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fibri l lar  cen te r  does no t  p re sen t  any  connec t ion  wi th  a 
ch romosomal  s t ruc ture .  The rup tu r e  of t he  normal ly  
exis t ing re la t ions  w i th  the  nucleolar  ch romosome  is 
pa r t i cu la r ly  ev iden t  when  the  f ibri l lar  centers  are s i tua ted  
a t  the  pe r iphe ry  of t he  rea r ranged  nucleolar  mass  (figure 
4). Indeed ,  in the  normal  s ta te ,  pene t r a t i on  of a micro- 
ch romosome  into t he  fibri l lar  cen te r  is a lways observed  
in th is  case a. 

H y p e r t r o p h y  of the  fibril lar cen te r  af ter  t r e a t m e n t  w i th  
ac t inomyc in  D recalls t h a t  descr ibed by  Bassleer  e t  al. ~ 
using daunomyc in .  In  t he  case where  t he  fibril lar cen te r  
resu l t ing  f rom nucleolar  r e a r r a n g e m e n t  is bo th  single and  
voluminous ,  a process  of fusion of 2 centers  canno t  be 
excluded.  Such fusion is obvious ly  no t  involved when  2 
or 3 large fibril lar cen ters  can  be observed.  

The r e a r r a n g e m e n t  of nucleolar  s t ruc tu re  results  f rom 
d i sp lacemen t  of its cons t i tuen t s  w i th  respec t  to one 
another .  Such d i sp lacement  could poss ib ly  explain t he  
d i sappearance  of the  connect ions  be tween  the  fibri l lar  
center  and  the  ch romosomal  fibres. R u p t u r e  of these  
re la t ions  is u n d o u b t e d l y  faci l i ta ted b y  a l te ra t ions  of the  
deoxyr ibonuc leopro te in  f ibres under  t he  action, of the  drug. 
I t  is r emarkab le  to no te  t h a t  reorganiza t ion  of the  nu-  
cleolus leaves i n t ac t  t he  relat ions b e t w een  the  i ibri l lar  
center  and  the  dense  fibrils which  normal ly  su r round  it. 
This  observa t ion  suggests  t h a t  the  fibri l lar  center  and  
its dense fibril lar c rown m a y  cons t i tu t e  a funct ional  unit .  

9 R. Bassleer, G. Goessens, A. Lepoint, C. Desaive and C. Kinet- 
Denoel, Beitr. Path. 150, 261 (1973). 
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Summary. In  vi tro,  L-sorbose induces  in dog e ry th rocy te s  haemolys is  which  is d e p e n d e n t  upon t ime of incubat ion ,  
t empera tu re ,  p H  and the  concen t ra t ion  of sorbose. The in v i t ro  suscept ib i l i ty  to sorbose- induced haemolysis  is dif- 
f e ren t  in var ious  species. 

In  t he  compan ion  p a p e r  z, we r epo r t ed  on the  susceptibi l i -  
t y  to  haemolys is  which  was observed  af ter  sorbose ad- 
min i s t r a t ion  in dogs b u t  no t  in ra ts .  I n  th i s  s t u d y  we have  
inves t iga ted  in v i t ro  w h e t h e r  L-sorbose  acts  d i rec t ly  on 
e ry th rocy tes ,  and  if the re  are species differences in t he  
suscep t ib i l i ty  of e ry th rocy t e s  to sorbose. 
Materials and methods. Swiss Beagle dogs, r abb i t s  and  
cats  and  ou tb red  s tocks  of Fi i -a lbino S P F  ra ts  and  mice 
were  ob ta ined  f rom the  I n s t i t u t e  of Biological and  Medi- 
cal Research  (Fii l l insdorf BL).  Fu r the r ,  b lood f rom a 
s t a n d a r d b r e d  horse  and  f rom a Swiss S immen ta l  cow was 
ob t a ined  f rom the  School of Ve te r ina ry  Medicine, Uni-  
ve r s i t y  of Berne,  and  h u m a n  blood was made  avai lable 
f rom one of t he  inves t iga tors .  
Blood samples  were col lected in hepar in ized  tubes  and  the  
red blood cells washed  2-3 t imes  wi th  physiological  NaC1 
solution.  The red b lood cells were i ncuba ted  in H a n k s  
ba lanced  sal t  solut ion (wi thout  pheno l  red, s u p p l e m e n t e d  
wi th  60 [~g/ml penicil l in and  100 [zg/ml s t rep tomycin)  in 

cell cul ture  dishes (Falcon, 5.5 cm, final  vo lume 5 ml) in 
a H20- sa tu r a t ed  5% COs-air a tmosphere .  In  some ex- 
pe r imen t s  the  b ica rbona te -buf fe r  in the  H a n k s  solut ion 
was replaced by  25 mM Hepes-buffer ,  p H  7.4. L(- )sorbose  
or D ( + ) g l u c o s e  was added  as indica ted  in the  text .  Af te r  
incubat ion ,  the  m e d i u m  toge the r  wi th  t he  cells were cen-  
t r i fuged and  the  haemoglob in  (Hb) concen t ra t ion  was de- 
t e rmined  in the  s u p e r n a t a n t  as descr ibed 2. The H b  re- 
lease in to  the  med i u m was expressed as pe rcen t  of the  
H b  c o n t e n t  of t he  e ry th rocy te s  added  to t he  medium.  
Results. The incuba t ion  of dog e ry th rocy t e s  (containing 
10-14 mg  Hb) a t  34~ in presence of L(-)sorbose  (5.6- 

I The authors are greatly indebted to Prof. A. Studer, Prof. K. F. 
Gey and Dr H. Hummler for critical reading of the manuscript. 
The technical assistance of Mrs E. Stiickli and Mrs C. Villien and 
of Mr P. Back and Mr V. Loeehleiter is gratefully acknowledged. 

2 P. Keller and A. Kistler, Experientia 33, 1380 (1977). 
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Fig. 1. Effect of pH on the haemolytie effect of sorbose in dog erythro- 
eytes. Dog erythrocytes (containing 10.7 mg Hb) were incubated with 
or without sorbose (17 mM) in Hanks solution of different pH (range 
5.0-9.0). Incubation was performed at 34~ for 23 h and the pH de- 
termined in the medium. Results are expressed as percent of Hb re- 
lease into the medium. Means of 4 determinations 4- SD, 

Fig. 2. Dependence of the haemolytic effect on sorbose concentration 
in dog erythrocytes (containing 13.6 mg Hb). 48-h-incubation in 
Hanks solution at 34~ in the absence and presence of sorbose or 
glucose. The glucose concentrations were not corrected for the 
glucose content of 5 mM in the Hanks solution. Results are ex- 
pressed as percent Hb release into the medium ~ SD. 
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Species-specific sensitivity of erythrocytes to haemolysis induced by sorbose in vitro 

EXPERIENTIA 33/10 

Species Control Sorbose (mM) Glucose (mM) 
1.7 17 56 170 17 56 170 

Mouse 2.5 • 0.3 9.0 • 0.5 44.2 ~ 5.8 81.9 i 3.3 2.7 ~= 0.4 2.5 i 0.1 < 2 
Rat < 2 26.8 i 2.2 47.8 -t- 1.3 54.5 4- 2.6 < 2 < 2 < 2 
Rabbit 54.9 -~ 3.0 58.2 -4- 2.0 57.7 • 0.8 54.4 ~ 0.3 40.5 • 1.1 51.1 =~ 0.7 40.9 ! 1.3 23.4 ~ 0.2 
Cat < 2 6.5 ~= 0.1 19.2 q- 0.4 26.1 • 0.2 14.7 • 0.6 < 2 < 2 < 2 
Cow < 2  %2  < 2  % 2  < 2  < 2  < 2  < 2  
Horse < 2 < 2 < 2 < 2 < 2 < 2 < 2 < 2  
Man < 2  < 2  < 2  < 2  < 2  < 2  < 2  < 2  

Freshly prepared erythrocytes from the various sources (containing 9.5-13 mg Hb) were incubated in Hanks solution (pH 7.4 7.6) at 34~ 
in absence or presence of different concentrations of sorbose or glucose for 48 h. Results are expressed as percent of Hb release into the 
medium. The numbers indicate the mean • SD of 3 determinations. 

560 mM) resul ted  in an a lmos t  l inear increase in haemo-  
lysis dur ing  the  f irs t  12 h, reaching to ta l  haemolys is  af ter  
24h. In  the  absence of sorbose less t h a n  2% H b  release was 
no ted  af ter  48 h of incubat ion .  The effect  of t e m p e r a t u r e  
on dog e r y t h r o c y t e s  in the  presence  and absence  of sot-  
bose (17 mM) was examined .  At  22, 34, 37 and  40~ the  
H b  release (mean :E SD of 3 de te rmina t ions )  in presence  
of sorbose was 10.8 • 0.2, 47.7 j :  0.8, 62.4 :t- 3.0 and  
75.4 :t: 1.9%, respect ively ,  a f ter  27 h of incubat ion .  Less 
t h a n  3% H b  release was found in the  absence of sorbose. 
The p H  of the  incuba t ion  med ium marked ly  affected the  
sorbose- induced haemolys is  in dog e r y t h r o c y t e s  above  
p H  7.0 (figure 1). Figure  2 shows t h a t  sorbose concen-  
t r a t ions  as low as 1.7 mM caused an a lmos t  comple te  
haemolys is  of the  e ry th rocy t e s  af ter  48 h of incubat ion.  
In  cont ras t ,  glucose concen t ra t ions  up to  61 mM did no t  
affect  t hem.  
Next ,  we examined  whe the r  or no t  the  induc t ion  of 
haemolys is  by  sorbose is a dog-specific p h e n o m e n o n  
(table). Of the  species tes ted,  only  mouse  e ry th rocy t e s  
showed a similar suscept ib i l i ty  to sorbose as dog e ry th ro-  
cytcs,  b u t  to cause 50% haemolys is  abou t  80 t imes  h igher  
concen t ra t ions  of sorbose were needed.  In  r a t  and ca t  
e ry th rocy tes ,  some haemolys is  induced by  sorbose was 
also noted ,  however ,  to a much  lower degree. U n d e r  t h e  
condi t ions  used, r abb i t  e ry th rocy te s  lysed to  abou t  50% 
in contro l  medium,  which migh t  be due to  a d i f fe rent  p H -  
sens i t iv i ty  of the  r abb i t  e ry th rocy tes .  Since no fu r the r  

haemolys is  was found  in the  presence  of sorbose, no ad-  
d i t ional  inves t iga t ions  were u n d e r t a k e n  to c l a r i fy  th is  
observat ion .  Sorbose had  no effect  a t  all on e ry th rocy tes  
f rom a cow, a horse  and  a normal  man.  
Discussion. The p re sen t  s tudy  clearly demons t r a t e s  t h a t  
sorbose acts  d i rec t ly  on dog e ry th rocy te s  to  induce 
haemolysis .  As discussed in t he  compan ion  pape r  ~, it  ap- 
pears  t h a t  the  mechan i sm of act ion of sorbose in dog 
e ry th rocy te s  is d i f fe rent  f rom t h a t  of g lucose-6-phosphate-  
dehydrogenase  def ic iency and  favism in man.  The de- 
pendence  of the  haemoly t i c  effect  of sorbose in dogs upon 
t e m p e r a t u r e  and  p H  suggests  t h a t  sorbose acts  on the  red 
blood cell me tabo l i sm  ra ther  t h a n  d i rec t ly  on the  cell 
membrane .  The monosacchar ide  na tu re  of sorbose would 
suggest  an in te rac t ion  of sorbose wi th  glycolysis. 
We  have  shown t h a t  dog e ry th rocy t e s  are much  more  
suscept ible  to haemolys is  induced  by  sorbose t h a n  mouse,  
ra t  and  ca t  e ry th rocy tes ,  and  t h a t  sorbose had  no haemo-  
lyt ic  effect  on e ry th rocy te s  f rom rabbi t ,  cow, horse and  
man.  However ,  consider ing the  po ten t i a l  role of sorbose as 
a food addi t ive ,  fu r the r  inves t iga t ions  are necessary  to 
exclude the  poss ib i l i ty  t h a t  h u m a n  e ry th rocy te s  w i th  
some specific deficiencies could be sensi t ive to sorbose- 
induced  haemoiys is .  In  view of the  m a n y  co mmo n  forms 
of haemoly t i c  an emi a  in h u m a n s  (par t icular ly  in the  
Medi te r ranean  countr ies ,  Africa, Amer ica  and  tile Fa r  
East ) ,  th is  l a t t e r  poss ibi l i ty  should be def ini t ively  ex- 
c luded in man.  
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Summary. The  ingest ion of L-sorbose,  a sugar  of the  ke to-hexose  group, causes haemolys is  in dogs, bu t  no t  in rats .  
Heinz  bodies  were no t  found  af ter  sorbose admin i s t r a t i on  in e i ther  animal  species nor  were the  animals  examined  
def ic ient  in g lucose-6-phospha te -dehydrogenase .  

Among  a n u m b e r  of he r ed i t a ry  haemoly t i c  anaemias  as- 
sociated wi th  intr insic  e r y t h r o c y t e  defects  ~, the  glucose- 
6 -phospha te -dehydrogenase  def iciency was ma in ly  found  
to be responsible  for d rug- induced  haemolys is  in man and  
m a n y  po ten t i a l ly  haemoly t i c  drugs have  been recorded a-6. 
Ev idence  of a suscept ib i l i ty  to  d rug- induced  haemoly t i c  
condi t ions  has  also been  repor ted  in dogs 7, ca ts  and  

horses  s. In  the  p re sen t  s tudy,  we shall  repor t  on a t ype  of 
acute  haemoly t i c  anaemia  occurr ing in dogs af ter  the  
admin i s t r a t ion  of a sugar,  the  L-sorbose,  which  belongs to  
a group of subs tances  qui te  d i f ferent  f rom those  a l ready 
men t ioned  in connec t ion  wi th  drug- induced  haemolysis  6. 
Materials and methods. Animals :  A p p ro x i ma t e l y  S-year- 
old Swiss Beagle dogs  and adul t  Fi i-albino S P F  ra ts  of 


