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Studies on Haemoglobin Variants and Glucose- 
6-Phosphate Dehydrogenase in Indian Sheep and 

Goats 

R e c e n t l y  we u n d e r t o o k  a n  i n v e s t i g a t i o n  on  t he  d is t r i -  
b u t i o n  of h a e m o g l o b i n  v a r i a n t s  a n d  t h e  e n z y m e  glucose- 
6 -phospha t e  d e h y d r o g e n a s e  (G6PD)  in I n d i a n  sheep  a n d  
goats.  An ima l s  of one  to t h r e e  yea r s  of age were se lected 
for th i s  s tudy .  P a p e r  e lec t rophores i s  for  t h e  s e p a r a t i o n  of 
h a e m o g l o b i n  v a r i a n t s  was  ca r r ied  o u t  b y  t he  m e t h o d  of 
SMITH a n d  CONLEY 1. G lucose -6 -phospha t e  d e h y d r o g e n a s e  
was d e t e r m i n e d  b y  t he  sc reen ing  t e c h n i q u e  of MOTULSKY 
a n d  CAMPBELL 2 as well  as b y  t h e  q u a n t i t a t i v e  t e c h n i q u e  
of MARKS 3. The  F igu re  shows t he  h a e m o g l o b i n  p a t t e r n s  in  
sheep  a n d  goat .  T h e  ana lys i s  of t he  g e n o t y p e  d i s t r i b u t i o n  
of h a e m o g l o b i n  v a r i a n t s  is de t a i l ed  in t he  Table .  

• ' tt t I t* t t  

AA AB Foetal AA BB AB 

6oats Sheep 

Distribution of two haemoglobin variants in Indian sheep and goats 

Species No. Haemoglobin Gene frequency 
tested AA AB BB Hb-A Hb-B 

Sheep I00 4 19 77 0.135 0.865 
Goat 100 85 15 Nil 0.925 0.075 

As s h o w n  b y  ear l ie r  workers  4-e, I n d i a n  sheep  a n d  goa ts  
also possess two  h a e m o g l o b i n  v a r i a n t s .  The  f r e q u e n c y  of 
gene H b - A  (0.135) in sheep  is lower  t h a n  gene H b - B  
(0.865). These  f requencies  are  c o m p a r a b l e  w i t h  those  of 
Le ices te r  b r eed  4 a n d  D u t c h  s tock  s. EVANS e t  al. 4 h a v e  
also r epo r t ed  a h i g h e r  f r e q u e n c y  of H b - A  (61%) in Scot-  
t i sh  Blackface  sheep.  T h e  p r e p o n d e r a n c e  of H b - A  a n d  i ts  
g rea t e r  a f f in i ty  to  oxygen  h a v e  b e e n  s h o w n  to  be  cha rac -  
t e r i s t i c  of sheep  s tock  of h i g h e r  a l t i t u d e s  6. P r e s e n t  f ind-  
ings of lower f r equency  of H b - A  in low a l t i t u d e  I n d i a n  
sheep s tock  are in  a g r e e m e n t  w i t h  these  obse rva t ions .  

I n d i a n  goa ts  h a v e  a lower  f r e q u e n c y  of H b - B .  No h o m o -  
zygous  B B  was d e t e c t e d  in  one  h u n d r e d  samples  w h i c h  
were inves t iga t ed .  F o e t a l  h a e m o g l o b i n  of goa ts  h a s  a 
f a s t e r  m o b i l i t y  t h a n  t h e  two  a d u l t  va r i an t s .  

Blood  samples  f rom s ix ty  sheep  a n d  fo r ty  goa ts  inves t i -  
g a t e d  for G 6 P D  showed  comple t e  absence  of th i s  enzyme,  
w h i c h  was  o the rwise  p r e s e n t  in  o t h e r  species l ike buffalo ,  
ca t t le ,  dog, horse  a n d  r a b b i t  ( u n p u b l i s h e d  o b s e r v a t i o n ) .  
T h e  absence  of G 6 P D  in sheep  a n d  goa t s  h a s  g r e a t  im-  
p o r t a n c e  in  v iew of t h e  key  role t h i s  e n z y m e  p lays  in  car-  
b o h y d r a t e  m e t a b o l i s m .  W h e t h e r  t h e  a l t e r n a t e  p a t h w a y s  
i n v o l v i n g  h i g h e r  t r a n s k e t o l a s e  (TK) a n d  t r a n s a l d o l a s e  
(TA) ac t iv i t i e s  d e m o n s t r a t e d  b y  BONSIGNORE e t  al. ~ in  
t h e  G 6 P D  def ic ien t  people  ex is t s  in  t h e  e r y t h r o c y t e s  of 
I n d i a n  sheep  a n d  goats ,  would  be  w o r t h  i nves t iga t ing .  
T h e  s tud ies  on  t h e  def ic iency  of G 6 P D  in sheep  a n d  goa ts  
a n d  i ts  possible  r e l a t i onsh ip  to  g r e a t e r  r e s i s t ance  to  
t r y p a n o s o m e  in fec t ion  s wou ld  be  s ign i f i can t  in  l igh t  of 
t h e  r e p o r t e d  re s i s t ance  of t h e  G 6 P D  def ic ien t  h u m a n  
be ings  to  ma la r i a l  p a r a s i t e s  ~,10. 

Rdsumd. D e u x  v a r i a n t e s  d ' h d m o g l o b i n e  H b - A  e t  H b - B  
o n t  6t6 d6mon t r6es  chez  le bouc  e t  le m o u t o n  Ind iens .  Les  
f r6quences  g6n6 t iques  p o u r  H b - A  e t  H b - B  son t  respec-  
t i v e m e n t  0.135 e t  0.865. 

Le f e r v e n t  d6hydrog6nase  de g lucose -6 -phospha t e  chez 
les 6 r y t h r o c y t e s  de bouc  e t  de m o u t o n  es t  ab s en t .  Nous  
a v o n s  employ6  la m 6 t h o d e  s e m i - q u a n t i t a t i v e  de  MOTUL- 
SKY p o u r  la d 6 t e r m i n a t i o n  de l ' ac t iv i t6  de d6hydrog6nase  
de g lucose -6 -phospha te .  
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~ber das Glukurons~iurekonjugat eines Cardeno- 
lidgenins (3-Epi-digitoxigenin) 

I n  v o r a n g e g a n g e n e n  A r b e i t e n  f iber die B i o t r a n s f o r m a -  
t i on  y o n  Dig i tox in  u n d  Dig i tox igen in  bei  de r  R a t t e  is t  
b e r i c h t e t  worden ,  dass  das  intermedi~tr  geb i lde te  3-Epi-  
d ig i tox igen in  m i t  G luku rons~ure  k o n j u g i e r t  wi rd  x,2. Das  
3 -Ep i -d ig i tox igen in -g lukuron id  wurde  d a m a l s  * i r r t t iml i ch  

als e ine  ch lo ro fo rml6s l i che  V e r b i n d u n g  m i t  e inem 
RDigitoxigenin-Wert v o n  0,26 ( P a p i e r c h r o m a t o g r a p h i e  i m  
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