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Abstract 
T h i r t y  scmcsn samples from f i v e  b u l l s  were proce- 

SSPCI  and f r oz rn .  Each e j a c u l a t e  was eva lua ted  f o r  
per r #:II t percent  p rogres s ive  m o t i l i t y  , percen t  l i v e  
s p L , r m n c ~ ~ ~ o a  and percentage of  heads .  t a i l s  and mid- 
p i c ~ . e s  wi th  i n t a c t  plasma membrane a f t e r  c o l l e c t i o n ,  
. ~ t  t e r  e x c c ~ n s i o n  and c o o l i n g  j u s t  b e f o r e  f r e e z i n g  and 
a f t e r  thawing.  

The g r e a t e s t  d e c r e a s e  i n  bo th  m o t i l i t y  and per- 
c e n t  l i v e  spermatozoa occur red  b e f o r e  f r e e z i n g .  More 
spermatozoa heads  were damaged a t ' e a c h  phase of proce- 
s s i n g  f o r  f r e e z i n g  than  mid-pieces and t a i l s  and t h e r e  
was a l s o  a  g r e a t e r  number of  damaged spermatozoa be- 
f o r e  f r e e z i n g  than  a f t e r  f r e e z i n g  and thawing. 

Introduction 

Numerous f a c t o r s  involving both inherent chara- 
c t e r i s t i c s  of the  e j a c u l a t e  and the  techniques o r  pro- 
s ses  t o  which the  e jacu la te  is subjected a f t e r  collec- 
t i o n  af f  e c t  the  post-thaw survival-of  bovine spermatoma. 
It has been reported t h a t  spermatozoa a r e  s e n s i t i v e  t 6  
cold shock when cooled too rapidly  (Bishop and Walton 
1960; Mann, 1964; Harrison and White, 1972; Hamnersted 
eR d., 1976). Spermatozoa can therefore  be  damaged 
even before f reezing temperatures a r e  reached. I n  order 
t o  minimize o r  prevent cold shock damage, spermatozoa 
require  extension i n  a spec ia l  physiological  media 
which provide protect ion t o  the  ce-11s and do not in te r -  
f e r e  with t h e i r  normal funct ional  i n t e g r i t y  p r i o r  t o  
cooling and f reezing.  I n  addi t ion the  r a t e  of cooling, 
the  temperature reached on f reezing and the r a t e  of re- 
warming from the  frozen s t a t e  a r e  a l l  c r u c i a l  t o  the  
survival  of spermatozoa. Even when s u i t a b l e  f reezing 
methods a r e  employed, the re  i s  always some l o s t  of 
spermatozoa during processing, f reezing and thawing, 
probably due t o  v a r i a b i l i t y  i n  the  tolerance o f s p e r -  
matozoa i n  the  same e j a c u l a t e  t o  the  physical  and 
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chemical e f f e c t s  of  tempera ture  changes. 
It is  d e s i r a b l e  t o  have a  quick  and r e l i a b l e  method 

of eva lua t ing  semen. Two of t h e  most c o m c n  used met- 
hods a r e  percentage  p rog re s s ive  m o t i l i t y  and percentage  
l i v e  spermatozoa. When t h e  m o t i l i t y  of  e j a c u l a t e d  sper -  
matozoa, e q u i l i b r a t e d  spermatozoa, and frozen-thawed 
spermatozoa were compared, i t  was r epo r t ed  t h a t  t h e r e  
was a  s i g n i f i c a n t  r educ t ion  i n  m o t i l i t y  from one s t a g e  
t o  t h e  o t h e r  (Erickson and Graham 1?59; Cou l t e r  and 
Foote 1973 and 1974).  Since t h e  use  of methylene b lue  
t o  d i f f e r e n t i a t e  l i v e  y e a s t  c e l l s  from dead ones (Devc- 
r eaz  and Ta rne r ,  1927) va r ious  combinations of s t a i n s  
have been used f o r  t h e  s u p r a v i t a l  s t a i n i n g  of mammalian 
spermatozoa. Eosin b  - a n i l i n e  b lue  was found unsa t i s -  
f a c t o r y  f o r  f rozen  semen d i l u t e d  i n  s t e r i l e  milk (Mac- 
pherson, 1970) bu t  t rypan  b l u e  gave sa t ' i s f ac to ry  r e -  
s u l t s  (Hacket and Macpherson 1965). I n  gene ra l  t h e r e  
appears  t o  be  no s i g n i f i c a n t  d i f f e r e n c e  between eos in  
and congo red i n  e s t i m a t e s  of l i v e  bovine spermatozoa 
al though t h e  co lou r  c o n t r a s t  found with e o s i n  was g rea t -  
e r  than  wi th  congo red .  I n  a d d i t i o n ,  e o s i n  tended t o  
d i f . fu se  i n t o  previous ly  unstained spermatozoa on s tand-  
ing  (Emmens, 1947; Blackshaw, 1958) . U l t r a s t r u c t u r a !  
changes a r e  one of t h e  i n e v i t a b l e  consequences of pro- 
ce s s ing  and t h e  f r e e z i n g  of bovine spermatozoa. One 

on of t h e  e a r l i e s t  r e p o r t s  on the  e f f e c t s  of f r eez in ,  
the! u l t r a s t r u c t u r e  of mamalian spermatozoa suggested 
t h a t  f r e e z i n g  and thawing do not  cause plasma membrane 
damage t o  bovine spermatozoa and t h a t   reservation a t  
low temperatures  was thought t o  have l i t t l e  e f f e c t  on 
the  f e r t i l i z i n g  capac i ty  of such spermatozoa (Healy, 
1969). 
The d i s t r u p t i v e  changes observed were a t t r i b u t e d  t o  
damage induced by f r e e z i n g ,  but  a  c r i t i c a l  examination 
of pre- and post-  t rea tment  e l e c t r o n  micrographs sug- 
ges ted  t h a t  t h e  changes observed could have been caused 
by f i x a t i o n  o r  p loces s ing  of t he  semen samples. The u l -  
t r a s t r u c t u r e  of bo th  e j a c u l a t e d  and f rozen  spermatozoa 
from d i f f e r e n t  spoc i e s  have been r e c e n t l y  s t r ~ d i e d  
(Quinn, White and Cle land ,  1969; Healy and Weir,1970; 
Pedersen and Lebech, 1971; Nath, 1972). These r epo r t s  
i nd i ca t ed  t h a t  damage t o  t he  plasma membrane and the  
acrosome may be induced dur ing  phases of process ing  
f o r  f r e e z i n g .  Unfo r t r~na t e ly ,  somc of the  d i s t r u p t i o n s  
of t he  plasma membrane can be not iced  in  t he  c o n t r o l  
micrographs a s  well  a s  i n  the  t r e a t e d  micrographs. 
Another s tudy  was however demonctrated t h a t  i t  i s  
pos s ib l e  t o  use f i xed  and s t a ined  spermatozoa for 
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chemical e f f e c t s  of  t empera ture  changes.  
It i s  d e s i r a b l e  t o  have a qu ick  and r e l i a b l e  method 

of e v a l u a t i n g  semen. Two of t h e  most common used met- 
hods a r e  percentage  p rog re s s ive  m o t i l i t y  and percentage  
l i v e  spermatozoa. When t h e  m o t i l i t y  o f  e j a c u l a t e d  sper-  
matozoa, e q u i l i b r a t e d  spermatozoa, and frozen-thawed 
spermatozoa were compared, i t  was r epo r t ed  t h a t  t h e r e  
was a s i g n i f i c a n t  r educ t i on  i n  m o t i l i t y  from one s t a g e  
t o  t h e  o t h e r  (Erickson and Graham 1959; Cou l t e r  and 
Foote 1973 and 1974). Since t h e  u se  of methylene b lue  
t o  d i f f e r e n t i a t e  l i v e  y e a s t  c e l l s  from dead ones (Deve- 
r e a z  and Ta rne r ,  1927) va r ious  combinat ions of s t a i n s  
have been used f o r  t h e  s u p r a v i t a l  s t a i n i n g  of mammalian 
spermatozoa. Eosin b - a n i l i n e  b l u e  was found unsa t i s -  
f a c t o r y  f o r  f rozen  semen d i l u t e d  i n  s t e r i l e  milk (Mac- 
pherson, 1970) b u t  t r ypan  b l u e  gave s a t ' i s f ac to ry  re -  
s u l t s  (Hacket and Macpherson 1965). b g e n e r a l  t h e r e  
appears  t o  b e  no s i g n i f i c a n t  d i f f e r e n c e  between eos in  
and congo red i n  e s t i m a t e s  of  l i v e  bovine spermatozoa 
a l though t h e  c o l o u r  c o n t r a s t  found wi th  e o s i n  was g r ea t -  
e r  t han  wi th  congo red .  I n  a d d i t i o n ,  e o s i n  tended t o  
d i f . f u se  i n t o  p r ev ious ly  unstained spermatozoa on s tand-  
i ng  (Emmens, 1947; Blackshaw, 1958).  U l t r a s t r u c t u r a l  
changes a r e  one of  t h e  i n e v i t a b l e  consequences of pro- 
ce s s ing  and t h e  f r e e z i n g  of bovine spermatozoa. One 
of t h e  e a r l i e s t  r e p o r t s  on t he  e f f e c t s  of  f r e e z i n g  on 
t h 6  u l t r a s t r u c t u r e  of m m a l i a n  spermatozoa suggested 
t h a t  f r e e z i n g  and thawing do not  cause  plasma membrane 
damage t o  bovine spermatozoa and t h a t  p r e s e r v a t i o n  a t  
low tempera tures  was thought t o  have l i t t l e  e f f e c t  on 
t he  f e r t i l i z i n g  c a p a c i t y  of such spermatozoa (Healy, 
1969).  
The d i s t r u p t i v e  changes observed were a t t r i b u t e d  t o  
damage induced by f r e e z i n g ,  bu t  a c r i t i c a l  examinat ion 
of pre-  and post-  t rea tment  e l e c t r o n  micrographs sag- 
ges t ed  t h a t  t h e  cbanges observed could have been caused 
by f i x a t i o n  o r  p loces s ing  of t h e  semen samples. The u l -  
t r a s t r u c t u r e  of  bo th  e j a c u l a t e d  and f rozen  spermatozoa  
from d i f f e r e n t  s p e c i e s  have been r e c e n t l y  s t ud i ed  
(Quinn, White and Cle land ,  1969; Healy and Weir,1970; 
Pedersen and Lebech, 1971; Nath, 1972).  Thrsc r epo r t s  
i nd i ca t ed  t h a t  damage t o  t h e  plasma membrane and t h e  
acrosome may be induced dur ing  phases of p rocess ing  
f o r  f r e e z i n g .  Unfort.rinately, some of  t h e  d i s t r u p t i o n s  
of t h e  plasma membrane can  be no t iced  i n  t he  c o n t r o l  
micrographs a s  wel l  a s  i n  the  t r e a t r d  micrographs.  
Another s t udy  was however demonclrated t h a t  i t  i s  
p o s s i b l e  t o  use  f i xed  and s t a i n e d  spermatozoa f n r  
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e v a l u a t i n g  semen q u a l i t y  o r  damage t o  spermatozoa  
d u r i n g  s t o r a g e  f o r  a r t i f i c i a l  i n s e m i n a t i o n  ( J o n e s ,  
1971; 1973a,  b ,  and c ) .  It a p p e a r s  t h a t  an e x a c i n a t i o n  
o f  t h e  plasma membrane o v e r  t h e  acrosome d u r i n g  p roce-  
s s i n g  and a f t e r  thawing may i n d i c a t e  t h e  t y p e  and t h e  
d e g r e e  of damage t o  spermatozoa i f  a  method which would 
e n s u r e  p r o p e r  f i x a t i o n  and main tenance  o f  t h e  i n t e g r i t y  
o f  t h e  plasma membrane was employed. 

The purpose  of t h e  p r e s e n t  experiment was t o  u s e  
p e r c e n t  p r o g r e s s i v e  m o t i l i t y  and p e r c e n t  l i v e  sperma- 
t o z o a  t o  e v a l u a t e  t h e  p r o c e s s i n g  pnd f r e e z i n g  proce-  
d u r e  employed i n  t h e  f r e e z i n g  of bov ine  semen f o r  a r -  
t i f i c i a l  i n s e m i n a t i o n  and LO d e t e r m i n e  t h e  degree  o f  
u l t r a s t r u c t u r a l  change t o  bov ine  spermatozoa.  

Materials and methods 

Semen was c o l l e c t e d  from f i v e  b u l l s  t w i c e  a  week 
on Mondays and Thursdays ,  o v e r  a  p e r i o d  of t h r e e  weeks 
s t a r t i n g  i n  t h e  second week of J a n u a r y  1975. The b u l l s  
whose a g e s  ranged from two t o  f o u r  y e a r s  had been on a  
r e g u l a r  c o l l e c t i o n  schedrlle p r i o r  t o  t h e  s t a r t  of t h e  
exper iment .  An i n i t i a l  e v a l u a t i o n  o f  t h e  q u a l i t y  o f  
each c o l l e c t i o n  (one e j a c u l a t e  p e r  c o l l e c t i o n )  was made 
by e s t i m a t i n g  p e r c e n t  p r o g r e s s i v e  m o t i l i t y  and p e r c e n t  
l i v e  spermatozoa.  The semen samples  a t  37.5C were 
mi-xed w i t h  p a r t  A o f  t h e  e x t e n d e r  (Skim Milk 87% v / v ,  
Egg y o l k  10% v / v ,  D-Fructose 0 .75% v /v ,  G l y c e r o l  3% 
v / v  and A n t i b i o t i c s )  a t  35C t o  g i v e  a  volume of 30  t o  
50cc depending on t h e  volume of  t h e  e j a c u l a t e .  T h i s  
m i x t u r e  coo led  t o  5C i n  one hour  was f u r t h e r  extended 
w i t h  p a r t  ' A '  o f  t h e  e x t e n d e r  t o  g i v e  a c o n c e n t r a t i o n  

6 of 60 x 10 m o t i l e  s p e m a t ~ z o a  p e r  m l  and p a r t  ' B '  o f  
t h e  e x t e n d e r  added i n  one  s t e p  (Skim  ilk 81% v / v ,  
Egg y o l k  10% v / v ,  D-Fructose 0 .75 w/v, G l y c e r o l  9Z 
v/" and A n t i b i o t i c s )  t o  g i v e  a f i n a l  c o n c e n t r a t i o n  o f  

6 30  x  10 m o t i l e  spermatozoa p e r  m l .  Fo l lowing  t h e  
a d d i t i o n  of t h e  f i n a l  f r a c t i o n  t h e  ex tended  semen was 
e q u i l i b r a t e d  f o r  f i v e  h o u r s .  The semen was  hen 
packed i n  French s t r a w s ,  f r o z e n  i n  l i q u i d  n i t r o g e n  
vapour  and s t o r e d  i n  l i q u i d  n i t r o g e n .  

S i x  s t r a w s  x e r e  thawed i n  warm w a t e r  a t  37C and 
pooled p r i o r  t o  z n a l y s i s .  F s t i m a t e s  of p e r c e n t  l i v e  
spermatozoa were a l s o  c a r r i e d  n u t  on coo led  s a n p l e s  
b e f o r e  f r e e z i n g  and on Erozen-thawed samples  from 
each  e j a c u l a t e .  
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Percent  m o t i l i t y  was e s t ima ted  by mixing one drop 
of  semen w i t h  two drops  of  2.9 pe rcen t  sodium c i t r a t e  
d i h y d r a t e  and one drop  of  t h e  mix tu re  was placed on a  
warm s l i d e  (37C) covered w i t h  a  cover  s l i p  and examined 
w i th  a  compound microscope w i t h  a  warm s t a g e  and a  
b r i g h t  f i e l d  condensor .  E q u i l i b r a t e d  semen and f rozen-  
thawed semen were no t  d i l u t e d  w i t h  sodium c i t r a t e  dihy- 
d r a t e  b e f o r e  eva lua t i on .  

A, drop  of semen was mixed w i th  two drops  of  e o s i n  
end f o u r  drops  of  n i g r o s i n  on a  c l ean  s l i d e  us ing  a  
g l a s s  rod. This  r a t i o  of  one drop  of semen t o  s i x  
drops  of  s t a i n ,  d i l u t e d  t h e  semen enough t o  allow- easy 
examinat ion and cou&ing of  t h e  spermatozoa. F ive  
smears were prepared f o r  each sample and one hundred 
spermatozoa were counted pe r  s l i d e .  The s l i d e s  were 
examined under  an o i l  i m e r s i o n  o b j e c t i v e  a t  a  magnif i -  
c a t i o n  of approximatelv X909. S ~ e m a t o z o a ,  heqds 
comple te ly  o r  p a r t i a l l y  s t a i n e d  r e d  were cons idered  
dead. 

Spermatozoa were f i x e d  by t h e  mod i f i ca t i on  of a  
procedure p r ev ious ly  de sc r ibed  ( Jones ,  1973i)). A 
smal l  samples (0.21111) of  f r e s h l y  e j a c u l a t e d  semen per  
c o l l e c t i o n  from each of f i v e  b u l l s  was i n i t i a l l y  f i xed  
i n  p i c r i c  a c i d  formal-dehyde - g lu t a r a ldehyde  cacocy- 
l a t e  (1.0% w/v p i c r i c  a c i d ,  1 .0  v / v  formaldehyde, 
1.25% v/v  g lu t a r a ldehyde  i n  150mM sodium cacoci:rlatc) 
f o r  twenty minutes .  Th i s  was fol lowed by two washir:, 
i n  suc rose  cacody la t e  (105mM suc rosc  and 150mM sodium 
cacbdy la t e ) .  Hydrochloric  a c i d  was used t o  a d j u s t  ?E 
o f  t h e  f i x a t i v e s  and washers t o  7.3. The samples were 
t hen  concen t r a t ed  by c e n t r i f u g a t i o n  a t  700 xg f o r  t e n  
minutes  and p o s t  f i x e d  i n  osmium cacody la t e  (40 mM 
osmium/tetroxide,  75mM glucose  and 150mM sodium caco- 
dylate) f o r  t h i r t y  minutes .  The samples were once 
agaid concen t r a t ed  by c e n t r i f u g a t i o n .  washed t h r e e  

t i m e s  i n  s u c r o s e  c a c o a y l a c e  and suspended  i n  a g a r .  
The s o l i d i f i e d  a g a r  c o n t a i n i n g  t h e  spermatozoa  were  
c u t  i n t o  b l o c k s  and s t a i n e d  i n  s a t u r a t e d  u r a n y l  ace-  
t a t e  s o l u t i o n  f o r  two h o u r s  a t  5C. The p e l l e t s  were 
dehydra t ed  i n  a g raded  series of e t h a n o l  and p ropy lene  
m i d e  a n d  embeded i n  Epon ( L u f t ,  1961) 100 :m s e c t i o n s  
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were c u t  wi th  an ultramicrotome and s t a i n e d  i n  uranyl  
a c e t a t e  followed by Mil lonig ' s  l ead  a c e t a t e  (Mil lonig,  
1961) and examined i n  a  P h i l l i p s  600 e l e c t r o n  micro- 
scope a t  60K.V. Samples of extended semen cooled to  
5C and samples frozen-thawed were f i x e d  sec t ioned  and 
s t a ined  a s  above. 

The percentage of spermatozoa h e ~ d s ,  mid-pieces 
and t a i l s  w i th  i n t a c t  plasma membrane were est imated 
by a  procedure previous ly  descr ibed  (Somade, 1973). 

A l l  d a t a  were subjec ted  to  a n a l y s i s  of var iance .  
The a n a l y s i s  was performed us ing  d i f f e r e n c e s  between 
t h e  o r i g i n a l  va lues  a t  e j a c u l a t i o n  and those  recorded 
j u s t  p r i o r  t o  f r eez ing  a s  period one and the  d i f f e -  
rence-between va lues  j u s t  p r i o r  t o  f r eez ing  and post- 
thawing a s  period two. This  procedure considered 
b u l l s  and c o l l e c t i o n s  t o  be random e f f e c t s  and per iods  
a s  f i x e d  e f f e c t s .  This  method of a n a l y s i s  a l lows a  
d i r e c t  comparison of l o s s e s  i n  period one ( i . e  be fo re  
f r eez ing )  wi th  per iod  two ( i . e .  dur ing  f r e e z i n g  and 
thawing). I n  add i t i on ,  it overcame t h e  problem -of  
c o r r e l a t i o n  between success ive  observa t ions  on the  same 
sample. The s t a t i s t i z a l  procedures descr ibed  by John 
(1971) were followed i n  s e t t i n g  up t h e  a n a l y s i s  of 
var iance .  

Results 

Tne mean percent  progress ive  m o t i l i t y  e s t ima tes  
from t h e  s i x  f i r s t  e j a c u l a t e s  f o r  each of t he  f i v e  b u l l s  
a s  observed immediately a f t e r  c o l l e c t i o n  ( e j acu la t ed  
semen), a f t e r  ex tens ion  and cool ing  but j u s t  ~ r i o r  t o  
f r e e z i n g  ( e q u i l i b r a t e d  semen) and immediately a f t e r  
thawing ( f rozen  thawed semen) along wi th  t h e  means 
f o r  each s t a g e  a r e  presented i n  t a b l e  1. Mean 
i n i t i a l  m o t i l i t y  ranged from 57.50 t o  69.17%. The 
reduct ion  i n  m o t i l i t y  from e j a c u l a t e d  t o  t h e  end of 
e q u i l i b r a t e d  (Period 1)  and from t h e  end of e q u i l i -  
b ra t ed  t o  freeze-thawing (Period 2) i s  presented  i n  
t a b l e  2 .  There was a  marked r educ t ion  i n  m o t i l i t y  
by t h e  end of  t he  period one followed by a  f u r t h e r  
reduct ion  a l though not  s t a t i s t i c a l l y  s i g n i f i c a n t  i n  
per iod  two. The a n a l y s i s  of va r i ance  f o r  t h e  moti- 
l i t y  d a t a  when t h e  two per iods  were regarded a s  f ixed  
e f f e c t s  showed a  s i g n i f i c a n t  d i f f e r e n c e  i n  m o t i l i t y  
due t o  per iods  (P -05 ) .  This  d i f f e r e n c e  i n d i c a t e s  
t h a t  t h e  reduct ion  i n  m o t i l i t y  occu r r i zg  i n  period 
one was g r e a t e r  than t h 2 t  occu r r i cg  In period two. 



TABLE 1 

THE EFFECT OF PROCESSING, FREEZING AND THAWING BOVINE SEMEN 
ON PERCENT PROGRESSIVE MOTILITY AND PERCENT LIVE SPERFlATOZOA 

- 

W Ej acu la t  ed. Semen Equ i l i b r a t ed  Semen Frozen-Thawed Semen 

% M o t i l i t y  % Live % M o t i l i t y  % Live % M o t i l i t y  % Live 
J ---- 
0 

A Magician 69.17 77.67 56.67 53.00 54.17 40.67 
-3 
LL B Pure Gold 63.33 75.67 52.50 51.33 48.33 39.00 
0 - 

C Roycidale 57.50 80.33 51.67 48.83 46.67 38.00 
z 
cr D P u r s u i t  65.83 69.67 55.00 48.00 46.67 
3 

36.83 

9 E Astronaut  67.50 75.33 53.33 49.83 39.17 38.17 
LU 
E F M e a n + s d  6 4 . 7 + 8 . 1 a  7 5 . 7 + 6 . 3 d  - 5 3 . 8 + 5 . z b  - 50.2 - + 8 . 1 e  4 9 . 0 + 5 . g b  3 8 . 6 + 3 .  7 f 

- 

'~ lean of s i x  c o l l e c t i o n s  

Means w i th  t h e  same s u p e r s c r i p t s  a r e  not  s i g n i f i c a n t  d i f f e r e n t  (P .05). 
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TABLE 2 

THE EFFECT OF COOLING FROM 37C TO 5C AND EQUILIBRATION 
(PERIOD 1) AND FREEZE-THAWING (PERIOD 2) BOVINE SEMEN 
ON PERCENT MOTILITY AND PERCENT LIVE SPERMATOZOA 

Decrease i n  percent Decrease i n  
progressive m o t i l i t y  percent l i v e  

spermatozoa 

Period 1 

Period 2 4.8 11.6 - 

The percentage of 1 ive  spermatozoa atLvirious 
s t ages  of processing along with the  overa l l  means - 
f o r  each s t age  a r e  presented i n  t a b l e  1. The r e - .  
duction i n  percentage l i v e  spermatozoa during one 
was s u b s t a n t i a l  and g r e a t e r  than the  l o s s  during . 

period two (P -05).  There was a l s o  a period by 
c o l l e c t i o n  in te rac t ion .  The mean percentage of ; 
spermatozoa heads, mid-piece and t a i l s  with i n t a c t ?  
plasma menbrane across  e jacu la tes  across  bulb v i th -  
i n  each sampling t i m e  along a r e  presented i n  t a b l e ' 3 .  
There was a s i g n i f i c a n t  v a r i a t i o n  i n  the  percentage 
of spermatozoa heads with i n t a c t  plasma membranes - 
between t h e  th ree  sampling times (P .05). There was 
a l s o  3 s i g n i f i c a n t  d i f fe rence  between percentage in- 
t a c t  plasma membranes on the  mid-piece of e j acu la ted  
spermatozoa and frozen-thawed spermatozoa (P 0.05). 
The mean percentage i n t a c t  plasma membrane on the: 
t a i l s  of e j acu la ted  spermatozoa was s i g n i f i c a n t l y  
d i f f e r e n t  from both equ i l ib ra ted  and f rozen-thawed 
sper~natozoa (P 0.05). 

The reduction i n  the  percentage i n t s c t  plasma 
membrpnes during periods one and two a r e  presented 
i n  Table 4 .  An ana lys i s  of variance f o r  t h e  d a t a  
showed a s i g n i f i c a n t l y  g rea te r  reduction i n  i n t a c t  
plasma membranes on the  head during period one. The 
d i f fe rences  observed on t h e  t a i l s  were uot s i g n i f i -  
cant .  
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TABLE 4 

THE REDUCTION I N  PERCENTAGE INTACT PLASMA MEMBRANES 
ON THE HEADS MID-PIECE AND TAILS OF BOVINE SPERMATO- 
ZOA DUE TO COOLING FROM 37C TO 5C AND EQUILIBRATION 
(PERIOD 1 )  AND FREEZE-THAWING (PERIOD 2) 

Decrease i n  Percent  i n t a c t  plasma membrane 

Head Mid-Piece T a i l  

17.2 6.6 8.5 
Period 1 

1 2 . 3  8.7 7.0 
Period 2 

DTSUCSSION 

M o t i l i t y  e s t ima te s  have been used f o r  eva lua t ing  
semen s i n c e  t he  advent of a r t  i f  i c i a l  inseminat ion.  
Commercial l a b o r a t o r i e s  have used m o t i l i t y  e s t ima te s  
t o  eva lua t e  both  e j a c u l a t e d  spermatozoa and frozen- 
thawed spermatozo3. Decisions made a s  t o  whether o r  
no t  a  sample of semen i s  t o  be ~ r o c e s s e d ,  f rozen  and 
kept  o r  so ld  a f t e r  f r e e z i n g  a r e  based mainly on moti- 
l i t y  e s t ima te s ,  provided o t h e r  minimal s tandards  f o r  
concen t r a t i on  and t h e  percentage abnormal spermatozoa 
a r e  met. This  makes m o t i l i t y  e s t ima te s  important  t o  
commercial a r t i f i c i a l  inseminat ion .  - 

C o n f l i c t i n g  r e p o r t s  have been published on t h e  
c o r r e l a t i o n  between F e r t i l i t y ,  a s  measured by 60 t o  
90 day non r e t u r n  r a t e s  and postthaw m o t i l i t y .  An 
experiment,conducted on 25 samples of bovine seraen t o  
compare t he  COI-relacion between s i x  convent iona l  labo- 
r a t o r y  t e s t s  and E e r t i l i t y  found a s i g n i f i c a n t  cor re-  
l a t i o n ,  Y = .h1 (P  . 0 5 )  between m o t i l i t y  and f e r t i l i -  
t y  (Stewart e f  at., 1972). However, i t  was pointed 
ou t  by the  au tho r s  t h a t  t h e r e  was no apparent  effect  
on non-return r a t e s  a r i s i n g  from t h e  u se  of what would 
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normally be regarded a s  i n f e r i o r  semen f o r  da i ry  b u l l s  
because of low postthaw m o t i l i t y  (mot i l i ty  l e s s  than 
35%). In  another experiment a highly s i g n i f i c a n t  co- 
r r e l a t i o n ,  Y = .46 was reported between percent moti- 
l i t y  and percent 90 day non-return r a t e  f o r  15 b u l l s .  
When the  mean of a l l  the  e j a c u l a t e s  f o r  each of  the 15 
b u l l s  was considered the  c o r r e l a t i o n  rose  t o  .56  
(Saacke and White, 1973). I n  r a b b i t s  the  c o r r e l a t i o n  
between m o t i l i t y  and f e r t i l i t y  was low (Eowe, 1973). 
The g r e a t e s t  reduct ion i n  m o t i l i t y  occurred in period 
one which would suggest t h a t  m o t i l i t y  est imates ob- 
ta ined a f t e r  e q u i l i b r a t i o n  may be a more va l id  evalua- 
t i o n  of semen samples t o  be frozen and thawed than the  
i n i t i a l  m o t i l i t y .  It has however been reported tha t  
d i f fe rences  i n  percentage mot i l e  spermatozoa were not 
s i g n i f i c a n t  during processing through 5C but were de- 
pressed by f reezing and thawing (Coulter and Foote, 
1973). Mot i l i ty ,  a s  expected,was depressed by proce- 
s s i n g  and f reezing.  However, the  g rea te r  reduction in 
m o t i l i t y  during cooling and e q u i l i b r a t i o n  was not 
expected . 

Mean percent progressive m o t i l i t y  of 57.5, 54.2 
and 41.7 have been reported f o r  f r e s h  bovine semcn a t  
37C, cooled and equ i l ib ra ted  semen a t  5C and frozen- 
thawed semen respec t ive ly  (Coulter  and Foote, 1974). 
I f  the  above percentages a r e  expressed i n  terms of 
periods a s  i n  the  present  experiment, the  redr~ct ion 
i n  period one would be 3.3 percent versus 1 2 . 5  per- 
cent  i n  period two. This is  a d i r e c t  r eve rsa l  of 
the  r e s u l t s  obtained i n  t h i s  experiment where average 
period one reduction i n  m o t i l i t y  was 10.9 percent 
versus 4.8 percent f o r  period two (Table 2 ) .  One 
reason f o r  t h i s  l a r g e  drop i n  m o t i l i t y  during period 
one may be the  rapid  cooling of the  p a r t i a l l y  extended 
semen from 37C t o  5C i n  one hour. For optimal survival  
during f reezing i n  straws,  it has been recommended t h a t  
a t  l e a s t  two hours should be allowed f o r  cooling to  5C 
'(Berndtson et d., 1975). For semen frozen i n  ampules 
a range.of one and a ha l f  t o  two hours cooling time has 
been suggested (Van Demark, 1957). 

The r e s u l t s  of the  s t a t i s t i c a l  ana lys i s  of percent 
l ive  spermatozoa d a t a  followed a t rend s imi la r  t o  the  
r ~ * l ' l i t y  r e s u l t s .  Mare spermatozoa were damaged i n  
r -?'c>d one (P .01). 

D i f f e r e n t i a l  s t a i n i n g  has  no t  been e x t e n s i v e l y  
used f o r  e v a l u a t i n g  f r o z e n  bovine spermatozoa be- 
cause  of  g l y c e r o l  i n t e r f e r e n c e  w i t h  t h e  stain(B1ack- 
shaw, 1958). Th i s  i n t e r f e r e n c e  was  ev iden t  because 
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spermatozoa heads which were only  p a r t i a l l y  s t a i n e d  
red  could be observed more f r e q u e n t l y  i n  extended 
and frozen-thawed samples. It i s  p o s s i b l e  however 
t h a t  t h e s e  were s t r e s s e d  spermatozoa showing t h e  be- 
g innings  of membrane damage. The r e s u l t s  presented  
i n  t a b l e  3  is  i n  agreement w i th  previous  work i n  
t h a t  t h e  percent  of spermatozoa w i t h  i n t a c t  membranes 
wi l i  f a l l  a f t e r  ex t ens ion  of semen and cool ing  t o  5C 
and a  f u r t h e r  r educ t ion  is  expected a f t e r  f r e e z i n g  
and thawing ( C I B A  Foundation Symposium 1964). The 
decrease  i n  percentage  i n t a c t  plasma membranes on t h e  
mid-pieces and t a i l s  were sma l l e r  than  those  obscrved 
f o r  t h e  head a s  evidenced by t h e  f a c t  t h a t  t h e  per- 
centage i n t a c t  membranes on t h e s e  a r e a s  a f t e r  f reeze-  
thawing was not  s i g n i f i c a n t l y  d i f f e r e n t  from the  
percentage  observed a t  t h e  end of e q u i l i b r a t i o n  j u s t  
bc fo re  f r e e z i n g .  A  s i m i l a r  obse rva t ion  was made by 
.lcnes, 1971 who showed t h a t  when t h e  percentage of 
sperm heads wi th  i n t a c t  plasma membranes were com- 
pared wi th  t h e  percentage  of mid-pieces and t a i l s  
w i th  i n t a c t  plasma membrane t h e  l a t t e r  region showed 
cons iderably  l e s s  damaged membranes. 

An a n a l y s i s  of var iance  of the  d a t a  on t a b l e  4  
showed t h a t  t h e r e  was a  s i g n i f i c a n t  d i f f e r e n c e  (P .05) 
due t o  period on the  percentage of spermatozoa heads 
with i n t a c t  plasma membranes. More spermatozoa heads 
were damagedin period one than  per iod  two. Th i s  i s  not  
i n  agreement w i th  o t h e r  r e p o r t s .  Watson and Mart in,  
1972; Coul te r  and Foote,  1973 and 1974 a l l  i nd i ca t ed  
t h a t  s i g n i f i c a n t l y  fewer normal acrosomes were observed 
a f t e r  f r e e z i n g  and thawing when compared t o  pre-freeze 
spermatozoa. S e h i l l  and Wolff, 1974 a l s o  repor ted  t h a t  
human spermatozoa heads a f t e r  g l y c e r a t i o n  before  f r e e -  
z ing  d id  no t  s i g n i f i c a n t i y  d i f f e r  from c o n t r o l  heads. 
However, i n  t h e i r  micrographs both c o n t r o l  and g ly -  
c e r o l a t e d  spermatozoa had ex t ens ive  plasma membrane 
damage. The au tho r s  however repor ted  a  complete l o s s  
of plasma membranes and acrosomes a f t e r  f reezzng.  

The g r e a t e s t  l o s s  o f  spennatozoa a c t u a l l y  occur-  
red before  f r e e z i n g .  This  may i n d i c a t e  some d e f i c i -  
ency in  t he  p a r t i c u l a r  l abo ra to ry  where process ing  
and f r eez ing  was c a r r i e d  ou t ,  p a r t i c u l a r l y  vhen one 
cons ide r s  t h e  f a c t  t h a t  the  p a r t i a l l y  extended semen 
w a s  cooled frorr. body temperature t o  5 C  i n  one hour. 
However, i f  t he se  f i n d i n g s  can he  s u s t a n t i a t e d  In  
o the r  laboratories, more a t t r -n t i on  should be d i r e c t e d  
t o  t : ~ i s  a s p e r t  of process ing .  The inc lus ion  of buty- 
1 ~tprq h y d r o x ; ~ o l l ~ ~ n e  i n  t h e  extender  t o  pos s ib ly  re -  



IFE JOURNAL OF AGRICULTURE 

duce co ld  shock dur ing  t h e  i n i t i a l  coo l ing  phase can 
be cons idered .  I t  has been demonstrated t h a t  t he  cold 
shock a s soc i a t ed  wi th  rap id  coo l ing  of sperniatozoa 
from t e m ~ e r a t u r e  t o  5C can be reduced o r  prevented by 
ttie a d d i t i o n  of bu ty l a t ed  hydroxy to luene  (HamPrstcd 

CX d., 1976). Perhaps a r t i f i c i a l  inseminat ion u n i t s  
a r e  c r e a t i n g  problems by a t tempt ing  t o  f i t  the  e n t i r e  
process ing  i n t o  one normal working day. 
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