and natural supplements to prevent muscle damage is 
recommended, which dietary supplements with anti-inflammatory and antioxidant 
properties can provide strong protective adaptations against muscle damage and 
subsequent symptoms, and these natural substances have antioxidant properties with 
very limited side effects (58). In fact, there is growing evidence that acute and chronic 
supplementation with polyphenols may enhance exercise performance, with the 
mechanisms most likely to be related to antioxidant and vascular effects (60). On the 
other word, according to the results of some studies, a mechanism proposed for some 
herbal supplements to reduce muscle damage and DOMS is its action on membrane 
stability and reduced lipid peroxidation by inhibiting free radicals activation. Indeed the 
herbal and natural supplement because of its unique polyphenolic compounds, protects 
against damage to macromolecules, including membrane proteins and DNA, and 
inflammatory and muscle damage by reducing the oxidative stress process in athletes, 
and therefore, may increase exercise performance.  
In conclusion, according to exhaustive and strenuous exercises causes oxidative stress, 
inflammatory response, and muscle damage, as well as lead to decrease in athletic 
performance, fatigue and other subsequent consequences, it seems that herbal and 
natural supplementation could exert preventive effects from exercise-induced muscle 
damage and oxidative stress by its antioxidant and anti-inflammatory properties, and 
some of these supplements have an ergogenic aids and improve physical performance in 
athletes. However physically active individuals who desire to use herbal supplements 
should consult appropriate healthcare professionals beforehand (9), and more research is 
still required to identify the optimal dose and blend of polyphenols to prevent exercise-
induced muscle damage and enhance exercise performance, and ideally future studies 
will measure processes within muscle as well as plasma phenolic concentrations so that 
the specific bioactive compounds and the mechanisms of action can be identified (60). 
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?
$ 3�!!���� 7�� �( ��� 7�� 
� $�A".� �!!�� �
�� 
!!R� ��#�

�� ���� $
�1N. $)&>� -.�� 7��
���� � 9$)�  ��)!!�)8( .
��#�* ����� �
T�$ 3����� 9�B. 8�!!�)1��)���� 8%!!��*

  ��BQ �;�#9
�^ �   #$ �# ��BC. �#�P � ��# V�����
9$�$ 3�;� <��� 3�$
�  ���)5( �!!�#
� �!!� �!!��$� #$ �K� .

   � �*
� ��
R�MN�� ��� � ���&Q����� $
�#�!!(
_  
!!�
�� 9#��� �� #� $
�1N.$)�    <���)1(.  

&'�(:  �!!N1. O�!!� �� w�'���Panax ginseng 
���#�$ 9���    �A!!;. 9$�)��!!*  ���!!�����#D  �� �!!( �!!���


����a�
"�� �� )��1� �.)�  � #��    O�� ����� )�'��� 
�"�D #�RD �( ��"'��!!�#�$ �)!!P #��!!'� �����'(�  )26(. 

�'���5)!!&f�  � �!!�� wMN�� 7�
? #$ ���!!�� ��!!�
 �!!�
>� #$ �"!!'�
� ���!!T��� �!!( �!!�� 3�!!>�

H�
�
_ 
"!!;�� � $#�$ ����� � ���&Q �U)Sf� 7�
?
MN�� 
���  � $
!!�1N. ��# 
!!� 3D ��
!!R� ���!!�� ���

 �!!� 89�!!�� 7��  � .��� �"�
� #�
P ����6� $#)� ���N'�
  �>� �$
�1N. MN�� %� 3�)�. �� �"�� #)Q Y�)*

 8�!!(
N? V���!!�� 8���A"!!�� $)!!&>� M!!�&P  � ��)��!!�)�
 �?��= �b
�� � ���#�( V����� 8+
"�� 
��
� #$ ����A�

�� 9$�4"!!�� #�!!N�� � ���!!� $�
!!�� �"�$ �$ 
� #$ $)!!�
)27(  .�A&Q +��� 
� � w�!!'��� 8�!!��#�$ ���� ����

��)�3D ���!!��)? M��$ �� 3D 01"2� ��� V���!!�� #$ �!!�
 5)!!'f� 3b)!!"_�$D %!!� ���N!!'� �!!����� �!!��
z

��  ��)�)28( �!!� ���!!�� 9$#�D
!!� �!!��� �!!� 3b)"_�$D .
 3�!!� �!!���A� 9�!!������ �( ��� �����'(� �"�D Y�)*

+
"�� M��). 
��
� #$ �!!��� �T"'* � 0�r 8��D 8� 
)27(.  ������  � 
T�$ ���3b)"_�$D �1\� ��� {)�
� ��

 
!!��
� #$ �!!���A� V����� #$ �>�D �����)? 83�#��� #� ��
7�
N? ����)��?�( ��
�R�?�� U�!!� ��!!� �!!� ��� �!!���

)29( M!!N�� Z
S� ��
R� �� {�&?#� #$ �$��  ��A�Af? .
� �!!"�
� �#)!!\ �� #� � ���N'� $
�1N. 
� w�'��

�#)Q �� 8��� �!!"�
� �#)!!\ ��A�Af? 1^� m��"� 8�(
�� 3�;��� w�!!'��� ����� MN�� �( ��$ �!!� �!!��)?

 #�!!( �!!��
z � $
!!�1N. V����� -.�� �>�)? M��P #)Q
:*�� $)&>� � ���N'� $)!!� ���b)!!�)���� ���)30( .

�����;� 9�B. ���!!� �� �!!� w�!!'��� �!!( �!!�� 9�� 9
V�(�� � 9$
!!( %N( �b
�� 3�!!� #$ �# %!!��)���D ��!!�

�� %�
f? �# �!!� #� $
�1N. ��� 7�N� 7�� �( 8��(
<)1!!� #$ ��!!'(� %!!�
"�� ���)? M��$ �� �"!!'�� ���

�&1P � ��N��- #$ �!!��� <�!!= 7�� �� .�;2� $)&>� �P�
.
 !!�
,? ��!!���6�  � �!!*
� m��!!"� �( ���$ 
�� 
!!T�$ �

 #�!!( �!!��
z 
!!� �# w�!!'���  � �>�)!!? M!!��P 
�Ro!!?
 ��$��� 3�;� ���N'�)31(. � � ��#�(� �!!��!!'���� ���

�)��M!!N�� ��
!!R� ��
� �$��"� ���b)   #$ w��!!'���
�T"'* V��(  )�N!!'� � �!!��l(  $
!!�1N. V���!!�� �

  .��� 9�� k
6� ���N'��#)Q ���(   7!!�� 
!!� $�!!A".�
)�#� ��
R� �( ���b  � �!!*
� �!!� 9�
!!N� w�'��� %��

O������ 9
!!�*l V���!!�� �� ���,? :M�&P  � 01"2� ���
�>'? 83�� #$ �b
��V�(�� M �!!��)? ����N�!!�)�� ��!!�

�|�* �!!� V��!!( 8�b
!!�� 9���( 9�!!�#�$ �� $�)!!� � �!!�
 -!!.�� 8�#��!!��# $)!!&>� � M�>!!'? � ���N!!'� $
�1N.
 ���N!!'� $
!!�1N. V���!!�� � ���N'� �T"'* V��(

�� $)!!�)32( ����b)!!�#� #�(� �!!� �!!	
�� �!!�
Q  � .
� w��'��� :2!!;� M��( #)Q �� ���� $
�1N. ��# 


�#)x? ��� 8��� 9�;� M��!!� ����  7�� #$ ���N"=� ���
+)�U�!!?)i�� �
!!;P #)f�  %�
f?-���)!!i��- <�!!�#$D

)HPA  � �!!��� +
"!!�� 
!!��
� #$ �!!���A� V���!!�� 8(
 }6!!� V���!!�� 8$#�!!()�� �!!'��)��"� V���!!�� 8�!!� #�
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"!!�$

O������ 7!!�� �!!N� �!!( �!!�� �1C. �#)!!x? 
!!��  �  �!!�
�� �!!��$ V���!!�� �# ���N!!'� $
!!�1N. �!!���)?)33( .
��� H#��� 9�B. V���!!�� -!!.�� w��'�� �( ��� 9�

�# �"1�!!�� �B!!C. #$ ��b)!!�J�D 9�!!��_ e)!!P� � ��� 
���# V����� �� MN�� 7�� Z
S� �,�"� #$ 8$)� ��� 

 -!!.�� 83J�!!'(� �!!� �"1��� �BC. 
";�� ��
"�$ �
 3�#��!!� #� � �)!!� 3�)!!? � � �)!!� �!!��
z V���!!��

�� O�!!� �!!� �&�(
?  � #��
� w��'��� 7��vN� .$)�

 �!!� ���!!�# 3J�!!'(� $)!!&>� -!!.�� �!!( �!!�� O)���!!�#b
<)1��� ���� 
�� �� �K� � $)��� �( ��# -!!.�� ���)?

  $)!!� � �)� 3�)? $)&>�)27(  . �!!( �!!�� 
!!(l �!!� O U
  �( ��� 9�� H#���Z
S�  <)N��   w��'���  ����  �� 


��  ����#  X#�).  �&���  �"��$  8<�!!= 7!!�� �!!� 8�!!��� 
Z
S�  ��� �$  ��U�!!�   �   w��!!'���  7!!�N�  �!!��   �!!�
V�����  #�;�  3)*�!!�#�)� �UB"*� 8<�>�� 8$#$
� 8 � 

�����)* ���� 9�
N�  )34(. 
��)���:  7�x��!!(  )Caffeine(  �!!��&Q �
!!f� %!!� 

���  ��)� #$ �( 
�!!'�
� /Q�!!�� #$ ��# <�= #$ ���

 "��#1- QJ2� +*��=� ��� �*�5T � �1��� ��1�� ��2<J3  �����  

�<^� R��   �J<3 R��   �����G   ]F^� R��  N�� ��>  +B	�� �1  

 l$%$�6  Panax 

ginseng  

 +��������  

)Araliaceae(  

)10( Choi et al 
  m<B@� ��1�� ���1� 
�7C

 .�� +�7  �����  .� �1  

 �  +� !���� !��� K��
	�

������� �� ��)���*	 ��1

 !���� � �$�  

)11(  Wang et al  
 .�� ��C> X�Y�)4 (���  

W��A�� l$�%$�6 ��1  
  K��
	� ���1 )��FB��  

Mirzapurnoorabadi 
et al )12 (  

QJ2� +B:1 )�1 ���� )250  

�<��  +%<6 �1 �� Q5S R��

 A��JC !��BG� �� (N���

 ���>  

  !�C ?G�� K��
	�

 ����� ��2<J3 � ���1  

 A�(	�>  Caffeine 
A�B��
� Q�B�  

Methylxanthine  

)13( Schneiker et al 

  X�Y�5 mg/kg !�� !��  

�� )���*	 �� Q5S   !���2����

 +5@�  

 ��1���� p=� K��
	�

 ���� ;�, �M� �  �5��

�B��FB�� ��2<J3   �

 �$1q �����1  

)14( Kashef et al 

��1�� X�Y� ��1���  5/2  

 �5  mg/kg   Q5S !�� !��

  �� ��� ������� )���*	 ��

 ��2���� !����  

?G�� K��
	�  ��1

 +� !���� !��� ���2<J3

  !O�%>� ?G�� � ��������

�*� ) ��B�� !��� �	�Y�  

)15( Jodra et al 

   X�Y�6 mg/kg   !�� !��

 +5@� !���2���� ���^��:C �  

 !��� �� Q5S ���> A��JC

 )��$��  

  K��
	��� ��2<J3 ���1  

A���	�  Ephedrine 
���	�  

Ephedraceae 

)16( Bell et al 
  X�Y�1 mg/kg   !�� !��

 ��2���� !���� ��  

 �  +� !���� !��� K��
	�

  +G�,�� �� ��������

 �� ����85   �V��

2maxVO 

)17( Haghighi et al  

  X�Y�8/0 mg/kg  !��

  �� -�>�C �� � A���	� !��

  X�Y�6/0 mg/kg  A�(	�>

  !���� �� ���W R����  

K��
	� .��S A���W+$C �  

)��FB��  +$Ct��  
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. )Caffea Arabica( �� �!!�$ �!!� �!!�D)14( . �!!�
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!!�1N. ��)A? � �T"'* V��(#$ 7�x��( VA� M��$
 � 3�!!��
� c!!�)? M!!N�� 7!!��  � 9$�4"!!�� 8��B!!C.

  .��� V����� �� �# 3�#��� #� �!!� 7�x��!!( �!!A�A= #$
 �!!( �!!�� 9�!!� �"*��!!� %!!��b)�#� 9$�!!� %!!� 3�)�.

��
� �����
� ������ ���)? ���$
�1N. ���� %�b)�)  3�!!�

  �!!��� �"��$)35(    � 7!!��  � 3���
!!� 9$�4"!!�� ��!!���6�
 #$ �!!� #� $
!!�1N. V���!!�� �!!� �# ���!!�� M!!N��

������ %!!��b)�#� ��
!!R� 7�!!�vN� � �"��A"!!�� ��!!�
������ ��
� 3D ���N"=� c&?
!!� ����!!�? � �?#�!!P ���

��  .����$  �$ �!!� 7�x��!!( Z
S� �( ��� 9�� :2;�
!!���� -!!.�� V���!!�� $)!!&>� 83�!!� �b
!!�� $
!!�1N. 

�N!!'�8�� ��!!A?#� 8�!!"(
= $
!!�1N. $)!!&>� $
!!�1N. 

8�"*��!!� V���!!�� �#��!!�� � �#��!!�)� +�!!'=� � 

 "��#1-   +����  

�<^� R��   �J<3 R��   �����G   ]F^� R��  N�� ��>  +B	�� �1  


5� ��,  Camellia 

sinensis 

��,  

Theaceae 

)18( Sabzevari Rad 

et al  

 +����� X�Y�3  ��� ) +%�>

2   .�� +� (
5� ��, ��W R��

!��7���� �� +BF1 )�1 

��%	�  u�,  

���1 !�C K��
	�  

)19(  Richards et al  

X�Y� v�S ��1135  

�<��R��  �W� A�IB>���

) .t�>EGCG  �� �6� (


5� ��,  .�� +�14  ���  

  ��2<J3 ?G�� K��
	�

���1 )2maxVO (  

 A�B��[>  Quercetin  
�1��[��	  

Flavonoid 

)20( Davis et al  

X�Y�  ��C> .�� A�B��[>  

500  �� )�� �� R�� �<��

):1 .�� +� ���  ���  

�5�� )�	�w �B��FB�� ��  

]��T K��
	� 2maxVO � 

!��� !���� �C  ��B%G  

)21( Ramezani et al  

 +����� X�Y�1000 �<��  R��

� +� A�B��[>  +B:1 K� .�

 )%���5C	 !���� ��  

�5�� ��2<J3   � �����

 �������� +� !���� !���  

!�����  Withania 

somnifera 

 +���t�  

Solanaceae 

)22( Shenoy et al 

  ���Y3 X�Y� +B:1 )�1

) !����� ���� +���500  

�<�� (��� �� R����   +G�,��

 +5@� !����  

 K��
	�2maxVO   !��� �

 �M� � �������� +� !����

 �5<S )��FB�� �5�� -

 �%:$C  

)23( Wankhede et al  

  ���Y3 X�Y� +B:1 )�1

) !����� ���� +���300  

�<�� (��� �� R����   !����

 �B���F� ���> A��JC  

 � ��C +6C Q��S K��
	�

 ���H3 .��S  

 4��G��G  Tribulus 

Terrestris 

!���$y��  

Zygophyllaceae  

)24( Yin et al 

  X�Y�120  mg/kg30  

 �� )���*	 �� Q5S +F�S�

N��1   K�� \���� )^C

 �$��JC  

K��
	� !��� ��B%G  

���J1 �� K��
	� !��
J1  

��C  �!�� R�6 �5%� �  

 z=� A�(C��W .�H3  

<S�� �  �M�  �5����2<J3 

 �����  

)25( Ma et al  

X�Y�  +�����1250  

mg/kgfi  .�� +�3  �� +B:1

�1�%>�  

�� ��2<J3 �5�� ���1  
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R� O�.

�� #��� #� 
�^ � #��� #� $�
�� 7!!�� #$ �!!"&�� �( .����
 O�. ���N"=� M��).  � ��� �( ��� 9�� H#��� �"��#

R� �"��A"�� 9J�� �� � �� #� $
�1N. 
� 7�x��( �#�K�

��  ��)1!!� �!!��$
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�1. 3D ����#��()"�� ���� 5
	 ���� 3$)� ���
� �^#

)36(�� .�!!1. �!!( ���$ 
�� #$ ���� 89�B.7�� �^# �!!(
�� 7�x��!!( Z
!!S� �
�TN!!;	 �"�B!!� �!!��)� �!!��)?

�� ��� 3D �U�� ��� �$ ��� 8���� �"��$ �!!� 
,�� ���)?
 7��� � �=  � V�� 9$�4"�� � $)� �4�� �&��� X#�).

�� 3D 3)!!* #�!!;� � 5�
6!!r� V���!!�� �!!� 
,�� ���)?
�� $)!!�)5(. �!!�O������ 8�!!1( #)Q ���#�(� �!!� � �!!�

 ���!!�� M!!N�� 5)!!16� ��
�Ro!!? }�r)? ��
� �41"2�
 .�!!�� 9�!!� $�>�!!;�_ �!!� #� $
!!�1N. 
!!� 7�x��!!(

�N��P7�
? 9�!!� k
!!6� ��r
� �!!'����� 9#�!!�#$ 
!!R� 

87�x��( m�!!'� �����!!�� ��
!!\ � $� D 5
!!	��)�  #$
Z
S� 3b)��1� �1C. �� !!>� �� 7�x��( [P�� #$ .���� #�

 "��#2- QJ2��� +*��=� ��� �*�5T � �1��� ��1 ���H3 ��B	> � -��� N��� �� ����  

 QJ2� R��   �J<3 R��   �����G   ]F^� R��  N�� ��>  +B	�� �1  

 l$%$�6  Panax 

ginseng  
 +��������  

)Araliaceae(  

)61( Jung et al   ���  ������ X�Y�350  

�<��  l$%$�6 ���Y3 R��

  ������� ��  )���*	 �� �*� +<V�	��

 !� �� �*� ��� ���, �  

�$���	 K1�>  ��1������ � �1

 �� \5C��;��B��  -��� �  

)62( Atashak et 

al 

  X�Y� +�����2   '%y> R��

):1 .�� +� l$%$�6   �� Q5S ���

 !�6 ��1�%>� �� )���*	  

  )���*	 K��
	� �� ����<6

 /�
��CK  -��� Q��*C �

)���*	 �� �*� ���H3 '<�  

 ���� ���1  

)63( et al Lee  l$%$�6 m<B@� ��1�� 
�7C  ��

 {��y�� ��O� �� �����  

  ��1������ p=� K1�>

CK  �LDH 

)64( Voces et al    m<B@� ��1�� ���1� 
�7C

 .�� +� l$%$�63  ��� ��

.���1  �� ��B%��  

 /�
�� )���*	 p=� K1�>

CK  

��<��2$�6  Ginkgo 

biloba L  
A�> !�����  

Ginkgoaceae  

)57( Atashak et 

al 

+����� X�Y� 160 �<�� R��  

QJ2� ���Y3  ��<��2$�6 +� .��  

+� +B:1  '�*	 !��BG� ��  

 ��1������ p=� K1�> 

CK �CRP -S�*B� 

 )���*	HIIT  

)65( Lu et al  
�7C15  ���Y3 ����   ��<��2$�6

�� .���1 ����^V \���� )^C  

�J2%��- ����S�� ��7� !���6  

!G  

  -��� ��1������ K1�>

 ��<�CK  �LDH   �

��� A�$IJ1 ����B�� ��1���  

 A��>�>  Curcuma 

longa  
 !��<�57��  

Zingibracea  

)66( Drobnic et 

al 

  X�Y�200 �<�� R�� �� ��� +�  

.�� 4 ��� Q5S ��  ���6� !���� 

��  '�*	 |�B5%� !���� �� �5�����  

  ��� � -��� !�
�� K1�>

 ���H3  

)67( Samadi et 

al  

+����� X�Y� 1000 �<�� R�� +�  

.��  c$W �*� ��� �� 4� +%<6  

)���*	 �B���F� !���!���� �� ���  

!�6 A��JC  ���2�  

  ��1������ p=� K1�>

) ���H3 -���CK, 

LDH  ��� D�% � � (

 ���H3  

)68(Tanabe et al   X�Y�150 �<��R�� A��>�> 

4� )3�� Q5S � 12 )3�� �*�  

�� )���*	   !���� �� �������

A��JC ���>  

 � ���H3 ��2<J3 }: 

  -��� ������ K1�>

 ���H3CK  
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  9�!!��$ V��!!( ����D)  �
"�� �$ )4'� ����DcAMP 8(
 �!!�1^ V���!!�� -!!.��cAMP  9�!!^ � �!!�
	 �!!��� #$

�� <��#$DO��_ 7�� V����� �( 8$)� �!!,�"� #$ �!!�)��R 
�
7���)�?�( }�
? %�
f? �� 
,�� 7�x��( Z
S�  � �!!�

 �(
= %�
f? 3D <�&�$ �� � <��#$D 9�^ ��(
� V2�
��
	  9�� 9
�*l ���  k)6� V����� �FFA  �� $$
!!�

)14(  .  #$[P��   M!!N�� 7!!�� %!!��J�)�#� ��
!!R�  � �;2�
 +
"!!�$ #$ 
!!� 3D 
�Ro!!? �!!� �� #� $
�1N. 
� �����

  3$)�FFA  �� 9$�$ �&'��#)Q �!!� .$)!!� V���!!�� �!!(
  ��1^FFA  ��
!!\ 
!!R� �!!� 
!!,�� $)!!* �!!�)� �� ��)�

�� 3b)��1� �!!� e�
!!� 3�!!� �b
!!�� �"!!'�� �
�  8$)�
   � 9$�4"��FFA   !!� �!!���� [&�� 3�)�. ���� �*) .�!!�(

��
\�� $)!!* �!!�)� �� 3b)��1� Z
S� #$ ��)� �!!��)?

�� 
�*o? �� �# �T"'* e�
� $
!!�1N. 8�,�"� #$ 8$ ����
�� V����� ���N'� �!!�� 9�!!� :2;� 7��vN� .����

7���)�?�( 
?U�� k)6� �( V���!!�� -!!.�� ��
!!� ���
�� ���$
�1N.��) � �)� (�".
!!� $
�1N. 8<�|� 3�)�.


�1N. �) � �)!!� ��!!�$2maxVO � 3�)!!� $�
!!�� #$ (
�� ���� <�'����  $)�)37( V���!!�� 
!!� 9�B. ��
Q  � .

7���)�?�( }6!!����!!�� -!!.�� 7�x��!!( M!!N�� 8�!!� V
 #$ %�?�iN!!��#�_ �!!����� V��!!( � %�?�iN!!� �!!�����

��(
� �&S. �"'��  )CNS�� ( ��
�Ro!!? 7�� �( $)�
 V���!!�� � �)!!* � /!!1* $)!!&>� -!!.�� $)!!* �!!�)� �!!�
 3�#��!!� #� #$ �T"!!'* +�!!'=� V��!!( � �#��!!�)�

��  $)�)15(.  O������ �1N�  � ��
!!� 
T�$ ���N"=� ���
 :7�x��!!( ���!!�� MN�� Z
S� �6��� �� $
�1N. $)&>�

 "��#2-   +����  

 QJ2� R��   �J<3 R��   �����G   ]F^� R��  N�� ��>  +B	�� �1  


5� ��,  Camellia 

sinensis  
��,  

Theaceae  

)69( Panza et al   X�Y�200 �<�� �B�� �� ��� +�  

.�� 7 ��, ���   !���� �� 
5�

 ���> A��JC  

 -��� ������ K1�>CK  

  )���*	 R�7�� +� f��W ��

 +$�� D�W �B���F�  

)70(  Silva et al   X�Y�500 �<��R�� �� ��� +�  

.�� 15  '�*	��~ !���� �� ���  

  ���� ��1������ K1�>

 �5�� � ���H3 -���

 ���H3 ����2��  

)71( Haramizu 

et al 

A�IC�> X�Y� ��, 
5� +� .��  

+� N� �� +B:1 �1  

  -��� ������ K1�>

 ���H3CK   K1�> �

 �[
6LDH  !���� �� �W

 �5����� ��  

)72( Liu et al  X�Y��<W'$	 �� �6� ��1


5� ��,   ��1������ p=� ��

���� ���H3 -��� �� )���*	  

����� �� ���� N�  ����^V  

 ���1� � K��
	� �� ����<6

 ��1������CK  �LDH  

  ���� p=� K1�> �

 4�B>t  

 ��$*�  Peppermint   +����t  

Lamiaceae 

)73( Valizade et 

al 

X�Y�  +����� 50 �B����2��  

����� ��$*� +� .�� 10 ��� �W  

�� R�7�� )���*	 ����� !��� ���  

�� !���� !�6 /���  

  ��1������ K1�>CK  �

LDH  !�
�� �'�
�C�> �

 ;��B�� � ���  

)74( Gillis et al   �F<  AW�C Q2��) 'B$� X�Y�

 (��$*� A~�� �� b�@B%�  !���� ��

 /���  

  � ����� ��2<J3 �5��

 ���� ���H3 -��� K1�>

 ����2�� ���� �� N��� ��  

 '��C�����  Resveratrol  A��	 �$���1  

Viniferine 

)75( Hsu et al   �W '��C����� ���� ):1 
�7C

  -��� �� ���� ��B	> ��7�� ��

 ��W �<S�� +<H3 �� ���H3

N� �, �1  

  K1�> � ����2�� �5��

 ��1������ p=�CK   �

LDH � 4���� ���� �

 ���� A�$�C��>  

)76( Narciso et 

al 

 
�7C14  ����  �� '���C����� �

N� �� �W ��^C /> ��190  

��$� +F�S�  

 ���y�� !�����%>��W Q�<FC

 ��1������ K1�> �CK  �

LDH  
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 q!!4= 8�N!!�B_)(#�� ��&!!�  � ��!!'1( � �!!� $� D
 � 8 �
"!!�� �$)4!!'� #�!!>� /!!�
Q  � �1!!C. 3b)!!��1�

�� )!!�$D ��!!� 9��
�� #$ 7�x��( �"'��)��"�D $
�1N.� 
  #$CNS  ���� 7�N� 87��
���� .���� �!!� M!!��. %!!� �

 �!!� #� $
!!�1N. V���!!�� <)x'� M��). 7��  � �&�(
?
  ����� 7�x��( Z
S�  � h_)38(  .8<�= 7�� ��   �!!� O U

�( ��� 
(l  Z
S�  7�x��!!( �U�!!�  $ � ��!!� ��U)Q 
�r#�). �� ��� 7�N�  3)!!	  ��8���)!!*   #�!!;� V���!!��

���= 83)*  8e)>?  �T"�
�  8��BC.  85�
6r�  +�!!'=� 
8�T"'*  $#$
�  � @)� �Nr�� 
!!�� 7!!�� �( ���� 9�
N� 

�����)?  #$  3�#��� #�  ��  �#)\  ��!!�
?    � �!!r#�). �
M�&P  �T"�
�  8�B!!C.  ��8!!1P Vi!!? 8�#�
!!P  �  �!!�   � 
��$  3$�$  5D  �"��$  ����  )39(.   

�	���
:   %!!��b)�#� ��!!\�* �� ��a)����D %� 7�#���
�� �!!��� �#�!!�� e)!!�  � 3�!!���� #$ �!!( �!!�� #$ .$)!!�

 �
!!f� � �!!&Q ��#�$ %!!� 3�)!!�. �� 7�#��� 8�A�A=
�#�N��  � �*
� 3��#$ ��
�  �UB"*� � ��  01"2� $#)�

�� #�
P 9$�4"��  $
��)5( �!!� {)�
� ��&�(
? � 7�#��� .
7���"4�D �� ��&� #��'� �#�"*�� 
��  � 3D ��"!!'� ��

�� �(9$
"'� #)Q 
��!!� �!!� !!�(
? #$ �!!� ���>�? �� ��
MN�� 3�)�. �� (7�x��( 9J�� ��) $�)� 3 � V��!!( ���

��
	 �� 3�#��!!� #� 
!!�^ � 3�#��!!� #� 7�!!� #$ �� )!!�
�� #�
P 9$�4"�� $#)�  ��
��)40( ��!!���6� 7�!!��vN� .

3�;� ������  9$�$ � ��A"!!'� ��
!!R� ��#�$ 7�#��� �( ���
 �#�"*�� ���&� M��$ �� � ��� 3�� ��# ��A"'�
�^
 �!!( 9$)!!� %�?�iN!!� 9�T"!!�$ �
!!f� 87���!!�#$D �!!�

9��
���� %!!�
f? �# 7����#$D � �� M!!N�� 7!!�� � �!!�(
7���"4�D ����� ���#�$  %!!�
f? -.�� ��CNS  �� .$)!!�

�� !!� {�&?#� $��"� �����6� 89�B. � 7�#�!!�� Z
!!S� 7�
 H#��!!� �# 3 � V��!!( � 
?U�!!� ���N!!'� ���$
�1N.

 "��#2-   +����  

 QJ2� R��   �J<3 R��   �����G   ]F^� R��  N�� ��>  +B	�� �1  

;�  ����  Punica 

granatumL  
 ���� ;� ���Y3  

Punicaceae 

)77( Ammar et 

al  

  X�Y�1500 �<��  �� ���� ;� �B��

 'T48   � )���*	 �� Q5S )3��

500   )3�� 4� �� �B�� �<��

  !���� �� )���*	 R�7�� �� Q5S

+��� �����  

 � ���H3 ����2�� d��%C

  � ���	 ��� !�
�� K1�>

  K��
	� �� ����<6

 ���H3 -��� ��1������

CK  �LDH  

)78( Abdi et al  +����� X�Y�150 �<��  �B��

  K� .�� +� ���� ;� ��B��%$>

  �� ���1 A��JC �� ���J1 +B:1

�B���� !���  

  -��� ��1������ K1�>

 Q�5S �� �5<S )	�� ��<�

CK-MB A��W��C �T  �

LDH 

���  Allium 

sativum L 

 �1���W  

Alliaceace 

)79( Elahi et al   X�Y�70 �<�� R�� ��  ��� � +�  

.�� 14 Q5S �� )���*	 ���� ��  

!��%W  ��2����  

K1�> p=� CK � 

LDH � K1�> !�
��  

��� ���	  

)80( Su et al X�Y� A�%��� +� .�� 14 ���  

Q5S �� .�U�5F�� !��� ��� �� ��� 

��� !���� � �� ��� �*� ��  !�  

K1�> ����F� ���J��W 

CK � LDH � ��B	>  

���H3 �W ��  A��JC  

)81( Shahidi et 

al  

QJ2����� ��C> .��  ���Y3  

��� �1��� )+����� 800 �<��R��  

+� .�� 14  ��� (�� !��BG� '�*	  

�5�� /[�3 -��� ���H3  

�� �*� �� )���*	 ������� ���  

���Y3 .C  

����  

Black 

Currant  
!������7��  

Moraceae 

)82( Lyall et al X�Y� ��   .C ���� )4� 

)3�� Q5S � 2 )3�� �W ��  

)���*	  ������ �� Q> 48R��  (

�� !t�%��
�  /���  

����<6  �� K��
	�  

������CK  ���� ��  R�7�� 

N��� ����F��S .�� �� 80  

�V�� 2maxVO  

)83( Coelho et 

al 

  X�Y�473 �<�� �B�� �� ��� ��  

��� +� .�� 8 ��� �� !t�%��
� 

|�B5%� '�*	  

!�
�� K1�>  CK �6�  

�� N��� !G �W  ��  

N��� �B���F� !������  
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9�!!� 9$�4"!!�� 7�x��!!( �!!� !!�(
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3D t)A��� VA� 
�� 7�� �( ��� 7�x��!!( �!!� �'��A� #$ �#

�� $��f��#)Q �� .��( �!!( �!!�� 9�!!� 9$�$ 3�;� �(
 3�#��!!� #� #$ 7�#�!!�� � 7�x��!!( 0!!1"2� ��!!� �$

������ #$ 
!!��#$ $�
!!�� � 3���!!��$ 8�!!f�
4? ��!!�
 $
!!�1N. V���!!�� � 3���$ 3��  V��( -.�� 8�"���A�

�� �B!!C. $)!!�)5( .�"!!��$ #�!!>z� 3�!!AAf� �!!( ���
 � �!!6�f� ���#�(� �� /�
Q  � 7�#��� Z
S� �U�N"=�
 83b)!!��1� Z
!!S� #$ ��)!!� ��
!!\ M!!�&P  � ��!!(
�

  %�
f?CNS   �!!� -!!.�� 7�
!!N? #�!!;� �#$ #$ 
��L? �
 �!!� #� $
!!�1N. V���!!�� � �T"!!'* 7"*��!!�� 
�*�!!?

��  ��)�)17(  .X#�)!!.  � �!!*
� 8<�!!= 7!!�� ��   �&��!!�
Z
S�  � ���� 9�� H#���  V��   �  7�#��� �=  M��!!� 

5�
6r�8  8H 
�  3��#  8�;�
_   %�
f?  8�
�K_  $#$
�  � 
8�,��
�  ��)?  � M�;�  h4�?  ��  ����)42(.  

  
  ��%�*+ �� �	�� ����# ,��   ����� ���� ! ��  

  � 
!!T�$ �!!*
� $
�#�!!( 
T��!!�� ��!!���6� 
��!!� m��"�
MN�� �!!� #� $
!!�1N. $)!!&>� #$ ���&Q � ����� ���

���#)Q �� 8����  �!!( �!!�� 9�!!� H#��!!� �( Z
!!S�
�&� ��	 MN��  �� � �)!!� 3�)!!? $)!!&>� �� 
,�� ���)?

  �"��# 7�� #$ .$)���!!�� 7�� 3�AAf� �!!� �# $
!!�1N. V�

�R�?  7�����!!�� M!!N��  3J�!!'(� ZB"!!*� V���!!�� #$

��
*
!!� 3)!!*-  V���!!!�� 7�!!�vN� � ��
���!!!�
��
	 3)�!!����'(�$�$ �&!!'� �!!�9� �!!�)19( .�!!�9�B.8 


";�� �����6� ���'�� 
R� MN�� 
!!� �# 7�"!!�
a)( �#�!!�
$
�1N. $)&>� �� #� 9$
( ���o? !!1^� �"��# 7�� #$ .���

 �# 7�"�
a)( ���&Q MN�� Z
S� ��4� ��
R� 3�AAf�
������ �� ��!!"(U k)6!!� V��( � �����'(� �"�D ���

9$�$ �&'� 3D Z
S�  � h_ �!!��)21( . �!!�
Q  � ��
!!�*�

 "��#2-   +����  

 QJ2� R��   �J<3 R��   �����G   ]F^� R��  N�� ��>  +B	�� �1  

 +	�G  Portulaca 

oleracea  
 +��>tC�W  

Portulacaceae 

)84(  

Meamarbashi 
et al  

 +����� X�Y�1200 �<��R��  

+	�G ���Y3 +� .�� K� �� ���  

!���� /���  

K1�> !�
�� ��� � A�$IJ1  

p=� LDH � CK  

���� -S�*B� R�7�� 4�  

+%<6 )���*	  �����  

)85( Taj Amir et 

al 

 A���W � t�� ��� �� X�Y�  ���Y3

) +	�G1200  �600  �<��  +� (R��

 .��12  �� ���  !��7���� ��

���0�  

K1�> ��1��PB� ���  �{t�C  

��� ��Y� � �5�� 

��1�B>�	 ���2<J3 

4� -S�*B� +%<6 )���*	  

�B���F� !������  

 A�,���  Cinnamomum 

zelanicum 

�1� {��  

Lauraceae 

)86( Shokri et al  +����� X�Y�3 +� A�,��� R��

���� !��� �� +B:1 K� .�� ��>  

K1�>  /[�3 ��B	>  

���H3 �� !��� ���� ��>  

)87(  

Meamarbashi 
et al  
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