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� 0 $ > ± å Í s � ôÜ K Ó � ð 8 � "

¢Ð à á 7 Ñ¡v 8 t � � 8 � � � >� M

CK b u $ Ðf g # ½ �" ¢Ñ� J °ÊD 6

� CK �ªZ 8 � " ¢�Û*vwÐ{ P Q �

�Ñ� � >MM3/MM1fðx0.7� ½ E ÑÛ

. � � � �	 ü å Ó iô ÂHyatt & Clarkson, 

1998; Mair et al., 1995ÃÐ 

����myoglobin, Mb
 

� º  � ¾ ¿ �>�Å � { X > j �E

�
 � �Ñ�8�	 å Ó h i7 ÌÑ?Í y

u 
 ø ± I ´ �Ê �	 > � � � Ó w x >Ð

8¾ ¿ � , é>Ñ� º  8�	 , é> G {

X z �   �Z , �£ M ´ X z � � { ° KÐ

8¾ ¿ �Â � � �ê� �Ã>Ñ ë W O � º

 L M î ï �
 � �-� 5~10%Ð� º  �

  8�	 >�Æ w( � � | } Âcontractile 

apparatus+�� ê� 3 
 � Ã��î ï � ñ �

� + , éj \ Âfibrilar structuresÃô �î ï ñ

± ò ~ Ð8� � �	 >Ñ� º  ß � � W O

� Ë � � , é>Ðú û 8 � � º  � q r Ñ

9 ` ¢ÔÅa Y Ê � Â ô � � � � � �_�

� º  8 � í� 8 �_Ð�ÞÑ� º  í©

; < S � � �	 � Á �
 � �Ð©kÑú û

{ ¬ � º  �� - " ¢ { + f g - � � � ¥ ¢

Â immunonephelometry Ã� f g f � ¢

ÂimmunoturbidimetryÃ� I ´ - �  f g 8 �

¢Ârapid-enzyme immunoassaysÃÑü � $�

± I ´ � ý � 8 � ê-Y � º  Ñ V � t �

8 ] ] � � 8 � 7 � u $Y � U 8 � �_

ÂDelanghe, Chapelle & Vanderschueren, 1990; 

Mair et al., 1992aÃÐ 

� � � � � � � � �  �heart fatty acid 
binding protein, H-FABP
 

H-FABP ß � è (j � F �î ï � � ��

R £ . / ÂGlatz & Van, 1990ÃÐH-FABP$ 8

� � ñ êî ï ��� ©ª ² ÀÑ ~ S t { î

ï �� H-FABP $� 	 � �	 , é h i�


� � � ÐÓ ú û � � Ñ � å ü � { � � ©ª

² À��î ï � H-FABPÂ15 kDÃ$�� 8

� �_Ñ
 ø ë ü � � M� � � ÂGlatz & Van, 

1990ÃÐH-FABP 8 h � 0 Â �j � � 
 ê�

Â >� / - T PÐ8� ½ � ð � 
 > � � {

è ý �$© 3 H-FABP ÀÈ Ñ
ø í Å� �


 � / { � å Å� � ½ � H-FABP ÀÈ Ð�

$ , $�W ¯ �Û*� 6 � � M _ � �  

H-FABPÂOhkaru et al., 1995; Roos et al., 

1995ÃÐ ^ 
Ñ V � � Â -FABPÂH-FABPsÃ
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í ¨ S G { � Â �Û3Â the so called 

Heart-FABPs are not heart-specificÃÐH-FABP

ë 8� � �ê Á Â > � W O G { ± w � / -

ÂGlatz & Van, 1990ÃÑ ~ 8� � �	 >�

H-FABP 5 � f� Â �	 >� / -_Ý å Ð 

8� � �	 å i7 ÌÑH-FABPê� º  

Ê �	 > � � Ó �� >� 5 � �£ �� x �

� ý m �´ ðy ± ² ³ ÂSocrichter et al., 

1998ÃÐ8 å i7 Ì¡ þ8 2~4�E 7 L Ñ�

� >� H-FABP ê� º  ÍI ´ �T MÑi

T ¡ bÍ� O 8å iÌ�Ä 5~10�E � � Ð

ã ^ �� x � � ° Ê �	 � Á �Û*3Ñ©

k$� � � � º  m � H-FABP �fb_Q

� �	 h i�� � Ñ� � 8 � �ê � � �>

�� º  m � H-FABP �fðÍ©· ªÑ�

� � �$�8� � �Âþ 20~70% d ¥ � �

, é² À�} � Ãê� �Âþ 4~5%Ãå i7

ÌÑ8 � í � � �� x � � Â� º  m �

H-FABP� " È Ã7 L fb� � � Ñ
$��

��_ÂVan Nieuwenhoven et al., 1995ÃÐ 

! � " � � � � -III�carbonic anhydrase 
isoenzyme III, CA-III
 

� F ¦ �ªZ�Â carbonic anhydrase, 

CAÃSÅ � $© 3
 � �ÂMW+29 kDÃÑ

?$� ± { ~ ð = Y � X Y � �� ê° KÈ

h } N � F ö � 9 ÂbicarbonateÃ£ Åx �9

ÂprotonÃÐCA-III è ( pH b�: ­ �CO2ê

N � F ö � 9 �� R �� 9 �� R �� ê �

Õ � l � � �  ! } ° K� Ã �ñ ! ° K £

j �! } ° KÂJeffery, Edwards & Cater, 1980; 

Sly & Hu, 1995ÃÐCA-III�ªZ� � { � �

ÂCA-I to VIIÃÑ� ð ªZ�$� � ªÅ� E

� � � _M� � � ÂSly & Hu, 1995ÃÐ�ð ª

Z�8j \ �� [ # � 5 î ï u v Y ê � 


Û¥ �8 A ½ Ñ y ©· ªÐCA-III T ß � Í

� O 8� � �	 >Ñí �   8Ë � � � � ,

é>ÐCA-III ë $�8 L M � i o � x | }

>W O Ó Ñ
 CA-III 8� ð v Æ >� / - Ý

� �f � � �	 >� / -_Ý å Ñ ~ S8 c

² �� Â >í` CA-IIIªZ�ÂJeffery et al., 

1980; Sly & Hu, 1995Ã1 E Þ_% Ñ� CA-III

� 6 ½ 7 E Ñ$ , $��	 
 � � � �	 å

i�Åx � � Ð�ÞÑÜ K CA-III � � �	

h i�
 � � � Ñô � $� � Ý ± { + , ø

N � � � � Ñ� � 8©ª� CAªZ� 7 L �

s hÑS   � G ! CA-III Û*� � M

ÂVaananen et al., 1990ÃÐCA-III�� -êÜ

K� º  m � CA-III V � Ý�fbÑS¡ Å

� Ü K� º  � � _ É w 8 � �	 ÀÁ Û*

3� " ¢Ð 

# $ � �  % & ' � �  �contractile and 
regulatory proteins
 

8�	 î ï >Ñ � � 
 � �ê: ­ 
 �

� y ST ¢ £ �
 � �Ð?D 8¾ ¿ �> G

{ ± w � � 
 � ' ( Û3Ñ V �8 Ü K� 9

�  ! $ # �	 � 
 ¤ � �l ¥ E Ñ � � �

, éÍ ¦ O � \ À� ¾ ¿ ÀÁ Ñ ë �Þ
 §

7 � ¾ ¿ �Ð�­ S�	 T E U � j \ Ñ?

� ¨ ê © 
 � �î ª � � } � { ' ( V \ }

�Ði>Ñ ¨ 
 � �î ª « / ¬ �� 
 � î

ª �£ � � 
 � � + � 3 
 � : ­ ­ D M Ð

© 
 � î ª S , " ® R ê[ -W ¯ T N � �

} � Ñ ë S � } � 3 
 � 8 9 �} � Ð� 3


 � 8 9 U L G { w � ©� § �� G � 
 �

� \ � Ñ ë �ÞÜ Ý� 3 
 � U L \ } �î

6 4 M � { � N ¯ Âmyosin heavy chains, 

MHC, MW approx. 23 kD eachÃ�£ ùî Ð ¯

Âmyosin light chains, MLCÃÐ 
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Å î �	 , é� U L $� [ � ¥ SÅ v

V ° Å � Ñ?$�Y ATP �Y # ý � , È à

} ° Z�< Ø , Ð�	 � � � ± � î ª " q

ÂCooke, 1995Ã Q � Ñ�	 � � V G ! �[

-ÑS� � � 3 
 � � 3 ² ê�� 
 � î ª

� j D % > j 8ÅÎ Â�} ¾ ³ � j \ ÃÑ�

� 
> ü � w x " È V V Î �ÐÞÅ�	 �

� k� �, -_ " ÑS� � �� � 3 
 � �

ATP �Âactomyosin ATPaseÃ7 ´ ÑY ATP

� Õ } ADPê PiÑª E � � , -� �	 � �

7 KÐ�	 8 µ � E Ñ�� �� 3 
 � � >

j Íå Ó + � 3 
 � ­ D M �° KÑ
 ` ¢

> j 8ÅÎ 
� } ¾ ³ j \ Ð8° Ê � � 9

� � � 7 � Ñ + � 3 
 � ÍY�� 
 � ½ $

(� 3 
 � j D �KY % ¶ · Ñ
 Ü �� ê

� 3 
 � ` ¢ > j 8ÅÎ Ñª E ¸ Í ¹ =

actomyosin-ATPase w x ÑÅº � � 9 Ê � �

� � � �> � � �_ 7 ÌÑ � � 9 8(� �


 � CÂtroponin C, TpCÃ j D 7 ÌÑ + � 3


 � ÂtropomyosinÃ�Æ wÍ G ! s hÂY

KY % » �_Ñ� ¼ � (� 3 
 � � 3 ² >

j 
� } ¾ ³ � G ! j \ 3�s h�Ô
 Ü

� � 
 � ä �­ > ½ ± � Ñª E s � � �

ATPase 7 ´ ÑY ATP � Õ } ADPê PiÑí

� � �, - ¾ , V Î �	 � � ÃÑÔ
 Ü ½ ¿

� ¹ = ° K Õ m ÐÅx ¾ ¿ � , é� � Æ #

o Y ° KÑÍV Î î ï � � � 9 5 � � T

MÐ � � 9 Å º ê TpC j D ÑÍy u V Î �

� 
 � � + � 3 
 � ­ D M G ! Å � j \ s

hÑÔ
F Ü + U ¹ = �� -� 3 
 � j D 8

ÅÎ � O P À � Ð� 3 
 � � 3 ² (�� 


� î ª > j 8ÅÎ 7 ÌÑ À Ì� 3 
 � � 3

² Í G ! j \ 3�s hÑÔ
 V Î N Á

Â power strokeÃ F Ü � , é G ! � �

ÂWilmore & Costill, 2004ÃÐ 

�( � � �troponins, Tp
 

8¾ ¿ �	 >Ñ è (�� �� 3 
 � ¥

Â ° KE � � � 9 - : ­ ° K> T ß � � 6 Æ

� � � 
 � ­ D M Ð8 l ± �>í` � � 


�   8Ð� � 
 � ­ D M S� �� d � PÃ

�ÂpolypetidesÃV � } �Â/ ® Ä Ñ1997; Farah 

& Reinach, 1995; Wilmore & Costill, 2004Ã+ 

���� T�TpT, MW 37 kD� 

� Å � G { 3 { C- n B � �©� § �


� �ÐTpT U L G { Åx j D % $( + � 3


 � j D Ð 

���� I�TpI, MW 24 kD� 
SÅ � E Å 3 { 
 � �Ð8° Ê � � 9

( TpC j D �� � 7 � Ñ Æ Ç  ­ D M 5 6

Æ $� � ¹ = �� � 3 
 � ATPaseÑÔ
Í

¹ = �	 G ! � � Ð ë ÛS � Ñ$ ¹ = � 3


 � ( F-�� 
 � 7 L �¥ Â ° K— ¹ = �

� 
 � (� 3 
 � � È D ° KÐ 

���� C�TpC�MW 18 kD� 

4Ý ± ¥ SÅx É Ê � { �
 � �ÑS

� � x 3 { Z , v Æ � � Å î 4� { � Ë Æ

V � j 
 } �ÐTpC $( � � 9 j D Ñí8

� � �ê� � � � 5 L Ñ Ì Í : ­ ¨ 
 � î

ª �KY ° Kk� Â Parmacek & Leiden, 

1991ÃÐÅ º TpC ( � � 9 j D Â í Å8 9

TpC $j D ù x � � 9 Ã7 ÌÑÍ � � V Î

Å � y M È É êÀ � TpI�¹ = ° KÑÔ
 Ü

¹ = �� -� 3 
 � j D 8ÅÎ � � � Õ m Ð 

8©ª ² À��	 >Ñ� � ?D 7 L �

j \ êÛ3©ªÑ V �?D �Z , ë Í { V

� � Â/ ® Ä Ñ19971Wilmore & Costill, 

2004ÃÐ¾ ¿ �>��+ , é
 � � G { P�
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Á � È   8Ñ�S� � ?D 8¾ ¿ �	 ÀÁ

>Ñ V � } � � � 
 � �©ª V � } � � �

Â/ ® Ä Ñ19971Wilmore & Costill, 2004ÃÐ

� à Ñ· ª�� 3 
 � 8 \ � £ �  ½ � Í

©· ªÑ
ø � 3 
 � � ATPaseK3(�	

� ] �´ � G { Ç · ¬ �¬ Î ÐP � ©ª�

Á � � � ê: ­ 
 � �$ Ï ! �©ª�E

�Ñ
 ø 8?D � � 
 7 >�8 A � �ë Í

{ ± ¡ � � � ÑÛÜ S8 e � � � �(� �

7 L �8 A Ð�	 � 
 V Û{ �ªZ�Ñ8

j \ êZ , ½ � � 3 y ©· ªÑ ~ S� ð �

+ S$�Ü Kf g # ½ � " ¢ÑY?D � �

38 � �_Ð ^ 
Ñ � � 
 � ��E � : ­

° Kl · �� ­ Ð Ð Ë � � e � � � �ê�

��E �y G { � ª � O ô G { ± Ý � � N

Ñ � O Â ² À�Û3   8ÃÑÛÜ S8 � �ê

Ë � � � � � , é 7 >Ð ¡ ´ Ñ8 � Â �

MLC�� Â �Ò-À MHC � c ² } c ��

��� Â Ó-�� 
 � �� Â �� � 
 � �£

� Â � TpC �ß � MHC ÀÁ Ñ8Ë � � �

� , é> ë G { � ª � O �° KÂCummins, 

1979; Parmacek & Leiden, 1991; Pette, 1998; 

Schiaffino & Reggiani, 1996ÃÐE Þ_% ÑÔ

Õ w c d 3� 6 � � M q r ü � P W 
$�

K_ 8 � 
 � �Ñ ~ � ð 
 � �` ¢É � Ö

� ��	 ÀÁ �Û*3Ðú û . { � x G {

�	 ÀÁ Û*3�� � Ñ8 Ü � +TpIê TpTÐ

TpIê TpT   8� d � ©ª�Ã� 7 >Ñ
í

Å � Ã� y { � � ý × �Å � Û*� j \ 1

Å � Ã� Ø � � Ë � � � �	 ÑÅ � � e �

� � �	 �£ ¡ Å � Ù � � � ¾ V G { �Ã

�Â Pearlstone, Capenter & Smillie, 1986; 

Wilkinson & Grand, 1978ÃÑ�� �d � ªZ�

S� d � ©ª�E �M� � � 
_�Ð 

�) � � * + �myosin heavy chains, MHC
 

Ó-êÒ-MHC � S � � �	 Û*ÀÁ �


 � �Ñ ~ S8 c M >í z { ��� Û*�


 � �   8ÂBredman et al., 1991; Diederich et 

al., 1989ÃÐ { Åð P Q � �Ñ8� � �

ÂSorichter et al., 1997aÃô � �� ÂBleier et al., 

1998Ã�� � >Ñí z { W O Ó / { ¡ -�

$© 3 MHC �Ñ~ S�, é>V { � MHC

y S� j \ 3�ê� , éj D 8ÅÎ Ð�

ÞÑ8 � �� 
 � �� M 5 � b$ , $� 	

� 
 � �	 î ï � Ú �� � ÐLarue et al.

Â1991Ãê Simeonova, Kehayov & Kyurkchiev

Â1991Ã� �� � MHC 8 A 8 � 
 >ÑV �

� � �ê� �� MHC y { ± Ý � �¥ Â °

K  8Ð8� � �ê� �å i7 ÌÑMHCÍ

� 6 �T MÂMair et al., 1992b; Sorichter et al., 

1997bÃÑ
 ø MHC ( MRI 7 L �h Y G {

Ç · ¬ Ð 

 
 

*+,-�./01��2345�*+,-�./01��2345�*+,-�./01��2345�*+,-�./01��2345�

6 76 76 76 7  

� ¬ Û D �� Ü # ê » ¼ ½ & ' �	 å

i � �� � � ÑÅx H ; ÷ ø " Ý �
 � "

¢$ , s Þ ß Ó �� 7 Ë e + 

Å��Ü K G { � , éÛ*3�
 � �

� _ 8 � 1 à ÞÑ ¾ , Ò ò & ' � � � � ,

éÂ º ô � �Ãå Ó iô �� � { På Ð 

��� Þ ß Ü KÅ � H < · 3� " È Ñ

� à ª E Ü K$�8 � �	 8 å i7 Ì�2

3£ Ë 3h i� � �h Y � �{ P ¡ Â2 3

�	 i ô $ � +� º  �H-FABP1Ë 3�	

i ô Ù � +CK�LDH�AST/GOTÃÐ 
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d��Ü K w b Þ 3ê c d � � q r ê

à | _e � �	 h i� � �Ñ� � ��	 u

Ü t S å Ó ± Ð  �h i E Ñ ë $�� -�

_Ð 

ù��Ü K¤ ¥ 3w �$�-Y �á 6 �

Z [ â ° � � ã ~ � w �£ $� ± e ´ ºY

j k 8 � �_� " ¢Â T ä S Ü K< � u $

8 � " È Íf H 6 D ÃÐ 

��P Q �å t � P © � å µ { � � �

, é K ¶ �c ô � � �ü � { W ! h iÏ 	

� å t ÏÐ 

��8� � �î ï > / { ¡ -�
 �

�Ñ V �8� , é å Ó h i7 ÌÑ� ð �	

>�
 � �Í � � Ó �� w x >1�ÞÑ8

� , é å i7 ÌÑ$�Ü K w b Þ 3ê c d

3� q r ÑY� ð �	 
 � �Ê �� >8 �

ô & ' �_ÑÔ
$� & ' �� , é å i�

� � Ó æ { P ¡ Ð 

E Þ_% Ñ ç . 8 � 6 Åx �	 å i�

� E ÑS ` ¢� ��� ½ � ð Û3ô & ' �

�	 å Ó 2 3ê Ë 3h i� � �{ P ¡ Ñ�

Þ è é : _�· ¬ P Q Ñ�ª E 8 � ä � x

�	 h i� � Ñ
 ø ë ê s ª E � -2 3ê

Ë 3h i�� � Ñ�� 8j k �Õ � ½ $ ,

Íf H G { � ë [ Ñ ë $ , Íf H ; ÷ Ð 

 
 

�� � �  8 � � 
 � 9 : ; < = >�� � �  8 � � 
 � 9 : ; < = >�� � �  8 � � 
 � 9 : ; < = >�� � �  8 � � 
 � 9 : ; < = >

1? @ A B C1? @ A B C1? @ A B C1? @ A B C  

Ê Ë © � � �� � �� 7 ÌÑ ç 8 � U

r û · V è é �Åð �	 h i� � Â� à Ñ

CK�LDH...Ã� - Ñ$�W O � ð � � ÍW

! § ¨ 
 ø ¡ -�� O 8�� w x 7 >

ÂChen, 2003; Chen & Hsieh, 2000; Clarkson 

et al., 1992; Nosaka & Clarkson, 1996ÃÐ�ð �

	 
 � �� � � O 8�� >�-Pc Ñß �

S å Ó � ( ��  V l m + è (�� �� â

Pc ��� � � ��	 	 � � � � E �4�

�£ å t Ï8è ( 0 $ 7 û �M , � | Ð©

kÑKlocke et al.Â1982ÃSY ^ a < �B �

p ¥ � � � � l · 16%Ñí�>� � A å t

ÏÂn=6ÃÔB 20 8 � �� B ^ a �� Ñ_

& ' � � � � � � � > CK�� º  ê

H-FABP K3�l m Â ø dÃÐij k W O Ñ

� î ï �>�
 � ��� º  ê H-FABP K

3Ñ8�� Ì� ì 5 ÛÍ I ´ º 7 w Ñ��

x � � í8�� Ì�Ä � x �E ÛÍ� O T

w b1~ S8�� Ì� 24�E 7 � Ñ�� x

� � Í ± e ´ º� � Ñß � S � k Á Â �°

KÑ
Y�� x � Ê �� > I ´ �ý m í

ÂKlocke et al., 1982ÃÐCK� O 8�� >� E

L ê- y f� º  ê H-FABP _Ý V Ë 
 ø

- ë f H PÑíø CK Ê �� > � ý m �́ ð

ë f� º  ô H-FABP_Ý V Ë Ð 

~ S� ½ �d � �	 
 � �í©S�	

ÀÁ �Û* � � Ðã ^ 8 � �� > CKK3�

h Y ÑÅÒ S�	 h i· ¬ P Q > � Ü KT

P� T î ï �Åx 
 � � � ÂChen & Hsieh, 

2000; Clarkson et al., 1992; Clarkson & Hubal, 

2002; Nosaka & Clarkson, 1996ÃÐ©kÑ{ Å

ð P Q W O Ñ A å t Ï� � � �8Ô B � �

�� 7 ÌÑ� -�� > CK b�hY � �E Ñ

å t Ï7 L CK � ��x Ü � � l ± ¡ ÂChen, 

2003; Clarkson & Hubal, 2002; Clarkson et al., 

1992; Nosaka & Clarkson, 1996Ã1V �ú û 9

` ¢ � � �� > CK K3 ð Ç T M� O P 	

�Åx á 6 
 ø @ D " �Õ � ÑÛÜ S CK b

(�	 å i� � �¬ Î Ð ¡ ´ Ñ8� º  �
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H-FABP ê CA-III ³� � ë W ! ² ³ � �

�ÐCA-III �h Y � �ê CK K3 ± ² ³

ÂKomulainen & Vihko, 1994ÃÐÞ ´ Ñ�� w
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Changes in the Indicators of Blood Muscle Proteins 

Following Eccentric Exercise 
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National Chiayi University 

 

ABSTRACT 
 
Muscle damage after strenuous and unaccustomed eccentric exercise is related to structural 

damage of the contractile apparatus that can be observed as Z-line streaming and myofibrillar 

disruption. Mechanical stress, metabolic stress or both stresses in nature are the main 

contributing factors for causing muscle damage. Disturbances in Ca2+ homeostasis with increased 

intracellular [Ca2+] activate the nonlysomal cysteine protease, calpain. Calpain has been assumed 

to play a major role in triggering the response of skeletal muscle protein breakdown, of 

inflammatory changes, and of regeneration processes in response to eccentric exercise. The 

inflammatory response is ascribed to changes in hormone and cytokine levels in blood and 

skeletal muscle. To evaluate the magnitude of skeletal damage, blood CK and myoglobin (Mb) 

levels have been frequently used as indirectly indicators for muscle cell damage. As the cytosolic 

proteins do not necessarily reflect the extent of structural damage, structurally bound proteins 

such as myosin heavy chains (MHC) and troponin have been examined. Therefore, the purpose 

of this paper is to briefly review the cascade of events resulting in muscle damage following 

unaccustomed eccentric exercise and the potential of muscle proteins as indicators of skeletal 

muscle damage. We hope that this review paper would provide some useful information or 

reference for coaches, athletes, and sports practitioners to eccentric exercise-induced muscle 

damage. 

 

Key words: Mechanical stress, Creatine kinase (CK) activity, Myoglobin (Mb), Myosin 

heavy chain (MHC), Skeletal troponin I (sTnI)


