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Electron Spin Resonance  Spectra  of White,  Cardiac and Various  Red Skeletal  Musc les  of the Carp,  
Cyprinus carpio L.  

A n u m b e r  of expe r imen ta l  resul ts  suggest  t h a t  the  
ma jo r i t y  of free radicals  assoc ia ted  wi th  t he  enzyme  reac- 
t ions  in t issues are localized in the  mi tochondr i a  1-3. As 
the  mi tochondr i a l  con t en t  is h igher  in the  red muscles 
t h a n  in t he  whi te  ones, these  two  types  of muscle should 
give e lectron spin  resonance  (ESR) signals of d i f ferent  
in tensi t ies .  Such a d i sc repancy  has a l ready  been observed 
be tween  hear t  and  skeletal  muscle  in r abb i t  4, guinea-pig  5 
and  rat% Bu t  these  works have  no t  t aken  in to  account  
the  occurrence of two  types  of skeletal  muscle.  A re- 
e x a m i n a t i o n  of these resul ts  t hus  appeared  desirable.  
In  th is  work  we have  compared ,  by  E S R  spec t romet ry ,  
var ious  s t r ia ted  muscles  of t he  carp  in which  differences in 
sarcoplasmic  pro te ins  have  been  inves t iga ted  recent ly  7. 
In fish, the  mi tochondr ia l  con t en t  of the  red muscle of t he  
la tera l  line is m u c h  larger t h a n  t h a t  of the  whi te  muscles,  
according  to  e lectron microscopic  studiesS; the  o ther  red 
skeletal  muscles  appear  to cor respond to the  same aerobic 
t y p e  of muscle  7. The signals f rom several  red skeletal  
muscles  have  been  measured  as well as those  given by  the  
cardiac  and  whi te  muscles.  In  t he  course of th is  s tudy,  
histological  p repara t ions  have  been made  in order  to  
corre la te  some of the  resul ts  w i th  the  s t ruc tu re  of the  
muscles.  

Materials and methods. Mirror carps  ( Cyprinus carpio L.) 
weighing usual ly 2-2.5 kg were anaes the t i zed  in a 75 rag/1 
solut ion of t r icaine me thanesu l fona t e  (MS-222 Sandoz) 
for 30 rain. They  were killed by  decap i t a t ion  and  skinned.  
The following red skeletal  muscles  were dissected : t he  red 
muscle  of t he  la teral  line (m. superficialis trunci) ,  the  
anter ior  supracar inales  muscle  s i tua ted  be tween  the  head  
and the  f irs t  dorsal  fin, t he  adduc to r  superficialis and  
abduc to r  superficialis muscles of t he  pectora l  fin, the  
ven t ra l  adduc to r  of the  tail.  In  the  case of the  red muscles  
of the  pec tora l  fin, the  colour of which  decreases f rom the  
ex te rna l  to the  in ternal  par t ,  the  ex te rna l  r eddes t  p a r t  
was taken .  For  a more  detai led account ,  the  reader  is 
referred to a previous  publ ica t ion  7. As melanine  gives a 
wel l -known s t rong  E S R  signal 4, dissect ion was carried 
out  in order  to  avoid the  interference of th is  p igment .  The 
si lvery de rmal  layer  which  somet imes  remains  a t t ached  
to the  red  muscle of the  la teral  line and gives, according to 
some controls,  a s t rong  E S R  signal, was d iscarded by  
removing  the  ex te rna l  p a r t  of th is  muscle.  Samples  
weighing abou t  150 mg  were immed ia t e ly  in t roduced  in to  
quar t z  tubes  wi th  a 3 m m  d iame te r  and d ipped  into l iquid 
ni t rogen.  The spec t ra  were t a k e n  wi th  a Var ian  Associates 
t y p e  E-3 spec t rome te r  using a cav i ty  ref r igera ted  at  
110 ~ The field s t r eng th  was set  a t  3260 G, wi th  a scan 
range  of ~2 100 gauss. Dur ing  scanning,  the  t ime  co n s t an t  
of de tec t ion  was 1 sec, and  the  scan t ime  was 4 rain. The 
modu la t ion  f requency  was 100 kHz,  and  the  ampl i tude  
4 G. The microwave  power  was 5 roW. The receiver  gain 
used was of 106. In  view of t he  ve ry  low in tens i t ies  
recorded,  the  surfaces of the  absorp t ion  curves  were no t  
eva lua ted  b u t  the  peak  .heights were measured  and cor- 
rec ted  to 1 mg fresh t issue per  m m  of length.  Small  frag- 
men t s  of the  superficialis t runc i  muscle and  of the  abduc-  

Amplitudes of ESR signals of various carp muscles at l l0~ 

Number Arbitrary units 
of samples and standard deviation 

White muscle 8 0.9 
Cardiac muscle 9 3.2 -~ 0.6 
Red skeletal muscles: 
Abductor superfieialis 9 2.1 ~ 0.4 
Adductor superficialis 9 2.1 ~ 0.5 
Anterior supraearinales 8 3.1 ~= 0.5 
Ventral adductor of the tail 7 3.1 :~ 1.0 
Superficialis trunci 6 5.9 -4- 1.8 

Transverse section of the carp red muscle of the lateral line stained by 
hematoxylin-eosine. A) In the center of the picture, a blood capillary 
is situated among striated muscle fibres; empty lipid cells are also 
visible ( • 150). B) The same capillary is seen at a higher magnification 
( • 750) ; it is surrounded by melanocytes. 
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t o r  superf ic ial is  muscle  of t he  pec to ra l  f in were f ixed in 
Bou in  fluid. Pa ra f f i n  sect ions  were s t a ined  b y  h e m a t o x -  
yl in-eosine.  Disco lora t ion  b y  H 2 0  2 ha s  been  used as a 
specific h i s t ochemica i  t e s t  for melan ine .  

Results. The  a m p l i t u d e s  of t he  ESIR signals,  expressed 
in a r b i t r a r y  uni ts ,  are g iven  in t h e  Table .  The  i n t e n s i t y  
obse rved  in t h e  wh i t e  muscle  is too  low to  be  s ignif icant .  
B u t  t he  card iac  a n d  t he  red  ske le ta l  musc les  show 
signals  wh ich  are easi ly  d i s t ingu i shed  f rom t he  back-  
g round  f luc tua t ions .  I n  t he  case of t he  a d d u c t o r  a n d  
a b d u c t o r  muscles  of t he  pec to ra l  fin, few d e t e r m i n a t i o n s  
(not  r epo r t ed  in t he  Table)  h a v e  also been  m a d e  on  t he  
i n t e r n a l  p a r t s  wh ich  do no t  a p p e a r  to  con t a i n  m y o g l o b i n  ; 
t he  spec t ra  d id  n o t  differ  f rom t h a t  of t he  wh i t e  muscle.  
The  a m p l i t u d e  of t h e  E S R  signals  paral lels ,  therefore ,  
t he  i n t e n s i t y  of t h e  colour  of t h e  muscle  and,  accord ing  to 
a cross sec t ion  e x a m i n a t i o n  of t he  a b d u c t o r  muscle  of t h e  
pec to ra l  fin, t he  decrease  in t he  f ibre  size. T he  f igure 
o b t a i n e d  in  the  case of t he  red  muscle  of t h e  l a te ra l  l ine  
is, however ,  m u c h  h igher  t h a n  t h a t  co r re spond ing  to t he  
o the r  red muscles.  

His to logica l  sect ions  of t he  red muscle  of t h e  la te ra l  
l ine  a n d  of t he  a b d u c t o r  superf ic ial is  musc le  of t he  pec to ra l  
f in  h a v e  been  compared .  As shown in t h e  Figure,  t h e  
fo rmer  c o n t a i n s  p i g m e n t e d  cells. T h e y  are  usua l ly  
s i t u a t e d  a long  b lood capi l lar ies  b u t  also occur  a long  
c o n j u n c t i v e  t rac t s .  These  cells con t a i n  me lan ine  granules  
which  are discolored b y  H 2 0  ~. On t he  o the r  h a n d ,  we d id  
no t  observe  a n y  me lanocy te s  in  t he  a b d u c t o r  superf ic ia l is  
muscle.  The  h i g h  a m p l i t u d e  s ignal  o b t a i n e d  for t he  red  
muscle  of t he  l a te ra l  l lne is t h u s  due  to t he  fac t  t h a t  i t  
con ta ins  me lan ine  granules .  I t  is i n t e r e s t i ng  to no te  t h a t  
in  a m p h i b i a n s  t he  presence  of th i s  p i g m e n t  ha s  been  
obse rved  in t he  h e a r t  a n d  va r ious  ske le ta l  muscles  ~ I n  
f ish muscle,  i ts  loca l iza t ion  t h u s  seems to be  m u c h  more  
res t r ic ted .  

I n  conclusion,  d e t e r m i n a t i o n s  of E S R  signals  t o g e t h e r  
w i t h  his to logical  obs e r va t i ons  h a v e  led us to  no te  a 
pecu l i a r i t y  of t he  f ish red  muscle  of t he  l a te ra l  line. This  
muscle  differs  f rom th e  o the r  f ish red  muscles  in  t he  pres-  
ence of some me lanocy te s  loca ted  a long  i ts  b lood capi l lar ies  
and  c o n j u n c t i v e  t rac t s .  T he  o the r  red  ske le ta l  muscles  

and t h e  card iac  muscle  give s ignals  of a b o u t  t he  same  
i n t e n s i t y  wh ich  are def in i te ly  h ighe r  t h a n  t he  ve ry  low 
s ignal  o b t a i n e d  for t h e  w h i t e  muscle .  The  pa ra l l e l i sm 
usua l ly  obse rved  b e t w e e n  m i t o c h o n d r i a l  c o n t e n t  a n d  
E S R  s ignal  i n t e n s i t y  in va r ious  t i ssues  appea r s  va l id  also 
in t h e  case of t he  two types  of ske le ta l  muscle~~ 

Rdsumd. Les mesures  de r6sonance  p a r a m a g n 6 t i q u e  
61ectronique effectu6es j u s q u ' k  p r6sen t  sur  le muscle  n ' o n t  
pas  t enu  c o m p t e  de la d i f f6 ren t i a t ion  de ce t i ssu  en  
muscles  b lancs  e t  rouges.  Nous  avons  compa r6  les 
s ignaux  du  muscle  blanc,  du  muscle  ca rd i aque  e t  de d ivers  
muscles  rouges de carpe.  Le muscle  b lanc  pr6sen te  une  
t r~s  Ia ible  intensi tY; le m y o c a r d e  e t  d i f f~rents  muscles  
rouges  d o n n e n t  des va leurs  p lus  61ev6es en  accord  avec  
leur  p lus  g rande  t e n e u r  en mi tochondr ie s .  Le muscle  rouge  
de la l igne la t6rale  se d i s t ingue  tou te fo i s  des au t r e s  muscles  
rouges p a r  u n  s ignal  env i ron  2 • p lus  i n t ense  dfi, c o m m e  
le m o n t r e n t  des exmnens  his to logiques ,  k la pr6sence dans  
ce cas de m61anocytes  s i tu6s le long de fa i sceaux  conjonc-  
t i fs  e t  de capi l la i res  sanguins .  
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Enzymat ic  Hydroxylat ion of Anthrani lamide  in Rat Liver 

A new me tabo l i c  p a t h w a y  f rom a n t h r a n i l i c  acid,  one 
of t he  t r y p t o p h a n  metabo l i t e s ,  to  c o n j u g a t e s  of 5-OH- 
a n t h r a n i l a m i d e  a n d  3 - O H - a n t h r a n i l a m i d e  was sugges ted  
to  be  p r e sen t  b y  t h e  au tho r s .  

A n t h r a n i l a m i d e  ha s  been  i so la ted  a n d  iden t i f i ed  as a 
new m e t a b o l i t e  of a n t h r a n i l i c  acid in  our  l a b o r a t o r y  1, ~ 
and  w h e n  a n t h r a n i l a m i d e  was in j ec t ed  to  t h e  ra t ,  two  
m a i n  m e t a b o l i t e s  supposed  to  be  con juga t e s  of 5-OH- 
a n t h r a n i l a m i d e  a n d  3 - O H - a n t h r a n i l a m i d e  3, could be  also 
obse rved  in o rgans  such  as l iver  a n d  k i d n e y  as well  as in  
ur ine.  Cons ider ing  t he  a b o v e  discoveries,  i t  is of i n t e r e s t  
to  s t u d y  t he  h y d r o x y l a t i o n  and  t he  c o n j u g a t e  f o r m a t i o n  
of t he  a n t h r a n i l a m i d e .  

I t  h a s  been  r epo r t ed  b y  I(ASI-IIWAMATA et  al. * t h a t  a n  
e n z y m e  w h i c h  is capab le  of h y d r o x y l a t i n g  a n t h r a n i l i c  
acid to  5 - O H - a n t h r a n i l i c  acid is p r e s e n t  in  t h e  mic rosome  
of r a b b i t  l iver,  b u t  t h e  h y d r o x y l a t i o n  a c t i v i t y  in  t h a t  of 
r a t  l iver  was found  to  be  negl ig ible  5. 

A n  Achromobacler sp. ha s  b e e n  shown  be  able  to  
oxidize a n t h r a n i l i c  acid v ia  5 - O H - a n t h r a n i l i c  acid b y  
LADD ~, a n d  CAIN ~ also r epo r t ed  t h a t  in  Nocardia opaca, 

5 -OH-an th r an i l i c  acid was an  m e t a b o l i t e  of a n t h r a n i l i c  
acid.  

The  h y d r o x y l - d e r i v a t i v e s  of a n t h r a n i l a m i d e  ha s  been  
observed  in t he  u r ine  of r a b b i t  b y  BRAY et  al  s a n d  in 
b o t h  l iver  a n d  ur ine  of r a t  b y  SUTAMIHARDJA et  al. 8, b u t  
t h e  e n z y m a t i c  h y d r o x y l a t i o n  in v i t r o  could no t  be  
d e m o n s t r a t e d  u n t i l  now. 

1 T. M. SUTAMIHARDJA, A. ISHIKURA, J. NAITO and I. ISmGURO, 
Chem. pharm. Bull., Tokyo, submitted (1971). 

2 T. M. SUTAMIHARDJA, J .  NAITO a n d  I. ISHIOURO, Chem.  p h a r m .  
Bull., Tokyo, submitted (1972). 

3 T. M. SUTAMIHARDJA, I. ISHIGORO a n d  T. SHIOTANI, A b s t r a c t  of the  
Meeting of Japanese Biochemical Society, in Sendal, Japan, Octo- 
ber t971; Seikagaku d3, 762 (1971). 

4 S. KAS~tWA~ATA, N. NAKASHIMA and Y. KOTAKE, Biochim. bio- 
phys. Acts 773, 244 (1966). 

5 S. KASHIWAMATA, Seikagaku 35, 317 (1964). 
6 j .  N. LADD, Nature, Lond. 794, 1100 (1962). 
7 R. B. CAIN, Antonie van Leeuwenhoek 3d, 417 (1968). 
8 H. G. BRAY, H. J. LAKE, F.  C. NEALE, W.  V. THORPE a n d  P. B. 

WOOD, Bioehem. J. 42, 434 (1948). 


