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Properties of the sareoplasmic proteins of red and white muscles of eat fish, Clarias batrachus 

EXPERIENTIA 33/12 

Red muscle White muscle t p 
~ •  SD ~ _  SD 

Calcium binding capacity (~xmole Ca/rag protein) 
Percentage water content 
Calcium precipitated proteins (mg Ca bound protein/rag protein) 
Ca-insensitive proteins (mg protein/mg total protein) 
Ionic calcium (~zg Ca/mg protein) 
Ash content (percent wet weight) 
Total calcium ([zmole Ca/g dry weight) 

0.92 • 0.06 1.70 -t- 0.06 23.73 0.01 
78.48 i 2,43 82.09 -t= 1.86 2.885 0.02 
0.56 ~: 0.09 0.34 i 0.05 5.348 0.01 
0.48 :t_ 0.09 0.61 -~ 0.097 2.380 0.05 
0.15 ~ 0,03 0.32 • 0.09 7.291 0.01 
1.66 • 0.05 1.27 ! 0.05 1.879 0.2 

10.80 ! 4.96 8.80 • 2.59 0.875 0.2 

Values are ~ ~ SD of 6; t = Student's t-test. 

e s t ima t ing  the  wa te r  loss when  the  wet  t issue (2 g) was 
dried to cons t an t  weigh t  a t  105~ The drie~d muscle 
slices were ashed in porcela in  crucibles in a muffle 
furnace a t  650~ and weighed to compu te  the  ash 
conten t .  A single pan  electric ba lance  (Mechaniki, made  
in Poland)  was employed  for these  studies.  2 g of fresh 
muscle  was homogenized  in 10 ml redist i l led wa te r  using 
a Po t t e r -E lv in j in -homogen ize r .  A clear homogena t e  was 
ob ta ined  af ter  cen t r i fuga t ion  at  6000 • g for 20 rain, and  
i t  dialized using a ce l lophane tube  15 cm long • 0.5 cm 
d iame te r  aga ins t  20 ml water  for 24 h a t  5~ The Ca 
con t en t  of the  d ia lysa te  was e s t ima ted  by  complex imet r i c  
m e t h o d  5. 
Sarcoplasmic p ro te ins  were ex t r ac t ed  into 0.47 M KC1 
p H  7.0 according to B a r a n y  et  al.K Calcium binding  
pro te ins  of t h e m  were e s t ima ted  according to Weller  5. 
Ca++ levels in the  homogena t e  was e s t ima ted  f lame pho to -  
met r ica l ly  af ter  analyzing the  dia lysate  ob ta ined  af ter  
equi l ibr ium dialysis 5. The prote ins  of the  homogena te  
was p rec ip i t a t ed  by  addi t ion  of equal  volume of 0.1 M 
Calcium aceta te .  The prec ip i ta te  was collected by  
cen t r i fuga t ion  at  600 •  for 20 min and the  pro te in  
con t en t  of i t  was e s t ima ted  colorimetricallyV. The sarco- 
plasmic pro te ins  in a 5 ml of the  homogena t e  were 
p rec ip i t a t ed  wi th  10% tr ichloroacet ic  acid (TCA) and 
the  p rec ip i ta te  was ashed in the  muffle furnace  a t  650 ~ 
The calcium con t en t  of the  ash was e s t ima ted  by  complex-  
imetr ic  methodS.  The TCA prec ip i ta ted  prote ins  in the  
same volume were e s t ima ted  color imetr ical ly  ~ to express  
t he  a m o u n t  of bound  calc ium to un i t  weight  of protein .  
The resul ts  were p resen ted  in the  table.  
The whi te  muscle  is charac te r ized  by  grea ter  wa te r  
con t en t  and ionic calcium t h a n  the  red muscle. The la t t e r  

conta ins  more  Ca-prec ip i ta ted  proteins .  Calcium insensi-  
t ive  (for charge neu t ra - l i za t ion  at  p H  7.0) pro te ins  occur 
in grea ter  concen t r a t ion  in whi te  muscles. The muscles  
do no t  differ  in to ta l  calc ium and ash conten ts .  
Ca-binding capac i ty  is more  in whi te  muscle, whereas  
calcium sensi t ive pro te ins  are more  in red muscle.  
The occurrence of h igh  Ca binding capac i ty  and  r ich 
Ca++ and  a low Ca bound  pro te in  con ten t  of the  whi te  
muscles cor robora te  the  f indings of Sreter  2 in the  Vastus 
lateralis muscle  of rabbi t .  Our results  on Ca ++ co n t en t  in 
red and  whi te  muscles are no t  in agreement  wi th  those  
of Beecher  e t  al. s who repor ted  t h a t  the  muscles do no t  
differ in Ca levels. Ano the r  in teres t ing  observa t ion  is 
t h a t  t he  t o t a l  Ca in the  muscles do no t  va ry  b u t  the  
avai labi l i ty  of Ca in ionic or bound  form varies wi th  
reference to  the  muscle.  
The occurrence  of more  Ca-prec ip i ta ted  prote ins  (table) 
in the  red muscle suggests  the  l a t t e r ' s  low af f in i ty  to 
Ca ++ . This  af f in i ty  is ma in ly  an e lec t ros ta t ic  a t t r ac t i on  
be tween  the  pro te in  and Ca ++9. These a t t r ac t ions  have  
immense  significance in the  con t rac t i l i ty  of the  muscle 
fibre to. 

5 B.L.  Oser, in: Hawk's Physiological Chenfistry, p. 1135. Ed. 
B. L. Oser. Me. Graw Hill Book Company, 1965. 
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Summary. We propose  t h a t  the  observed increases of bo th  neuronal  ac t iv i ty  and cerebral  blood flow seen t h r o u g h o u t  
the  bra in  dur ing  R E M  sleep m a y  be effects of decreased cent ra l  noradrena l ine  release. 

Several  groups  of neurona l  cell bodies  located in the  
m a m m a l i a n  b r a in s t em have  been shown to conta in  i and  
to synthes ize  ~ noradrena l ine  (NA); the  mos t  wel l -known 
of these  cell groups is the  locus coeruleus. The axons of 
some of these  NA-conta in ing  cells r ami fy  widely  th rough-  
out  the  spinal  cord, b ra ins tem,  cerebel lum and fore- 
bra in  ~-10. Pharmacolog ica l  s tudies  suggest  t h a t  increased 
release of NA from axon te rmina ls  is coupled to increased 
discharge ra tes  of the  pa r en t  b ra ins t em cells n-~5. Centra l  
NA ' s  precise func t iona l  role in cent ra l  nervous  sys tem 

(CNS) is uncer ta in .  Recen t  evidence,  descr ibed below, 
suggests  t h a t  cent ra l  NA m a y  affect  b o t h  neuronal  f ir ing 
ra tes  and cerebral  blood flow (CBF) in regions i nne rva t ed  
by  NA-con ta in ing  axons.  We wish to propose here  t h a t  
the  increases of b o t h  neurona l  firing ra tes  and C B F  ob- 
served t h r o u g h o u t  the  bra in  dur ing r a p i d - e y e - m o v e m e n t  
(REM) sleep are the  resu l t  of decreased cent ra l  NA 
release. 
Recen t  expe r imen t s  suggest  t h a t  centra l  NA m a y  influ- 
ence b o t h  neurona l  firing ra tes  and CBF. S t imula t ion  of 
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t h e  l o c u s  c o e r u l e u s  i n h i b i t s  t h e  f i r i ng  r a t e s  of  c e r e b e l l a r  
P u r k i n j e  16, h i p p o c a m p a l  ~7, a n d  s p i n a l  t r i g e m i n a l  n u -  
c l eus lS  n e u r o n s .  T h i s  e f f ec t  is r e p r o d u c e d  b y  m i c r o i o n t o -  
p h o r e s i s  of  N A  o n t o  t h e s e  cel ls  ~s-20. A c e n t r a l  n o r a d r e n -  
e rg ic  i n f l u e n c e  on  C B F  h a s  r e c e n t l y  b e e n  s u g g e s t e d ~ L  
A p p a r e n t  i n n e r v a t i o n  of  t h e  b r a i n  m i c r o v a s c u l a t u r e  b y  
c e n t r a l  n o r a d r e n e r g i c  f i b r e s  ( p e r s i s t e n t  i n n e r v a t i o n  a f t e r  
c e r v i c a l  s y m p a t h e c t o m y )  h a s  b e e n  d o c u m e n t e d  22-2~, a n d  
e x o g e n o u s  N A  c a n  c a u s e  c e r e b r a l  v a s o c o n s t r i c t i o n  25-27 
a n d  d e c r e a s e d  b l o o d  f l ow  2s. W e  w o u l d  e x p e c t  t h a t  in -  
c r e a s e d  r e l ea se  of  e n d o g e n o u s  N A  w o u l d  r e s u l t  in  v a s o -  
c o n s t r i c t i o n  of  t h e  b r a i n  m i c r o v a s c u l a t u r e ,  in t h e  s a m e  
w a y  t h a t  i n c r e a s e d  r e l ea se  of  p e r i p h e r a l  N A  f r o m  t h e  
s y m p a t h e t i c  n e r v o u s  s y s t e m  r e s u l t s  in  s y s t e m i c  v a s o -  
c o n s t r i c t i o n .  S t i m u l a t i o n  of  t h e  l o c u s  c o e r u l e u s  p h a r m a -  
c o l o g i c a l l y  h a s  b e e n  s h o w n  t o  d e c r e a s e  C B F ,  w h e r e a s  
i n t r a v e n t r i c u l a r  i n j e c t i o n  of p h e n t o l a m i n e ,  a n o r a d r e n e r -  
gic  a l p h a - b l o c k e r ,  i n c r e a s e s  C B F  21. W e  w o u l d  p r e d i c t  
t h a t  i n c r e a s e d  C B F  w o u l d  r e s u l t  a l so  f r o m  l e s ions  of  t h e  
l o c u s  c o e r u l e u s .  F i n a l l y ,  s i nce  C B F  a n d  b r a i n  g l u c o s e  
c o n s u m p t i o n  a r e  p o s i t i v e l y  c o r r e l a t e d  a n d  b e l i e v e d  to  be  
c o u p l e d  29, 30, l e s ions  of  t h e  l o c u s  c o e r u l e u s  m i g h t  a l so  b e  
e x p e c t e d  to  i n c r e a s e  b r a i n  g l u c o s e  c o n s u m p t i o n .  P r e l i m i -  
n a r y  d a t a  s u g g e s t  t h a t  t h i s  m a y  be  t r ue~ l .  
T h e s e  e x p e r i m e n t a l  o b s e r v a t i o n s  h a v e  s u g g e s t e d  to  u s  
t h a t  a c t i v a t i o n  of  t h e  d i f f u s e l y - p r o j e c t i n g  b r a i n s t e m  
N A - c o n t a i n i n g  n e u r o n s ,  b y  l i b e r a t i n g  N A  f r o m  n e r v e  
t e r m i n a l s  t h r o u g h o u t  t h e  b r a i n ,  m i g h t  r e s u l t  in  d e c r e a s e d  
n e u r o n a l  f i r i ng  r a t e s  a n d  d e c r e a s e d  C B F .  C o n v e r s e l y ,  
l o w e r e d  d i s c h a r g e  r a t e s  of  t h e s e  b r a i n s t e m  N A - c o n t a i n i n g  
n e u r o n s ,  b y  d e c r e a s i n g  N A  re l ease ,  w o u l d  r e s u l t  in  in -  
c r e a s e d  n e u r o n a l  f i r i ng  r a t e s  a n d  i n c r e a s e d  C B F .  
W e  b e l i e v e  t h a t  o n e  c o n s e q u e n c e  of  t h i s  s c h e m e  is t h a t  
s o m e  of  t h e  d a t a  o n  t h e  p h y s i o l o g y  of  s l eep  c a n  be  un i f i ed .  
I t  is k n o w n  t h a t  C B F  i n c r e a s e s  m o d e r a t e l y  d u r i n g  s low-  
w a v e  s l eep  b y  a p p r o x i m a t e l y  1 5 %  o v e r  c o n t r o l  a w a k e  
s u b j e c t s  3~-35, a n d  i t  i n c r e a s e s  g r e a t l y  d u r i n g  IREM s leep  
b y  a p p r o x i m a t e l y  8 0 %  o v e r  c o n t r o l s  aa-av. A c c o r d i n g  to  
o u r  p r o p o s a l ,  s u c h  a n  i n c r e a s e d  C B F  s h o u l d  be  c o r r e l a t e d  
w i t h  d e c r e a s e d  c e n t r a l  N A  re l ease ,  i.e. w i t h  d e c r e a s e d  
l o c u s  c o e r u l e u s  d i s c h a r g e  r a t e s .  I n  f ac t ,  l o cus  c o e r u l e u s  
d i s c h a r g e  r a t e s  h a v e  b e e n  r e c o r d e d  d u r i n g  s l e ep  in  t h e  
ca t .  T h e  c a t  l ocus  c o e r u l e u s  is a n a t o m i c a l l y  h e t e r o g e n o u s ,  
a n d  w i t h i n  i t  is a spec i f i c  g r o u p  of  N A - c o n t a i n i n g  n e u r o n s  
w h i c h  g i v e  r i se  to  t h e  a s c e n d i n g  a n d  c e r e b e l l a r  N A  p a t h -  
ways3S,  a". D i s c h a r g e  r a t e s  of  t h e s e  n e u r o n s  d e c r e a s e  
m o d e r a t e l y  d u r i n g  t h e  t r a n s i t i o n  f r o m  w a k e f u l n e s s  to  
s l o w - w a v e  s leep ,  a n d  t h e y  d e c r e a s e  d r a s t i c a l l y  d u r i n g  
IRElVi s leep ,  m a n y  u n i t s  h a v i n g  t h e i r  l o w e s t  r e c o r d e d  
d i s c h a r g e  r a t e s  d u r i n g  t h i s  p e r i o d  ~~ F r o m  t h i s  n a d i r ,  
d i s c h a r g e  r a t e s  s t a r t  to  i n c r e a s e  a g a i n  d u r i n g  t h e  l a s t  
q u a r t e r  of  R E M  sleep ,  j u s t  b e f o r e  t h e  a n i m a l  a w a k e n s  42. 
S e v e r a l  p r e v i o u s  w o r k e r s  h a v e  s u g g e s t e d  t h a t  t h e  l a r g e  
i n c r e a s e  of  C B F  s e e n  d u r i n g  R E M  s l eep  w a s  n e u r o g e n i -  
c a l l y  m e d i a t e d a 4 ,  ae, 37. A l so  a c c o r d i n g  to  o u r  p r o p o s a l ,  
l o w e r e d  l o c u s  c o e r u l e u s  d i s c h a r g e  r a t e s ,  b y  d e c r e a s i n g  
r e l ea se  o f  c e n t r a l  N A ,  s h o u l d  r e s u l t  in  i n c r e a s e d  n e u r o n a l  
f i r i ng  r a t e s  in  a r e a s  i n n e r v a t e d  b y  N A .  I n  fac t ,  d u r i n g  
R E M  s l eep  n e u r o n a l  a c t i v i t y  d o e s  i n c r e a s e  t h r o u g h o u t  
t h e  b r a i n ,  a n d  n e u r o n a l  f i r i n g  r a t e s  in  c e r e b r a l  c o r t e x  4a-45, 
t h a l a m u s  45, h i p p o c a m p u s  47, h y p o t h a l a m u s  48, a n d  b r a i n -  
s t e m 4 , ,  50 a r e  al l  h i g h e r  t h a n  d u r i n g  w a k e f u l n e s s  or  s low-  
w a v e  s leep .  
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Pharmacolog ica l  evidence is compat ib le  wi th  the  sug- 
gestiorl t h a t  decreased cent ra l  NA release is associa ted 
wi th  R E M  sleep. In  cats,  inhibi t ion of NA synthes is  a~-Sa 
or specific lesions of NA pathways54 increase R E M  sleep 
t ime.  In  rats,  the  same resul ts  have  been reportedSS, 56, 
whereas  in t r aven t r i cu la r  admin i s t r a t ion  of NA itself de- 
creases R E M  sleep t ime  57 

We  do no t  know how cent ra l  NA exer ts  its widespread  
effects on neurona l  f ir ing ra tes  and CBF. However ,  it  is 
known t h a t  increases of regional  CBF do occur dur ing  
increased cerebra l  funct ional  ac t iv i ty  ~s-~. Likewise,  in- 
creases of regional  b ra in  ox ida t ive  me tabo l i sm occur 
dur ing  increased bra in  funct ional  activity3~ 63-6~, and it 
is bel ieved t h a t  t he  ac t iv i ty - re la ted  increases of CBF 
serve to mee t  t he  increased energy d e m a n d  incurred by  
e levated  brain  func t iona l  ac t iv i ty .  I t  is possible,  there-  
fore, t h a t  obse rved  noradrenergic  effects  on CBF are only  
secondary  to t he  a l te ra t ions  of neuronal  ac t iv i ty  caused 
by  a p r i m a r y  noradrenerg ic  modula t ion  of firing rates.  
If  th i s  were so, NA would  act  as p r e sumab ly  m a n y  neuro-  
t r a n s m i t t e r s  do, excep t  t h a t  it  would do so t h r o u g h o u t  
the  brain.  

An a l t e rna t ive  poss ib i l i ty  is t h a t  cent ra l  NA exer t s  
p r i m a r y  contro l  over  CBF, neuronal  firing rates,  and 
perhaps  even  over  ox ida t ive  metabol ism.  Brain is depen-  
d e n t  on the  cont inuous  provis ion of b o t h  glucose and 
oxygen  for ox ida t ive  me tabo l i sm ~, and  it c anno t  sus ta in  
itself by  anaerobic  glycolysis 6s or b y  mobi l iza t ion  of 
glycogen s tores  69-70. A p r i m a r y  noradrenergic  contro l  of 
b ra in  glucose c o n s u m p t i o n  and  CBF colud serve as a 
sa fe ty  fac tor  to increase oxidat ive  me tabo l i sm quickly,  
p ro t ec t ing  the  bra in  f rom an ene rgy  deb t  for the  first  
few m o m e n t s  a f te r  sudden  changes  in funct ional  ac t iv i ty  7~. 
I f  th i s  poss ib i l i ty  were true,  cen t ra l  NA migh t  be an 
unusual  n e u r o t r a n s m i t t e r  72. 
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Summary. Act iv i ty  of pept ic  ceils is inf luenced d i rec t ly  by  chol inolyt ic  or cholinergic agents .  H i s t amine  H2-antagonis ts  
influence the  ac t iv i ty  of the  chief cells t h rough  changes  of ac id i ty  of gast r ic  juice. 

The h i s t amine  H2-antagonis ts  inh ib i t  no t  only  the  his ta-  
mine- induced  b u t  also the  chol inergic-s t imula ted  gastr ic  
acid secre t ion 2-4. W h e t h e r  the  H2-antagonis ts  are also 
able to  inf luence the  peps inogen  secret ion remains  to  be 
clarified. K o n t u r e k  et  al. 5 found t h a t  peps inogen  secre t ion 
was inhib i ted  by  met iamide ,  bu t  th is  effect  of me t i amide  
was n o t  shown in tile expe r imen t s  of Gibson et  al.% They  
showed t h a t  while me t i amide  inh ib i ted  the  peps inogen  
secre t ion s t imula ted  by  pen tagas t r in ,  the  eholinergic-  
induced peps inogen  secret ion could no t  be d iminished  
and  was in fact  enhanced .  
In  our  exper iments ,  we wan t ed  t o  inves t iga te  the  role of 
h i s t amine  H2-receptors  and  cholinergic recep tors  in 
peps inogen  secretion.  
Method. Chronic gastr ic  f is tulae were p repa red  in pen to -  
ba rb i tone  (30 kg mg -1 i.p.) anaes the t i zed  male albino 
ra ts  (SIV 50, Ivanovas ,  Kisslegg) weighing 200-230 g 
according to  Lane  et  al.L A pos tope ra t ive  per iod of 2 
weeks was altowed. Before each  exper iment ,  t he  ra t s  

were s t a rved  for 48 h and kep t  in individual  cages to  
p r e v e n t  coprophagia .  The collection of gastric juice was 
carried ou t  in modif ied Bolhnan-cages .  The s tomachs  
were washed  wi th  w a r m  wate r  (ca. 50 ml). The 1st f rac t ion 
(60 min) of gastr ic  juice was e l imina ted  because the  
d is tens ion  of the  s tomach  wall by  the  wash can falsify 
the  sec re to ry  values. Af te r  th is  the  gastr ic  secret ion was 
collected each hour.  The gast r ic  juice was centr i fuged,  
the  vo lume measured ,  a n d  the  acid c o n t e n t  t i t r a t e d  by  an  
a u t o b u r e t t e  (ABU 12, Radiomete r ,  Copenhagen,  Den-  
mark).  The peps in  ac t iv i ty  was de t e rmined  by  the  m e t h o d  
of D e b n a t h  e t  al. s using henloglobin  as subs t r a t e  and  
expressed  in Mmoles sp l i t t ed  tyros ine /min .  
The gastr ic  secret ion was s t imula ted  by  h i s tamine  (as 
hydrochlor ide ,  F luka  AG, Buchs,  Switzer land) ,  p en t a -  
gas t r in  (Gastrodiagnost ,  Merck AG, Darms tad t )  and  car-  
bachol  (Doryl, Merck AG, Da rms tad t )  infused in to  the  
tai l  vein  in s tepwise increasing dosis. Met iamide  (Smith,  
Kl ine  and  F r e n c h  Labs  L td ,  ~Velwyn Garden  City, 


