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e r a t e l y  w i th  Nile b lue  su l fa te  a n d  m e t h y l  g r e e n / p y r o n i n  G 
a n d  were n e g a t i v e  to t he  acid h e m a t i n  tes t .  The  p i g m e n t  
r educed  fe r r i cyan ide  to f e r rocyan ide  in S c h m o r l ' s  t e s t  
a n d  was  s t r o n g l y  pos i t ive  in t he  i ndopheno l  and  c h r o m e -  
a l u m  h e m a t o x y l i n  reac t ions .  I n  addi t ion ,  f a t  pe rox ides  
a n d  t r aces  of seve ra l  a m i n o  acids  were recorded.  T h e  
coup led  t e t r a z o n i u m  reac t ion  ( accompan ied  b y  i ts  con-  
trois) ,  a n d  t h e  d i h y d r o x y - d i n a p h t h y l - d i s u p h i d e  (DDD) 
a n d  a lka l ine  t e t r a z o l i u m  t e s t s  were m o d e r a t e l y  pos i t ive ,  
s howin g  t h e  p resence  in t he  l ipofusc in  bodies  of SH  a n d  
SS groups .  Th e  p i g m e n t  was  also ac t ive  for seve ra l  
e n z y m e s ,  especia l ly  acid p h o s p h a t a s e  and  A S - t y p e  non -  
specific es terase .  Our  c h a r a c t e r i z a t i o n  of t he  l ipofusc in  
p i g m e n t  t h u s  agrees  wi th  t h a t  of t he  ag ing  p i g m e n t  
descr ibed  b y  severa l  workers  ~-tT. 
T h e  p resence  in t h e  l ipofusc in  p i g m e n t  of large a m o u n t s  
of l y so so m a l  e n z y m e s  s u g g e s t  t h a t  l y sosomes  are i nvo lved  
in its f o rma t ion .  The  concep t  of t he  l y sosoma l  origin of 

l ipofusc in  is s u p p o r t e d  by  severa l  workers  who  bel ieve 
t h a t  the  l ipofusc in  bodies  m a y  r e p r e s e n t  t r ue  l y s o s o m e s  
a n d  be fo rmed  w h e n  l ipids a nd  l ipo-pro te in  p r e c u r so r s  
u n d e r g o  p e r o x i d a t i o n  a n d  p o l y m e r i z a t i o n  of p o l y u n -  
s a t u r a t e d  f a t t y  acidslS-~L 
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Summary.  Buffa lo  s p e r m a t o z o a  exh ib i t  ins ign i f i can t  u p t a k e  of glucose-C 14 a nd  f ruc tose-C 14 w h e n  s e m e n  s a m p l e s  were 
p rese rved  in cold for 96 h in 2 ex tenders .  I n c o r p o r a t i o n  of C 14 in s p e r m a t o z o a ,  TCA prec ip i t ab le  p ro t e ins  a n d  soluble  
s u g a r  p h o s p h a t e s  was  e i ther  equa l  or less in s e m e n  s a m p l e s  p r e se rve d  in cold. C A W  a p p e a r e d  to  be a be t t e r  e x t e n d e r  
t h a n  S K M E Y  as revea led  b y  s u g a r  u p t a k e  in cold. 

T h e  s u r v i v a l  of s p e r m a t o z o a  in t he  e n v i r o n m e n t  of a n  
e x t e n d e r  for a r easonab le  per iod  du r ing  cold s to rage  is a 
p re - requ i s i t e  for i ts  use in ar t i f icial  i n semina t ion3 .  T h e  
c o n v e n t i o n a l  egg-yo lk  c i t r a t e  (EYC) d i luen t  used  for bul l  
s e m e n a  is less effect ive  for buf fa lo  s e m e n  p r e s e r v a t i o n  4, 
a n d  the  buffa lo  s p e r m a t o z o a  s u r v i v e d  for a sho r t e r  t i m e  
t h a n  bul l  s p e r m a t o z o a  4-~. Recen t ly ,  it  h a s  been  r epo r t ed  
f rom th i s  l a b o r a t o r y  T, 8 t h a t  citr ic acid w h e y  (CAW) is a 
super ior  d i luen t  for t he  p r e s e r v a t i o n  and  freezing of buf -  
falo semen .  Th e  p r e se rva t i on  cha rac t e r i s t i c s  of buf fa lo  
s e m e n  in th i s  e x t e n d e r  ha s  also been repor t ed  9 The  leak-  
age of ac rosoma l  e n z y m e  like h y a l u r o n i d a s e  is r e la t ive ly  
m u c h  less in buf fa lo  s p e r m a t o z o a  p re se rved  in C A W  in 
cold an d  f rozen cond i t ion l~  I n  t he  l igh t  of t he se  obser -  
va t ions ,  t h e  u p t a k e  of g lucose-U-C 14 and  f ruc tose -U-C  14 
b y  buffa lo  s p e r m a t o z o a  e x t e n d e d  in C A W  and  in s k i m -  
mi lk  egg yo lk  11 ( S K M E Y )  h a d  been  s t ud i ed  w h e n  p re -  
se rved  in cold. Th i s  r epo r t  p r e s e n t s  these  d a t a  wh ic h  in- 
d ica te  r e la t ive ly  less u p t a k e  of t hese  suga r s  b y  t he  s p e r m  
w h e n  p re se rved  in CAW. 

Materials and methods. E j a c u l a t e d  s e m e n  was  col lected b y  
m e a n s  of a n  ar t i f icial  v a g i n a  12 f rom 6 M u r r a h  buffa lo  
bul l s  of the  i n s t i t u t e  herd .  2 success ive  e j acu la t e s  were 
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Table 1. Incorporation of glucose-C 14 and fructose-C la into semen conlponents during cold preservation in extender 

Radioactive sugar substrate Extender used Storage period (h) Specific activity in fractions 
Spermatozoa Proteins (TCA Sugar phosphates 

precipitate) Barium soluble Barium insoluble 

Glucose-U-C 14 CAW 0 
96 

Fructose-U-C 14 CAW 0 
96 

Glucose-U-C 14 S KMEY 0 
96 

Fruetose-U-C 14 S KMEY 0 
96 

8.19 0.54 10.21 7.76 
2.55 0.55 2.35 7.62 

1.72 0.64 4.01 9.93 
1.48 0.58 2.67 11.78 

0.70 0.55 3.54 12.57 
0.88 0.37 2.80 5.88 

1.30 0.23 2.40 9.74 
0.41 0.14 2.51 7.52 
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Table 2. Motility of buffalo spermatozoa at 5-7~ in extenders be- 
fore and after storage 

Diluent used % Motility 
Oh 96h  

CAW 85.0 58.0 
SKMEY 78.0 43.0 

c o m b i n e d  for such  s tudy .  Those  samples  w i t h  a mass  
a c t i v i t y  of 3-4  or g rea te r  12 were pooled.  T he  spl i t  samples  
were d i lu ted  in t h e  r a t io  of 1-10 w i t h  t he  ex tender .  The  
e x t e n d e r s  used were C A W a n d  S K M E Y  p r e p a r e d  ac- 
co rd ing  to  Gangu l i  e t  al. ~ a n d  T o m a r  a n d  Desai  n ,  respec-  
t ive ly .  Penic i l l in  a n d  s t r e p t o m y c i n  were a d d e d  a t  t he  r a t e  
of 1000 I U  a n d  1.5 m g  pe r  ml  of the  d i luen t .  Semen  
samples  a f t e r  d i lu t ion  were used f u r t h e r  for t h e  s u b s e q u e n t  
s tudies .  Semina l  p l a s m a  was o b t a i n e d  b y  cen t r i fug ing  
d i lu t ed  semen  a t  10,000 r p m  for 30 rain  u n d e r  re f r ige ra ted  
cond i t ions ,  and  i t  was  p re se rved  in re f r igera tor .  Glucose-  
U-C 14 a n d  f ruc tose-U-C 14 were p u r c h a s e d  f rom t he  B h a b h a  
A t o m i c  Resea rch  Centre ,  B o m b a y .  
The  as say  s y s t e m  for s t u d y i n g  the  u p t a k e  of the  radio-  
ac t ive  sugars  c o n t a i n e d  3 ml  of d i lu ted  semen  and  0.1 ml  
of C 14 sugar  h a v i n g  1.0 ~ci. The  samples  were i n c u b a t e d  
for  0 a n d  96 h in re f r ige ra to r  a f te r  which  t he  r eac t ions  
were t e r m i n a t e d  b y  t r i ch loroace t ic  acid (TCA) a f t e r  t he  
r e m o v a l  of t he  s p e r m a t o z o a  b y  cen t r i f uga t i on  as indi -  
c a t e d  above .  The  s e p a r a t e d  s p e r m a t o z o a  were washed  5 
t imes  w i t h  5 ml  each  of n o r m a l  sal ine so lu t ion  a n d  t h e  
assoc ia ted  r a d i o a c t i v i t y  in the  spe rm was measured .  The  
s u p e r n a t a n t  o b t a i n e d  was i m m e d i a t e l y  t r e a t e d  w i t h  2 ml  
of 30% TCA to p rec ip i t a t e  the  pro te ins .  T he  p r e c i p i t a t e d  
m a t e r i a l  was washed  successively  w i th  6 %  TCA, boi led  
w i t h  6 %  TCA a n d  aga in  washed  w i t h  cold 6 %  TCA. The  
p r e c i p i t a t e  t h u s  o b t a i n e d  was dissolved in 1 ml  N N a O H ;  
0.5 ml  of casein h y d r o l y s a t e  was t h e n  a d d e d  and  a l lowed 
to  s t a n d  for 10 rain  a t  room t e m p e r a t u r e .  T he  p ro t e in s  
f rom th i s  m i x t u r e  were aga in  p r e c i p i t a t e d  b y  3 ml  of 16% 
TCA a n d  washed  success ively  w i t h  5 ml  e thano l ,  e t hano l -  
e t h e r  m i x t u r e  (1:1) a n d  e ther .  The  d r y  p rec ip i t a t e  t h u s  
o b t a i n e d  was t h e n  dissolved in 0.5 ml  c o n c e n t r a t e d  
N H 4 O H  so lu t ion  a n d  t r a n s f e r r e d  to weighed  p l a n c h e t  for 
t h e  m e a s u r e m e n t  of r ad ioac t iv i ty .  
T h e  s u p e r n a t a n t  o b t a i n e d  a f t e r  t he  TCA p r e c i p i t a t i o n  
was  f ina l ly  f r a c t i o n a t e d  for t he  i so la t ion  of the  sugar  
p h o s p h a t e s  accord ing  to U m b r e i t  e t  al. 13. 2 m a j o r  frac-  
t ions ,  n a m e l y  b a r i u m - i n s o l u b l e  sugar  p h o s p h a t e s  and  
ba r ium-so lub le -a l coho l - inso lub le  sugar  p h o s p h a t e s  were 
i so la ted  a n d  m e a s u r e d  for r ad io -ac t iv i ty .  All  r ad ioac t ive  
m e a s u r e m e n t s  were done  in a Geiger-Miil ler  coun t e r  a n d  
r e su l t s  were expressed  in sp. act .  (cpm/mg)  a f t e r  necessa ry  
co r rec t ions  for b a c k g r o u n d  coun t s  a n d  self absorp t ions .  
T h e  m o t i l i t y  of s p e r m a t o z o a  was e v a l u a t e d  b y  the  m e t h o d  
of Sa l i sbury  a n d  V a n D e m a r k  14, a n d  p rogress ive  m o t i l i t y  
was  t a k e n  as t he  a s se s smen t  cr i ter ion.  
Results  and discussion. T he  s p e r m a t o z o a  a p p e a r  to  in-  
c o r p o r a t e  glucose-C 14 a n d  f ruc tose  C ~4 w h e n  p re se rved  in 
b o t h  t he  ex t ende r s  tes ted ,  n a m e l y  C A W  a n d  S K M E Y  as 
e v i d e n t  f rom the  d a t a  in t ab l e  1. The  e x t e n t  of incorpora -  
t i o n  was d e p e n d e n t  on  t he  per iod  of p r e s e r v a t i o n  in t he  
cold. I n  case of t he  d i s t r i b u t i o n  of C 14 in spe rma tozoa ,  
u p t a k e  of glucose-C ~ was more  in CA W t e n d e d  semen t h a n  
f ruc tose-C 14 a t  0 ~ p re se rva t ion .  W i t h  p r e s e r v a t i o n  per iod  
(96 h in 0 ~ t h e r e  was a decrease  in t he  r a d i o a c t i v i t y  
i n c o r p o r a t e d  f rom glucose-C 1~ in t he  s p e r m a t o z o a  w h e n  

e x t e n d e d  in C A W  c o m p a r e d  to f ructose-C 14. P a s t  r epo r t s  
also i nd ica t e  t h a t  glucose is a more  i m p o r t a n t  s u b s t r a t e  
t h a n  f ruc tose  15,16. However ,  glucose a n d  f ruc tose  were 
obse rved  to  be  ut i l ized a t  a b o u t  t he  same ra t e  b y  washed  
s p e r m a t o z o a  as e v a l u a t e d  f rom C!402 p r o d u c t i o n  17. I t  was  
f u r t h e r  r e m a r k e d  t h a t  w h e n  the  2 sugars  are p r e sen t ed  to  
washed  s p e r m a t o z o a l  suspens ion  toge ther ,  glucose is u t i -  
l ized before  f ructose .  
No difference was obse rved  in t he  i nco rpo ra t i on  of these  
sugars  in  t he  p r o t e i n  f rac t ions  of semina l  p l a s m a  w h e n  
semen  was p r e s e r v e d  in cold for 96 h in C A W  as the  ex- 
t ender .  W h e r e a s  in  S K M E Y  as ex tender ,  t he re  was some 
decrease  in t he  r a d i o a c t i v i t y  in p ro t e in  f rac t ion  on p r e -  
se rva t ion .  I t  appears ,  therefore ,  t h a t  t he  sperms  w h e n  
in S K M E Y  are  unde rgo ing  me tabo l i c  processes  a l t h o u g h  
p rese rved  in cold. 
Hexose  are n o r m a l l y  me tabo l i zed  v ia  t he  f o r m a t i o n  of 
sugar  p h o s p h a t e s  o f  the  E m b d e n - M e y e r h o f  P a t h w a y  in 
l iving o rgan i sms  18. These  i n t e r m e d i a t e s  were classified a n d  
f r a c t i o n a t e d  b y  U m b r i e t  e t  al. 13 in to  2 m a j o r  groups  on  
t h e  basis  of t h e i r  so lubi l i ty  as b a r i u m  salt.  R e s u l t  in t ab l e  
1 show t h a t  t he  ba r ium- inso lub l e  sugar  phospha t e s ,  n a m e l y  
f ruc tose- l ,  6 -d iphospha te ,  3-phosphoglycer ic  acid do n o t  
a l t e r  in  i ts  t u r n o v e r  r a t e  d u r i n g  cold s torage  spe rma tozoa ,  
unl ike  the  ba r ium-so lub le  sugar  phospha te s ,  n a m e l y  glu- 
cose - l -phospha t e ,  g lucose-6-phospha te ,  f ruc tose-6-phos-  
pha te ,  etc. All  these  o b s e r v a t i o n  ind ica te  t h a t  the  sper-  
m a t o z o a  w h e n  p rese rved  in cold in e x t e n d e r  are no t  ap -  
p rec i ab ly  in a d y n a m i c  s ta te ,  as a p p a r e n t  f rom the  low 
level  of i n c o r p o r a t i o n  of r a d i o a c t i v i t y  f rom these  sugar s  
in to  t he  d i f fe ren t  metabo l i t e s .  However ,  in th i s  respect ,  
C A W  appea r s  to  keep t he  s p e r m a t o z o a  a t  a less ac t ive  
s tage  w h e n  p rese rved  in cold, c o m p a r e d  to S K M E Y ,  in 
r e l a t ion  to t he  u t i l i za t ion  of glucose a n d  fructose.  Th i s  
could p a r t i a l l y  exp la in  t he  b e t t e r  s torage  p r o p e r t y  of 
C A W  as an  e x t e n d e r  for buffa lo  semen ~, which  is also 
s u p p o r t e d  b y  t he  mo t i l i t y  d a t a  in t ab l e  2. 
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