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Q10 values for the activity of salivary amylase of cold and warm 
adapted cockroaches 

Q10 values 
15-25 ~ 25-35 ~ 

Nymph 15 ~ 2.7 1.4 
35 ~ 2.3 1.6 

Male 15 ~ 1.5 1.2 
35 ~ 3.0 1.3 

Female 15 ~ 1.3 1.2 
35 ~ 2.1 1.3 
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Fig. 3. Effect of telnperature on the activity of salivary amylase of 
cold and warm adapted female cockroach. 
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t he rma l  charac ter i s t ic  remains  unal tered .  W a r m  a d a p t e d  
males  exh ib i t  a decrease (57%) of t he  Qlo value wi~h an 
increase in t e m p e r a t u r e  of m e a s u r e m e n t  of the  enzyme  
act iv i ty .  An a p p r o x i m a t e  ro ta t iona l  p a t t e r n  (Prosser 's  
t ype  I I I )  is obse rved  for th is  ra te  process  in males re- 
sui t ing in an a l te ra t ion  of the  energy  of ac t iva t ion  ('g.') 
which signifies a qua l i t a t ive  change  in the  na tu re  of 
enzymat i c  prote in  followed by  a change  in some cofactor,  
or a sh i f t  to an a l t e rna te  p a t h w a y .  
3. The warm a d a p t e d  females  exh ib i t  an increased amy-  
lase ac t iv i ty  - 55% (p < 0.01) a t  25~ and 74% (p < 
0.001) a t  35 ~ in compar i son  wi th  cold ad ap t ed  insects.  
In  contras t ,  the  s i tua t ion  is reversed when  m e a s u r e m e n t s  
are t aken  at  15 ~ where  the  value for th is  ra te  process is 
8% higher  (p < 0.05) in cold ad ap t ed  female roaches  
t h a n  in warm a d a p t e d  ones. However ,  th is  minu te  dif- 
ference may  pract ica l ly  be insignif icant .  A decrease 
(38%) in the value of Q~0 in the  lower t h e rma l  range due 
to  cold a d a p t a t i o n  is observed in female roaches,  b u t  no 
such change is visible in the  h igher  t he rma l  range.  A 
decreased Q10 value (38%) wi th  an increase in t empera -  
ture  of m e a s u r e m e n t  is ev iden t  in warm ad ap t ed  females  
b u t  remains  s t a t i o n a r y  in cold ad ap t ed  ones. Female  
roaches d e m o n s t r a t e  'P rosse r ' s  t y p e  IV-D '  p a t t e r n  of 
accl imat ion for the  ac t iv i ty  of its sa l ivary  amylase.  This  
pa t t e rn  is rarely m e t  w i th  and is n o n - c o m p e n s a t o r y  in 
na ture .  
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T h i a m i n e  d e f i c i e n c y  and p r o t e i n  s e c r e t i o n  b y  p a n c r e a t i c  s l i c e s  in v i t r o  
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Summary. Pancrea t ic  slices incuba ted  in glucose med i u m take  up oxygen and glucose and  l iberate  pentose ,  p y r u v a t e  
and proteins .  Th iamine  def iciency decreases oxygen consumpt ion  b u t  increases l iberat ion of pentose ,  p y ru v a t e  and 
pro te ins  by  panc rea t i c  slices. 

Among  the  vi ta l  organs of the  body,  the  pancreas  oc- 
cupies an i m p o r t a n t  pos i t ion in view of its exocrine and 
endocr ine  funct ions.  These funct ions  involve act ive pro-  
cesses concerned  wi th  ca rbohydra t e  metabol ism,  p ro te in  
b iosynthes is  and  pro te in  secretion.  Pancreas  has a high 
th iamine  con ten t  1, which  gets deple ted  to  a grea t  ex t en t  
(73%) at  the  peak  of t h i amine  deficiency. The t rans -  
ketolase ac t iv i ty  of th is  t issue is also decreased consider-  
ably  (63%) despi te  increased t issue n i t rogen con t en t  fol- 
lowing th i amine  def iciency 1. 
Ear l ier  s tudies  f rom this  l abora to ry  have  ind ica ted  t h a t  
th i amine  def iciency br ings abou t  various b iochemical  
a l te ra t ions  such as a s ignif icant  e levat ion  in the  blood 
levels of glucose, p y r u v a t e  and nonpro te in  ni t rogen,  and 
a marked  decrease in t he  glucose tolerance 2. Anorexia  is 
one of the  p rominen t  s y m p t o m s  of th i amine  deficiency ~, 4. 

The behaviour  of pancrea t i c  slices dur ing  incuba t ion  in a 
glucose-saline m e d i u m  was t h o u g h t  to be able to t h r o w  
some l ight  on pancrea t i c  secre t ion of enzymes  and o the r  
metabol i tes  which  could pe rhaps  explain  the  anorexia  in 
th iamine-def ic ien t  s ta te .  
Materials a.nd methods. Male albino rats ,  2 m o n t h s  of age 
and made  th iamine-def ic ien t  ~, were  sacrificed along wi th  
controls  and 3 por t ions  of pancreas ,  viz. duodena l  (head), 
gastr ic  (body) and splenic (tail) pa r t s  were cut  out,  and  
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Oxygen consumption, glucose uptake, pentose release, pyruvate 
liberation and protein secretion by pancreatic slices of normal and 
thiamine-deficient rats 

Determination Duodenal Gastric Splenic 
done region region region 

Oxygen Normal 29.4-}-3.0* 31.2~3.1 36.0i2.9 
consumption (8) (11) (11) 
~zmoles/g 2 tl Thiamine- 19.5=/-3.1 17.5z~=1.9 17.0~ 3.0 

deficient (8) (11) (11) 
p<0.05 p<0.01 p<0.001 

Glucose uptake Normal 18.8-t-2.8 17.0~1.1 13.3-L 1.3 
[xmoles/g 2 h (10) (11) (11) 

Thiamine- 
deficient 22.5• 20.74-2.0 16.0• 

(10) (12) (12) 
p = n.s. p = n.s. p -- n.s. 

Pentose release Normal 12.5=E 1.0 11.6~: 1.0 10.3~1.0 
[xmoles/g 2 h (9) (10) (10) 

Thiamine- 
deficient 20.1• 19.2=E0.7 15.5--0.6 

(9) (10) (10) 
p<0.01 p = 0.05 p = 0.01 

Pyruvate Normal 88~-24 794-10 87 i10  
liberation (5) (5) (5) 
[xmoles/g 2 h Thiamine- 

deficient 44921_74 222~51 1584-16 
(8) (8) (8) 
p~0.01 p 0.05 p = 0.01 

Protein Normal 24 .9 i l .7  24.9=}-2.6 24.3=t=1.2 
secretion (4) (5) (5) 
~moles tyrosine/ Thiamine- 
g 2 h deficient 50.2:~z9.5 32.7=t_1.4 29.0~-1.5 

(5) (5) (5) 
p = 0.05 p%0.05 p%0.05 

*Standard error; Figures in parentheses indicate the number of rats. 

80-100 m g  of slices each  i n c u b a t e d  in 3.3 ml  of p h o s p h a t e  
buf fe r  5 p H  7.4 c o n t a i n i n g  glucose (5 mM) in a n  oxygen  
a t m o s p h e r e  a n d  a t  37 ~ in W a r b u r g  f lasks wh ich  were 
s h a k e n  a t  80 osci l la t ions  pe r  m i n  for 2 h. T he  cen t re  well  
c o n t a i n e d  0.2 ml  of 20% K O H  for a b s o r p t i o n  of CO S. 
The  oxygen  c o n s u m p t i o n  was measu red  for  a per iod  of 
2 h. Glucose was  e s t i m a t e d  in t he  m e d i u m  b y  t h e  m e t h o d  
of H u g g e t  a n d  Nixon  6 us ing  glucose ox idase-perox idase  
reagent .  The  pen tose  7, p y r u v a t e  s a n d  p ro t e in  9 l i be ra t ed  
in to  t h e  m e d i u m  were also d e t e r m i n e d  a f t e r  2 h per iod  
of i ncuba t ion .  I n  t he  p r e p a r a t i o n  and  i n c u b a t i o n  of 
slices, all  de ta i l s  descr ibed  b y  H o k i n  a n d  H o k i n  1~ 
were adop ted .  Blood  was col lected in oxa l a t ed  t ubes  f rom 
r a t s  a t  t h e  t i m e  of sacrifice a n d  tile pen toses  d e t e r m i n e d  
b y  t he  orcinol  m e t h o d  7. 
Results. The  oxygen  c o n s u m p t i o n  of p a n c r e a t i c  slices 
was  g rea t e s t  in  t he  splenic  a n d  leas t  in  t he  d u o d e n a l  
region (table).  I n  t h i a m i n e  deficiency,  oxygen  c o n s u m p -  
t i on  was decreased  s ign i f i can t ly  in  all  regions of pancreas ,  
t he  g rea t e s t  (52.8%) decrease  be ing  in t he  splenic region.  
P a n c r e a t i c  slices t o o k  up  glucose ef f ic ient ly  f rom tile in-  
c u b a t i o n  m e d i u m ,  those  f rom t he  splenic  region showing  
t he  leas t  up t ake .  No c h a n g e  in glucose u p t a k e  was ob-  
se rved  w i t h  p a n c r e a t i c  slices f rom th i amine -de f i c i en t  ra ts .  
P a n c r e a t i c  slices f rom n o r m a l  r a t s  re leased pen tose  in to  
t h e  m e d i u m  d u r i n g  i n c u b a t i o n  which  was s ign i f i can t ly  
increased  (p < 0.001) in  t h e  duodena l  a n d  gas t r ic  region,  
b u t  no t  in  t he  splenic  region in t he  case of slices f rom 
th i amine -de f i c i en t  ra ts .  T he  slices also l ibe ra ted  p y r u v a t e  
in to  t he  m e d i u m  d u r i n g  i ncuba t ion ,  wh ich  was in t h e  
same  a m o u n t  in  all  regions  of pancreas .  T he  slices f rom 
th i amine -de f i c i en t  r a t s  l i be r a t ed  m u c h  more  p y r u v a t e  

t h a n  those  of n o r m a l  controls ,  t h i s  be ing  5fold in the  
duodena l  region,  3fold in t he  gas t r ic  region a n d  nea r ly  
2fold in t he  splenic  region (p < 0.001, p < 0.05 a n d  p = 
0.01) respect ive ly .  D u r i n g  incuba t ion ,  p a n c r e a t i c  slices 
eff ic ient ly  secre ted  p ro t e ins  in to  t he  i n c u b a t i o n  med ium.  
In  n o r m a l  ra ts ,  all t i le 3 regions  secre ted  nea r ly  t h e  same 
a m o u n t  of p ro te ins ,  whi le  in  t h i amine -de f i c i en t  ra ts ,  t he  
p r o t e i n  secre ted  was in increased a m o u n t s ,  be ing  g rea tes t  
in  t he  d u o d e n a l  region a n d  leas t  in  t he  splenic region. 
Discussion. A decrease  in oxygen  c o n s u m p t i o n  b y  slices 
f rom th i amine -de f i c i en t  r a t s  m a y  ind ica te  decreased 
b r e a k d o w n  of glucose, i f  t he  pen tose  release is cons idered  
in t e r m s  of p e r c e n t a g e  of glucose up take ,  i t  is f ound  to  
be  66, 68 a n d  78 in  t he  duodena l ,  gas t r ic  a n d  splenic 
regions  r e spec t ive ly  in n o r m a l  pancreas ,  wh ich  is ra ised 
to  89, 91 a n d  96 in t he  co r respond ing  regions  of panc reas  
of t h i amine -de f i c i en t  ra ts .  As pen toses  are re leased to an  
equa l  e x t e n t  b y  all regions of n o r m a l  pancreas ,  i t  appea r s  
t h a t  pen tose  p h o s p h a t e  p a t h w a y  m a y  be  ope ra t ing  
un i fo rmly  t h r o u g h o u t  th i s  t issue. P e n t o s e  p r o d u c t i o n  ap-  
pears  to  be a v e r y  i m p o r t a n t  process  in n o r m a l  pancreas ,  
a g l andu la r  t i ssue  wh ich  ha s  a n  increased  need for R N A  
requ i red  for t he  b iosyn thes i s  of sec re to ry  pro te ins .  I t  is 
n o t  clear w h y  pen toses  wh ich  are i n t e r m e d i a t e s  in the  
H M P  s h u n t  p a t h w a y  are released in to  t h e  m e d i u m  r a t h e r  
t h a n  be ing  re-ut i l ized  for hexose  f o r m a t i o n  b y  n o r m a l  
pancreas .  The  low t r a n s k e t o l a s e  a c t i v i t y  l in pancreas ,  
as c o m p a r e d  w i t h  b ra in ,  l iver  and  k idney ,  m a y  be  a pos- 
sible reason  for  th i s  decreased u t i l i za t ion  of pentose .  The  

pen tose  release 
increase  in ra t io  in t he  case of t h i amine -  

glucose u p t a k e  
def ic ien t  r a t s  m a y  be  a t t r i b u t e d  to  t he  f u r t h e r  lowering 
of t he  t r anske to l a se  a c t i v i t y  in  t h a t  cond i t ion  1, as ob- 
se rved  earlier.  
I n  m a n y  t issues,  p y r u v a t e  is c o n v e r t e d  to ace ty l  CoA 
wh ich  is oxid ized  to CO S b y  ci t r ic  acid cycle, or is d ive r t ed  
to  o the r  p a t h w a y s .  B u s c h  a n d  Bal t rush13 h a v e  obse rved  
t h a t  pyruvate-14C a n d  acetate-l*C are  r ap id ly  incorpor-  
a t ed  in to  pools  equ i l i b ra t ing  w i t h  c i t r ic  acid in t e rmed i -  
a tes ,  in v ivo  in p a n c r e a t i c  t issue. B u t  t he  fac t  t h a t  pyr-  
u v a t e  is l i b e r a t e d  in to  the  m e d i u m  b y  p a n c r e a t i c  slices 
d u r i n g  i n c u b a t i o n  m a y  ind ica te  t h a t  panc rea s  is one of 
t h e  t issues t h a t  n o r m a l l y  c o n t r i b u t e  p y r u v a t e  to  the  
blood:  The  p a n c r e a t i c  slices' of t h i a m i n e - d e f i c i e n t  r a t s  
l ibe ra te  more  p y r u v a t e  to  t he  m e d i u m  t h a n  those  of 
normals ,  i n d i c a t i n g  a decrease  in t he  p y r u v a t e  u t i l i za t ion  
re su l t ing  f rom th i amine - l ack ,  a l t h o u g h  glucose u p t a k e  is 
unaf fec ted .  P e r h a p s  t he  glucose m e t a b o l i s m  goes on  well  
u p t o  t he  p y r u v a t e  a n d  pen to se  s tages  in  p a n c r e a s  a n d  
t h e  t h i a m i n e  def ic iency impa i r s  on ly  t h e  f u r t h e r  m e t a b -  
ol ism of these  i n t e rmed ia t e s .  
I t  is i n t e r e s t i ng  to  f ind  t h a t  p r o t e i n  secre t ion  b y  pan -  
c rea t ic  slices is e n h a n c e d  ill t h i a m i n e  deficiency.  Thus  
t h e  ano rex i a  of t h i a m i n e  def ic ien t  r a t s  c a n n o t  b e  due  to  
a defect  in  t h e  secre t ion  of d iges t ive  enzymes ,  b u t  i t  m a y  
be  due  to  o t h e r  reasons.  F u r t h e r  s t u d y  is n e e d e d  in th i s  
d i rect ion,  to  f ind  ou t  w h e t h e r  i t  is due  to  defec t ive  m e t a b -  
o l i sm of glucose, r e su l t i ng  f rom t h i a m i n e  lack. 
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