
The marked  individual s ca t t e r  of the initial 17-hydroxyproges te rone  concentrat ion in i m m a t u r e  male  
baboons is p robably  due to the fact  that two of the exper imenta l  males  ( Nos. 14465 and 14514) were  c lose r  
to the per iod of puber ty ,  and that a hormonal  r e sponse  to s t r e s s  began to be exhibited in them just as in adult 
an imals  as a r e su l t  of s imply  being used in the exper iment ,  although in the i r  t e s tos t e rone  concentra t ion they 
were  indist inguishable f r o m  the other  monkeys of p repuber t a l  age.  Considering that 24 h af ter  immobi l iza t ion  
no inc rease  in the 17-hydroxyproges te rone  level  was found in the i m m a t u r e  monkeys exposed to s t r e s s  against  
the background of a r a i s ed  17-hydroxypregnenolone level ,  it can be postulated that  the l imit ing stage i nco r t t co -  
s te ro id  synthes is  during s t r e s s  is the convers ion  of 17-hydroxypregnenolone into 17-hydroxyproges te rone .  
Consider ing a lso  that  in the monkeys  under  conditions of s t r e s s  an i nc rea se  in the blood pregnenolone con- 
centra t ion but not of the p roges t e rone  concentra t ion was observed,  this suggests  that  hydrocor t i sone  synthesis  
in these an imals  takes  place  p redominant ly  along the pathway p r e g n e n o l o n e -  17-hydroxypregneno lone- -17-  
hydroxyproges te rone ,  but not along the pathway p r e g n e n o l o n e - - p r o g e s t e r o n e -  17-hydroxyproges te rone .  
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Centr ifugat ion of def ibr inated blood on a densi ty gradient  at  600g for  30 rain revea led  the 
p r e s e n c e  of a typical ly  light e ry th rocy tes ,  located on the boundary between p l a s m a  and Ficoll  
solution with a speci f ic  gravi ty  of 1.077 g / e m  3 in 24 of 26 pat ients  with p a r o x y s m a l  nocturnal  
hemoglobinur ia  (PNH). Atypical ly light e ry th rocy tes  a re  cha rac t e r i zed  by a reduced con- 
tent of rhesus -an t igen  and by a posi t ive  d i rec t  Coombs '  t e s t  with an t i complemen ta ry  s e rum.  
The appearance  of a typical ly  light e ry th rocy te s  in the upper  l aye r  was observed  in pat ients  
with autoimmune hemolyt ic  anemia  and with hypoplast ic  anemia  following splenectomy,  and 
s ta r t ing  f r o m  the f i r s t  day a f t e r  the operat ion.  It  is suggested that  the p r e sence  of atypical ly 
light e ry th rocy te s  is connected with a deficiency of the immune s e r u m  in pat ients  with PNH 
and, p r i m a r i l y ,  with deficient  abi l i ty of the spleen to e l iminate  defect ive e ry th rocy te s .  

KEY WORDS: p a r o x y s m a l  nocturnal  hemoglobinuria;  densi ty gradient .  

The pathogenesis  of p a r o x y s m a l  nocturnal  hemoglobinur ia  (PNH) has not yet  been explained [3, 5]. The 
pr inc ipa l  cu r r en t  hypothesis  is based  on the assumpt ion  that  in this d i sease  two e ry th rocy te  populations - 
healthy and pathological  - exis t  and a r e  respons ib le  for  inc reased  hemolys i s  in the blood s t r e a m  [8-10]. 

The object  of this invest igat ion was to f rac t ionate  e ry th rocy te s  of pat ients  with PNH by centr i fugat ion 
on a density gradient  and to study the i r  immunologic  p rope r t i e s .  
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T A B L E  1. N u m b e r  of R e t i c u l o c y t e s  in Whole  
Blood f r o m  P a t i e n t s  wi th  PNH and in Top L a y e r  
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T A B L E  2. Abundance  of R h e s u s - F a c t o r  and 
P r e s e n c e  of C o m p l e m e n t  on E r y t h r o e y t e s  of 
P a t i e n t s  wi th  PNH 
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E X P E R I M E N T A L  M E T H O D  

Blood was  t aken  f r o m  a ve in  of the  p a t i e n t s  and hea l thy  dono r s  in a vo lume  of 10-15 ml  into a n E r l e n r n e y e r  
f l a s k  with  b e a d s  and d e f i b r i n a t e d  by r o t a r y  m o v e m e n t s .  The  b lood was  then p o u r e d  as  a l a y e r  above  5 ml  of a 
so lu t i on  f o r m i n g  a d e n s i t y  g r a d i e n t  of 1.077 g / c m  3, and c o n s i s t i n g  of a m i x t u r e  of t en  p a r t s  of 33.9% V e r o g r a f i n  
so lu t ion  and 24 p a r t s  of 9~ F i c o l l  so lu t ion  [1, 6]. The  t u b e s  w e r e  c e n t r i f u g e d  at  600g fo r  30 ra in .  The  r e s u l t  
was  a s s e s s e d  depend ing  on the l o c a t i o n  of the e r y t h r o e y t e s  - a t  the  b o t t o m  of the tube o r  on the b o u n d a r y  with  
the  d e n s i t y  g r a d i e n t  a l s o .  E r y t h r o e y t e s  f r o m  the  top l a y e r  did not  p a s s  t h rough  the  so lu t i on  of the d e n s i t y  
g r a d i e n t  but  w e r e  l o c a t e d  a t  the b o u n d a r y  be twe e n  the p l a s m a  and the F i c o l l  so lu t ion ,  and f o r m e d  a c l e a r l y  
d e m a r c a t e d  r i ng .  E r y t h r o c y t e s  of t he  b o t t o m  and top l a y e r s  w e r e  d r a w n  off into s e p a r a t e  t u b e s ,  w a s h e d  t h r e e  
t i m e s  with  i s o t o n i c  NaCI so lu t ion ,  and s u b j e c t e d  to i m m u n o l o g i c  i n v e s t i g a t i o n .  

The blood g roup  was  d e t e r m i n e d  with  the  a id  of s t a n d a r d  i s o h e m a g g l u t i n a t i n g  s e r e .  The  r h e s u s  f a c t o r  
was  d e t e r m i n e d  on a t i l e  by the  e x p r e s s  m e t h o d  us ing  s e r e  wi th  a l b u m i n  [4]. The  d i r e c t  C o o m b s '  t e s t  was  
c a r r i e d  out  by the  u s u a l  me thod  with a n t i g l o b u l i n  s e r u m  [4]. Th i s  t e s t  a l so  was  p e r f o r m e d  with  the  p a t i e n t ' s  
e r y t h r o c y t e s  in r e l a t i o n  to a n t i c o m p l e m e n t a r y  s e r u m  a f t e r  i ncuba t ion  of the  c e l l s  f o r  1 h a t  37 ~ C wi th  f r e s h  
h u m a n  g roup  AB (IV) s e r u m .  The  s e r u m  fo r  the C o o m b s '  t e s t  was  ob t a ined  by i m m u n i z i n g  r a b b i t s  with a l l o -  
g e n e i e  r e t i e u l o e y t e s ,  s e n s i t i z e d  wi th  f r e s h  h e a l t h y  h u m a n  s e r u m  [2]. 

E X P E R I M E N T A L  R E S U L T S  

D u r i n g  e e n t r i f u g a t i o n  on a d e n s i t y  g r a d i e n t  u n d e r  the  cond i t ions  s p e c i f i e d  above ,  e r y t h r o e y t e s  of  the 
d e f i b r i n a t e d  blood of 60 h e a l t h y  s u b j e c t s  b e h a v e d  s i m i l a r l y .  T h e y  s e t t l e d  c o m p l e t e l y  on the b o t t o m  of  the tube .  

It was  a d i f f e r e n t  m a t t e r  wi th  blood f r o m  p a t i e n t s  wi th  PNH. In 24 of the 26 p a t i e n t s  t e s t e d ,  s e p a r a t i o n  
of the  e r y t h r o c y t e s  into two l a y e r s  was  o b s e r v e d :  A n o r m a l  b o t t o m  l a y e r  and an a t y p i c a l l y  l ight ,  top l a y e r .  
The  top l a y e r  a c c o u n t e d  fo r  be tween  0.01 and 10.8% of the  vo lume  of b lood .  M o r p h o l o g i e a l l y i t  c o n s i s t e d  of 
e r y t h r o c y t e s ,  m i c r o s p h e r o c y t e s ,  and r e t i c u l o c y t e s  r a n g i n g  in n u m b e r  f r o m  5.8 to 90% (Table  1). 



[t is impor tan t  to note that blood f r o m  healthy donors contained an increased  number  of re t iculocytes  
a f t e r  blood donation (about 1.4%). However,  during its centr i fugat ion on a gradient  with specif ic  g rav i ty  of 
1.077 g / c m  3, no top l aye r  was fo rmed .  This  indicates a significant  dec rea se  in the density of the re t icu locytes  
in pat ients  with PNH. 

The immunologic  study showed a dec rea se  in agglutinabil i ty of the top l aye r  with ant[ rhesus  s e r u m  in eight 
of the 13 RH-pos i t ive  pat ients  tes ted.  In6 cases  no rhesus  fac tor  whatever  could be detected.  Meanwhile, it was 
c lea r ly  p r e s e n t  in the e ry th rocy te s  of the bot tom layer .  In two of six cases  the agglutinabili ty of group fac tor  
B in the top l aye r  was reduced.  The top l a y e r  of blood f r o m  14 of the 15 pat ients  tes ted also reac ted  with ant i -  
complemen ta ry  s e r u m  in the d i rec t  Coombs '  t e s t  (Table 2). In four cases  the posi t ive r e su l t  was also obtained 
with the e ry th rocy te s  of the bot tom laye r .  

The appea rance  of a top l aye r  also has been obse rved  in o ther  hematologic  d i seases .  In par t icu la r ,  the 
fo rmat ion  of a typical ly  light e ry th rocy te s  was es tabl ished in six of 16 pat ients  with autoimmuue hemolyt ic  anemia,  
five of 12 pat ients  with hypoplas t ic  anemia,  and six of 10 pat ients  with dyshematopoies i s .  

It is impor tan t  to note the appearance  of a typical ly  light e ry th rocy te s  in eight of13 pat ients  with hemolyt ie  
and hypoplast ic  anemia  a f t e r  sp lenectomy in the course  of t r ea tmen t .  Pathological ly  light e ry th rocy tes  were  
not formed in any of these pat ients  before  sp leneetomy.  An atypical ly  light top l aye r  began to appear  on the 
f i r s t  day a f t e r  the operat ion,  and it pe r s i s t ed  for  2-3 weeks.  

These  invest igat ions suggest  that  the p r e s e n c e  of a typical ly  light e ry th rocy te s  in pat ients  with PN[I is a 
c h a r a c t e r i s t i c  f ea tu re  of this d i sease .  The fo rmat ion  of the atypical  top l aye r  in pat ients  with PNH is evidently 
the r e su l t  of l ibera t ion  of defect ive e ry th rocy te s  into the blood s t r e a m .  Imper fec t ion  of e ry th rocy tes  is l a rge ly  
assoc ia ted  with an inadequate hemoglobin content [7] and also with defects of the m e m b r a n e .  The la t t e r  a re  
mani fes ted  as inc reased  abili ty of the e ry th rocy te s  to adsorb  complement  and a deficiency of rhesus  antigen (D), 
f i rm ly  bound with the e ry th rocy te  s t roma ,  on them.  The p re sence  of a typical ly  light e ry th rocy te s  in pat ients  
with PNH is evidently connected with unsoundness of the immunologic  s y s t e m  of the pat ient  and, in par t icu lar ,  
of the spleen, which is unable to e l iminate  pathological ly changed e ry th roey tes .  Such defect ive e ry th roey tes  
accumula te  in the pa t ien t ' s  body and evidently give r i s e  to i n t r avascu l a r  hemolys is .  

This  hypothesis  on the role  of the spleen in the pathogenesis  of PNH explains the appearance  of atypical ly 
light e ry th rocy te s  in pat ients  with other  hematologic  d i seases  (autoimmune hemolyt ic  anemia,  hypoplast ic  ane- 
mia) as e a r l y  as on the f i r s t  day a f t e r  sp lenec tomy.  
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