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Description 

FIELD  OF  THE  INVENTION 

This  invention  relates  to  blood  substitutes  and  proc- 
esses  for  their  preparation.  More  specifically,  it  relates 
to  blood  substitutes  based  on  hemoglobin,  and  process- 
es  for  the  chemical  modification  of  hemoglobin  to  im- 
prove  its  suitability  for  use  as  the  basis  of  a  blood  sub- 
stitute. 

BACKGROUND  OF  THE  INVENTION 

Hemoglobin,  as  the  natural  oxygen  transporter 
component  of  blood,  is  an  obvious  candidate  to  form  the 
basis  of  a  blood  substitute,  e.g.  as  an  aqueous  solution. 
Extensive  scientific  work  has  been  done  and  reported, 
on  attempts  to  provide  a  satisfactory  hemoglobin  solu- 
tion  to  act  as  a  blood  substitute.  The  chemical  properties 
of  hemoglobin  outside  the  red  blood  cells  are,  however, 
markedly  different  from  its  properties  inside  the  red 
blood  cells,  e.g.  as  regards  its  oxygen  affinity.  The  need 
for  some  form  of  chemical  modification  of  hemoglobin 
to  render  it  suitable  for  use  as  a  blood  substitute  has 
long  been  recognized  and  has  been  quite  extensively 
investigated. 

It  is  well  known  that  hemoglobin  comprises  a  te- 
tramer  of  four  sub-units,  namely  two  a  sub-units  each 
having  a  globin  peptide  chain  and  two  p  sub-units  each 
having  a  globin  peptide  chain.  The  tetramer  has  a  mo- 
lecular  weight  of  approximately  64  kilodaltons,  and  each 
subunit  has  approximately  the  same  molecular  weight. 
The  tetrameric  hemoglobin  in  dilute  aqueous  solution 
readily  dissociates  into  a-p  dimers,  and  even  further  un- 
der  some  conditions  to  a-sub-unit  monomers  and  p-sub- 
unit  monomers.  The  dimers  and  monomers  have  too  low 
a  molecular  weight  for  retention  in  the  circulatory  system 
of  the  body,  and  are  filtered  by  the  kidneys  for  excretion 
with  the  urine.  This  results  in  an  unacceptably  short  half 
life  of  such  a  product  in  the  body.  Moreover,  un- 
crosslinked  hemoglobin  induces  significant  nephrotox- 
icity,  so  that  there  is  need  to  minimize  the  concentration 
of  uncrosslinked  hemoglobin  in  the  products.  The  need 
for  chemical  bonding  between  the  sub-units  to  ensure 
the  maintenance  of  the  tetrameric  form  ("intramolecular 
crosslinking")  has  previously  been  recognized.  Also,  the 
linking  together  of  two  or  more  tetrameric  units  to  form 
hemoglobin  oligomers  and  polymers  of  molecular 
weight  greater  than  64  kilodaltons  ("intermolecular 
crosslinking")  has  also  been  recognized  as  desirable  in 
many  instances. 

When  present  in  the  red  blood  cells,  hemoglobin  is 
bound  to  a  natural  ligand,  diphosphoglycerate  (DPG)  at 
a  particular  site  in  the  hemoglobin  molecule  known  as 
the  DPG  cleft  or  pocket.  When  the  red  blood  cell  mem- 
brane  is  removed,  the  DPG  dissociates  from  the  hemo- 
globin,  with  consequent  steric  rearrangement  of  the  he- 
moglobin  molecule  and  consequent  undesirable  in- 

crease  in  the  affinity  of  the  hemoglobin  for  oxygen.  A 
satisfactory  blood  substitute  based  on  hemoglobin 
should  be  capable  of  binding,  transporting  and  releasing 
oxygen  largely  in  the  same  manner  and  under  the  same 

5  conditions  as  hemoglobin  present  in  natural  whole 
blood.  This  problem  has  been  addressed  in  the  past  by 
covalently  attaching  DPG-analogs  such  as  pyridoxal-5'- 
phosphate  PLP  to  hemoglobin  to  form  the  basis  of  a 
blood  substitute. 

10 
BRIEF  REFERENCE  TO  THE  PRIOR  ART 

U.S.  Patent  No.  4,857,636  Hsia,  issued  August  15, 
1  989,  describes  a  blood  substitute  based  on  chemically 

is  modified  hemoglobin,  in  which  the  hemoglobin  is  in- 
tramolecularly  crosslinked  by  reaction  with  polyalde- 
hydes.  The  particular  polyaldehydes  recommended  for 
use  in  the  Hsia  patent  are  the  products  of  ring  opening 
oxidation  of  saccharides  such  as  raffinose,  a  trisaccha- 

20  ride.  The  reactions  are  said  to  bind  the  hemoglobin  sub- 
units  into  tetramers  by  non-site  specific  crosslinking  of 
the  globin  chains  of  the  sub-units  to  one  another,  to  sta- 
bilize  the  tetrameric  hemoglobin  in  the  T-configuration 
or  the  R-configuration  for  control  over  the  oxygen  affinity 

25  of  the  resultant  tetramer.  The  reactions  are  also  said  to 
be  controllable  to  allow  the  formation  of  oligomers  of  he- 
moglobin  by  intermolecular  crosslinking  in  predeter- 
mined  amounts  along  with  the  stabilized  tetramer.  Non- 
site  specific  crosslinking  of  the  globin  chains  according 

30  to  the  Hsia  patent  is  taught  therein  to  be  advantageous 
in  allowing  the  use  of  large  molar  excesses  of  polyalde- 
hyde  for  enhanced  yields  of  crosslinked,  stabilized  he- 
moglobin,  as  opposed  to  site  specific  crosslinking  where 
stoichiometric  quantities  of  reagents  are  usually  neces- 

35  sary. 
Further  studies  and  investigations  of  the  processes 

and  products  disclosed  in  the  Hsia  patent  have  re- 
vealed,  however,  that  by  variation  of  some  of  the  condi- 
tions  of  reaction  and  other  factors,  unexpected  improve- 

40  ments  in  the  control  and  reproducibility  of  the  process, 
and  in  the  nature  and  consistency  of  the  end  products, 
can  be  achieved.  A  product  such  as  a  blood  substitute, 
intended  for  administration  to  live  animals,  should  have 
a  controllable  and  reproducible  composition  of  compo- 

45  nents,  so  that  its  efficacy  and  side  effects  can  be  prop- 
erly  monitored. 

SUMMARY  OF  THE  INVENTION 

so  It  is  an  object  of  the  present  invention  to  provide 
novel  processes  for  preparing  blood  substitutes  based 
on  hemoglobin. 

It  is  a  further  object  of  the  present  invention  to  pro- 
vide  improved  methods  and  conditions  of  reacting  he- 

55  moglobin  with  polyaldehydes  derived  from  the  oxidative 
ring  opening  of  saccharides. 

The  present  invention  is  based  to  some  extent  upon 
the  discovery  that  the  polyaldehyde  product  of  the  oxi- 
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dative  ring  opening  of  a  di/tri-saccharide  this  term  being 
used  herein  to  denote  disaccharides  and  trisaccharides) 
is  highly  specific  in  reacting  with  specific  sites  in  the 
2,3-diphosphoglycerate  binding  (DPG)  cleft  of  hemo- 
globin,  tocrosslinktwop-globin  chains  thereof,  provided 
that  the  polyaldehyde  product  itself  is  substantially  ho- 
mogeneous.  Ring-opened,  oxidized  di/tri-saccharides 
undergo  hydrolytic  degradation  under  alkaline  condi- 
tions.  Solutions  of  ring-opened,  oxidized  raffinose  (o- 
raffinose),  for  example,  stored  at  pH  >  7  undergo  signif- 
icant  alkaline  hydrolysis  to  provide  oxidized  disaccha- 
rides  (e.g.o-sucrose)  and  oxidized  monosaccharides  (e. 
g.  o-galactose),in  admixture  with  the  oxidized  trisaccha- 
ride.  Stabilization  of  o-raffinose  solutions  is  achieved  by 
maintaining  stock  solutions  at  pH  <7,  and  preferably  pH 
<  6. 

The  process  of  the  present  invention,  however,  pre- 
pares  a  substantially  homogeneous  polyaldehyde  by 
maintaining  the  pH  of  ring-opened,  oxidized  di/tri-sac- 
charide  solutions  such  as  raffinose  at  pH  5.0  -  7.0.  This 
product  can  be  reacted  with  hemoglobin  at  a  stoichiom- 
etry  (based  on  moles  of  di/tri-saccharide  to  tetramers  of 
hemoglobin)  of  about  1:1  -  4:1,  to  give  high  yields  of 
crosslinked,  stabilized  hemoglobin  product.  The  very 
large  excesses  of  crosslinking  reagent  recommended  in 
the  aforementioned  Hsia  patent  for  obtaining  high  yields 
of  products,  of  20:1  and  thereabouts,  turn  out  to  be  un- 
necessary.  Moreover,  the  side  effects  experienced  in  us- 
ing  such  large  excesses  of  crosslinking  reagent,  namely 
lack  of  control  and  reproducibility  of  the  nature  of  the 
composition  of  the  resulting  crosslinked  product,  are 
largely  avoided.  Formation  of  high  molecular  weight  ag- 
gregates  are  avoided  by  using  limited  stoichiometry  of 
crosslinking  reagent. 

Thus,  according  to  one  aspect  of  the  present  inven- 
tion,  there  is  provided  a  process  of  chemically  modifying 
hemoglobin  to  render  it  more  suitable  for  use  as  a  blood 
substitute  in  aqueous  solution,  which  comprises: 

(a)  subjecting  a  di/tri-saccharide  to  an  oxidative  ring 
opening  process  to  produce  a  polyaldehyde  there- 
from; 

(b)  adjusting  and  maintaining  the  pH  of  the  resulting 
product  solution  to  a  value  within  the  range  from 
about  pH  5.0  to  pH  7.0,  so  as  to  prevent  any  sub- 
stantial  hydrolytic  degradation  of  the  polyaldehyde 
so  formed; 

(c)  reacting  the  product  of  process  step  (b)  with  he- 
moglobin  in  solution,  at  a  stoichiometric  ratio,  based 
upon  di  trisaccharide  and  hemoglobin  tetramers,  of 
from  about  1:1  -  4:1  ; 

(d)  reducing  the  Schiff  base  linkages  so  formed  to 
secondary  amine  linkages;  and 

(e)  recovering  the  modified  hemoglobin  so  formed. 

The  nature  and  composition  of  the  crosslinked 
product  obtainable  by  use  of  the  present  invention  is  not 
only  controllable  and  reproducible,  but  also  advanta- 
geous.  The  product  contains  little  unmodified  hemo- 

5  globin,  and  what  little  there  is  can  if  necessary  readily 
be  removed  by  diafiltration.  It  is  free  from  high  molecular 
weight  (greater  than  600,000  daltons)  hemoglobin  ag- 
gregates.  It  consists  essentially  of  about  40%  tetrameric 
hemoglobin,  less  than  5%  of  dimeric  hemoglobin,  with 

10  the  balance  being  oligomers  with  molecular  weights  be- 
tween  64,000  and  500,000  daltons. 

It  has  previously  been  thought  necessary  to  avoid 
crosslinking  of  hemoglobin  at  pH  below  7.4,  for  fear  of 
excess  formation  of  methemoglobin.  A  further  unex- 

15  pected  and  advantageous  feature  of  the  present  inven- 
tion  is  that,  with  the  crosslinking  reagents  described 
herein,  hemoglobin  crosslinking  reactions  can  be  con- 
ducted  within  the  pH  range  5.0  -  7.0  without  excessive 
formation  of  methemoglobin.  This  is  of  course  the  pH 

20  range  within  which  the  osaccharide  (polyaldehyde)  is 
maintained  for  stability,  so  that  an  extra  process  step  of 
pH  adjustment  or  the  like,  prior  to  the  crosslinking  reac- 
tion,  is  advantageously  avoided. 

FIGURE  1  is  a  diagrammatic  representation  of  the 
chemical  reaction  of  oxidative  ring  opening  of  raffi- 
nose  to  produce  a  hexa-aldehyde,  and  the  subse- 

30  quent  chemical  equilibrium  formation  with  the 
acetal  compound; 

FIGURE  2  is  a  diagrammatic  representation  of  the 
chemical  reaction  of  the  polyaldehyde  with  hemo- 

35  globin  and  the  subsequent  chemical  reduction  step; 

FIGURE  3  is  the  HPLC  analysis  curve  of  the  product 
of  Example  1  described  below; 

40  FIGURE  4  is  a  diagrammatic  presentation  of  the  ki- 
netics  of  the  reaction  described  in  Example  3  below; 

FIGURE  5  is  a  chromatogram  illustrating  the  C4 
globin  chain  analysis  of  unmodified  hemoglobin 

45  from  Example  4  below,  showing  heme,  beta  chain 
and  alpha  chain; 

FIGURE  6  is  a  chromatogram  similar  to  Fig.  5,  illus- 
trating  the  C4  globin  chain  analysis  of  crosslinked 

so  hemoglobin  from  Example  4  below. 

DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

55  The  preferred  di/tri-saccharide  for  use  in  the 
present  invention  is  the  trisaccharide  raffinose,  and  so 
the  invention  will  be  further  described,  for  reasons  of 
clarity,  with  specific  reference  to  the  use  of  raffinose.  It 

25  BRIEF  REFERENCE  TO  THE  DRAWINGS 
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is  to  be  understood,  however,  that  this  is  a  preferred 
choice  of  di/tri-saccharide,  and  the  invention  is  not  to  be 
construed  as  limited  thereto.  Other  suitable  trisaccha- 
rides  include  planteose,  manninotriose,  galactotriose, 
gentianose,  melezitose,  o-alpha-D-galactopyranosyl- 
(1-6')-mannobiose,  maltotriose  and  cellotriose.  Suitable 
disaccharides  include  sucrose,  lactose,  maltose,  isoma- 
Itose,  cellabiose,  melibiose,  planteobiose,  galactobiose, 
gentiabiose,  turanose  and  mannobiose.  The  invention 
is  not  to  be  construed  as  limited  to  the  use  of  the  spe- 
cifically  mentioned  di/tri-saccharides. 

Preferably,  the  raffinose  is  oxidatively  ring  opened, 
by  reaction  in  solution  with  a  strong  oxidizing  agent  such 
as  a  periodate,  for  example  sodium  periodate  or  potas- 
sium  periodate.  This  oxidation  takes  place  at  very  low 
pH.  After  the  reaction  has  been  conducted,  the  solution 
is  adjusted  to  pH  5.0  -  7.0  by  suitable  buffering,  prefer- 
ably  to  6.0  -  6.5.  Any  salts  formed  as  a  result  of  the  pH 
adjustment,  which  might  interfere  with  the  subsequent 
reactions  with  hemoglobin,  are  preferably  removed  at 
this  stage,  e.g.  by  crystallization,  mixed  bed  ion  ex- 
change,  gel  permeation  chromatography,  reverse  os- 
mosis,  etc.  Phosphate  buffers  are  effective  but  are  pref- 
erably  avoided,  because  residual  phosphate  ions  in  the 
solution  can  interfere  with  the  subsequent  cross-linking 
reaction.  The  resulting  product  can  be  stored,  in  aque- 
ous  solution,  preferably  buffered  to  about  pH  6.0,  ready 
for  use.  Suitable  buffers  are  those  which  buffer  to  a  pH 
range  6  -  7,  and  include  MES  (2-[N-morpholino]  ethane 
sulphonic  acid)  ;  BIS-TRIS  (bis  [2-hydroxyethyl]imino- 
tris[hydroxymethyl]methane;  ADA  (N-  [2-acetamido]- 
2-iminodiacetic  acid;  ACES  (2-[(2-amino-2-oxoethyl)- 
aminojethanesulfonic  acid);  PIPES  (piperazine-N,N'- 
bis[2-ethanesulfonic  acid]);  MOPSO  (3-[N-morpholino]- 
2-hydroxypropanesulfonic  acid);  BIS-TRIS  PROPANE 
(1,3-bis  [tris(hydroxymethyl)-methylamino  propane); 
BES  (N,N-bis[2-hydroxyethyl]-2-aminoethane  sulfonic 
acid);  MOPS  (3-[N-morpholino]propanesulfonicacid); 
TES(N-tris[hydroxymethyl]  methyl-2-aminoethane  sul- 
fonic  acid);  HEPES  (N-[2-hydroxy-ethyl]piperazine-N'- 
[2-ethanesulfonic  acid]),  with  BIS-TRIS  and  BIS-TRIS 
PROPANE  most  preferred. 

Phosphate  buffering  of  the  raffinose  reaction  solu- 
tion  is  also  best  avoided  on  grounds  of  efficiency  of  re- 
action.  On  subsequent  crosslinking  of  the  hemoglobin 
with  the  ring  opened  raffinose  polyaldehyde  product,  the 
crosslinking  reagent  reacts  specifically  at  the  DPG  bind- 
ing  site,  but  the  phosphate  would  also  interact  at  such 
a  site.  Accordingly,  avoidance  of  phosphate  avoids  the 
reaction  competition  between  the  species,  resulting  in 
greater  yields,  faster  reaction  and  better  control  over  the 
resulting  chemical  products. 

The  chemical  progress  of  this  reaction  is  diagram- 
matically  illustrated  in  Fig.  1  of  the  accompanying  draw- 
ings.  If  the  pH  is  not  properly  controlled,  the  o-raffinose 
partially  hydrolyses  to  form  a  mixture  of  o-sucrose  and 
o-galactose,  and  under  some  conditions  to  smaller  oxi- 
dized  fragments.  The  resulting  product  mixture  of  dial- 

dehydes  and  tetra-aldehydes  is  not  only  an  undesirable 
mixture  on  grounds  of  its  non-homogeneity  and  non-re- 
producibility,  but  also  is  less  reactive  towards  the  hemo- 
globin,  thereby  requiring  the  use  of  greater  quantities  for 

5  good  yields  of  product.  Crosslinking  of  hemoglobin  with 
o-sucrose  is  effective  and  useful  within  the  scope  of  the 
present  invention,  but  takes  place  more  slowly,  and  with 
different  specificity  than  in  the  case  of  o-raffinose. 

The  hemoglobin  for  use  in  the  process  of  the 
10  present  invention  is  preferably  human  hemoglobin,  de- 

rived  from  red  blood  cells.  However,  the  invention  is  ap- 
plicable  also  to  other  types  of  hemoglobin  to  form  the 
basis  of  a  blood  substitute,  such  as  animal  hemoglobins 
especially  bovine  hemoglobin,  ovine  and  hemoglobin 

is  and  the  like.  Human  hemoglobin  is  currently  the  pre- 
ferred  choice,  to  form  the  basis  of  a  blood  substitute  for 
administration  to  human  patients. 

The  hemoglobin  can  be  recovered  and  prepared  for 
use  in  the  present  invention  according  to  standard, 

20  known  techniques.  Thus,  red  blood  cells  are  lysed,  and 
cellular  debris  and  stroma  are  removed  therefrom  by 
standard  techniques  of  centrifugation,  filtration  and  the 
like.  Preferably,  a  solution  of  hemoglobin  with  a  concen- 
tration  of  2-14%  by  weight  of  hemoglobin  is  used,  to 

25  yield  a  product  having  the  most  desirable  composition 
and  combination  of  properties.  The  purity  of  the  hemo- 
globin  should  be  as  high  as  practically  achievable,  to 
avoid  toxicity  in  the  final  product.  Final  purification  suit- 
ably  takes  place  chromatographically. 

30  Hemoglobin  can  naturally  exist  in  the  tight  (T)  con- 
formation  as  normally  assumed  by  deoxyhemoglobin, 
or  in  the  relaxed  (R)  conformation  as  normally  assumed 
by  oxyhemoglobin.  The  oxygen  binding  characteristics 
of  deoxy-  hemoglobin  are  the  more  desirable  character- 

's  istics,  since  this  is  the  conformation  naturally  assumed 
by  the  hemoglobin  inside  the  natural  red  blood  cells  of 
the  blood.  It  is  accordingly  preferred  to  effect  the  proc- 
ess  of  the  present  invention  on  deoxyhemoglobin,  the 
crosslinking  reaction  with  the  polyaldehyde  derived  from 

40  ring  opening  of  raffinose  serving  to  stabilize  the  hemo- 
globin  in  the  T-configuration.  If,  however,  one  chooses 
for  any  reason  to  start  with  R-configuration  hemoglobin, 
the  crosslinking  reaction  according  to  the  invention  sta- 
bilizes  the  hemoglobin  into  the  R-configuration  through- 

45  OUt. 
Deoxygenation  of  hemoglobin  to  form  deoxyhemo- 

globin  is  preferably  conducted,  prior  to  the  reaction  with 
the  crosslinking  agent,  by  subjecting  the  hemoglobin  so- 
lution  to  treatment  with  a  non-oxygenating  gas  such  as 

so  nitrogen,  according  to  known  techniques.  Some  prior  art 
processes,  including  that  described  in  the  aforemen- 
tioned  Hsia  patent,  teach  the  use  of  a  reducing  agent 
such  as  sodium  dithionite  for  removing  the  final  traces 
of  oxyhemoglobin.  Such  a  technique  is  not  preferred  ac- 

55  cording  to  the  present  invention,  since  it  has  been  found 
that  the  presence  of  dithionite  residues  inhibits  the  o- 
raffinose-mediated  oligomerization  of  the  tetrameric  he- 
moglobin  units.  It  is  thus  preferred  to  continue  the  treat- 

4 
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ment  with  a  stream  of  nitrogen,  followed  by  appropriate 
degassing,  for  sufficiently  long  periods  of  time  to  effect 
complete  conversion  to  deoxyhemoglobin  in  this  man- 
ner. 

Reaction  of  the  deoxyhemoglobin  aqueous  solution 
with  the  polyaldehyde  crosslinking  reagent  so  formed 
suitably  takes  place  in  aqueous  solution,  at  a  tempera- 
ture  in  the  range  of  4-40°C,  and  for  a  period  of  time  of 
from  2-96  hours,  preferably  about  24  hours.  The  reac- 
tion  solution  is  buffered,  preferably  with  a  bis-tris  buffer 
system,  to  a  pH  not  exceeding  7.5  and  preferably  in  the 
range  5.0  -  7.0  to  avoid  risk  of  hydrolysis  and  decompo- 
sition  of  the  hexa-aldehyde.  The  molar  ratio  of  polyalde- 
hyde  to  hemoglobin  is,  as  previously  stated,  in  the  range 
1:1  -  4:1  on  the  basis  of  o-raffinose  to  hemoglobin  te- 
tramers,  and  preferably  at  a  stoichiometry  of  about  2.5: 
1  -  3.5:  1  .  The  concentration  of  deoxyhemoglobin  is  suit- 
ably  1-15%  (w/v)  and  preferably  in  the  range  5-10%  (w/ 
v). 

As  a  result  of  the  reaction  of  the  hemoglobin  with 
the  hexa-aldehyde,  in  which  amino  groups  on  the  he- 
moglobin  chain  react  with  the  aldehyde  groups  of  the 
crosslinking  reagent,  a  Schiff  base  linkage  is  formed 
which  is  a  reversible  linkage.  The  coupled  product  ef- 
fectively  enters  into  an  equilibrium  balance  with  the  non- 
crosslinked  hemoglobin  and  crosslinker.  This  is  dia- 
grammatically  illustrated  in  Figure  2  of  the  accompany- 
ing  drawings.  This  linkage  now  needs  to  be  reduced  to 
a  primary  amine  linkage,  which  is  stable  and  irreversi- 
ble,  to  complete  the  cross-linking  of  the  hemoglobin  for 
blood  substitute  purposes.  The  reducing  agent  is  pref- 
erably  added  to  the  reaction  mixture  after  the  substantial 
completion  of  the  crosslinking  reaction.  Whilst  the  prior 
art,  for  example  the  aforementioned  Hsia  patent,  rec- 
ommends  the  use  of  sodium  borohydride  as  the  reduc- 
ing  agent,  there  is  used  according  the  preferred  aspect 
of  the  present  invention  borane  dimethylamine  as  the 
reducing  agent.  This  has  the  significant  advantage  over 
the  prior  art  of  avoiding  generation  of  gaseous  hydro- 
gen,  which  occurs  when  sodium  borohydride  is  used, 
and  leads  to  difficulties  in  control  and  general  conduct 
of  the  process.  The  use  of  borane  dimethylamine  is  a 
significant  improvement  in  this  regard.  Other  water  sol- 
uble  borane  lower  alkyl  amine  reducing  agents  including 
but  not  limited  to  borane-tert-butylamine,  borane-am- 
monia;  borane-dimethylamine;  borane-trimethylamine; 
and  borane  triethylamine,  can  also  be  used.  Another 
useful  but  less  preferred  reducing  agent  is  sodium  cy- 
anoborohydride. 

Reduction  of  the  Schiff  bases  formed  during  the 
crosslinking  and  reduction  of  unreacted  aldehyde 
groups  must  suitably  takes  place  in  aqueous  solution  at 
a  temperature  range  of  2-25°C,  for  a  period  of  time  from 
2-36  hours,  preferably  24  hours.  The  reaction  mixture  is 
suitably  buffered  to  pH  5-8,  preferably  to  6.5  -  7.0.  The 
molar  ratio  of  reducing  agent  to  the  sum  of  imine  and 
aldehyde  groups  is  in  the  range  2:1  to  5:1,  preferably 
2.5:1  to  3.5:1  based  on  the  stoichiometry  of  reducing 

agent  to  aldehyde  groups  added  to  initiate  crosslinking. 
After  the  stabilization  of  the  crosslinked  product  by 

reduction  with  dimethylamine  borane  has  been  complet- 
ed,  the  product  is  suitably  treated  with  carbon  monoxide 

5  to  form  a  protected  complex  of  hemoglobin,  for  storage 
purposes.  After  treatment  with  carbon  monoxide,  which 
conveniently  takes  place  by  passing  carbon  monoxide 
into  the  reaction  solution  so  formed  at  the  temperatures 
of  reaction,  the  mixture  is  preferably  diafiltered  appro- 

10  priately  to  remove  residual  reducing  agent  and  any  other 
reagent  residues.  Residual  buffer  can  be  removed  by 
gel  permeation  chromatography.  If  necessary  in  order 
to  remove  uncrosslinked  hemoglobin  residues,  magne- 
sium  chloride  can  be  added  to  dissociate  the  un- 

15  crosslinked  tetrameric  hemoglobin,  followed  by  diafiltra- 
tion  for  removal  of  the  residues  The  resulting  material  is 
then  ready  for  storage  under  sterile  conditions  until  use. 

DETAILED  DESCRIPTION  OF  THE  MOST 

The  invention  will  be  further  illustrated  by  reports  of 
specific,  non-limiting  examples,  as  below: 

PREPARATION  OF  PERIODATE  OXIDIZED 
RAFFINOSE 

To  a  solution  of  raffinose  (76  gm,  0.128  mole)  in 
sterile  water  (1  litre),  cooled  to  4-1  0°C  on  an  ice  bath, 
solid  sodium-m-periodate  (181  gm)  was  added  in  aliq- 
uots  and  the  temperature  maintained  at  <15°C  by  ad- 
justing  the  rate  of  addition  and  cooling  in  an  ice  bath. 
After  the  final  addition  of  sodium-m-periodate,  the  solu- 
tion  was  maintained  at  10-15°C  and  stirred  for  2-24 
hours  for  completion  of  the  oxidation  reaction.  The  so- 
lution  was  then  cooled  to  4°C  and  excess  periodate  was 
then  neutralized  by  the  controlled  addition  of  sodium  bi- 
sulphite.  The  pH  of  the  solution  was  then  adjusted  with 
10  N  NaOH  (100  ml),  solid  Bis-Tris  (to  a  final  concen- 
tration  of  20  mM)  was  added  and  the  pH  carefully  ad- 
justed  to  5.0.  The  solution  was  partially  desalted  by  stor- 
ing  at  4°C  for  16-24  hours  to  induce  crystallization  and 
the  clear  supernatant,  containing  the  oxidized  raffinose, 
was  decanted  and  filtered.  The  final  pH  of  the  solution 
was  carefully  adjusted  to  5.9  +/-0.1  . 

The  HPLC  analysis  of  the  product  of  the  above 
process,  taken  after  storage  of  the  reaction  solution  at 
pH  6.0  for  21  hours,  is  presented  in  Fig  3.  The  presence 
of  only  a  single  peak  relating  to  ring-opened  saccharide 
products,  namely  the  hexa-aldehyde  o-raffinose,  is 
noteworthy,  and  indicates  homogeneity  of  the  product 
and  absence  of  alkaline  hydrolysis  products.  The  only 
other  significant  peaks  on  the  chromatogram  pertain  to 
salts  and  formic  acid,  which  are  readily  removable. 

The  o-raffinose  may  be  purified  further  by  desalting 
on  using  a)  ion  exchange  mixed  bed  resins  b)  size  ex- 
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elusion  chromatography  or  c)  reverse  osmosis. 

EXAMPLE  2 

PURIFICATION  OF  O-RAFFINOSE  BY  MIXED  BED 
ION  EXCHANGE  CHROMATOGRAPHY 

A  solution  of  o-raffinose  (20  ml,  pH  5.65)  was  ad- 
justed  to  pH  1.6  by  dropwise  addition  of  6  N  HCI  and 
then  the  solution  was  passed  through  30  mL  of  Biorad 
AG  501  -8  (D)  analytical  grade  mixed  bed  resin.  The  elu- 
ent  was  collected  and  purified  sample  lyophilized  to  pro- 
vide  a  solid,  white  crystalline  product. 

EXAMPLE  3 

MODIFIED  METHOD  FOR  CONTROLLED  CROSS- 
LINKING  OF  HEMOGLOBIN  BY  O-RAFFINOSE 
FOLLOWED  BY  REDUCTION  WITH 
DIMETHYLAMINE  BORANE 

A  30  mL  solution  of  purified  human  hemoglobin  (8% 
w/v)  in  50  mM  Bis-Tris  buffer  at  pH  6.5  was  converted 
to  deoxyhemoglobin  under  a  stream  of  moisturized  ni- 
trogen  gas  for  approximately  4-6  hours  at  room  temper- 
ature  with  constant  stirring.  The  ring-opened,  oxidized 
raffinose  (112.5  umoles)  was  degassed  and  added  to 
initiate  the  cross-linking  and  oligomerization  reactions. 
After  24  hours,  3  M  sodium  acetate  was  added  to  pro- 
vide  a  final  concentration  of  30  mM  and  then  followed 
by  reduction  with  2.25  mmole  of  dimethylamine  borane 
dissolved  in  1  .3  ml  of  degassed  water.  The  reduction 
was  allowed  to  proceed  overnight. 

The  progress  of  the  reaction  was  monitored  by 
FPLC,  and  the  results  are  presented  diagrammatically 
on  Fig.  4.  Peak  no.  1  derives  from  hemoglobin  dimeric 
sub-units  (32  kdaltons)  present  in  the  mixture  -  clearly 
they  are  few  in  number.  Peak  no.  2  derives  from  the  te- 
trameric  (64  kdalton)  crosslinked  hemoglobin  constitut- 
ing  about  40%  proportion  of  the  product  mixture.  Peak 
no.  3  derives  from  dimerized  (1  28  kdalton)  and  peak  no. 
4  derives  from  oligomeric  hemoglobin  units  of  average 
molecular  weight  about  380  kdaltons.  It  is  to  be  noted 
that  the  product  mixture  contains  no  fraction  of  higher 
molecular  weight  higher  than  600  kdaltons. 

EXAMPLE  4 

DEMONSTRATION  OF  THE  SPECIFICITY  OF  THE 
CROSSLINKING  STEP 

To  monitor  the  progress  of  the  crosslinking  reaction, 
o-raffinose:  Hb  solutions  were  reduced  with  dimethyl- 
amine  borane,  in  the  presence  of  sodium  acetate,  after 
cross-linking  for  1  hr,  2.5  hr  and  23  hrs.  The  stabilized 
cross-linked  64  kD  fractions  were  isolated  by  prepara- 
tive  size  exclusion  chromatography  on  a  Superdex 
(Pharmacia)  gel  permeation  using  a  mobile  phase  of  0.5 

M  magnesium  chloride. 
The  effect  of  the  magnesium  chloride  solution  is  to 

dissociate  the  uncrosslinked  tetrameric  hemoglobin  into 
alpha-beta  dimers  (32  kdalton).  Magnesium  chloride 

5  does  not  dissociate  crosslinked  hemoglobin.  In  this  way, 
crosslinked  hemoglobin  can  be  separated  from  un- 
crosslinked  hemoglobin  for  analysis  purposes. 

The  heme  and  globin  chains  of  the  cross-linked  64 
kD  species  were  separated  by  reverse  phase  HPLC  us- 

10  ing  330  angstrom  pore  size  C4  Vydac  columns  (250  x 
4.6  mm  for  analytical  and  250  x  10  mm  for  preparative; 
The  Separations  Group,  Hesperia  CA)  and  developers 
containing  0.1%  trifluoroacetic  acid  and  various  gradi- 
ents  of  acetonitrile  starting  at  38%  and  ending  at  60% 

is  were  employed  to  effect  separation.  The  effluent  was 
monitored  at  220  nm  and  the  globin  chains  recovered 
from  the  effluent  by  lyophilization. 

In  a  similar  manner,  the  heme  and  the  globin  chains 
of  the  uncrosslinked,  unmodified  hemoglobin  were  sep- 

20  arated. 
Figure  5  of  the  accompanying  drawings  shows  the 

reverse  phase  globin  chain  chromatography  for  the  un- 
modified  hemoglobin,  and  Fig.  6  shows  that  for  the  mod- 
ified,  crosslinked  hemoglobin.  In  each  case,  as  will  be 

25  readily  recognizable  to  those  familiar  with  hemoglobin 
analysis,  and  as  readily  deducible  from  reference  pub- 
lications  thereon,  peak  1  represents  heme,  peak  2  rep- 
resents  unmodified  beta-globin  chains,  peak  3  repre- 
sents  unmodified  alpha-chains,  peak  4  represents  pre- 

30  dominantly  modified  beta-dimers  and  peak  5  represents 
predominantly  modified  alpha-dimers.  By  comparison  of 
Figs.  5  and  6,  one  can  readily  see  that  crosslinking  ac- 
cording  to  the  present  invention  takes  place  specifically 
on  the  beta-dimers,  i.e.  in  the  beta-chains  of  the  hemo- 

35  globin  tetrameric  units. 
To  determine  the  specific  position  of  the  modifica- 

tion  (crosslinking),  the  globin  chains  represented  by 
peak(fraction)  2  on  Fig.  5,  peak  (fraction)  3  and  peak 
(fraction)  4  on  Fig.  6  were  submitted  to  enzymatic  hydrol- 

40  ysis  using  trypsin,  followed  by  peptide  analysis,  as  fol- 
lows. 

ENZYMATIC  HYDROLYSIS  OF  GLOBIN  CHAINS 

45  Isolated,  globin  chains  were  first  dissolved  in  8  M 
urea  (to  increase  susceptibility  to  hydrolysis)  and  kept 
at  room  temperature  for  2-4  hours.  The  solution  was  di- 
luted  to  2  M  urea  with  90  mM  ammonium  bicarbonate 
buffer  at  pH  8.5.  Trypsin  (2%  of  total  protein)  was  added 

so  and  the  solution  was  digested  for  18-20  hours  at  room 
temperature.  The  tryptic  hydrolysate  was  then  heated 
in  boiling  water  for  2  minutes,  diluted  to  1  M  urea  with 
80  mM  ammonium  bicarbonate  buffer  and  digested  with 
endoproteinase  Glu-C  (1%  of  total  protein)  for  another 

55  1  8-72  hours  at  room  temperature.  The  hydrolysates 
were  centrifuged  or  filtered  before  injection  onto  the 
HPLC  column. 

50 

6 
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PEPTIDE  ANALYSIS 

Peptide  fragments  were  separated  by  reverse 
phase  HPLC  on  Vydac  C1  8  columns  (25  x  0.46  cm,  The 
Separations  Group,  Hesperia,  CA).  Separations  were  s 
made  using  developers  of  0.1%  TFA  and  gradients  of 
acetonitrile  starting  at  0%  and  ending  at  100%  over  a 
period  of  100  minutes.  Eluent  was  monitored  at  220  nm 
for  detection  of  peptidyl  fragments. 

Trypsin  specifically  cleaves  a  protein  chain  at  a  10 
lysine  residue  having  a  free  primary  amine  group.  It  is 
specific  in  its  reaction  to  primary  amine  groups  which  in 
hemoglobin  can  only  derive  from  a  lysine  residue  or  a 
terminal  amino  acid  group.  The  amino  acid  sequence  of 
globin  chains  of  hemoglobin  is  known.  Thus,  by  peptide  15 
analysis  of  the  tryptic  digest,  using  reverse  phase 
HPLC,  on  fraction  2  from  Fig.  5  and  fraction  4  from  Fig. 
6,  it  was  shown  that  the  crosslinking  was  specific  to 
lysine-82  on  the  beta-chains,  all  of  which  were  missing 
from  the  fraction  4  sample,  and  the  terminal  valine  group  20 
from  the  beta-chain,  half  of  which  were  missing  from  the 
fraction  4. 

Lysine-82  on  the  beta-chains  of  hemoglobin  is 
known  from  prior  work  to  be  located  in  the  2,3-diphos- 
phoglycerate  binding  site  of  hemoglobin.  Thus  the  spe-  25 
cificity  of  crosslinking  in  the  DPG  binding  site,  using  be- 
ta-lysine-82,  by  the  process  of  the  present  invention,  is 
demonstrated  and  established. 

EXAMPLE  5  30 

PREPARATION  OF  PERIODATE  OXIDIZED 
SUCROSE 

The  preparation  was  conducted  according  to  the  35 
procedure  described  in  Example  1  for  periodate  oxi- 
dized  raffinose,  using  3.8  gm  (11.1  mmole)  of  sucrose 
dissolved  in  50  ml  of  sterile  water  and  10.4  gm  of  solid 
sodium-m-periodate. 

40 
EXAMPLE  6 

CONTROLLED  CROSSLINKING  OF  HEMOGLOBIN 
BY  O-SUCROSE  FOLLOWED  BY  REDUCTION  WITH 
BORANE  DIMETHYLAMINE  45 

A  30  ml  solution  of  purified  human  hemoglobin  (8% 
w/v)  in  50  mM  Bis-Tris  buffer  at  pH  6.5  was  converted 
to  deoxyhemoglobin  under  a  stream  of  moisturized  ni- 
trogen  gas  for  approximately  4-6  hours  at  room  temper-  so 
ature  with  constant  stirring.  The  ring-opened,  oxidized 
sucrose  (115  u.Moles)  was  degassed  and  added  to  ini- 
tiate  the  crosslinking.  After  24  hours,  3M  sodium  acetate 
was  added  to  provide  a  final  concentration  of  30  mM. 
This  was  followed  by  reduction  of  the  crosslinked  prod-  55 
uct  with  1  .44  mMole  of  borane  dimethylamine  dissolved 
in  0.8  ml  of  degassed  water.  The  reduction  was  allowed 
to  proceed  overnight. 

Claims 

1.  A  process  of  chemically  modifying  hemoglobin  to 
render  it  more  suitable  for  use  as  the  oxygen  trans- 
porter  in  a  blood  substitute  in  aqueous  solution, 
which  comprises: 

(a)  subjecting  a  di/tri-saccharide  to  an  oxidative 
ring  opening  process  to  produce  a  polyalde- 
hyde  therefrom; 

(b)  adjusting  and  maintaining  the  pH  of  the  re- 
sulting  product  solutions  to  a  value  in  the  range 
from  about  5.0  -  7.0,  so  as  to  prevent  any  sub- 
stantial  hydrolytic  degradation  of  the  polyalde- 
hyde  so  formed; 

(c)  reacting  the  product  of  process  step  (b)  with 
hemoglobin  in  solution,  at  a  stoichiometric  ratio 
based  upon  di/tri-saccharide  and  hemoglobin 
tetramers,  of  from  about  1:1  -4:1; 

(d)  reducing  the  Schiff  base  linkages  so  formed 
to  secondary  amine  linkages;  and 

(e)  recovering  the  modified  hemoglobin  so 
formed. 

2.  The  process  of  claim  1  wherein  the  di/tri-saccharide 
is  a  trisaccharide 

3.  The  process  of  claim  2  wherein  the  trisaccharide  is 
raffinose. 

4.  The  process  of  claim  3  wherein  the  hemoglobin  is 
deoxyhemoglobin. 

5.  The  process  of  claim  4  including  the  initial  step  of 
deoxygenating  the  hemoglobin  by  subjection  to  in- 
ert  gas  under  conditions  sufficient  to  effect  substan- 
tially  complete  deoxygenation  thereof,  in  the  ab- 
sence  of  effective  amounts  of  reducing  agents. 

6.  The  process  of  claim  5  wherein  the  deoxyhemo- 
globin  is  substantially  entirely  free  from  sodium 
dithionite  and  residues  thereof. 

7.  The  process  of  claim  1  wherein  the  hemoglobin  is 
human  hemoglobin. 

8.  The  process  of  claim  1  wherein  the  hemoglobin  is 
initially  in  the  T-configuration  and  is  stabilized  into 
said  T-configuration  by  reaction  with  the  poly-alde- 
hyde. 

9.  The  process  of  claim  5  wherein  oxidative  ring  open- 
ing  of  the  raffinose  is  effected  by  reaction  with  so- 
dium  periodate  or  potassium  periodate,  under  high- 

7 
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ly  acidic  conditions. 

10.  The  process  of  claim  9  wherein  the  reaction  product 
solution  is  subsequently  buffered  to  a  pH  5.0  -  7.0 
by  use  of  a  phosphate  free  buffer,  and  maintained  s 
within  said  pH  range  for  subsequent  use. 

11.  The  process  of  claim  10  wherein  the  buffer  is  a  bis- 
tris  buffer  system. 

10 
12.  The  process  of  claim  1  wherein,  in  step  (c)  the  sto- 

ichiometry  of  the  di/tri-saccharide  to  the  hemoglobin 
tetramers  is  from  about  2.5:1  -  3.5:1  . 

13.  The  process  of  claim  1  wherein  the  reduction  to  15 
form  primary  amine  links  is  accomplished  by  reduc- 
tion  with  borane  dimethylamine. 

14.  The  process  of  claim  1  wherein  the  di/tri-saccharide 
is  a  disaccharide.  20 

15.  The  process  of  claim  14  wherein  the  disaccharide 
is  sucrose. 

16.  A  chemically  modified,  crosslinked  hemoglobin  25 
consisting  of  40%  tetrameric  hemoglobin  units, 
from  0  -  5%  dimeric  hemoglobin  units  and  the  bal- 
ance  being  oligomeric  hemoglobin  units  of  molecu- 
lar  weights  from  64,000  -  500,000  daltons,  and  free 
from  polymeric  hemoglobin  units  of  molecular  30 
weight  greater  than  600,000  daltons,  the  tetrameric 
and  oligomeric  hemoglobin  units  having  chemical 
crosslinks  between  respective  p-globin  chains  at 
position  lysine-82  in  the  DPG  binding  site. 

Patentanspriiche 

1.  Verfahren  zum  chemischen  Modifizieren  von  Ha- 
moglobin,  urn  es  zur  Verwendung  als  Sauerstoff-  40 
transporter  in  einem  Blutersatz  in  waBriger  Losung 
geeigneter  zu  machen,  umfassend: 

(d)  Reduzieren  der  so  gebildeten  Schiff'schen 
Base-Bindungen  zu  sekundaren  Aminbindun- 
gen;  und 

(e)  Gewinnen  des  so  gebildeten  modifizierten 
Hamoglobins. 

2.  Verfahren  nach  Anspruch  1,  wobei  das  Di/Tri-Sac- 
charid  ein  Trisaccharid  ist. 

3.  Verfahren  nach  Anspruch  2,  wobei  das  Trisaccharid 
Raffinose  ist. 

4.  Verfahren  nach  Anspruch  3,  wobei  das  Hamoglobin 
Desoxyhamoglobin  ist. 

5.  Verfahren  nach  Anspruch  4,  umfassend  den  an- 
fanglichen  Schritt  des  Desoxygenierens  des  Hamo- 
globins  durch  Aussetzen  gegenuber  Inertgas  unter 
ausreichenden  Bedingungen,  urn  im  wesentlichen 
dessen  vollstandige  Desoxygenierungzu  bewirken, 
in  Abwesenheit  wirksamer  Mengen  von  Redukti- 
onsmitteln. 

6.  Verfahren  nach  Anspruch  5,  wobei  das  Desoxyha- 
moglobin  im  wesentlichen  vollkommen  frei  ist  an 
Natriumdithionit  und  Ruckstanden  hiervon. 

7.  Verfahren  nach  Anspruch  1  ,  wobei  das  Hamoglobin 
Humanhamoglobin  ist. 

8.  Verfahren  nach  Anspruch  1  ,  wobei  das  Hamoglobin 
anfanglich  in  der  T-Konfiguration  vorliegt  und  in  die 
T-Konfiguration  durch  Umsetzen  mit  dem  Polyalde- 
hyd  stabilisiert  wird. 

9.  Verfahren  nach  Anspruch  5,  wobei  die  oxidative 
Ringoffnung  der  Raffinose  durch  Umsetzung  mit 
Natriumperiodad  oder  Kaliumperiodad  unter  stark 
sauren  Bedingungen  bewirkt  wird. 

10.  Verfahren  nach  Anspruch  9,  wobei  die  Reaktinspro- 
duktlosung  nachfolgend  auf  einen  pH  von  5,0-7,0 
unter  Verwendung  eines  phosphatfreien  Puffers  ge- 
puffert  und  innerhalb  dieses  pH-Bereichs  fur  die 
nachfolgende  Verwendung  gehalten  wird. 

11.  Verfahren  nach  Anspruch  10,  wobei  der  Puffer  ein 
Bis-Trispuffersystem  ist. 

12.  Verfahren  nach  Anspruch  1  ,  wobei  in  Schritt  (c)  die 
Stochiometrie  des  Di/Tri-Saccharids  zu  den  Hamo- 
globintetrameren  etwa  2,5:1-3,5:1  betragt. 

13.  Verfahren  nach  Anspruch  1,  wobei  die  Reduktion 
zur  Bildung  primarer  Aminbildungen  durch  Reduk- 
tion  mit  Borandimethylamin  bewerkstelligt  wird. 

(a)  Unterziehen  eines  Di/Tri-Saccharids  einem 
oxidativen  Ringoffnungsverfahren,  urn  daraus  45 
einen  Polyaldehyd  herzustellen; 

(b)  Einstellen  und  Beibehalten  des  pH  der  re- 
sultierenden  Produktlosungen  bei  einem  Wert 
im  Bereich  von  etwa  5,0-7,0,  urn  so  irgendeinen  so 
wesentlichen  hydrolytischen  Abbau  des  so  ge- 
bildeten  Polyaldehyds  zu  verhindern; 

(c)  Umsetzen  des  Produkts  aus  Verfahrens- 
schritt  (b)  mit  Hamoglobin  in  Losung,  bei  einem  55 
stochiometrischen  Verhaltnis,  bezogen  auf  Di/ 
Tri-Saccharid  und  Hamoglobintetrameren,  von 
etwa  1:1-4:1; 
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14.  Verfahren  nach  Anspruch  1,  wobei  das  Di/Tri-Sac- 
charid  ein  Disaccharid  ist. 

15.  Verfahren  nach  Anspruch  14,  wobei  das  Disaccha- 
rid  Saccharose  ist. 

16.  Chemisch  modifiziertes,  vernetztes  Hamoglobin, 
bestehend  aus  40  %  tetrameren  Hamoglobineinhei- 
ten,  0-5  %  dimeren  Hamoglobineinheiten  und  dem 
Rest  oligomeren  Hamoglobineinheiten  mit  Moleku- 
largewichten  von  64.000-500.000  Daltons,  und  wel- 
ches  frei  ist  an  polymeren  Hamoglobineinheiten  mit 
einem  Molekulargewicht  von  mehr  als  600.000  Dal- 
tons,  wobei  die  tetrameren  und  oligomeren  Hamo- 
globineinheiten  chemische  Vernetzungen  zwischen 
den  entsprchenden  p-Globinketten  an  der  Position 
Lysin-82  in  der  DPG-Bindungsstelle  aufweisen. 

Revendications 

1  .  Procede  de  modification  chimique  de  I'hemoglobine 
afin  de  la  rendre  plus  apte  au  transport  d'oxygene 
dans  un  substitut  sanguin  en  solution  aqueuse, 
comprenant  les  etapes  consistant  a  : 

(a)  soumettre  un  di/trisaccharide  a  un  proces- 
sus  d'ouverture  de  cycle  par  oxydation  pour  ob- 
tenir  a  partir  de  celui-ci  un  polyaldehyde; 
(b)  ajuster  et  maintenir  le  pH  de  la  solution  du 
produit  ainsi  obtenu  a  une  valeur  comprise 
dans  la  plage  de  pH  5,0  a  pH  7,0  environ,  de 
maniere  a  eviter  toute  degradation  sensible  par 
hydrolyse  du  polyaldehyde  ainsi  forme  ; 
(c)  faire  reagir  le  produit  obtenu  a  I'etape  (b)  du 
procede  avec  de  I'hemoglobine  en  solution,  se- 
lon  un  rapport  stoechiometrique  du  di/trisac- 
charide  aux  tetrameres  d'hemoglobine,  com- 
pris  entre  1:1  et  4:1  environ  ; 
(d)  reduire  les  liaisons  de  bases  de  Schiff  ainsi 
formees  afin  de  former  des  liaisons  amines 
secondaires  ;  et 
(e)  recuperer  I'hemoglobine  modifiee  ainsi  for- 
mee. 

2.  Procede  selon  la  revendication  1  ,  dans  lequel  le  di/ 
trisaccharide  est  un  trisaccharide. 

3.  Procede  selon  la  revendication  2,  dans  lequel  le  tri- 
saccharide  est  le  raffinose. 

4.  Procede  selon  la  revendication  3,  dans  lequel  I'he- 
moglobine  est  de  la  desoxyhemoglobine. 

5.  Procede  selon  la  revendication  4,  comprenant  I'eta- 
pe  initiale  consistant  a  desoxygener  I'hemoglobine 
en  la  soumettant  a  un  gaz  inerte  dans  des  condi- 
tions  suffisantes  pour  desoxygener  celle-ci  en  tota- 

lity,  en  I'absence  de  quantites  efficaces  d'agents  re- 
ducteurs. 

6.  Procede  selon  la  revendication  5,  dans  lequel  la  de- 
5  soxyhemoglobine  est  totalement  depourvue  de  di- 

thionite  de  sodium  et  de  residus  de  ce  dernier. 

7.  Procede  selon  la  revendication  1  ,  dans  lequel  I'he- 
moglobine  est  de  I'hemoglobine  humaine. 

10 
8.  Procede  selon  la  revendication  1  ,  dans  lequel  I'he- 

moglobine  a  initialement  une  configuration  T  et  est 
stabilisee  dans  cette  configuration  T  par  reaction 
avec  le  polyaldehyde. 

15 
9.  Procede  selon  la  revendication  5,  dans  lequel 

I'ouverture  par  oxydation  du  cycle  du  raffinose  est 
realisee  par  reaction  avec  du  periodate  de  sodium 
ou  du  periodate  de  potassium  et  en  conditions  for- 

20  tement  acides. 

1  0.  Procede  selon  la  revendication  9,  dans  lequel  la  so- 
lution  du  produit  reactionnel  est  ensuite  tamponnee 
a  un  pH  compris  entre  5,0  et  7,0  au  moyen  d'un  tam- 

25  pon  exempt  de  phosphate  et  est  maintenue  dans 
ladite  gamme  de  pH  pour  une  utilisation  ulterieure. 

11.  Procede  selon  la  revendication  10,  dans  lequel  le 
tampon  est  un  systeme  de  tampons  bis-tris. 

30 
12.  Procede  selon  la  revendication  1,  dans  lequel,  a 

I'etape  (c),  la  stoechiometrie  du  di/trisaccharide  par 
rapport  aux  tetrameres  d'hemoglobine  est  comprise 
entre  2,5:1  et  3,5:1  environ. 

35 
13.  Procede  selon  la  revendication  1  ,  dans  lequel  la  re- 

duction  destinee  a  former  des  liaisons  amines  pri- 
maires  se  fait  par  reduction  au  dimethylamine  bo- 
rane. 

40 
14.  Procede  selon  la  revendication  1  ,  dans  lequel  le  di/ 

trisaccharide  est  un  disaccharide. 

15.  Procede  selon  la  revendication  14,  dans  lequel  le 
45  disaccharide  est  le  saccharose. 

16.  Hemoglobine  reticulee  modifiee  chimiquement, 
composee  de  40%  d'unites  d'hemoglobine  tetrame- 
res,  de  0  a  5%  d'unites  d'hemoglobine  dimeres,  le 

so  reste  etant  des  unites  d'hemoglobine  oligomeres  de 
poids  moleculaire  compris  entre  64  000  et  500  000 
daltons,  et  exempte  d'unites  d'hemoglobine  poly- 
meres  de  poids  moleculaire  superieur  a  600  000 
daltons,  les  unites  d'hemoglobine  tetrameres  et  oli- 

55  gomeres  ayant  des  liaisons  transversales  entre  les 
chaTnes  de  globine-p  respectives  dans  la  position 
lysine  82  au  niveau  du  site  de  liaison  du  DPG. 

20 
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