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Table 1. Weight changes, mortality and incidence of gallstones in guinea-pigs receiving either 0.5 or 5 mg of vitamin C daily 
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Group Daily dosage of vitamin C No. of animals Average wt change (g) No. of survivors with gallstones 
Started Survived 

A 0.5 18 14 + 2.89 14 
B 5 18 17 + 25.67 0 

Table 2. Bile acid, cholesterol and phospholipid content of the gallbladder bile of guinea-pigs receiving either 0.5 or 5 mg of vitamin C daily 

Group Daily dosage of vitamin C Bile acids ( B A )  Cholesterol (C) Phospholipids (P) Ratio BA: C Ratio P: C 

A 0.5 8.99 -1- 0.81" 2.11 J_ 0.12" 7.19 -t- 0.62 4.4* 3.7* 
B 5 14.54 • 0.97, t.22 ~= 0.17 8.4i • 0.82 16.7 9.3 

* Significantly different from group B values at p < 0.01 (t-test). Values are mmoles/1 • SEM. 

and  the  bile ana lyzed  for phosphol ip id  la, cholesterol  14 
and  bile acids 15. The gal ls tones were washed  in dist i l led 
water ,  dr ied unde r  vacuum,  ex t r ac t ed  wi th  alcohol, and  
the  cholesterol  c o n t e n t  de t e rmined  14. 
Results and discussion. Table  1 summar izes  the  resul t  of 
the  e x p e r i m e n t  in t e rms  of weigh t  gain, mor t a l i t y  and 
incidence of gallstones.  During the  exper imen ta l  per iod 
the  increase in weigh t  of v i t amin  C replete  animals  was 
cons iderab ly  grea te r  t h a n  t h a t  of animals  subjec ted  to the  
low v i t amin  C regimen,  bu t  inani t ion  was no t  p re sen t  in 
any  of the  guinea-pigs.  Gal ls tones were p resen t  in t he  gall- 
b l adder  and  occasional ly  in the  lumen  of both  tile cyst ic  
and  common  bile duc t  of atl survivors  t h a t  had  received 
0.5 mg v i t amin  C per  day.  The dr ied pooled gal ls tones 
weighed 18.96 mg and  52.8% of th is  weigh t  was accounted  
for by  the  presence  o f  cholesterol .  
The gal lb ladder  bile of h y p o v i t a m i n o t i c  C guinea-pigs had  
a h igher  concen t ra t ion  of cholesterol  and a lower con- 
cen t ra t ion  of bile acids t h a n  t h a t  of cont ro l  animals,  and  
consequen t ly  a lower bile acid : cholesterol  rat io (BA:C).  
Al though  the re  was no s ignif icant  difference be tween  the  
bile phosphol ip id  concen t ra t ions  in the  2 groups  of 

animals ,  the  phosphol ip id  : cholesterol  (P:C) ra t io  in the  
h y p o v i t ami n o t i c  C guinea-pigs was s ignif icant ly  lower 
t han  t h a t  of the  controls  as a resul t  of the  h igher  bile 
cholesterol  concen t ra t ion  in these  animals.  Similarly,  
lower B A : C  and P : C  ra t ios  c o n c o m i t a n t  wi th  gal ls tone 
fo rma t ion  has  been repor ted  by  o the r  inves t iga tors  a, 5,1~ 
Cholesterol  is held in micel lar  solut ion in bile in com- 
b ina t ion  wi th  phosphol ip ids  and  bile acids and  it has been 
pos tu l a t ed  t h a t  tile B A : C  and  P : C  rat ios  de te rmine  its 
solubi l i ty  r a the r  t h a n  absolu te  values  17. Consequent ly ,  a 
lowering of the  B A : C  and P : C  rat ios  favours  choles terol  
p rec ip i t a t ion  and provides  a sa t i s fac to ry  exp lana t ion  for 
gal ls tone fo rma t ion  in the  h y p o v i t a m i n o t i c  guinea-pigs.  
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Prote in  bound  c a l c i u m  in p i sc ine  red and w h i t e  m u s c l e s  
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Summary. The levels of Ca ++ and calc ium binding  proper t ies  of sarcoplasmic pro te ins  in red and  whi te  muscles  of ca t  
fish were compared .  The whi te  muscle is charac ter ized  b y  grea ter  wa te r  conten t ,  ionic calc ium and  Ca-binding capaci ty ,  
whereas  the  red muscle  is charac te r ized  by  a h igher  calcium sensi t ive p ro te in  con ten t .  

Calcium levels and  Ca-binding proper t ies  of sarcoplasmic 
p ro te ins  of v e r t e b r a t e  red and  whi te  muscles are no t  
known.  Sreter  2 compared  the  up take  of Ca ++ in red and 
whi te  muscles of rabbi t .  In  view of the  impor t ance  of 
Ca ++ in muscle  cont rac t ion ,  the  ra te  of which  differs in 
red  and  whi te  muscles  a, 4, the  p re sen t  inves t iga t ion  was 
under t aken ,  to  examine  whe the r  t he  muscles are charac-  
te r ized  by  Ca-binding capac i ty  and  Ca-bound prote ins .  
Cat fish, Clarias batrachus (Linn), were caugh t  f rom 
Hebba l  (fresh water)  tank,  s tored in l abora to ry  aquar ia  
and  fed dai ly on ea r thworms .  Red  and  whi te  muscles  

f rom the  anaes the t i zed  (with chloroform) fish were 
excised and  t rans fe r red  to a lumin ium pans  kep t  on ice 
piles. The wa te r  co n t en t  of the  muscles  was assessed by  

1 The authors are grateful to Dr R. Narayana, Director of Instruc- 
tion (BS & H), University of Agricultural Sciences, Bangalore 
for tacilities and encouragement. 
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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. 

6 H. Weller, I. cell. comp. Physiol. 47, 379 (1956). 
7 O.H. Lowry, N. J. Rosenbrough, A. L. Farr and R. J. Randall, 

J. biol. Chem. I93, 265 (1951). 
8 G.R.  Beecher, L. L. Kastenschmidt, R. G. Cassens, W. G. 

Hoekstra and E. J. Briskey, J. Fd Sci. 33, 84 (1968). 
9 S. Ebashi, J. Biochem. 48, 150 (1960). 
10 A. Weber and R. Herz, J. biol. Chem. 238, 599 (1963). 
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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 


