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The  m e a n  nuc lea r  vo lumes  of these  m a x i m a  are in t he  
r a t io  of 1 : 2 : 4 : 4  etc. Dev ia t i ons  f rom th i s  rule  were 
obse rved  w h e n  the  n o r m a l  func t ion  of t he  cells changed .  
BIgNNINGHOFF 7 found,  in  ins t ances  of increased  cell 
func t ion ,  a n  increase  of t he  nuc lear  vo lume,  and  vice- 
ve r sa  a decrease  of t he  nuc lea r  v o l u m e  w h e n  t he  cell 
f unc t ion  decreased  ( ' F u n c t i o n a l  swel l ing a n d  shr ink ing ' ) .  
JERUSALEM8 po in t ed  ou t  t h a t  a n  increase  oi t he  nuc lea r  
vo lume  can  be  a s y m p t o m  of a cel lular  lesion e.g. in t h e  
k idneys  a f t e r  a d m i n i s t r a t i o n  of a l loxan,  t r y p h a n  blue  
and  in ins t ances  of lower n e p h r o n  nephros i s  ( ' dys t roph ic '  
swelling).  I n  b o t h  func t iona l  and  dys t roph ic  changes ,  
the  increase  and  decrease  of t he  nuc lea r  vo lume  is g r adua l  
and  does no t  a p p e a r  s tepwise  a n d  pa r t i cu l a r l y  no t  in 
doub l ing  in te rva l s .  Moreover,  t he re  was no  increase  in 
t h e  n u m b e r  of ex is t ing  ' m a x i m a ' .  

Accord ing  to JERUSALEM and  ZAKI9 t h e  occurrence  of 
new cell popu l a t i ons  w i t h  d i f fe ren t  nuc lea r  sizes, wh ich  
man i fes t s  in  new ' m a x i m a ' ,  is a charac te r i s t i c  s ign for 
t i ssues  showing  a h igh  ra t e  of cell pro l i fe ra t ion .  T h e y  
f u r t h e r  added  t h a t  t he  nuclei  s y n t h e t i z e  D N A  which  does 
no t  resu l t  in  a g radua l  b u t  s tepwise  increase  of t h e  
nuc lea r  vo lume.  T h e y  also obse rved  t h a t ,  on  t h e  o the r  
hand ,  t h e  h igh  r a t e  of mi tos is  leads  to  a qu ick  r educ t i on  
of t h e  nuc lea r  v o l u m e  w h e n  t h e  cell ha s  f in ished t he  D N A  
redup l i ca t i on  phase.  
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F r o m  the  d i s t r i b u t i o n  of t he  nuc lea r  sizes in  t he  
e x p e r i m e n t a l  animals ,  i t  can  be  conc luded  t h a t  t he  prolif-  
e r a t i on  t e n d e n c y  of t he  m e s e n c h y m a l  ceils is d i s t i nc t l y  
lower t h a n  in no rma l s  because  t he  n u m b e r  of ' m a x i m a '  
was  r educed  a n d  t he  m e a n  nuc lea r  vo lume  of these  
' m a x i m a '  was  in t he  r a t io  of a b o u t  4 : 8 : 16. The  accumu-  
l a t ion  of large sized nuclei  po in t s  to t he  a s s u m p t i o n  t h a t  
t he  ab i l i ty  of t he  m e s e n e h y m a l  cells to  en t e r  in to  mi tos i s  
a n d  t h u s  reduce  t he  nuc lea r  vo lume,  m i g h t  h a v e  b e e n .  
delayed.  However ,  i t  is n o t  a conclus ive  suppos i t ion  t h a t  
al l  large sized cells are of t e t r a -  and  octoploid  type .  

Accord ing  LEUCHTENBERGER and  SCU~AD~ ~~ t he  
nuc lea r  vo lume  can  increase  even  in doub l ing  in t e rva l s  
t h o u g h  a r edup l i ca t ion  of D N A  fails to  appear .  I t  is also 
imposs ib le  to  exc lude  w i th  a n y  degree of c e r t a i n t y  
r ega rd ing  a toxic  nuc lea r  oedema  t h o u g h  i t  is f ound  only  
in s tages  of acu te  in tox i f i ca t ion  (JERUSALEM a). L a t h y -  
r i dc  agen t s  m a y  also cause  l a s t ing  a l t e r a t i on  of m e m b r a n e  
func t ions  e.g. of ion t r a n s p o r t  and  t h u s  caus ing  a 'dys-  
t rof ic '  nuc lea r  swelling. All  t he  a b o v e  m e n t i o n e d  devia-  
t ions  f rom the  n o r m a l  cha rac te r i s t i c s  p o i n t  to  t he  fac t  
t h a t  in  t he  e x p e r i m e n t a l  an ima l s  b o t h  t he  n o r m a l  mi to t i c  
cycle and  t he  func t ion  of t h e  m e s e n c h y m a l  cells was  
d i s t inc t ly  al tered.  

Zusammen/assung. Es  w u r d e n  b iome t r i s ch  mesenchy-  
male  Zellen des P a r a d o n t i u m s  als P a r a m e t e r  der  Zell- 
p ro l i fe ra t ion  u n d - f u n k t i o n  un t e r such t .  D u r c h  Verf i i t te -  
r u n g  yon  L a t h y r o g e n  odo ra tu s  wurde  ein L a t h y r i s m u s  
e rzeugt  rni t  V e r g n d e r u n g e n  der  M e m b r a n f u n k t i o n  u n d  
des Ionenaus t ausches .  Die  K e r n e  der  Versuchs t i e re  wa ren  
wesent l ich  gr6sser  als bei  den  K o n t r o l l e n  (Dosisabh~Lngig- 
keit).  
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H - Y  A n t i g e n s  on  M o u s e  S p e r m a t o z o a  

Using  e p i d i d y m a l  s p e r m a t o z o a  in j ec t ed  i.p. as a source 
of Y an t igen ,  KATSH et  al. 1 r e p o r t e d  t h a t  t h e y  were able  
to  accelera te  or de lay  t he  re jec t ion  of syngeneJc ma le  skin  
in t h e  C57BL/6  mouse.  I n  add i t ion ,  i t  was poss ible  to  
induce  to le rance  to  such  graf t s  w i t h  t h e  a p p r o p r i a t e  
doses of s p e r m a t o z o a  a n d  t i m e  i n t e r v a l  before  graf t ing.  
F u r t h e r ,  t he  a u t h o r s  conc luded  f rom t h e i r  d a t a  t h a t  
s p e r m a t o z o a  were a r i cher  source of Y an t i gen  t h a n  
spleen ceils. Because  of c u r r e n t  i n t e r e s t  in  h is tocompa~-  
ib i l i ty  an t igens  a n d  the i r  r e l a t i on  to  cell d e v e l o p m e n t  
and  d i i f e r en t i a t i on  2, a, t h e  express ion  of t he  Y a n t i g e n  
on  s p e r m a t o z o a  would a p p e a r  to  p rov ide  an  e x t r e m e l y  

i n t e r e s t i ng  example  to  s tudy ,  pa r t i cu l a r l y  since i t  shou ld  
be  possible  to  s t u d y  a n y  changes  in Y an t i gen  expres-  
s iv i ty  fol lowing fer t i l iza t ion,  and  t h e  s u b s e q u e n t  incorpo-  
r a t i o n  in to  a diploid  genome.  Thus ,  as a f i rs t  s tep  in such 
a n  inves t iga t ion ,  i t  was cons idered  i m p o r t a n t  to  r e p e a t  

1 G.F. KATSK, D. W. TALMAGE and S. KATSH, Science ld3, 41 (1964). 
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the  work of KATSH et al.1, and to  conf i rm the  f indings.  
Because i t  was no t  possible to  conf i rm the  resul ts  de- 
scr ibed previously,  th is  r epor t  describes m y  findings,  
t oge the r  wi th  some fu r the r  data .  

2Vfaterials and r~ethods. E p i d i d y m a l  spe rma tozoa  were 
ob ta ined  as descr ibed by  KATSH et al.1. W a s h e d  epidid-  
yma l  spermatozoa ,  suspended  in 1 ml  of H a n k s  BSS  as a 
s t a n d a r d  dose were in jec ted  before app ly ing  the  skin 
grafts.  Controls  cons is ted  of un t r ea t ed  virgin adul t  
C57BL/6 female mice ob ta ined  f rom a domest ica l ly  
ma in t a ined  inbred  colony which  were graf ted  wi th  
syngeneic  male  skin, using the  m e t h o d  descr ibed by  
BILLINGHAM ~. The graf ts  were inspec ted  visual ly to 
de t e rmine  the  survival  end point .  L y m p h o c y t e  suspensions  
were ob ta ined  by  teas ing the  l y m p h  nodes  and  suspending  
the  washed  cells in H a n k s  BSS.  A s t a n d a r d  vo lume  of 
1 ml  was  used. 

Results. The resul ts  are summar ized  in Table  I. I t  is 
clear t h a t  I did no t  f ind  the  same resul ts  as previously  
repor ted ,  and  in order  to  t r y  and  produce  graf t  survivals  
t h a t  would  differ s ignif icant ly  f rom the  controls,  the  dose 
of spe rma tozoa  was increased up to  16 and  20 mil l ion 
spe rma tozoa  respect ively ,  in jec ted  i.p. 14 days  before 
graf t ing  male  skin onto  female recipients .  The resul ts  are 
shown in Table  II .  The increased doses of spe rma tozoa  
resul ted  no t  in t h e  p roduc t ion  of tolerance,  as would have  
been p red ic ted  f rom the  resul ts  of KATSH et al., bu t  
ins tead,  a rapid  re jec t ion  of the  graf t  ensued.  

One cr i t ic ism t h a t  comes to  mind  wi th  expe r imen t s  of 
th is  na tu re  is t h a t  t he  resul ts  ob ta ined  migh t  be due no t  
to the  num ber s  of spe rma tozoa  present ,  b u t  r a t he r  be 
a t t r i bu t ab l e  to the  n u m b e r  of other ,  a ccompany ing  cells. 
Accordingly,  cell counts  were m a d e  on s t a n d a r d  suspen-  
sions of ep id idymal  spermatozoa .  The types  of cell found 
in the  suspensions  of spe rma tozoa  include the  cil iated 
co lumnar  cells of the  ep id idymal  epi thel ium,  a few 
wander ing  cells of connec t ive  t issue ep i the l ium and  some 
cells of the  per iphera l  Mood, in t roduced  dur ing  the  

surgical procedures  involved in ex t i rpa t ing  the  epididy-  
mis  and collecting the  spermatozoa .  W h e n  different ial  
cell counts  were made  on such cell suspensions,  it  was found 
t h a t  the  max i ma l  n u m b e r  of c o n t a m i n a t i n g  nuc lea ted  
ceils is of t he  order  of 1 to  5%. Of these,  app rox ima te ly  
10% a r e  c o n t a m i n a t i n g  leucocytes  e s t ima ted  by  differ- 
ent ia l  counts  as a p ropor t ion  of red blood cells present ,  
and  since these  are t he  i m p o r t a n t  immunogen ic  con tam-  
ina t ing  cells, one can es t imate  t h a t  as m a n y  as 20 to  
100,000 'passenger '  cells could have  been in t roduced  into 
the  expe r imen t s  involving 20 mill ion spermatozoa ,  and 
m a y  have  p roduced  the  acclera ted  graf t  reject ion.  

Accordingly,  expe r imen t s  to t e s t  the  sensi t izing abi l i ty  
of syngeneic  male l y m p h o c y t e s  were carried out.  Doses 
ranging  be tween  1 •  and 1 •  6 were used. The 
female  rec ip ient  animals  were  t e s t  g raf ted  14 days  af ter  
the  in jec t ion  of lymphocy tes ,  and  the  survival  end po in t  
of the  graf ts  de t e rmined  as before. The resul ts  are 
summar i zed  in Table  II ,  and  show b e y o n d  any doub t  
t h a t  such cells are a p o t e n t  source of Y ant igen.  

In  a fu r ther  a t t e m p t  to  t e s t  for express ion of Y ant igen  
on t h e  surface of spermatozoa ,  i t  was  decided to  use 
tuba l ly  l igated virgin female C57BL/6 mice and  to  t e s t  
t he  longevi ty  of syngeneic  male skin grafts,  af ter  t he  
female mice h a d  been  in residence wi th  males  for per iods  
up to  6 months .  The presence  of a vaginal  p lug was t aken  
as evidence of mat ing,  and  af ter  f inding such a plug, t he  
females  were assumed to  be ma t i n g  regularly.  The 
ra t ionale  beh ind  these  expe r imen t s  was  to  min imize  
co n t ami n a t i o n  by  immunogen ic  cells o the r  t h a n  sperma-  
tozoa. In  th is  way, i t  was hoped  to  show w h e t h e r  or no t  
exposure  to spermatozoa ,  even though  in an unquan t i -  

4 I~. E. BILLINGHAM, in Transplantation o] Tissues and Cells (Eds, 
t~. ]~. BILLINGHAM and W. K. SILVERS; The Wistar Institute Press, 
Philadelphia 1961). 

Table I. Survival times of syngeneic male skin on virgin female C5 7BL/6 recipients after i.p. injection of epididymal sperm 

Sperm dose Interval before grafting No. of recipients Distribution of graft survival times MST (days) 
( • 106 cells) (days) 10 12-20 21-29 30-38 39-60 

0 0 24 24 22 15 5 0 27.8• 
1 5, 14 or 21 ~ 31 31 31 28 10 0 31 ~_2.8 
4 5 or 14 9 9 9 5 1 0 26.8~2.6 
8 5 or 14 15 15 15 8 2 0 24.612.9 

16 14 30 30 10 5 4 0 14.4d_3.1 
20 14 9 9 4 2 0 0 14.8=t=3.7 

There was no statistical difference between groups grafted at 5, 14 or 21 days. 

Table 11. Survival times of syngeneic male skin on virgin female C5 7BL/6 recipients, after i.p. injection of male lymphoeytes 

Lymphocyte dose Interval before No. of recipients Distribution of graft survival times MST (days) 
(• 10 a ceils) grafting (days) 8 9-15 16-22 23-29 30-39 40 

0 0 24 24 24 22 15 1 0 27.6~2.4 
10 14 8 10 8 2 0 0 0 16.8::~: 2.6 
25 14 8 8 2 0 0 0 0 10.4i2.7 
50 14 10 10 7 1 0 0 0 15.9J=2.7 

100 14 12 12 9 4 0 0 0 16.2~:3.0 
500 14 11 11 4 2 0 0 0 10.8i3.1 

1000 14 10 10 7 4 0 0 0 19 -b2.5 
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t a t i v e  m a n n e r ,  would  induce  a n  acce le ra ted  g ra f t  rejec-  
t ion.  

Two groups  of an ima l s  were used in t he  e x p e r i m e n t ;  
a p i lo t  group of 4, and  a s u b s e q u e n t  p a n e l  of 14. I n  t h e  
f i r s t  group,  t he re  was a un i fo rm  a n d  r a p i d  r e j ec t ion  of 
al l  g raf t s  b y  day  8, however ,  in  t h e  la rger  group,  such  a 
r ap id  re jec t ion  was  on ly  f o u n d  in 1 an imal .  I t  is c lear  
t h a t  these  resu l t s  will  r equ i re  f u r t h e r  i nves t i ga t i on  in 
order  to  reconci le  these  f indings .  However ,  severa l  fac to rs  
are  i m p o r t a n t  to  cons ider  in  such  e x p e r i m e n t s :  f i rs t  is 
t h a t  t he  n u m b e r  of s p e r m a t o z o a  depos i t ed  in t he  v a g i n a  
of a r egu la r ly  m a t i n g  a n i m a l  cou ld  be  e x t r e m e l y  h igh ,  
s ince i t  h a s  been  e s t i m a t e d  t h a t  in  t he  ra t ,  a s ingle ejac- 
u l a t i on  con t a in s  in  t h e  order  of 60 •  spe rma tozoa .  
F u r t h e r ,  t h e r e  m a y  h a v e  been  cons iderab le  v a r i a t i o n  in 
t h e  ac tua l  m a t i n g  p a t t e r n s  of t h e  mice, wh ich  was  n o t  
de t ec t ed  in t he  e x p e r i m e n t a l  design.  A n o t h e r  consid-  
e r a t i on  m a y  be  t h a t  if t h e r e  were smal l  n u m b e r s  of 
a c c o m p a n y i n g  cells, t h e  u te r ine  rou t e  m a y  be  a more  
effect ive  rou t e  for i m m u n i z a t i o n  t h a n  t he  i n t r a p e r i t o n e a l  
one. 

Discussion. The  resul t s  i n d i c a t e d  t h a t  us ing  t h e  in t r a -  
pe r i tonea l  route ,  t h e  i m m u n o g e n i c i t y  of e p i d i d y m a l  
s p e r m a t o z o a  is ques t ionab le ,  and  ce r t a in ly  c a n n o t  be  

cons idered  c o m p a r a b l e  to  t h a t  of l ymphocy tes ,  where  
t h e  Y an t i g en  is considered.  Fu r the r ,  because  of t h e  
p r o b l e m  of c o n t a m i n a t i n g  cells, a d i f fe ren t  source oI 
spe rmatozoa ,  poss ib ly  cells o b t a i n e d  f rom e jacu la tes  
shou ld  yie ld  more  def in i t ive  in fo rma t ion .  W h e t h e r  t h e r e  
is a n y  di f ference b e t w e e n  e p i d i d y m a l  spe rma tozoa ,  a n d  
those  in e jacu la tes  is a n o t h e r  ques t ion ,  wh ich  is c u r r e n t l y  
u n d e r  inves t iga t ion .  

Zusammen[assung. Nachweis ,  dass  jungfr i tu l iche  weib-  
l iche C5 7BL/6  MAuse weder  besch leun ig t e  noch  verz6-  
ger te  A b l e h n u n g  yon  syngene i sche r  mAnnl icher  H a u t -  
f i b e r t r ag u n g  n a c h  e iner  e inzigen i.p. E i n s p r i t z u n g  y o n  
1 bis  8 Mil l ionen syngene i schen  Spe rmien  zeigen. 
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Phylogenesis  of the Azurophil  Leucocyte Granules in Vertebrates 

Stress ing t h e  diff icul t ies  of homotogiz ing,  b y  t he  usua l  
l igh t  microscopic  me thods ,  t he  leucocytes  in  lower ver-  
t eb ra te s ,  HOLMES 1 s t a t e s  : ' I t  m a y  well  be  t h a t  t he  i n t e r n a l  
u l t r a s t r u c t u r e  of l eucocyte  granules  wil l  p rov ide  a basis  for  
a more  wide ly  general ized homology  t h a n  is possible  w i t h  
t h e  R o m a n o w s k y  dyes . '  I n  a p rev ious  s t u d y  2 of t he  leuco- 
cy te  granules  of lower ve r t eb ra t e s ,  however ,  we h a d  diffi- 
cu l ty  in  classifying, even  b y  e lec t ron  microscopy,  t h e  
leucocytes  seen in te leos t  r ena l  t issue. Similar ly ,  confl ict-  
ing opin ions  can  be found  in t he  work  of ANDREW a a n d  
t h a t  of FEY *. Never the less ,  w h e n  we e x t e n d e d  our  s tudies  
to  o the r  fishes, we obse rved  a g ranu le  t y p e  whose  un- 

d i f f e ren t i a t ed  fo rm is seeming ly  c o m m o n  to all v e r t e b r a t e s  
a n d  ana logous  w i t h  t h e  azuroph i l  or p r i m a r y  granules  of 
n e u t r o p h i l  leucocytes  of h igher  v e r t e b r a t e s  i nc lud ing  
m a m m a l s .  

1 W. HOLMES, in Functions o/the Blood (Eds. R. C. McFARLANE and 
A. H. T. ROB-SMITI~; 131ackwell Scientific Publications, Oxford 
1961), p. 271. 

2 G. KELI~NYI and A. NI~METH, Acta biol. hung. 20, 405 (1969). 
3 W. ANDREW, Comparative Hematology (Grune and Stratton, New 

York, London 1965). 
4 F. F~Y, Foi. haemat. 8~, 1 (1966). 

Fig. 1. Neutrophil granulocyte, spleen, Scyliorrhinus canic~la. The 
mature granules consist of inclusions which are polygonal or square, 
others are more elongated. The inclusions develop from fibrillar- 
tubular elements of the immature granules. Approx. x 40,000. 

Fig. 2. Neutrophil leucocyte, spleen, Acipenser ruthenus. Granules 
with fibrillar-tubular elements; in some more mature granules they 
are closely packed, indicating a tendency to form inclusions. Approx. 
• 31,000. 


