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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.  

The haemoly t i c  effect of sorbose  in d o g s  

P. Kel ler  and  A. Kis t le r  1 

Biological Pharmaceutical Research Department F. Hof[mann-La Roche 6~ Co., Ltd, CH-4002 Basle (Switzerland), 
20 Apri l  1977 

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 
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ou tb red  stock, ob ta ined  f rom the  In s t i t u t e  of Biological 
and Medical  Resea rch  (Fiil l insdorI BL), were used, 
E x p e r i m e n t s :  2 male  dogs were given L-sorbose for a 
per iod of 29 days.  D0g No. 587 received a dai ly  dose Of 3 g 
of sorbose/kg as an aqueous  solut ion b y  s tomach  tube  
and dog No. 451 was dosed oral ly by  means  of an opti~ 
mized d ie t a ry  feed wi th  10~ of i ts  s ta rch  c o n t e n t  re- 
p laced b y  sorbose (daily in take  of sorbose expressed  as 
m e a n  • SD: 1.8 • 1.5 g/kg). The control  dog No. 581 
received no rma l  dog cubes (Nafag No. 939/930). 

The activities of glucose-6-phosphate-dehydrogenase, aldolase, pyru- 
vate-kinase and lactate-dehydrogenase in haemolysates and the 
corresponding red blood cell parameters of man and nontreated dog 
and  rat 

Species* Man (3) Dog (26) Rat (16) 

RBC ( • lOe/Ftl) 4.68 • 0.16 6.75 • 0.43 7.04 • 0.60 
PCV (%) 44 4- 2 49 4- 2 42 4- 4 
Hb (g/100 ml) 15.2 4- 0.5 17.3 -t- 0.9 14.5 -t- 1.3 

G6P-DH 3.63 -t- 0.23 3.71 -t- 0.92 7.94 • 2.57 
ALD 1.43 • 0.49 1.25 • 0.30 1.54 4- 0.43 
PK 3.77 4- 1.39 1.76 4- 0.76 2.18 J_ 1.47 
LDH 94.5 -4- 6.4 45.3 -t- 7.0 171.0 -}- 46.0 

*Number of subjects in brackets�9 Values are given as mean • SD. 
Enzyme activities are expressed as txmoles of substrate reacting per 
rain per g of haemoglobin at 25~ 
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Course of haemolysis induced in dogs by oral sorbose administration. 
Red blood cell parameters (RBC count, PCV and total Hb) as well 
as free plasma haemoglobin were recorded over a period of 29 days 
and urine haemoglobin during the first 10 days. These parameters 
were also determined 3 days prior to and some 10 rain before the first 
administration (D 4 ). Dog No. 581 served as control, dog No. 587 
was dosed by stomach tube and dog No. 451 ingested sorbose as 
feed-admix. 

Fur the r ,  a group of 8 male and  8 female  ra ts  was dosed 
for a per iod of 6 weeks wi th  an op t imized  d ie t a ry  feed 
conta in ing  20% of sorbose (daily i n t a k e : m e a n  = 17.5 g/ 
kg;  SD = 2.6 g). Cont ro l  ra t s  received the  same feed 
w i t h o u t  sorbose. 
Methods. At  var ious  t ime  intervals ,  b lood samples  f rom 
t h e  animals  were  d r a w n  into  hepar in ized  vials. Red  blood 
cell counts  (RBC) and  de t e rmina t ions  of the  haemoglob in  
concen t ra t ion  (Hb) and  the  packed  cell vo lume (PCV) 
were carried out  wi th  a Coulter Counter  ZF wi th  a haema-  
tocr i t  accessory. Blood films were s ta ined  wi th  Bri l lant-  
Cresyl to visualize Heinz  bodies.  
Haemolysa t e s  were p repa red  f rom washed  red  b lood ceils 
of men  and n o n t r e a t e d  dogs and  ra ts  as ci ted by  Rich- 
fe t i ch  9. Act ivi t ies  of g lucose-6-phospha te -dehydrogenase  
(G6P-DH;  EC.1.1.1.49), py ruva te -k inase  (PK;  EC.2.7.1. 
40) and f ruc tose - l ,6 -d iphospha te -a ldo lase  (ALD; EC. 
4.1.2.13) were d e t e r m i n e d  using Boehr inger  U V - t e s t  com- 
b ina t ions  and  a Zeiss PMQ II  s p e c t r o p h o t o m e t e r  wi th  a 
W + W  recorder.  Lac t a t e -dehydrogenase  (LDH;  EC.I .1 .  
1.27) was assayed in a Cent r i f ichem centr i fugal  analyzer  
using Centr i f ichem UV,  t es t  combina t ions .  E n z y m e  ac- 
t iv i t ies  are expressed  as ~zmoles of subs t r a t e  reac t ing  per  
min /g  of haemoglob in  a t  25 ~ 
Results. Dogs:  24 h af ter  t he  f i rs t  admin i s t r a t i on  of sor- 
bose marked  haemoglob inur ia  was  observed.  In  b o t h  
t r e a t ed  dogs, urine haemoglob in  concen t ra t ion  a m o u n t e d  
to 14 g/100 ml and  the  p lasma  haemoglob in  to 4 g/100 ml 
on the  second day  and d iminished  rap id ly  thereaf ter .  The 
haemoly t i c  phase,  r ep resen ted  by  the  decrease of the  
RBC count ,  PCV and  haemoglob in  concen t ra t ion ,  then  
developed to  i ts  full ex t en t  wi th in  a b o u t  4 days  when  sot- 
bose was given at  a co n s t an t  dose level by  s t o m a c h  tube 
(figure, dog No. 587). A sl ight  de lay  in the  deve lopmen t  of 
haemolysis ,  due to irregular  feed and  drug intake,  was 
seen when  sorbose was given as a f eed -admix  (figure, dog 
No. 451). The inves t iga t ion  of the  blood films did no t  re- 
veal  the  presence  ot  Heinz  bodies  dur ing  th is  phase,  nor  
were t hey  found later,  Apa thy ,  decreased feed in take  and 
loss of b o d y  weight ,  which are re la ted  to anaemia ,  were 
observed,  b u t  scleral ic terus did no t  o c c u r . A f t e r  the  17th 
d a y  of sorbose admin is t ra t ion ,  all red blood cell param-  
eters  began  to rise slowly. Thus,  a recovery  phase 
seemed to  be a t t a i n ed  a l though  dosing was cont inued.  
Af te r  29 days  of sorbose admin i s t ra t ion ,  to ta l  Hb,  PCV 
and  RBC counts  were still far  be low normal  values  in 
b o t h  dogs. 
R a t s :  In  ra t s  w i th  an average dai ly  ingest ion of 17.5 g of 
sorbose/kg,  no change  in to ta l  Hb,  PCV and  e ry th rocye t  
n u m b e r  was  recorded  over  a per iod  of 6 weeks and  the  
values  were similar  to  those found in t he  contro l  rats.  
RBC-enzymes :  The RBC-enzyme  act ivi t ies  and  the  cor- 
r e spond ing  red  blood cell p a r a m e t e r s  of men  and non-  
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t r e a t ed  dogs and  ra ts  are summar ized  in the  table .  The 
ac t iv i ty  of ALD and  P K  did no t  differ  s ignif icant ly  in t he  
haemolysa te s  of no rma l  red blood cells f rom man,  dog 
and  ra t  (table). The G 6 P - D H  ac t iv i ty  in red blood cells 
f rom dog was similar to t h a t  in man,  b u t  d i s t inc t ly  lower 
t h a n  in rats .  The h ighes t  levels of L D H  ac t iv i ty  were 
found  in e ry th rocy t e s  of rats ,  fol lowed by  those  of man  
and  dog in decreas ing order.  
Discussion. The resul ts  descr ibed in the  presel l t  s t u d y  
were conf i rmed in a 13-week tox ic i ty  s tudy  in dogs (6 
an imals /dose  group) which showed a dose -dependen t  
haemoly t i c  anaemia1~ The course of haemolys is  in dogs 
af ter  sorbose in take  resembles  t h a t  of d rug- induced  
haemoly t i c  disorders  in m a n  ~-6. However ,  an i m p o r t a n t  
difference to the  effect  of ox idan t  drugs in individuals  
def ic ient  in g lucose-6-phospha te -dehydrogenase  or to 
naph tha l ene - induced  haemolys is  in the  dog 7 is the  lack of 
Heinz  b o d y  format ion .  
Wi th in  the  red  b lood cell, ox idan t  subs tances ,  including 
naph tha lene ,  impai r  all of the  reduc t ive  processes de- 
p e n d e n t  upon  N A D P H ,  which  is no t  suff ic ient ly  re- 
genera ted  because of the  G6P-DH. deficiency. Thus,  Heinz  
bodies  appear  as t he  final  s tage of oxida t ive  des t ruc t ion  
of haemoglob in  3,6. In  fav ism in man  haemolysis  occurs 
w i t h o u t  the  fo rma t ion  of Heinz  bodies,  b u t  involves  ex- 

t racel lu lar  immunologica l  mechan i sms  and  is also l inked 
to G 6 P - D H  deficiency 2, 6. 
In  the  case of sorbose, however ,  the  chemical  na tu re  of 
t he  drug, which  is a reducing subs tance ,  and  the  absence  
of Heinz  bodies  suggest  t h a t  o ther  mechan i sms  t h a n  those  
r epor ted  wi th  ox idan t s  are involved.  T h a t  the  haemoly t i c  
effect  of sorbose in dogs is no t  l inked to G 6 P - D H  de- 
f iciency is also suppo r t ed  by  the  f inding t h a t  the  G 6 P - D H  
ac t iv i ty  in red blood cells of our dogs is similar to t h a t  in 
normal  m a n  (table). The h igher  enzyme  act ivi t ies  in ra t  
e ry th rocy t e s  found in th is  s t u d y  are p ro b ab l y  due  to the  
fact  t h a t  ra t s  have  a h igher  re t icu locyte  count  t h a n  dogs 
and  man.  Younger  red blood cells are repor ted  to  show 
higher  act ivi t ies  of several  RBC enzymes  a, 4, ~. 
A plausible  a l t e rna t ive  for the  cause of sorbose- induced 
haemolys is  in dogs would  be an effect  of sorbose upon  
glycolysis in canine e ry th rocy tes .  This  is a t  p r e sen t  being 
inves t iga ted  by  in v i t ro  expe r imen t s  which have  a l ready  
shown t h a t  sorbose has  a d i rec t  haemoly t i c  effect  11. These 
s tudies  should fu r the r  clarify w h e t h e r  the  haemoly t i c  
effect  of sorbose is conf ined to  the  dog or also occurs  in 
m a n  and o the r  mammals .  

10 P. Keller, unpublished observations. 
11 A. Kistler and P. Keller, Experientia 33, 1379 (1977). 
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Summary. A monospecif ic  an t i se rum has been p repared  in r abb i t s  aga ins t  purif ied 0-antigen, a 100,000 mol .wt  glyco- 
p ro te in  found on the  surface of mouse  L-cells. This an t i s e rum has been  employed  to  d e m o n s t r a t e  the  presence of ~- 
ant igenic  d e t e r m i n a n t s  select ively on the  surface of mouse T-, b u t  no t  B- lymphocy tes .  

L y m p h o c y t e s  involved in specific i m m u n i t y  fall in to  2 
classes depend ing  upon whe the r  t h e y  are d e p e n d e n t  
(T-cells) or i n d e p e n d e n t  (B-cells) of the  t h y m u s  for the i r  
m a t u r a t i o n  2. These 2 l y m p h o c y t e  popula t ions  can be 
d is t inguished opera t iona l ly  by  the  fact  t h a t  t hey  express  
qui te  d i f fe rent  sets  of cell surface ant igens.  For  example ,  
thy-l- ,  TL- and  Ly-an t igens  3-5 are found on the  surface 
of mouse  T-, b u t  no t  B-cells while easily demons t rab le  
surface immunoglobul ins  6, FC receptors  ~, 8 and  b inding  
sites for C3 (the t h i rd  c o m p o n e n t  of complement )  ~ are 
charac ter i s t ic  of B-cells. Here  we repor t  the  presence  of a 
new ant igen  called rho (0) e x p r e s s e d  on the  surface of 
mouse  T-, b u t  n o t  B- lymphocy tes .  0 -de te rminan t s  are 
recognized in an i m m u n e  cytolys is  assay by  cross-react ion 
wi th  an t i s e rum p repa red  aga ins t  purif ied 0-antigen, a 
h igh mol .wt  g lycopro te in  isolated f rom mouse  L-cells. 
Our resul ts  indicate  t h a t  0 is p resen t  on all mouse T-cells 
and t h a t  it  is no t  ident ica l  to  any  previous ly  descr ibed 
T-cell ant igen.  
The expe r imen ta l  m e t h o d s  we have  employed  to  demon-  
s t ra te  the  presence  of 0 on the  T-cell surface are based  on 
the  use of an an t i s e rum p repa red  aga ins t  purif ied 0-anti-  
gen. 0 is a 100,000 mol .wt  g lycopro te in  found on the  sur- 
face of mouse  L-cells where  i t  can func t ion  as a recep tor  
for concanava l in  A. 0 was purif ied to molecular  homoge-  
ne i ty  by  af f in i ty  c h r o m a t o g r a p h y  on a co lumn of con 
A-Sepharose  according to t h e  procedure  of H u n t  e t  al. 1~ 
Ant i -  0 se rum was p repa red  by  in ject ing adul t  male rab-  

bi ts  in the  foo tpads  wi th  300-600 txg of purif ied 0-ant igen 
emulsif ied in comple te  F r e u n d ' s  ad juvan t .  Rab b i t s  were 
bled a t  regular  in te rva ls  the rea f t e r  and  tes ted  for the  
p roduc t i on  of an t ibodies  to  e in 3 ways.  Firs t ,  i m m u n e  
sera in t he  presence of c o m p l e m e n t  were found to be toxic 
for L-cells in a dose d e p e n d e n t  fashion as shown in 
tab le  1. This  provides  qu i t e  reasonable  evidence t h a t  0 is 
in fact  p resen t  on the  L-cell-surface.  Second, i m m u n e  b u t  
n o t  p r e i m m u n e  sera were found  to  combine  specifically 
w i th  purif ied 0-ant igen as judged  b y  an immune  precipi ta-  
t ion  tes t .  Third,  i m m u n e  sera were shown to prec ip i ta te  
0-ant igen specifically f rom solut ions p roduced  b y  dis- 
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