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b o t h  t he  d i rec t  oxytoc ic  effect  and  k in inogenase  a c t i v i t y  
of t he  urine.  5. S o y a b e a n  a n t i t r y p s i n  also i nh ib i t s  a t  a 
h igh  c o n c e n t r a t i o n  (200-500 tzg for 0.1 ml  of urine)  
th i s  k in inogenase  ac t iv i ty ,  b u t  ovomuco id  (S igma 
Chemicals  Co.) does not .  6. P e p s t a t i n ,  a po l ypep t i de  
wh ich  i nh ib i t s  r en in  b u t  n o t  ka l l ik re in  ac t iv i ty ,  does no t  
h i n d e r  k in inogenase  effects. T he  ka l l ik re in  a c t i v i t y  of t he  
ur ine  p roduced  du r ing  t he  pe r fus ion  per iod  was 10-30- 
fold lower c o m p a r e d  w i t h  t h e  u r ine  vo ided  b y  t he  r a t  
before t he  expe r imen t .  D u r i n g  t h e  expe r imen t ,  O2 
c o n s u m p t i o n  a n d  vascu la r  res i s tance  were no t  s ign i f i can t ly  
changed ,  b u t  a progress ive  decrease  in ka l l ik re in  con- 
c e n t r a t i o n  was obse rved  in t he  fo rmed  urine.  On th i s  
ques t ion  f u r t h e r  s tud ies  will be  requ i red  to e s t ab l i sh  
w h e t h e r  some b iochemica l  i m p a i r m e n t  or o the r  fac tors  
are involved .  The  smal l  a m o u n t  of u r ine  col lected (not  
g rea te r  t h a n  0.6 to  1.8 m l  in t h e  e x p e r i m e n t a l  per iod)  
l imi ted  t he  poss ib i l i ty  of a chemica l  pu r i f i ca t ion  of t he  

enzyme.  The  resul t s  t e n d  to s u p p o r t  t he  a s s u m p t i o n  t h a t  
ka l l ik re in  found  in t he  n o r m a l  u r ine  is also p roduced  b y  
t he  k i d n e y  and  is no t  a n  e n z y m e  cleared f rom the  
c i rcu la t ing  blood. 

Rdsumd. L ' u r i n e  p rodu i t e  p a r  les re ins  isol6s du  r a t  
perfus6s 5~ press ion  n o r m a l e  p e n d a n t  60-180 ra in  avec  des 
l iquides  oxygen6s  a y a n t  en suspens ion  des globules  
rouges  c o n t i e n t  une  k in inog6nase  qui  a l e s  m~mes  
propr i6t6s  que la ka l l ik r6 ine  de l ' u r ine  p rodu i t e  en  
cond i t ions  physiologiques .  
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E f f e c t  of  Starva t ion  on B l o o d  Glu cos e  and N o n p r o t e i n  N i t r o g e n  Leve l s  of the F i sh  Clarias 
batrachus 

S t a r v a t i o n  effects the  n o r m a l  b o d y  m e t a b o l i s m  and  
p ro longed  s t a r v a t i o n  m a y  even  cause d e a t h  of t he  an imal .  
A decl ine in var ious  b o d y  c o n s t i t u e n t s  of fish, fol lowing 
e x p e r i m e n t a l  s t a rva t ion ,  h a v e  been  r epo r t ed  b y  va r ious  
au tho r s  1-a. Studies ,  fol lowing s t a rva t ion ,  on  t he  b lood 
glucose and  n o n p r o t e i n  n i t rogen  (NPN) levels,  etc. h a v e  
also been  m a d e  ~-~~ Th i s  pape r  deals w i t h  the  resul t s  
o b t a i n e d  for t he  f resh-wate r  ca t  f ish Clarias batrachus, 
fol lowing s t a r v a t i o n  up  to 150 days.  

Materials and methods. Normal ,  well  fed Clarias 
batrachus, ful ly acc l imat ized  to  l a b o r a t o r y  cond i t ions  
were used. R i g h t  f rom t he  beg inn ing  of t h e  e x p e r i m e n t  
t he  s t a r v i n g  f ish were k e p t  in  sepa ra te  aqua r i a  and  were 
no t  g iven  a n y  food for t he  en t i r e  pe r iod  of s t a rva t ion .  
E v e n  a q u a t i c  p l a n t s  were r e m o v e d  and  n o t h i n g  excep t  
pebb les  a n d  bed  of r i ve r - s and  was lef t  in  t he  aquar ia .  
W a t e r  was  changed  twice  a week  t h r o u g h o u t  t h e  experi-  
m e n t a t i o n  per iod  and  th i s  poss ib ly  r e m o v e d  even  t he  
n a t u r a l l y  deve lop ing  mic ro - f auna  a n d  f lora and  also 
a c c u m u l a t i n g  tox ic  was te  p roduc t s  of t h e  fish. Cont ro l  
f ish were k e p t  in  sepa ra te  a q u a r i a  and  were g iven  minced  
goa t  l iver,  e a r t h w o r m s  a n d  snai ls  on  a l t e rna t e  days.  

The  e x p e r i m e n t  was s t a r t e d  in t he  m o n t h  of N o v e m b e r  
and  conc luded  in t he  m o n t h  of April .  The  s t a r v a t i o n  was 
p ro longed  up  to  150 days  and  obse rva t ions  were m a d e  on 
1st, 10th, 30th, 90 th  a n d  150th  day  of s t a rva t ion .  On 
t he  f i rs t  day  only  5 f ish of t he  con t ro l  b a t c h  were exam-  
ined. I n  s u b s e q u e n t  periods,  5 f ish of con t ro l  group were 
also e x a m i n e d  a long w i t h  t he  s t a r ved  fish, to  coun te r  t he  
effects of seasonal  va r ia t ions ,  etc. T h u s  25 f ish of t he  
con t ro l  group a n d  36 s t a r v e d  f ish were e x a m i n e d  in t h i s  
expe r imen t .  

For  t a k i n g  blood, t he  f ish was careful ly  t a k e n  ou t  of 
the  a q u a r i u m  w i t h  t he  help  of a smal l  h a n d  net ,  i m m e r s e d  
in a j a r  c o n t a i n i n g  1.5% p a r a l d e h y d e  solut ion.  I t  t ook  
a b o u t  2 m i n  to m a k e  a f ish senseless. I m m e d i a t e l y  t he  
f ish was t a k e n  out ,  wiped  d ry  w i t h  a t u r k i s h  towel  and  
p u t  on a d i sec t ion  t r ay .  I t s  cauda l  ve in  exposed j u s t  
b e h i n d  t he  ana l  region a n d  b lood  d r a w n  in a syr inge  f i t t ed  
w i t h  a 20 gauze needle.  E x a c t l y  1 m l  b lood  was de- 
p ro te in ized  us ing  zinc h y d r o x i d e - b a r i u m - s u l p h a t e  pro- 
cedure  (OsERn).  Blood  glucose a n d  N P N  d e t e r m i n a t i o n s  
were m a d e  fol lowing t he  Ne l son -Somogy i  a n d  F o l i n - W u  
me thods ,  r espec t ive ly  (OsERn).  Af te r  t he  ~olood was 
d rawn,  gu t  c o n t e n t s  and  v iscera  of b o t h  t he  con t ro l  a n d  
s t a r v e d  group of f ish were examined .  No m o r t a l i t y  of 
these  fishes occur red  du r ing  t h e  en t i re  pe r iod  of s t a rva -  
t ion.  
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Effect of starvation on blood glucose and NPN levels of the fish Clarias batrachus 

Status and No. of observations Glucose and standard deviation (mg]100 ml) NPN and standard deviation (rag/100 ml) 

Control (25) 63.3 ~ 11.7 38,9 + 7.7 
Post starvation 

10th day (8) 
30th day (8) 
90th day (10) 
150th day (10) 

59.8 • 13.2 
53.5 ~ 11.7 
44.3 :~ 12.5 
32.0 =~ 9.1 

35.6 i 6.0 
31;1 3= 7.7 
27.3 i 7.3 
20.5 J= 4.8 



i5.7.1974 Specialia 773 

Results and observations. The normal  blood glucose 
level in the  control  f ish was found to  be 63.3 • 11.7 mg  
100 ml (Table). The level showed a fall as the  s t a rva t ion  
commenced .  A direct  correla t ion was found to exist  
be tween  the  blood glucose level and per iod of s ta rva t ion ,  
i.e. the  level wen t  on fall ing as the  per iod of s t a rva t ion  
was prolonged.  Though  the  changes  in blood glucose and 
N P N  level (38.9 • 7.7 mg/100 ml) in the  control  group 
fish were s ta t i s t ica l ly  no t  s ignif icant  by  the  end of the  
10th day  of s t a rva t ion  (i~ never the less  a fall in the  
two values was observed.  This  deple t ion  of the  2 const i tu-  
ents  of the  blood became h ighly  s ignif icant  on the  30th 
day  (P(0.01) of s ta rva t ion .  The values of glucose and N P N  
levels in t he  blood of s t a rv ing  Clarias balrachus, on the  
150th day, the  last  day  of the  exper iment ,  were 32.07 ~z 9.1 
mg/100 inl and 20.5 :k 4.8 rag/100 ml respect ively .  I t  was 
ca lcula ted  t h a t  a fall of 49.3% and 47.3% had occurred in 
the  blood glucose and  N P N  levels respect ively ,  by  the  
end of the  150th day  compared  wi th  the  contro l  values. 

Discussion. A perusal  of t he  resul ts  ob ta ined  (Table) 
clearly shows t h a t  marked  deple t ion  in the  blood glucose 
and  N P N  levels occurred t h roughou t  the  per iod of 
149 days  of s ta rva t ion .  AL-GAuHARI 6 did no t  observe 
any  change in blood glucose level of the  fish Clarias 
lazera, even af ter  4, 5, 6 and  7 mon ths  of fas t ing  period.  
However ,  HANNA ~2 noted  a fall of 60% in the  glucose 
level of t he  same species af ter  7 m o n t h s  of s ta rva t ion ,  
a l though  the  value did no t  change dur ing  the  f irs t  
4 months .  PHILLII~S et  al.~, on the  contrary ,  observed  a 
decrease in blood glucose level of the  fish Salvelimts 
]ontinalis in the  f i rs t  3 days,  a f ter  which the  level was 
a lmost  s teady.  Simil lary the  blood glucose level of Gadus 
morhua declined f rom 108 rag/100 ml to 72 rag/100 ml in 
the  f i rs t  37 days  bu t  r emained  a t  th is  level af ter  51 days  
a t  6.5 ~ ~. Surprisingly,  t he  blood glucose level appeared  
unaffected,  even af ter  3 weeks of s t a rva t ion  in Myxine 
glutinose~! KIERMEIR ~ observed t h a t  several  species of 
fresh wa te r  teleosts,  b o t h  act ive  and sluggish, ma in t a ined  
the i r  no rmal  blood glucose levels dur ing  long periods of 
s ta rva t ion .  In teres t ingly ,  the  act ive fish showed a very  
gradual  decrease, while the  sluggish ones exhib i ted  a 
r emarkab le  cons tancy.  

BENTLEY and  FOLLETT 15 observed a def ini te  fall in the  
blood glucose level of the  l amprey  af ter  5 m o n t h s  of 
s tarvat ion.  SUNDARARAJ et al. ~ not iced  a def ini te  and  
cont inuous  fall in the  blood glucose level of the  Clupeoid 
f ish Notopterus notopterus, b u t  only af ter  48 h of s tarva-  

tion, dur ing  which a hyperg lycemic  peak  was found 
af ter  24 h, while HOCHCHKA and  SINCLAIRE 17 did no t  
not ice  any  change in the  blood glucose level of Salmo 
gairdnerii, even af ter  14 days  of s ta rva t ion ,  t h o u g h  its 
l iver glycogen had  fallen considerably.  

Studies  on blood N P N  level are no t  m a n y  8, a s l ight  
rise in serum N P N  level following 3-4 days  of s t a rva t ion  
was found in the  eel Anguilla japonica. However ,  the  
p resen t  s tudy  shows t h a t  the re  was a paral lel  fall in blood 
glucose and N P N  levels of the  fish Clarias batrachus 
dur ing  s ta rva t ion ,  the  fall appeared  to  be very  p r o m i n e n t  
as compared  w i t h  the  control  values. 

Conclusions. F r o m  the  foregoing discussions it is ev iden t  
t h a t  con t r ad i c to ry  results  have  been ob ta ined  by  various 
authors ,  on the  blood glucose and  N P N  levels of fishes. 
I t  appears  s t range  t h a t  m a n y  workers  did not  f ind any  
change in the  blood glucose level of several  species, even 
af ter  qui te  long periods of s ta rva t ion ,  since s t a rved  
animal  should ordinar i ly  show li t t le or more  deple t ion in 
i ts  blood glucose level. However ,  the  p resen t  observat ions ,  
like those  of m a n y  workers,  show that  a defini te  fall in the  
blood glucose and N P N  values, f rom the  contro l  levels of 
63.3 zk 11.7 rag/100 ml and 38.9 • 7.7 mg/100 ml to  
32.0 ~= 9.1 rag/a00 ml and 20.5 zk 4.8 rag/100 ml respec- 
t ive ly  occurred by  150th day  of s ta rva t ion .  

Zusarnmen/assung. U n t e r s u ch u n g en  tiber das Verha l t en  
des /31utzuckers nach  1/~ngerem Nahrungsen t zug  bet 
Fischen.  
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T h e  A b i l i t y  o f  C o d  (Gadus morhua) to  O r i e n t  T o w a r d s  a S o u n d  S o u r c e  

The acoustic  pe rcep t ion  of the  di rect ion of a sound wave 
(sound localization) in fish is theore t ica l ly  p rob lemat ic  ~-8 
bu t  there  is qui te  a lot  of evidence t h a t  several  sharks  4 
and some te leosts  5-s possess th is  sensory abil i ty.  However ,  
for several  reasons,  e i ther  incomple te  expe r imen ta l  
designs or i nadequa te  sound fields caused b y  imprope r  
b o u n d a r y  condi t ions ,  a lmos t  none of these  exper imen t s  
p rov ided  a real ly decisive proof  for acoustic  local izat ion 
at  several  me te r s  f rom the  sound source, e.g. no specific 
a l t e rna t ive  exp lana t ions  have  been inves t iga ted  9. 

The p re sen t  expe r imen t s  ~~ mee t  t he  r equ i r emen t s  to  
answer  the  following ques t ions :  Is  cod able to  de te rmine  
the  di rect ion of a sound ? If  so, is the  l abyr in th ine  sys t em 
involved or the  la te ra lq ine  sys tem (hypothesis  of VAZe 
BERG1~IJK 1) ? 

Unde r  a raf t  in the  middle  of an a lmos t  circular f jord 
(local d e p t h  35 m;  ' d i ame te r  range '  300-400 m) a round  
ne t t ing  cage, a l t i tude  17 cm, was suspended  a t  a d e p t h  of 
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