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THIN LAYER CHROMATOGRAPHY OF 
PHOSPHOLIPID COMPOSITION IN MOUSE 

AND RABBIT SPERMATOZOA 

Juan G. Alvarez, Isabel Lopez, 
Joseph C. Touchstone, and Bayard T. Storey 

Department of Obstetrics and Gynecology 
Medical Labs 339 

University of Pennsylvania 
Philadelphia, Pennsylvania 191 04-6080 

ABSTRACT 

The t ime c o u r s e  of t h e  l o s s  of d i f f e r e n t  components of t h e  
phosphol ipids  of r a b b i t  and mouse epididymal spermatozoa dur ing  
spontaneous l i p i d  p e r o x i d a t i o n  was  determined,  using t h i n  l a y e r  
chromatography wi th  a s p e c i f i c  s i t u  h y d r o l y s i s  method t o  d i f f e r -  
e n t i a t e  t h e  a c y l  and a l k e n y l  (plasmalogen) m o i e t i e s .  The 
components fol lowed were phosphatidylethanolamine (PE), phospha- 
t i d y l c h o l i n e  (PC), t h e  PE and PC phasmalogens, sphingomyelin (SP),  
c a r d i o l i p i n  (CL), and phosphat idyl -g lycero l  (PG). In both  mouse 
and r a b b i t  sperm, t h e  PE component was found t o  be more than  90% 
diplasmalogen:  l,Z-di(O-l’-alkenyl) glycerophosphoethanolamine. 
This  component was l o s t  r a p i d l y  dur ing  peroxida t ion .  A l l  PE has  
d isappeared  from r a b b i t  sperm a f t e r  4 h a e r o b i c  incubat ion ,  a t  
which p o i n t  t h e  o t h e r  phosphol ip ids  had been l i t t l e  a f f e c t e d .  In 
both mouse and r a b b i t  sperm, t h e  PC component was found t o  be 50% 
monoplasmalogen. The decrease  i n  PC plasmalogen of r a b b i t  sperm 
amounted t o  74% a f t e r  20 h ,  compared t o  42% l o s s  of  t o t a l  PC. 
S i m i l a r  o b s e r v a t i o n s  were made w i t h  mouse sperm, except  t h a t  r a t e s  
of loss of a l l  components were approximately twice  t h o s e  i n  
r a b b i t .  D i s t r i b u t i o n  of t h e  phosphol ipid components between sperm 
heads and t a i l s  was a l s o  determined:  PE diplasmalogen was almost  
e n t i r e l y  found i n  t h e  t a i l  f r a c t i o n ,  i n  both  mouse and r a b b i t  
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3558 ALVAREZ ET AL. 

sperm. T h i s  mode of a n a l y s i s  a l lows  t h e  d i f f e r e n t i a t i o n  of sensi- 
t i v i t i e s  towards spontaneous p e r o x i d a t i o n  of t h e  d i f f e r e n t  types  
of phosphol ip id  p r e s e n t  i n  sperm membranes. 

INTRODUCTION 

The t o x i c i t y  of O2 t o  mammalian spermatozoa i s  manifested most 

d i r e c t l y  by lo s s  of m o t i l i t y ,  which i n  t u r n  h a s  been l inked  t o  

p e i o x i d a t i o n  of t h e  sperm cel.1 l i p i d s .  T h i s  has  been documented 

f o r  t h e  case  of Lipid p e i o x i d a t i o n  i n  ram and human sperm induced 

by Fe2+ p l u s  a s c o r b a t e  ( 1 - 7 )  and f o r  t h e  c a s e  of l i p i d  pe:oxida-- 

t i o n  o c c u r r i n g  spontaneously i n  r a b b i t  and mouse sperm (8 ,9 ) .  

b o t h  systems,  l o s s  of  m o t i l i t y  from l i p i d  p e r o x i d a t i o n  could be 

t r a c e d  t o  Eeabrane damage r e s u l t i n g  i n  increased  permeabi i i ty  

a l lowing toss  o f  e s s e n t i a l  i n t r a c e l l u l a r  s u b s t r a t e s  (4,101. Jones 

and Mann ( 2 )  noted t h a t  t h e  a l k e n y l e t h e r  (plasmalogen) conten t  of 

lam sperm was p r e f e r e n t i a l l y  l o s t  dur ing  induced peroxida t ion .  

T h i s  o b s e r v a t i o n  was of p a r t i c u l a r  i n t e r e s t  i n  vLew of our r e c e n t  

f i n d i n g  t h a t  r a b b i t  sperm PE c o n s i s t e d  almost e n t i r e l y  of d i p l a s -  

malogen [1,2-di(O-l'-alkenyl) phosphatidylethano:amine], whi le  t h e  

phosphat idylchol ine  (PC) component conta lned  o n l y  monoplasmalogen 

(11). 

developed f o r  s p e c i f i c  a n a l y s i s  of plasmalogens with t h i n  layer  

chromatography (12). The methodology provides  a vapid means of 

a s s e s s i n g  changes i n  c e l l  phosphol ip ids  due t o  spontaneous 

I n  

T h i s  de te rmina t ion  was made u s i n g  methodology r e c e n t l y  

peroxida t ion .  I n  t h  

phosphol ipid c o n t e n t  

sperm and show t h a t ,  

d iplasmalogen and i s  

s paper ,  we r e p o r t  t h e  de te rmina t ion  of t h e  

t y p e ,  and plasmalogen f r a c t i o n  i n  mouse 

i n  both mouse and r a b b i t  sperm, PE i s  most ly  

remarkably s e n s i t i v e  t o  p e r o x i d a t i v e  l o s s .  
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Reagents  

S y n t h e t i c  s t a n d a r d s  f o r  t h e  p h o s p h o l i p i d s  and t h e i r  h y d r o l y s i s  

p r o d u c t s  were o b t a i n e d  from Avan t i  Biochemicals  (Birmingham, AL) 

and Sigma Chemical Co. ( S t .  L o u i s ,  MD). These s t a n d a r d s  were 

chosen t o  g i v e  a c l o s e  approximation t o  t h e  u n s a t u r a t e d  and 

s a t u r a t e d  a c y l  and a l k y l  m o i e t i e s  found i n  narimalian sperm. 

S c h i f f  Reagent (Ka tes ,  1972) f o r  s t a i n i n g  of a ldehydes  was 

o b t a i n e d  from Accra-Lab, I n c .  ( B r i d g e p o r t ,  NJ). Whatman p r e c o a t e d  

S i l i c a  LK5 and LHP-K p l a t e s  10 x 10 cm w i t h  p reabso rben t  zone were 

o b t a i n e d  from Whatman I n c .  ( C l i f t o n ,  N J ) .  S i i i c a  g e l  H p l a t e s  20 

x 20 cm, were o b t a i n e d  f rom Ana l t ech ,  I n c .  (Newark, DE). 

P r e p a r a t i o n  and Aerob ic  I n c u b a t i o n  of Spermatozoa 

Epididymal spezmatozoa f:-om matu ie  male  r a b b i t s  and r e t L r e d  

b reede r  mice were p repa red  a s  d e s c r i b e d  by Alva rez  and S t o r e y  

( 8 , 9 ) .  Four media were used f o r  a e r o b i c  i n c u b a t i o n  of sperm, For 

r a b b i t  sperm, t h e  media were NTP: 103 mM NaC1, 10 mM K C 1 ,  12 .5  mM 

NaH2P04, 2.5 mM Na2HP04, 3 mM MgCIZ, 20 mM T r i s ,  1 .5  mM D-glucose,  

0.4 mM EDTA, 0.6% p e n i c i l l i n - s t r e p t o m y c i n ,  pH 7.4; and KTP w i t h  

113  mM K C 1  and 1 .5  mM KH2P04, b u t  o t h e r w i s e  i d e n t i c a l  t o  NTP. For 

mouse sperm, t h e  media were NTPC: 113 mM NaCl and 1 . 7  mM CaC12, pH 

7.4. Spermatozoa were d i l u t e d  10-fold t o  g i v e  suspens ions  

c o n t a i n i n g  0.2-1.0 x 1 0  c e l l s / m l :  1 m l  suspens ion  was p l aced  i n  a 8 
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3560 ALVAREZ ET AL. 

10 m l  b o t t i e  wi th  Tef lon- l ined  cap i n  a shaking water  b a t h  a t  

3 7 O C .  

t o  g i v e  suspens ions  c o n t a i n i n g  0.1-1.0 x 10 c e l l s / m l ;  0.3 m l  of 

suspension was p laced  i n  a 5 m l  b o t t i e  a s  desc i ibed  f o r  r a b b i t  

sperm. Aeiobic  incubat ions  were te rmina ted  a t  s e l e c t e d  time 

i n t e r v a l s  by p l a c i n g  t h e  samples on i c e ,  which s t o p s  f u r t h e r  

r e a c t i o n  w i t h  O 2  (8 ,131.  

The s t o c k  s o l u t i o n  of mouse spermatozoa was d i l u t e d  3-fold 

8 

P r e p a r a t i o n s  of sperm heads and t a i l s  were prepared from s t o c k  

8 suspens ions  of 1 . 5  x l o 9  c e l i s / m l  f o r  r a b b i t  and 4.0 x 10 

c e l l s / m l  f o r  mouse sperm by s o n i c a t i o n  a t  low power f o r  e i t h e r  4 

min ( r a b b i t )  o r  3 sec (mouse) under i c e  cool ing .  The suspensions 

were c e n t r i f u g e d  a t  120 x g foz 15 n i n  and t h e  superna tan t  with 

sperm t a i l s  was removed. The p e l i e t  was resuspended i n  10 m l  

medium, c e n t r i f u g e d  twice a t  120 x g f o r  10 min, then c e n t r i f u g e d  

a t  700 x g f o r  10 min t o  obtaLn t-le f i n a l  p e l l e t  (head f r a c t i o n )  

which was resuspended i n  1 m l  medium. The t a i l  f r a c t i o n  was , 

c e n t r i f u g e d  twice a t  120 x g f o r  10 min, t h e  p e l i e t  d i s c a r d e d ,  

then  c e n t l i f u g e d  a t  700 x g f o r  40 min. 

f r a c t i o n )  was resuspended i n  1 m l  medium. Contamination of t h e  

The p e l l e t  ( t a i l  

two f r a c t i o n s  determined by hemocytometer was 4% o r  less t a i l s  i n  

t h e  head f r a c t i o n  and 8% o r  iess heads i n  t h e  t a i l  f r a c t i o n .  

Thin Layer Chromat ogr aphv of Sperm Phosphol ip ids  

A f t e r  t e r m i n a t i o n  of a e r o b i c  incubat ion ,  a 20 u l  a l i q u o t  of 

t h e  sperm suspension was a p p l i e d  d i r e c t l y  t o  t h e  preabsorbent  zone 
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PHOSPHOLIPID COMPOSITION IN SPERMATOZOA 3561 

of t h e  scoyed Whatman LK5 s i l i c a  g e l  p l a t e .  The l a y e r s  were 

predeveloped t h r e e  t imes  i n  1:l chloroform-methanol t o  t h e  

i n t e r f a c e  of t h e  preabsorbent  zone t o  e x t r a c t  t h e  phosphol ipid and 

d e p o s i t  it as a i i n e  on t h e  s t a r t i n g  poin t  of t h e  chronatogram. 

The mob i 1 e phase wa s c h l o  r o  form- e t hano I- t r i e t hy lam i ne -wa t e r  

(30:30:34:8) ( 1 4 ) .  Development was allowed t o  proceed f o r  ca .  1 .5  

h r  u n t i l  t h e  mobile phase reached 2 cm from t h e  t o p  of t h e  p l a t e .  

The p l a t e s  were d r i e d  and 1 inch s t r i p s  from both edges ,  where t h e  

s t a n d a r d s  had been a p p l i e d ,  were c u t  and d r i e d  a t  1 7 O o C  f o r  2 min 

t o  remove r e s i d u a ?  s o l v e n t .  Half of t h e  s t r i p s  were sprayed w i t h  

a 10% (w/v) s o l u t i o n  of CuS04 i n  8% (v/v) H3P04, and t h e  o t h e r  

h a l f  were sprayed w i t h  a 0.27; s o l u t i o n  of ninhjydrin i n  ace tone  t o  

i d e n t i f y  t h e  PE f r a c t i o n .  

d r i e d  f o r  5 min. a t  room tempera ture ,  heated i n  an oven a t  l l O ° C  

f o r  5 min, and f i n a l l y  p;aced i n  an oven a t  1 7 O o C  f o r  2 min. 

phosphol tpid u n s a t u r a t i o n  was t c  be measured, a 3% (w/v) s o l u t i o n  

of Cu (CH COO) i n  8% H PO which s t a i n s  only u n s a t u r a t e d  

phosphol ip ids  was used ( 1 4 ) .  

were hea ted  a t  110 C f o r  5 min, and t h e n  placed i n  a n  oven a t  

1 8 O o C  f o r  10 min. 

i n  an oven a t  110 C fo; 5 min. 

Then p l a t e s  sprayed w i t h  CuS04 were 

When 

3 2  3 4  

P l a t e s  sprayed w i t h  Cu (CH3C00)2 

0 

Ninhydrin-sprayed p l a t e s  were placed d i r e c t l y  

0 

Plasmalogen a n a l y s i s  was c a r r i e d  out  i n  s i t u  by s t r e a k i n g  20 

u l  of t h e  sperm suspension on t h e  preabsorbent  zone of scored LK5 

p l a t e s .  

a c i d  (TCA) and 8% ( v / v )  HC1 (TCA/HCl) were added t o  t h e  sample. 

P l a t e s  remained a t  room tempera ture  f o r  10 min t o  a s s u r e  complete 

Then 25 u l  of a 1:l mixture  of 2% (v/v) t r i c h l o r o a c e t i c  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



3562 ALVAREZ ET AL. 

h y d r o l y s i s  of t h e  a l k e n y l e t h e r  group. Predeve opments and f i n a l  

development were t h e n  c a r z i e d  out  as  descr ibed  above. A f t e r  f l n a l  

development, t h e  p l a t e s  were d r i e d  and one s t r i p  was c u t  from each 

edge of t h e  p l a t e  i n  such a way t h a t  twc l a n e s  would be on each 

s t r i p .  

sprayed w i t h  t h e  CuS04 reagent  and  t h e  o t h e r  wi th  t h e  n inhydr in  

r e a g e n t ,  as descr ibed  above. The s o l v e n t  f r o n t  a r e a  was sprayed 

w i t h  a s o l u t i o n  of S c h i f f  Reagent (15)  f o r  aldehyde (A) 

i d e n t i f i c a t i o n  and q u a n t i t a t i o n  on t h e  CuSO -sprayed p i a t e .  

These s t r i p s  were d r i e d  a t  17OoC f o r  2 min. One was 

4 

The developed chromatograms were scanned i n  a Kontes F iber  

Opt ic  Scanner (Model 800), us ing  a 440 nm f i l t e r  and a Hewlett 

Packard 3390A i n t e g r a t o r .  S y n t h e t i c  phosphol ipid s t a n d a r d s  

between 0.5-5 ug gave l i n e a r  curves ,  s o  procedures  were a d j u s t e d  

t h a t  t h e  amounts a p p l i e d  t o  t h e  p l a t e s  were i n  t h i s  range. 

Amounts of t h e  unknowns were i n t e r p o l a t e d  d i r e c t l y  from t h e  

s tandard  curves .  The d e t e c t a b i l i t y  l i m i t  was 0.05 ug phospho- 

l i p i d .  

Raheja e t  a l .  (16) .  

Phosphol ipid phosphorus was determined by t h e  method of 

The phosphol ip ids  PG and CL were found t o  m i g r a t e  t o g e t h e r  i n  

t h e  s o l v e n t  system descr ibed  above. The combined PG and CL bands 

were removed form t h e  p l a t e  p o s i t i o n  l o c a t e d  by CuS04 by adding a 

few drops of w a t e r ,  fol lowed by e x t r a c t i o n  wi th  3 m l .  of 

chloroform-methanol (1:l). The e x t r a c t  was f i l t e r e d  through a 

M i l l i p o r e  membrane (0.45 um) t o  remove r e s i d u a l  s i l i c a  and d r i e d  

under n i t r o g e n .  Recovery was a t  l e a s t  95%. The two phosphol ip ids  
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PHOSPHOLIPID COMPOSITION IN SPERMATOZOA 3563 

were s e p a r a t e d  on s i l i c a  g e l  H p l a t e s .  Predevelopment i n  1:l  

chloroform-methanol was allowed t o  reach  2.5 cm from t h e  lower 

l i m i t  of t h e  p l a t e .  Deveiopment w i t h  chloroform-methanol-acetic 

acid-water  (60:14:6:2) (12)  proceeded u n t i l  t h e  so lvent  f r o n t  

reached 3 cm from t h e  t o p  of t h e  p l a t e .  The p l a t e s  were then 

d r i e d  and 2.5 cm s t r i p s  from both edges of t h e  p l a t e s ,  where PG 

and CL s tandards  had been a p p l i e d ,  were used f o r  l o c a t i o n  by CuSO 

s t a i n i n g .  

4 
Q u a n t i t a t i o n  was by dens i tomet ry  a s  descr ibed  above. 

RESULTS AND DISCUSSION 

Comparison of Mouse and Rabbit Sperm Phosphol ip ids  

The presence  of diplasmalogen i n  t h e  ethanolamine 

phosphol ip id  component of mouse epididymal spermatozoa is  shown by 

comparison of t h e  phosphol ip id  p r o f i l e s  depic ted  by t h e  d e n s i t o -  

m e t r i c  t r a c e s  i n  F igure  1. The t o p  t r a c e  was obtained a f t e r  

e x t r a c t i o n  from f r e s h  sperm suspended i n  medium NTPC and 

s e p a r a t i o n  w i t h  CuS04 s t a i n i n g .  

from t h e  same sample t r e a t e d  w i t h  t h e  TCA/HCl reagent  t o  hydrolyze 

t h e  plasmalogen v i n y l e t h e r  l i n k .  The peak f o r  PE was n e a r l y  

e l i m i n a t e d  w i t h  no appearance of a peak f o r  lyso  PE. A p a r a l l e l  

chromatogram s t a i n e d  w i t h  n inhydr in  f o r  ethanolamine s p e c i e s  

showed t h e  presence only of glycerylphosphoethanolanke. 

TCA/HCl r e a g e n t  reduced t h e  PC peak by about h a l f ,  w i t h  appearance 

of t h e  l y s o  form of PC, i n d i c a t e d  by LPC i n  t h e  chromatogram. The 

TCA/HCl r e g e n t  hydro lyzes  t h e  0-1’-alkenyl groups a t t a c h e d  t o  t h e  

The bottom t r a c e  was obta ined  

The 
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SF PC 

SF 

FIGURE 1. 
(TLC) p l a t e s  on which p h o s p h o l i p i d s  from f r e s h  mouse epididymal  
spermatozoa were s e p a r a t e d  and s t a i n e d  w i t h  CUS04. 
chromatogram shows t h e  phospho l ip id  p r o f i l e  o b t a i n e d  w i t h  f r e s h  
sperm and no f u r t h e r  t r e a t m e n t .  The components i d e n t i f i e d  by t h e  
l a b e l l e d  bands t o  t h e  r i g h t  of t h e  s o l v e n t  f r o n t  (SF) a r e :  FA, 
f a t t y  a c i d ;  CL,  c a r d i o l i p i n ;  PE ,  phosphatidylethanolamine; PC, 
p h o s p h a t i d y l c h o l i n e ;  SP,  sphingomyelin;  LPC, ly sophospha t idy l -  
c h o l i n e .  The lower chromatogram shows t h e  phospho l ip id  p r o f i l e  
o b t a i n e d  a f t e r  t r e a t m e n t  w i t h  TCA/HCL r e a g e n t .  

D e n s i t o m e t r i c  t r a c e s  from t h i n  l a y e r  chromatography 

The upper  

g l y c e r o l  moiety of t h e  plasmalogen t o  a ldehydes .  

chromatogram s t a i n e d  w i t h  S c h i f f  Reagent showed t h e  appea rance  of 

a l k y l  a ldehyde  i n  t h e  amount expec ted  f o r  two a ldehydes  p e r  PE and 

one p e r  PC l o s t .  T h i s  r e s u l t  co r re sponds  t o  plasmalogen PE a s  

d ip l a sma logen  and plasmalogen PC a s  monoplasmalogen in mouse 

sperm, a s  was a l s o  obse rved  i n  r a b b i t  sperm (11). 

A p a r a l l e l  
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PHOSPHOLIPID COMPOSITION IN SPERMATOZOA 3565 

The amounts of t h e  d i f f e r e n t  phospho l ip ids  p r e s e n t  i n  f r e s h  

mouse and r a b b i t  epididymal  spermatozoa a r e  shown i n  Tab le  1. 

A l s o  shown i n  Tab le  1 i s  t h e  p h o s p h o l i p i d  phosphorus determined 

independen t ly  f o r  e a c h  component i n  r a b b i t  sperm. 

p h o s p h o l i p i d  phosphorus t o  ug phospho l ip id  so  o b t a i n e d  was 

remarkably c o n s t a n t :  t h e  mean 2 S.D. was 0.0403 2 0.0002 f o r  t h e  

The r a t i o  of ug 

TABLE 1. Phospho l ip id  Content  and Composition of F resh  Mouse and 
Rabb i t  Spermatozoa 

Ptlog.,  d 

Phospho l ip ida  ug/108 c e i l s  % X T o t a l  ua/ lO c e i i s  

PC Rabb i t  7223 9 5  50 50.1 2 . 8 8 ~ 1 8  

Con e n t  Unsa t . ,  PGEN' % of 

Mouse 17524 85 50 62.5 7 .O 

PE Rabbi t  2021 94 90 13.9 0.8 120.1 7 
Mouse 3 521 9 5  93 12 .5  1.4 

SP Rabb i t  3 2+2 81 0 22.7 1.31+0.10 
Mouse 5 5+5 87 0 19.6 2.2 

CL RabbLt 721  40 30 4.8 0.28+0.04 
Mouse 1 522 74 30 5.4 0.6 

PG Rabbi t  1051 60 50 6.8 0.40+0.06 
Mouse ND - - - - 

aPC: p h o s p h a t i d y l c h o l i n e ;  PE: phosphatidylethanolamine; SP: 
sphingomyelin;  CL: c a r d i o l i p i n ;  PG: p h o s p h a t i d y l g l y c e r o l .  

bValues a re  means 5 S.D., n=10. Values  f o r  mouse sperm from t h i s  
s t u d y ,  v a l u e s  f o r  r a b b i t  sperm from ( 1 1 ) .  ND: n o t  d e t e c t a b l e .  
Rabb i t  sperm a l s o  c o n t a i n  1 . 7 %  lysophosphatidylcholine; t h i s  
component was n o t  d e t e c t a b l e  i n  mouse sperm. 

'PGEN: plasmalogen;  p e r c e n t a g e s  a re  f o r  each  p h o s p h o l i p i d  

dValues f o r  r a b b i t  sperm phospho l ip id  phosphorus c o n t e n t  a r e  means 
+ S.D., n=3. Values  f o r  mouse sperm were c a l c u l a t e d  u s i n g  0.040 

f o r  r a t i o  of phosphorus t o  p h o s p h o l i p i d  ( s e e  t e x t ) .  

component. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



3566 ALVAREZ ET AL. 

f i v e  components. T h i s  r a t i o  i s  i d e n t i c a l  t o  t h a t  of 0.040 

r e p o r t e d  e a r l i e r  by S c o t t  e t  a l .  (17 )  f o r  ram spermatozoa. I t  was 

used t o  c a l c u l a t e  t h e  phosphoi l p i d  phosphorus f o r  t h e  phospho l ip id  

components i n  mouse speim (which a r e  a v a i l a b l e  i n  c o n s i d e r a b l y  

sr ia l lez  amounts t h a n  r a b b i t  sperm) i n  TabLe 1. 

The d i s t r i b u t i o n  of phospho l ip id  components between t h e  heads 

and t a i l s  o f  mouse and r a b b i t  sperm i s  shown Ln Tab le  2 .  Most of 

t h e  PE and CL i s  a s s o c i a t e d  w i t h  t h e  t a i l  f r a c t i o n .  F u r t h e r  

8 Of TABLE 2 .  D i s t r i b u t i o n  o f  Fhospho l ip ids  Between Heads and T a i l  
Mouse and Rabb i t  Sperm. Con ten t s  a r e  Given i n  ug/lO 
C e l l s .  

Mouse Rabbi t  

- PLa - Head Tail 
PE NDb 3 553 321 1851 

PC 1 0 5 ~ 7  6 529 3 153 3954 

SP 3 024 2 3+4 11+1 2 1+1 

CL/PG 1743 451 

aPL: Phospho l ip id ;  PE: phosphatidylethanolamine; PC: 
phosphat  i d y l c h o  1 i n e  ; SP : sph Lngomy e l  i n  ; C : L c a r d i o l  i p i n ;  PG : 
p h o s p h a t i d y l g l y c e r o l .  I n  t h i s  group of expe r imen t s ,  t h e  
s e p a r a t i o n  s t e p  f o r  PG and CL was n o t  performed.  
CL/PG a r e  t h e  combined p h o s p h o l i p i d s  f o r  r a b b i t  sperm; mouse 
sperm does n o t  have d e t e c t a b l e  PG ( s e e  Tab le  1 . ) .  
means 5 S.D. ,  n=7 f o r  mouse sperm and n=12 f o r  r a b b i t  sperm. 

The v a l u e s  f o r  

Values  a r e  

bNot d e t e c t a b l e  

‘In a s e p a r a t e  g roup  of expe r imen t s  w i t h  r a b b i t  sperm, a l l  t h e  CL 
was found i n  t h e  t a i l  f r a c t i o n ,  wh i l e  t h e  d i s t r i b u t i o n  of PG was 
20% head,  80% t a i l .  
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a n a l y s i s  of t h e  PE i n  t h e  r a b b i t  sperm head d i d  n o t  d e t e c t  plasma- 

iogen  and gave 55% u n s a t u r a t i o n .  S ince  t h e  l i m i t  of d e t e c t a b i l i t y  

of plasmalogen i s  1 ug/lO c e i i s ,  t h i s  means t h a t  plasmalogen 

a c c o u n t s  f o r  l e s s  t h a n  25% of t h e  head PE component. I n  c o n t r a s t ,  

a l l  t h e  t a l l  PE i n  r a b b i t  sperm as sayed  a s  diplasmalogen.  

a 

L i p i d  P e r o x i d a t i o n  of Sperm Phospho l ip ids  

The TLC p r o f i l e  of p h o s p h o l i p i d s  e x t r a c t e d  from r a b b i t  

sperm, which had been incuba ted  a e r o b i c a l l y  f o r  0 .5 ,  4 ,  and 20 h r  

i n  medium NTP, i s  shown in F i g .  2. The lo s s  of PE a f t e r  4 h r  i s  

e s s e n t i a l l y  comple t e ,  w h i l e  PC, SP, and CL have dec reased  

r e l a t i v e l y  l i t t l e .  The t ime cour se  fo r  t h e  l o s s  of t h e  PC and PE 

components of r a b b i t  due t o  p e r o x i d a t i o n  i s  shown i n  more d e t a i l  

i n  F i g .  3. In medium NTP ( F i g .  3 ,  upper  p a n e l ) ,  t h e  complete  l o s s  

of PE a t  4 h r  c o n r r a s t s  w i t h  t h e  r e l a t i v e l y  slow l o s s  of PC which 

amounted t o  42% i n  20 hi-. The d e c r e a s e  i n  u n s a t u r a t e d  PC fol lowed 

t h a t  of bu t  a t  20 h r  t h e  l o s s  of PC plasmalogen amounted t o  74%. 

A s u r p r i s i n g  r e s u i t  was t h e  i n c r e a s e d  l a b i l i t y  of bo th  PC and PE 

components of r a b b i t  sperm i n  medium KTY (F ig .  3 ,  bottom p a n e l ) .  

A t  t h e  f i r s t  t ime p o i n t  of 0.5 hi- ,  PE had dec reased  t o  

u n d e t e c t a b l e  leve!s, l e s s  t h a n  10% of PC plasmalogen remained,  and 

o n l y  50% of t h e  PC component remained,  t a k i n g  t h e  components s t i l l  

p r e s e n t  i n  NTP a t  t h i s  t i m e  p o i n t  a s  100%. 

0.5 h r  of t h e  PC component can be accounted f o r  by l o s s  of PC 

plasmalogen.  M o t i l i t y  d e c l i n e  and l i p i d  p e r o x i d a t i o n  r a t e  i n  

The e a r l y  l o s s  w i t h i n  
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SF PC 

SF 

FIGURE 2 .  Dens i tome t r i c  t r a c e s  from TLC p l a t e s  on which 
phospho: ipids  of  a e r o b i c a l l y  incuba ted  r a b b i t  epididymal  
spe rxa tozoa  were s e p a r a t e d  and s t a i n e d  w i t h  CuSO The a e r o b i c  
i n c u b a t i o n  was c a r r i e d  o u t  i n  medium NTP. IncubiLion t imes  f o r  
each  sample were:  0.5 11 (upper  t r a c e ) ,  4 h (middle  t r a c e ) ,  20 h 
( iower t r a c e ) .  
un iden t  i f i e d  l i p i d .  

Bands a r e  l a b e l i e d  a s  i n  F i g .  1 ;  UL s t a n d s  f o r  

r a b b i t  sperm were p r e v i o u s l y  found t o  be f a r  more r a p i d  i n  medium 

KTP ( 8 ) .  

connec ted ,  a r e  n o t  y e t  unde r s tood .  They do, however, s e r v e  t o  

show t h a t  t h i s  chromatographic  p rocedure  i s  c a p a b l e  of mon i to r ing  

r a p i d  r a t e s  of pe rox i .da t ive  phospho l ip id  l o s s .  

A t  p r e s e n t ,  t h e s e  unusual  e f f e c t s  of KTP, which may be 

The t ime  c o u r s e  of phospho l ip id  l o s s  due t o  spontaneous 

p e r o x i d a t i o n  i n  mouse sperm i s  shown i n  F ig .  4 .  Two media were 
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NTP 

I KTP 

0 10 i 
AEROBIC INCUBATION TIME IN 

HOURS AT 37OC 

FIGURE 3. Time course  of t h e  l o s s  of phosphat idylchol ine  (PC) and 
phosphatidylethanoiamine ( P E )  f rom r a b b i t  epididymal sperm 
a e r o b i c a l l y  incubated i n  medium NTP ( t o p  panel )  and medium KTP 
(bottom p a n e l ) .  Symbols a r e  a s  fo l lows:  ( O ) ,  PC t o t a l ;  (01, PC 
u n s a t u r a t e d ;  ( O ) ,  PC plasmalogen; (4) P E ,  which i s  over 90% 
diplasmalogen.  Each p o i n t  i s  t h e  mean of 10 d e t e r m i n a t i o n s ;  e r r o r  
b a r s  a r e  s tandard  d e v i a t i o n s .  

t e s t e d :  NTPC, i n  which r e s i s t a n c e  t o  p e r o x i d a t i o n  i s  maximal, and 

medium TNC, i n  which r e s i s t a n c e  i s  much l e s s  ( 9 ) .  Again, as seen 

w i t h  i -abbi t  sperm, t h e  PE component was t h e  one most r a p i d l y  

l o s t .  The t o t a l  PC content  i n  medium NTPC decreased 80% over a 

per iod  of 20 h r  (F ig .  4 ,  t o p  p a n e l ) ,  whi le  PC p lasna logen  was 

completely l o s t  over a 10 h r .  Loss of phosphol ip ids  was more 

r a p i d  dur ing  a e r o b i c  i n c u b a t i o n  i n  medium TNC ( F i g  4 ,  bottom 

p a n e l ) .  

observed i n  medium NTPC. 

The p a t t e r n  of l i p i d  l o s s  however, was similar t o  t h a t  
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1 
AEROBIC INCUBATION TIME IN 

HOURS AT 37OC 

FIGURE 4 .  Time c o u r s e  of t h e  loss of PC and PE from mouse 
ep id idymal  sperm a e r o b i c a l l y  i n c u b a t e d  i n  medium NTPC ( t o p  p a n e l )  
and medium TNC (bo t tom p a n e l ) .  Symbols a r e  t h o s e  used i n  F i g .  3. 
Each p o i n t  Is t h e  mean of 10 d e t e i m i n a t i o n s ;  e r r o r  b a r s  a re  
s t a n d a r d  d e v i a t i o n s .  

Sphlngomyelin c o n t e n t  i n  r a b b i t  ep id idymal  spermatozoa 

i n c u b a t e d  a e r o b i c a l l y  in medium NTP d e c r e a s e d  l i n e a r l y  w i t h  

i n c u b a t i o n  t i m e  o v e r  a p e r i o d  of 20 h r ,  a t  t h e  end of which i t s  

c o n t e n t  was 40% of  t h e  amount p r e s e n t  p r i o r  t o  a e r o b i c  i n c u b a t i o n  

( F i g .  5 ,  uppe r  p a n e l ) .  

t o  t h e  l o s s  of u n s a t u r a t e d  f a t t y  a c i d  m o i e t i e s ;  t h e  c o n t e n t  of 

s a t u r a t e d  SP remained c o n s t a n t .  I n  medium KTP, SP loss o c c u r r e d  

a t  a f a s t e r  r a t e  w i t h  a 70% loss  o v e r  a p e r i o d  of 20 h r .  

Sphingomyelin c o n t e n t  i n  mouse ep id idymal  spermatozoa i n c u b a t e d  

a e r o b i c a l l y  i n  medium NTPC d e c r e a s e d  l i n e a r l y  w i t h  i n c u b a t i o n  t i m e  

T h i s  loss i n  SP c o n t e n t  was e n t i r e l y  due 
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'O 1 
z 
0 I 

t 
v) 

0 12 24 
AEROBIC INCUBATION TIME IN HOURS 

AT 37O C 

FIGURE 5.  Time course of the  l o s s  of sphingomyelin (SP)  from 
r a b b i t  sperm incubated a e r o b i c a l l y  in  medium NTP and :nedium KTF' 
( t o p  p a n e l )  and f rom mouse sperm incubated a e r o b i c a l l y  i n  medium 
NTPC and nedium TNC (bottom p a n e i ) .  Open c i r c l e s  ( 0 )  r e p r e s e n t  
Lotal SP; c losed  c i r c l e s  ( @ )  r e p r e s e n t  u n s a t u r a t e d  SP.  

wi th  a 20% l o s s  over a per iod  of 20 h r  ( F i g .  5 ,  bottom p a n e l ) .  

The lo s s  of SP content  was a l s o  e n t i r e l y  due t o  t h e  l o s s  of 

u n s a t u r a t e d  f a t t y  a c i d  rco ie t ies .  When mouse sperm were incubated 

i n  medium TNC, SP l o s s  occurred a t  a r a p i d  r a t e  wi th  a 40% l o s s  up 

t o  10 h r ,  t h e n  w i t h  o n l y  a n  a d d i t i o n a l  5%: l o s s  up t o  24 h r  of 

a e r o b i c  incubat ion .  SP seems t o  be t h e  component most r e s i s t a n t  

t o  l o s s  by p e r o x i d a t i o n  of t h e  phosphol ip ids  i n  both  mouse and 

r a b b i t  spermatozoa. 

The t ime course  curves  of f i g u r e s  3-5 show t h a t  t h e  TLC 

methods f o r  phosphol ipid a n a l y s i s  provide a r a p i d  and convenient  
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t echn ique  f o r  m o n i t o r i n g  t h e  changes i n  phospho l ip id  type  and 

c o n t e n t  of c e l l s  a s  a f u n c t i o n  of t ime  and t r e a t m e n t .  C e l l  

s u s p e n s i o n s  can be a p p l i e d  d i r e c t l y  t o  t h e  p l a t e s  t o  i n s u r e  

a g a i n s t  losses  which may a r i s e  d u r i n g  conven t iona l  e x t r a c t i o n  

t e c h n i q u e s .  These methods,  h e r e  demonstrated foz spermatozoa,  a r e  

a p p l i c a b l e  t o  f o l l o w i n g  changes of c e l l  phospho l ipds  ove r  t ime 

w i t h  any c e l l  t ype .  
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