
1094 Specialia EXPERIENTI& 28/9 

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. 
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Material and method. Blood  a n d  h a e m a t o p o i e t i c  t i ssues  
(spleen, k idney)  of t h e  fol lowing fishes were s tud ied :  
~Elasmobranchia ta ,  Se lach idea  : Scfliorrhinus canicula, 
Chondros t e in ,  Gano ide i :  Adpenser ruthenus, Teleostei ,  
Angui l l i fo rmes  : Anguilla anguilla, Clupei formes  : Esox 
lucius, Cypr in i fo rmes :  A bramis brama, Ctenopharyngodon 
idella, Hypophthalmychtis molitrix, Scardinius erythropht- 
halamus, C y p r i n o d o n t i f o r m e s :  Xyphophorus helleri, Per-  
ei:[ormes: Lucioperca lucioperca, Pterpohyllum scalare, Le- 
pomis gibbosus a n d  Gobius niger. The  leucocyte  granules  
were  e x a m i n e d  w i t h  t h e  usua l  l i gh t  microscopic  m e t h o d s  
a n d  w i t h  e lec t ron  mic roscopy  of o s m i u m  te t rox ide- ,  or 
g l u t a r a l d e h y d e - o s m i u m  te t rox ide - f ixed  ma te r i a l .  

Result. Besides  t h e  eos inophi I  leucocytes  cha rac t e r i zed  
b y  round ,  large  a n d  usua l ly  homogeneous ly  e lec t ron  dense  
granules  in  all  f ishes s tudied ,  t h e  o the r  l eucocy te  type ,  be-  
l ieved to  r ep re sen t  m a t u r e  neu t roph i l s ,  c o n t a i n e d  gra-  
nules  of qu i t e  a d i f fe ren t  a p p e a r a n c e  in Scyliorrhinus ca- 
nicula (Figure  1), in  Acipenser ruthenus (Figure  2), Esox 
lucius a n d  in t h e  Cyprini/ormes (Figure  3), in  Anguilla 
anguilla a n d  t h e  Perc i fo rmes  (Figure  4), a n d  in Xypho- 
])horus hetleri (Figure  5). W h e n ,  however ,  i m m a t u r e  ceils 
were s tudied ,  i t  b e c a m e  e v i d e n t  t h a t  al l  these  granules  
der ived  f rom t h e  same  granu le  fo rm d o m i n a n t l y  p r e s en t  
in  t h e  m a t u r e  leucocytes  of Anguilla anguilla a n d  t h e  
Perc i formes ,  i.e. an  e longa ted  g r an u l e  c o n t a i n i n g  f ibr i l lar-  
t u b u l a r  s t r u c t u r e s  of a b o u t  80-100 A in d i ame te r .  W i t h  
t h e  c o n d e n s a t i o n  of these  s t r u c t u r e s  and,  p r e s u m a b l y  b y  
i n c o r p o r a t i n g  o t h e r  ma te r i a l ,  t h e  granules  of t h e  d i f fe ren t  
f ishes  m a y  deve lop  inc lus ions  (crystal loids)  of d i f fe ren t  
sizes a n d  shapes.  I n  some species t r a n s i t o r y  forms  of gra-  
nules  w i t h  f i b r i l l a r - t ubu l a r  e l emen t s  an d  inc lus ions  m a y  
be  seen in  1 g ranu le  (Figures  2 a n d  5). 

Discussion. I n  a d d i t i o n  to t h e  specific (secondary)  ones, 
granules  v e r y  s imi la r  in  a p p e a r a n c e  to those  seen in fishes, 
h a v e  been  descr ibed,  in  m a m m a l i a n  n e u t r o p h i l  leuco- 
cytes  5-~ These  granules  m a y  differ  in size, shape,  e lec t ron  
d en s i t y  a n d  m a y  co n t a i n  inc lus ions  of va r ious  appea rances .  
T h a t  m a y  be  one of t h e  reasons  w h y  2 to  5 granule  t ypes  
h a v e  been  descr ibed  in t h e  m a t u r e  n e u t r o p h i l  l eucocyte  
of m a m m a l s  ~,6,a~ T h e  Auer  bod ies  seen in i m m a t u r e  
myelo id  or m o n o c y t o m y e l o i d  ceils a n d  be l ieved  to  ori- 
g ina te  form azuroph i l  g ranules  ~2-~* are v e r y  s imi la r  to  
those  seen in  i m m a t u r e  f i sh  n e u t r o p h i l  leucocytes .  

Fig. 3. Figures 3-5 neutrophil leucocytes, kidney. Mature granules of 
Tin, ca tinca with thin electron dense inclusions. The granule matrix 
shows a periodicity perpendicular to the inclusions. Approx. • 45,000. 

a j .  BRETON-GoRIUS, Nouv. Revue fr. H6mat. 6, 195 (1966). 
BAL.tzs, Z. Zellforseh. 99, 286 (1969). 

v R. E. SCOTT arid R. G. HORN, Lab. Invest. 23, 202 (1970). 
8 H.-J. HUSER and C. M. WEBB, Experientia 23, 669 (1967). 
9 j .  ToozR and H. G. DAVIRS, Am. J. Anat. 723, 521 (1968). 

10 D. R. A~DERSON, J. Ultrastruet. Res., Suppl. 97, 1 (1966). 
ix W. Th. DARMS, J. Ultrastruct. Res. 24, 343 (1968). 
12 j .  A. FREEMAN, Blood 27, 499 (1966). 
12 j .  G. WroTE, Blood 29, 667 (1967). 
14 R. E. RYDELL, Am. J. Path. 55, 159 (1969). 

Fig. 4. Mature granules of Anguilla anguilla with fibrillar-tubular 
structures about 80-100 A in diameter. Approx. • 38,000, 

Fig. 5. Immature and mature granules of Xylophorus helleri, some 
only with Iibrillar-tubular s~ucCllres and others also with inclusions. 
Approx. x 52,000. 



1096 Speeialia EXPERIENTIA 28j9 

Thus  we suggest t h a t  a common  type  of neut rophi l  
leucocyte  granule m a y  be present  in all ver tebrates .  I t  
might  have  been on the  basis of a cer ta in  s imi lar i ty  be- 
tween the  granules of m a m m a l i a n  monocytes  and the 
neut rophi l  leucocytes of teleosts t h a t  the  la t te r  were 
named  azurophi l  leucocytes by  PAPPENH~EIM 15. Since the  

cells of fishes homologous wi th  the  neu t rophi l  leucocytes  
of m a m m a l s  dominan t ly  contain granules corresponding 
to the  p r imary  or azurophi l  granules, the  t e rm azurophi l  
leucocytes appl ied to these cells seems to be logical. 

G. KELt~NYI 

is A. PAPPENHEIM, Fol. haelnat. 8, 504 (1909). 
Department o/Pathology, Medical University o/Pdcs, 
Pdes (Hungary), 75 February 7972. 

Action de deux po lybases  sur la charge  et l 'agr~gat ion des  plaquettes  ~ 

Diff6rents agents  sont  susceptibles d ' induire  l 'agr6ga- 
t ion p laque t ta i re  aussi bien in v ivo  qu ' in  vi tro.  Mais les 
m6canismes de cet te  ag%gat ion res tent  real connus. Par-  
m i l e s  hypotheses  possibles, il faut  envisager  des modifi-  
cations physico-chimiques  de la surface p laque t ta i re  et, 
en particulier,  les var ia t ions  6ventuelles de la charge *lec- 
trocin6tique.  Une  t d l e  hypoth~se a d 'ai l leurs  6t6 propos6e 
et v6rifi6e par t ie l lement  ~-s. 

Le bu t  de ce t rava i l  est de v6rifier la val idi t6 de la cor- 
r61ation charge-agr6gation ~ l 'a ide de deux polybases,  le 
D E A E  Dex t r an  (d ie thyl -amino4thyldext ran  hydrochlo-  
rure) de poids mol6culaire 2 • 106 et  le polybr6ne 1,5 di- 
me thy l - l , 5  d iazaundecamethy lene  polymethobromide .  

Matdriel et mdthode. La mobil i t4  61ectrophor6tique des 
p l a q u e t t e s  a 6t6 mesur6e ~ l 'a ide  d ' un  apparei l  d'61ectro- 
phor+se en phase liquide, d6crit  pa r  ailleurs et appel6 
cytosphgrom~tre  6, L La  valeur  moyenne  de la mobil i t6  est 
le r6sultat  du comptage  de 50 cellules par  mesure  et les 
r6sultats  sont  exprim6s sous forme de mobil i t6 re la t ive  
par  rappor t  ~ la mobil i t6 en p lasma autologue. 

En  ce qui  concerne l 'agr6gat ion des plaquet tes ,  celle-ci 
a 6t6 r6alis6e pho tom6t r iquemen t  par  enregis t rement  de la 
d6flection d 'un  galvanom~tre .  Les suspensions de mesure  
con tenan t  de 150 000 "g 250000 416ments ont  6t6 obtenues 
par  centr i fugat ion lente d ' un  sang pr61ev6 sur c i t ra te  de- 
puis moins de 2 h. Toutes  les exp6riences out  6% r6alis6es 
k 25 ~ 

Rdsultats. A) Action sur la mobil i t6  61ectrophor6tique. 
Nons  avons cherch6, en premier  Iieu, g pr6ciser si ces pro- 
duits ava ienf  une action sur la mobil i t6  en fonct ion du 
temps.  C'est  pourquoi  nous avons 6tudi6, g dose fixe, les 
var ia t ions  6ventuelles de mobil i t6 pour  des temps  d ' incu-  
ba t ion  a l lant  de 2 min  ~ 2 h. Nous n 'avons  t rouv6 aucune 
var ia t ion.  

Pour  ces concentra t ions  a l lant  de 10 a g 1 mg/1 de 
D E A E - D e x t r a n  ou de polybrbne, nous avons  trac6 (Fi- 
gure 1) la var ia t ion  de mobil i t6  relat ive.  On cons ta te  alors 
une d iminut ion  cont inue de la charge avec des doses crois- 
sautes de deux polybases.  

B) E tude  de l 'agr6gat ion des plaquet tes .  L 'agr6gat ion  
des p laquet tes  est observ6e dans la cellule d'61ectropho- 
rgse lorsque la mobil i t6  6lectrophor6tique est r6duite de 
15 ~ 20% environ.  Nous avons 6galement  6tudi6 ie ph6no- 
m6ne, pho tom6t r iquement ,  pour  des doses ident iques 
celles utilis6es pr6c6demment .  

Les r6sultats  (Figures 2, 3 et  4) mon t r en t  pour  les deux 
substances une act ion parall~le. On observe en d i e t  une 
absence d 'agr6gat ion aux  concentra t ions  faibles (10 -4 
mg/t) ; puis aux doses plus impor tan tes  i 'agrggat ion s'effec- 
rue progress ivement .  El le  est to ta le  ~ la concent ra t ion  de 

1 Ce t r ava i l  a 4t4 r4alis~ avec l ' a ide  de la D.R.M.E.  (section Biologic), 
Con t ra t  No. 71.34.010.00.480.75.01. 

2 K . A .  G~6TTI;~, Thromb.  Diath.  haemorrh.  21,450 (1969). 
a G . V . F .  S~A~Ar~, in Platelets, their Role in Hemostasis and Throm- 

bosis (Scha t tauer  Verlag, S t u t t g a r t  1967), p. 53. 
4 j .  F. STOLTZ, Platelet Aggregation (Ed. J.  CAEN; Masson et  Cie, 

Par is  1971), p. 213. 
5 j .  F. STOLTZ, ~V[. STOLTZ et A. LARCAN, 5th European  Conf. on 

Microcirculat ion,  Gothenburg  1968. Bib1. anat .  70, 474- (1969). 
A. LAReAN et  J.  F. STOLTZ, Microcirculation et hdmdrhdologie 
(3J[asson et  Cie., Par is  1971), vol. 1, p. 273. 

v j .  F. STOLTZ et  A. LARCAN, in  Theoretical and Clinical Hemo- 
rheology. Proc. of the 2nd. Int .  Conf. on Hemorheology,  Heidelberg  
1969 (Eds. H. H. HARTEaT e t a .  L. COeLEY; Spr inger  Verlag, 
Heidelberg et  Berl in 1971), p. 388. 
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Fig. 1. Action de 2 polybases sur la mobilit6 electro- 
phor6tique relative des plaquettes humaines. 


