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H e p a t o p a n c r e a t i c  A m y l a s e  Act iv i ty  as  a F u n c t i o n  

Therma l  a d a p t a t i o n  of c rabs  was s tud ied  wi th  reference 
to  the  an imal  oxygen  c o n s u m p t i o n  l, c a r b o h y d r a t e  me tabo-  
l ism ~ and  blood ionic compos i t ion  3. All these  changes  were  
s tud ied  in t he  o rgan i sm ; b u t  cellular or molecular  changes  
in t h e r m a l  a d a p t a t i o n  h a v e  n o t  been  r epo r t ed  so far.  I n  
th is  no te  t he  h e p a t o p a n c r e a t i c  amylase  ac t iv i ty  w i t h  
reference to  t he  w a r m - a d a p t a t i o n  of a c rab  is repor ted .  

Parate lphusa  hydrodromus were col lected f rom fields and  
s tocked  in t h e  l abo ra to ry  aquar ia  for a t  least  1 week before  
being used for expe r imen ta t i on .  2 ba t ches  of crabs  were  
used for e x p e r i m e n t a t i o n  - 1 a t  room t e m p e r a t u r e  (26 °C) 
and  the  o the r  w a r m - a d a p t e d  for 14-16 days  a t  36 °C ac- 
cording to  RAo and  VENKATA REDDY 4. B o t h  t h e  b a t c h e s  
were in a no rma l  feeding s ta te ,  fed dai ly  on e a r t h w o r m s  
and  frog muscle  slices. Aqueous  ex t r ac t s  of t he  hepa t o -  
panc rea t i c  t issue of t he  c rab  was  found  to  give a pos i t ive  
response  to  t he  t e s t  for amylase  6. The enzyme  was  ex- 
t r a c t e d  in to  80% glycerol  f rom the  ace tone  powde r  of 
h e p a t o p a n c r e a t i c  t issue as ob ta ined  according  to  t h e  
m e t h o d  of PROSSER and  VAN WEEL 6. The t issue f rom 5-6 
an imals  was  pooled to  ex t r ac t  t he  enzyme.  Amyl a s e  
ac t iv i ty  of t he  1% glycerol  ex t rac t s  (1 g ace tone  powde r  in 
100 ml glycerol) was d e t e r m i n e d  according to  t he  m e t h o d  
descr ibed  b y  OSERT. 

The Figure  i l lus t ra tes  t h a t  the  e n z y m e  f rom w a r m -  
a d a p t e d  an imals  is thermolabi le ,  i.e. i t  shows lower 
ac t iv i ty  w i th  increasing t empe ra tu r e s ,  in con t r a s t  to  t h a t  
of normal  animals .  The ra te  func t ion  curves  (Figure) differ  
in the i r  slopes and  es tab l i sh  a ' counter -c lockwise  r o t a t o r y  
compensa t ion ' ,  descr ibed by  PROSSER s. He  suggests  t he  
occurrence  of change  in QlO, on counter -c lockwise  r o t a t o r y  
compensa t ion .  Consequent ly ,  t he  enzyma t i c  ra te ,  as 
measu red  by  the  QlO a p p r o x i m a t i o n  (Table), suggests  a 
s ignif icant  decrease  on a d a p t a t i o n  in t h e  25-35 °C range.  
The  d iminu t ion  of t he  QlO m a y  be a t t r i b u t e d  to  t he  
changes  in ac t iva t ion  energy  of t he  enzyme  s. The  lowering 
of QlO a t  these  t e m p e r a t u r e  ranges  m a y  no t  be due  to  
t h e r m a l  damage  since a t  t he  h igher  t e m p e r a t u r e  following 
th is  range ,  no such  lowering is seen. The  thermolab i le  

of  W a r m - A d a p t a t i o n  in a F r e s h - W a t e r  Fie ld  Crab 

amylase  (Figure) of w a r m - a d a p t e d  crabs  m a y  be the  resul t  
of a c o m p e n s a t o r y  m e c h a n i s m  to  w a r m - a d a p t a t i o n .  Since 
the  e n z y me  is concerned  wi th  the  hydro lys i s  of s t a rch  and  
glycogen ~, w a r m - a d a p t i o n  m a y  resul t  in changes  in carbo-  
h y d r a t e  m e t a b o l i s m  of these  crabs.  The  change  in t h e  
e n z y me  ac t iv i ty  m i g h t  be the  resul t  of a change  in t he  
qua l i t a t ive  p r o p e r t y  of the  e n z y me  molecule  and  could be 
a t t r i b u t e d  to  t he  macromolecu la r  change  on w a r m - a d a p t a -  
t ion.  Such changes  dur ing  t h e r m a l  a d a p t a t i o n  are  known  
to  be associa ted  wi th  the  ne t  syn thes i s  of func t iona l  pro-  
te ins  ~0-~3. The r o t a t o r y  c o m p e n s a t i o n  as such of amylase  
dur ing  t h e r ma l  acc l imat ion  has  been  r epo r t ed  only  in a 
few animals  z4. 

I t  is of cons iderable  in te res t  to  note  t h a t  t he  ac t iv i ty  of 
amylase  of normal  c rabs  a t  room t e m p e r a t u r e  (26 °C) a n d  
t h e  same in t he  w a r m - a d a p t e d  c rabs  a t  36 °C t ends  to  be 
equal.  The a d a p t a t i o n  thus  resul ts  in t he  res to ra t ion  of t he  
ra te  process  of amylase  to  i ts  no rma l  level. 

The  real s ignif icance of t he  change  in t he  ac t iv i ty  of 
amylase  dur ing  adap ta t ion ,  however ,  m u s t  be sough t  in 
the  c a r b o h y d r a t e  metabo l i sm.  I t  is well k n o w n  t h a t  t he  
g r e b s  cycle enzymes  increase on cold- and  decrease  on 
w a r m - a d a p t a t i o n  ~6as. Fu r t h e r ,  i t  was  sugges ted  ~e t h a t  

Q10 of hepatopancreatic amylase activity in Paratelphusa hydro- 
dromus 

Temperature Normal Crabs Change in Q10 on 
range crabs at adapted to warm-adaptation 

26 °C 36 °C (Students t-test) 

(1) 15-20 °C 0.81 4- 0.41~ 0.73 4- 0.06 26 °C = 36 °C at P 0.01 
(2) 20-25 °C 1.22 4- 0.44 1.36 + 0.14 26 °C = 36 °C at P 0.01 
(3) 25-30 °C 1.73 4- 0.52 0.41 -t- 0.03 26°C> 360C at P 0.01 
(4) 30-35 °C 2.10 4- 0.28 0.84 4- 0.07 26 °C > 36 °C at  P 0.01 
(5) 35-40 °C 1.00 4- 0.24 1.07 4- 0.14 26 °C = 36 °C at P 0.01 

Each value is the mean of 6 observations ± standard deviation. 
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Rate-temperature curves of hepatopancreatic amylase of normal 
(solid line) and warm acclimated (broken line) Paratelphusa hydro- 
dromus. Plots are the mean of 9 observations and their standard 
deviation. R. V. K. is grateful to the Council of Scientific and 
Industrial Research of India for placing him in the Scientists' Pool. 
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b o t h  t h e  g lycoiy t ic  a n d  H M P  p a t h w a y s  in e a r t h w o r m  m a y  
be  m o r e  ac t ive  in cold t h a n  in  n o r m a l  ones,  w he r ea s  in 
w a r m  w o r m s  g lyco ly t i c  p a t h w a y  is less a c t i v e  t h a n  in  t h e  
n o r m a l  worms .  T h i s  in  i t s . t u rn  m a y  sugges t  t h e  b r e a k d o w n  
of  more  suga r s  in  cold-  a n d  less sugar s  in  w a r m - a d a p t a t i o n .  
I t  h a s  b e e n  p o i n t e d  o u t  * t h a t  t h e  t e m p e r a t u r e  a d a p t a t i o n  
resu l t s  in  q u a n t i t a t i v e  changes  in c a r b o h y d r a t e  m e t a b o -  
l ism in  crabs ,  r a t h e r  t h a n  q u a l i t a t i v e  shif ts .  T he  increase  
in t he  a c t i v i t y  of a m y l a s e  in  w a r m - a d a p t e d  c rabs  m a y  
ensure  t h e  a v a i l a b i l i t y  of more  sugars  in  cold 1~ 

Zusammen/assung. I m  H e p a t o p a n k r e a s  de r  K r a b b e n  
s ind  F e r m e n t s y s t e m e ,  die e ine  W A r m e a d a p t a t i o n  bes i t -  

zen. Diese l~isst s ich m i t  ~ h n l i c h e n  phys io log i schen  E r -  
s c h e i n u n g e n  bei  k a l t b l i i t i g e n  V e r t e b r a t e n  verg le ichen .  
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P r o x i m a l  T u b u l a r  R e a b s o r p t i v e  C a p a c i t y  in  R a t s  w i t h  C h r o n i c  E x p e r i m e n t a l  P y e l o n e p h r i t i s  

T h e  class ical  c o n c e p t  of chron ic  pye lonephr i t i s* ,  * as- 
sumes  t h a t  t h e  i n f l a m m a t o r y  process  p roceeds  f rom t h e  
pe lv is  to  t h e  m e d u l l a r y  i n t e r s t i t i u m ,  r e su l t i ng  in va r i ous  
t ypes  of t u b u l a r  damag e .  Thus ,  n o r m a l  g lomeru l i  e m p t y  
in severe ly  d a m a g e d  or d i s r u p t e d  tubu le s ,  or, on  t h e  
con t r a ry ,  a g l o m e r u l a r  n e p h r o n s  w i t h  a l m o s t  i n t a c t  t u b u l i  
a re  fo rmed .  C o n t r a r y  to  t h i s  concept ,  BRICKER 3 p roposed  
a n  ' i n t a c t  n e p h r o n  h y p o t h e s i s '  sugges t ing  t h a t  t h e  seri-  
ous ly  d a m a g e d  n e p h r o n s  p a r t i c i p a t e  on ly  to  a sma l l  e x t e n t  
in  u r ine  f o r m a t i o n .  Consequen t ly ,  m o s t  of t h e  u r ine  is 
p r o d u c e d  b y  i n t a c t  or  s l igh t ly  d a m a g e d  n e p h r o n s .  I n  t h e  
course  of t h e  disease,  t h e  n u m b e r  of these  n e p h r o n s  de-  
creases  g radua l ly .  R e c e n t  m i c r o p u n c t u r e  s tud ies  in  r a t s  
w i t h  e x p e r i m e n t a l  pye l oneph r i t i s  h a v e  c o n s i s t e n t l y  
s h o w n  4,6 t h a t  b o t h  p r o x i m a l  a n d  d i s ta l  r e a b s o r p t i o n  in  
neph rons ,  in  w h i c h  t h e  t u b u l a r  f luid m o v e m e n t  is s t i l l  
d e m o n s t r a b l e ,  do n o t  differ  essen t ia l ly  f rom those  f o u n d  
in  h e a l t h y  ra ts .  I n  these  expe r i m en t s ,  r e a b s o r p t i o n  was  
e s t i m a t e d  us ing  t u b u l a r  f l u i d / p l a s m a  inu l in  c o n c e n t r a t i o n  
ra t io .  Th i s  m e t h o d ,  however ,  fails to  give a c c u r a t e  in-  
f o r m a t i o n  a b o u t  t h e  in t r ins i c  r e a b s o r p t i v e  c a p a c i t y  of t h e  
t u b u l a r  wal t  w h i c h  c a n  a c t u a l l y  be  dec reased ;  t h i s  de-  
crease  m a y  be  o v e r c o m e  b y  t u b u l a r  d i l a t a t i o n  r e su l t i ng  in  
a n  increased  r e a b s o r p t i v e  surface,  as  desc r ibed  for e x a m p l e  
b y  WIEDERHOLT et  al. s in  e p i n e p h r e c t o m i z e d  ra ts .  

I n  th i s  paper ,  t he  in t r ins i c  r e a b s o r p t i v e  c a p a c i t y  was  
m e a s u r e d  in p r o x i m a l  t u b u l i  of pye l oneph r i t i c  r a t s  us ing  
t he  s h r i n k i n g - d r o p  t e c h n i q u e  as descr ibed  b y  GERTzT; in 
th i s  m e t h o d ,  t h e  h a l f - t i m e  of t he  i n t r a t u b u l a r  s h r i n k a g e  
of a n  i so ton ic  sa l ine  d rop  i n j ec t ed  b e t w e e n  2 oil d rops  is 
measu red .  T h e  or ig ina l  m e t h o d  of GERTZ based  on  p h o t o -  
g r aph i c  r ecord ing  of d r o p - s h r i n k a g e  was  rep laced  b y  d i rec t  
m e a s u r e m e n t s  w i t h  a f i lar  ocu la r  m i c r om e t e r .  T r a n s i t  
t i m e  of f lu id  in  t h e  p r o x i m a l  t u b u l e  was  m e a s u r e d  w i t h  
t i s samine  green  acco rd ing  to  STEmHAUSEN'S m e t h o d  s 
modi f ied  b y  GERTZ e t  a12. F r a c t i o n a l  r e a b s o r p t i o n  in 

p r o x i m a l  c o n v o l u t i o n  was  ca lcu la ted  acco rd ing  to  t h e  
e q u a t i o n  of /3RUNNER, tP~ECTOR a n d  SELDIN 1° or ig ina l ly  
i n t r o d u c e d  b y  GERTZ e t  al. : 

( 1 ) 
% reabsorption = 1 -- antilog (0.301 T/tvz )" 100 

w h e r e  T is t r a n s i t  t i m e  of l i s samine  g reen  in p r o x i m a l  
c o n v o l u t i o n ,  11/~ is h a l f - t i m e  of t h e  d rop - sh r inkage .  

O u r  d a t a  (see Table)  were  o b t a i n e d  f r o m  12 r a t s  in  
w h i c h  u n i l a t e r a l  p y e l o n e p h r i t i s  a cco rd ing  to  PR$,T e t  al. n 
was  p r o d u c e d  b y  i n j ec t i ng  a cu l t u r e  of Escherichia coli i .v. 
d u r i n g  t e m p o r a r y  l iga t ion  of t h e  (left) u re te r .  W i t h i n  
5-6  weeks,  t h e  pa tho log ica l  p i c tu re  of a g r a n u l a t e d  con-  
t r a c t e d  p y e l o n e p h r i t i c  k i d n e y  developed.  I n  a n o t h e r  g roup  
of a n i m a l s  w i t h  e x p e r i m e n t a l  b i l a t e ra l  pye lonephr i t i s ,  
ch ron ic  f i s tu la  of t h e  u r i n a r y  b l a d d e r  l ,  h a d  b e e n  p r e p a r e d  
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No. tl/2 TT FR BUN 

Controls (healthy rats) 16 

Controls (temporary ureteral 9 
ligation) 
Unilateral pyelonephritls 12 
{temporary ureteral ligation + 
Escherichia coli i.v.) 

Bilateral pyelonephritis {chronic 8 
fistula of the urinary bladder) 

8.87 4- 0.93 9.10 ± 0.67 50.9 11.45 4- 1.37 

9.02 4- 1.08 8.75 4- 0.85 49.8 13.00 4- 1.57 

8.98 4- 1.40 9.27 i 1.07 51.2 12.86 q- 0.93 

9.11 4- 1.27 9.19 ::t: 0.97 50.3 28.03 4- 2.76 

No., number of animals; txl2, half-time of oil shrinkage; "YF, transit time of lissamine green in proximal convolution (both values in see); 
FR, calculated % reabsorption in proximal convolution; BUN, blood plasma urea nitrogen concentration, in rag%. Values presented as 
mean -t- residual standard error. 


