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Scanning electron microscopic observation of sperimophage cell within the lumen of the epididymal 
duct of the vasectomized Japanese monkey  (Macacus fuscatus) 
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Department o /Anatomy,  Kurume University School of Medicine, Kurume 830 (Japan), 30 December 1976 

Summary. The  spe rmiophag ic  process  b y  i n t r a l u m i n a l  m a c r o p h a g e s  in t h e  e p i d i d y m a l  duc ts  of t h e  vasec tomized  J a p a n e s e  
m o n k e y  was well  v i sua l ized  w i t h  s c a n n i n g  e lec t ron  microscope.  The  f r a g m e n t s  of d i s i n t e g r a t e d  s p e r m a t o z o a  were seen 
in t he  phase  enve loped  in b u l k  b y  f lap-l ike cy top la smic  ex tens ions  or in  t h e  phase  inges ted  w i t h i n  the  cy top lasm.  

I n t r a l u m i n a l  phagocy to s i s  of s p e r m a t o z o a  b y  macro-  
phages  ha s  r ecen t l y  been  r epo r t ed  in  t i le e p i d i d y m a l  duc t s  
a f t e r  surgical  o r  pa tho log ica l  o b s t r u c t i o n  of t h e  de fe ren t  
d u c t  in  severa l  m a m m a l s  1-~. The  s imi la r  s p e r m i o p b a g y  
in t he  e p i d i d y m a l  i u m e n  ha s  also been  d e m o n s t r a t e d ,  even  
in n o r m a l  an ima l s  i nc lud ing  men6,  L However ,  t he  ob-  
s e r v a t i o n  conce rn ing  t h e  s p e r m i o p h a g y  h i t h e r t o  r epo r t ed  
was m a i n l y  car r ied  o u t  on  t issue sect ions  fol lowing l igh t  
or t r a n s m i s s i o n  e lec t ron  microscopy,  a n d  t he  desc r ip t ion  

us ing  t e c h n i q u e  of s cann ing  e l ec t ron  mic roscopy  wh ich  is 
p a r t i c u l a r l y  useful  in  v i sua l iz ing  t h e  3d imens iona l  de ta i l  
of phagocy tos i s  h a s  n o t  y e t  been  widely  r epor ted .  There -  
fore, in t h e  p r e s e n t  s t u d y  t h e  s p e r m i o p h a g y  b y  macro-  
phages  in t h e  e p i d i d y m a l  d u c t  of t h e  vasec tomized  J a p a n -  
ese m o n k e y  is obse rved  w i t h  s c a n n i n g  e lec t ron  micro-  
scope. 
Materials and methods. 2 h e a l t h y  a d u l t  J a p a n e s e  m o n k e y s  
(Macaca fusca ta)  we igh ing  8-12 kg  were an es t h e t i z ed  w i t h  
n e m b u t a l  a n d  v a s c t o mi zed  b i la te ra l ly .  As v a s e c t o m y  t h e  
e p i d i d y m a l  e x t r e m i t y  of t h e  d e f e r e n t  d u c t  was  d o u b l y  
l iga ted  w i t h  silk an d  d iv ided  1 m o n t h  before  t h e  exper i -  
men t s .  T h e  s ame  t y p e  of l iga t ion  was also p laced  a r o u n d  
t h e  e f fe ren t  d u c t  to  p r e v e n t  t h e  t r a n s f e r  of t h e  newly  pro-  
duced  s p e r m a t o z o a  f rom t h e  semin i fe rous  t u b u l e s  in to  
t h e  e p i d i d y m a l  duc t .  The  an i ma l s  were sacr i f iced b y  
vascu l a r  pe r fus ion  w i t h  K a r n o v s k y ' s  a ldehyde  a g e n t  8. 
Blocks  of t h e  t i ssues  o b t a i n e d  f rom t h e  ini t ial ,  midd le  and  
t e i m i n a l  s egmen t s  of t h e  e p i d i d y m a l  d u c t  t h u s  t r e a t e d  
were  i m m e r s e d  in t h e  sanle  a g e n t  for 5 h a n d  gen t ly  
washed  severa l  t imes  in phys io logica l  sal ine so lu t ion  to  

Fig. 1. Surface of an intraluminaI macrophage viewed 30 days after 
vasectomy. • 4600. 
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Fig. 2. Fractured surface of an intraluminal macrophage showing 
ingestion of fragments of spermatozoa by its flap-like cytoplasmic 
extensions. Arrow indicates an engulfed sperm head. x 4500. 

Fig. 3. Fractured surface of an intraluminal macrophage containing 
ingested sperm heads within its cytoplasm, x 8200. 
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rinse away  mucus  in the  ep id idymal  lumen.  The speci- 
mens were pos t f ixed in osmium te t rox ide  for 2 h, de- 
hydra t ed  in an ascending acetone series and dr ied by  the  
cri t ical  po in t  me thod  using carbon dioxide. They  were 
then  coated wi th  gold by  ion sput te r  coat ing me thod  and 
viewed in a Hi t ach i  field emission scanning electron 
microscope (HFS-2).  The remaining  half of the  specimens 
was f rac tured  by  frozen resin cracking m e t h o d  prior  to the  
cri t ical  drying.  
Results and discussion. In  the  ep id idymal  ducts  of the  
vasec tomized animals,  there  are f ragmented  or disinte- 
gra ted  spermatozoa  in a high concentra t ion.  The  macro-  
phages are present  here and  there  among  these disinte- 
gra ted  spermatozoa.  Tile macrophages  v a r y  in shape 
f rom spherical  to f la t tend,  p robab ly  depending  upon 
funct ional  stage, and possess short  r idge-like microvi l l i  
loosely d is t r ibuted on thei r  surface to which the  frag- 
men ted  por t ions  of d is in tegra ted  spermatozoa  adhere 
(figure 1). The f ractured surfaces of the  specimens reveal  
var ious  stages of spermiophagy  by  the macrophage.  Ma- 

crophage seen in figure 2 is re la t ive ly  i rregular  in shape 
and engulfes in bulk  such f ragments  of d is in tegra ted  sper- 
ma tozoa  as head  and ta i l  by  flap-l ike cy toplasmic  ex-  
tensions. F i g u r e 3  shows a surface of another  macrophage  
f rac tured  th rough  the  nucleus. This  macrophage  is more 
spherical  t han  t h a t  in figure 2 and has no p rominen t  cyto-  
plasmic process. I t s  cy top lasm contains  a number  of fusi- 
form inclusions suggest ive of ingested sperm heads  in 
addi t ion  to m a n y  spherical  bodies p resumably  correspond- 
ing to lysosomes or residual  bodies. The macrophage  
shown in figure 3 m a y  be in more advanced  stage of phago-  
cytosis  t han  t h a t  in figure 2. There  is no morphologica l  
ev idence  for up t ake  of spermatozoa  by  epi thel ial  ceils in 
any  region of the  ep id idymal  duct.  The  results indicate  
t h a t  disposal  of d is in tegrated spermatozoa  in the  epididy-  
mal  duc t  of the  vasec tomized  Japanese  monkey  m a y  be 
managed  mainly,  a l though  no t  only, by  macrophages  ap- 
peared in the  lumen  as t he  resul ts  of t he  repor ts  on this 
p rob lem so far. The  origin of the  macrophage  remains  still 
obscure 1, 2, ,. 
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homologous lipids 
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Summary. In tegra l  and per ipheral  protein fract ions from h u m a n  red cell membranes  were recombined  With a to ta l  red 
cell l ipid ex t rac t  and wi th  homologous lipids in va ry ing  mixtures ,  by  dialysis f rom 2-chlorethanol  solutions. The  2 
prote in  fract ions were compared  for lipid binding capac i ty  and for se lec t iv i ty  towards  individual  lipids. 

Red blood cell membrane  proteins  and lipids can be 
dissociated and recombined,  in a va r i e ty  of exper imenta l  
conditions,  to form membrane- l ike  s t ructures  which lack 
enzymat ic  act ivi t ies  1-5. Membranes  which are formed by  
dialysing 2-chlorethanol  (2-CE) solutions of membrane  
proteins  and lipids against  neut ra l  aqueous  buffer, possess 
bu t  few in t r amembrana l  part icles  6. I t  has been shown, 
however ,  t h a t  t i le membrane  protein s t ructure  is pre- 
served sufficiently to re ta in  l ipid-binding specificity ~. 
The  membrane  proteins  h a v e  been classified as in tegra l  
and per ipheral  s' 9. Whi le  the  per ipheral  proteins  in te rac t  
weakly  wi th  lipids, the  in tegra l  proteins exhibi t  s t rong 
hydrophobic  in teract ions  wi th  the  lipid bi layer  w h o m  they  
pene t ra te  s-11. I n  this  repor t  we present  a compara t ive  
s tudy  on the  l ipid-binding capac i ty  and select ivi ty  for 
lipid of the  integral  and per ipheral  prote in  fract ions f rom 
human  red cell membranes .  We  compared,  for each pro- 
te in fract ion,  the  binding of charged and uncharged 
phospholipids and of neut ra l  lipid, bo th  f rom a to ta l  red 
cell l ipid ex t r ac t  and f rom vary ing  mixtures .  
Materials and methods. Ghosts were prepared  f rom human  
blood stored in ac id-c i t ra te-dextrose  for 22-23 days  ac- 
cording to the  me thod  of Fa i rbanks  et al. 12, the  5 mM 
sodium phospha te  buffer  (pH 8) being supplemented  wi th  
t rasy lo l  (19 k l U / m l ) .  Per iphera l  proteins  were obta ined  
by  successively ex t rac t ing  the  ghosts wi th  1 mM E D T A  12 
and H~O at  p H  1113. The  proteins  in the  combined  ex- 
t rac ts  were  prec ip i ta ted  wi th  a m m o n i u m  sulphate  a t  50% 
satura t ion,  freed f rom a m m o n i u m  sulfate by  dialysis, 
lyophil ized and  s tored as d ry  powder  a t  4~ The  per iph-  
eral proteins  conta ined 0.0197 [zmoles N-ace ty lneuramin ic  
acid per  mg  protein.  Acry lamide  gel electrophoresis  

showed the  predominance  of prote in  bands  t ,  I I  and V 
(figure). 
The  integral  pro te in  fract ion was prepared  f rom the 
residual ghost  f ragments  by  ex t rac t ion  wi th  8 M urea-1 
mM E D T A  (pH 8) - 1% fl-mercaptoethano118. Fol lowing 
dialysis, the  pel let  was del ipidated x3. In tegra l  proteins  
were s tored as a d ry  powder  a t  4~ This f ract ion con- 
ta ined  0.1222 [xmoles N-ace ty lneuramin ic  acid per  mg 
protein,  and residual phosphat idylser ine.  Acrylamide  gel 
electrophoresis  shows the  p redominance  of band  I I I  in 
this f ract ion (figure). 
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