Bl ood substitute with oxygen transport function, pharnmaceuti cal
conposition (options) The present invention relates to nedicine,
nanmel y bl ood substitutes based on poly-henogl obin. The invention can
be used for the production of blood-substituting solutions conparable
to the efficiency of gas transport (transport of oxygen) wth
erythrocytes of human bl ood. A blood substitute / L. R Sehgal, A L.
Rosen, S. A Gould, H L. Sehgal, GS. Myss / Transfusion. - 1983. -
V. 23.- N2, - P. 158-162 /, of polyneric henoglobin, is wdely
known. The main drawback of the known bl ood substitute is its
relatively high cost, which is due to the fact that the bl ood
substitute for use expensive biologically active agent -

pyri doxal - b- phosphat e Blédd subkkiaute with atygen araapgefundétianici dence of
free-PF in the final product, which can lead to undesirable

consequences. The bl ood s#BatmpgRudicalfommasition Rpf9932687, AG1K35/ 18,
A61 K38/42, 1999/, which is a m xture of henoglobin tetraner and
oligoners with various chain lengths, is also well-known. Qigoners
are obtained by cross-linking the henoglobin tetraners with _
gl ut ar al dehyde and .nodified.gl utamc acid. The disadvan e of
el enpol | UREEM ARG Pt BFb ol CUITehty PFMEYSHETE. RPPRTGR: b e
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affect the stocks of donated bl ood.

solutions comparable to the efficiency of gas transport (transport of oxygen) with

erythrocytes of human blood.

A blood substitute / L. R. Sehgal, A. L. Rosen, S. A. Gould, H.L. Sehgal, G.S. Moss /
Transfusion. — 1983. — V. 23. — N 2. — P. 158-162 /, of polymeric hemoglobin, is widely

known.

The main drawback of the known blood substitute is its relatively high cost, which is due
to the fact that the blood substitute for use expensive biologically active agent —
pyridoxal-b-phosphate (PF). There is also a danger of incidence of free-PF in the final

product, which can lead to undesirable consequences.

The blood substitute Gelenpol, /RU 2132687, A61K35/18, A61 K38/42, 1999/, which is
a mixture of hemoglobin tetramer and oligomers with various chain lengths, is also well-
known. Oligomers are obtained by cross-linking the hemoglobin tetramers with

glutaraldehyde and modified glutamic acid.

The disadvantage of Gelenpol is that packed red blood cells with a shelf life of no more

than 36 days are required for its preparation, and this may adversely affect the stocks of
donated blood.



2 The di sadvant ages al so include the fact that the bl ood substitute
has a | arge percentage of henoglobin tetraner, which dissociates in
the blood into diners which have a nephrotoxic effect. The tetraner
al so causes vasoconstrictor effect by binding nitric oxide, and in
addition, the tetraner is rapidly elimnated fromthe bl ood stream
wi t hout being able to performthe gas-transport function. The bl ood
substitute according to patent RU 2203087, derived from donated

bl ood, is also well-known. This blood substitute is an aqueous
solution piridoxilated, polynerized henogl obin, which contains
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possi bl e. Meanwhil e, there may be situations wheré the use of this

solvent is not desirable and a plasma substitute with different
properties and different henoglobin may turn out to be optimal. The
present invention is to create a blood substitute devoid of these
shor t comTigshemoglobin-based blood substitute made by the biopure company, including

hemoglobin from the red blood cells of cattle, Patents US 5,084,558 (1992) and US
6,506,725 (2003), is also well-known.

This blood substitute has the following parameters: distribution of the molecular weight
of the polyhemoglobin is in the range of 68,000 — 500,000 daltons, more than 90%, with
the polyhemoglobin content more than 50%, methemoglobin content of less than 20%,

and endotoxin content of less than 0.02 units/ml.

The disadvantages of this blood substitute are high levels of tetramer and

methemoglobin. The high tetramer content has a nephrotoxic effect and methemoglobin



In order to solve this problem a blood substitute with oxygen
transport function and based on pol yneri zed gl ut aral dehyde henogl obi n
derived fromanimal blood is proposed. A distinctive feature of the
proposed bl ood substitute is that the nol ecul ar weight distribution
of 90% of the pol yhenoglobin is in the range of 192,000 - 320,000 Da
and the nethenogl obin content is |less than 5% The bl ood substitute
is proposed to be made in the formof a dry substance, such as a
powder or granules, with a noisture content of no nore than 7% The
proposed bl ood substitute may al so contain glucose and/ or ascorbic
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increases its shelf |ife and strengthens its anti-shock effect. In

addition, it expands the set of specific therapeutic effects through
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substitute solutions. The choice of solution is determ ned by the

cause that led to the need to transfuse bl ood substitute, the

condi ti oim ofdet he spiatiteist probleth, tahislooditsutseitaé witte opygeposadpdh dtaypiyn and

treat nept process).

( gaseg on polglmerized glutaraldehyde hemoglobin derived from animal blood is
proposed. A distinctive feature of the proposed blood substitute is that the molecular
weight distribution of 90% of the polyhemoglobin is in the range of 192,000 — 320,000
Da and the methemoglobin content is less than 5%. The blood substitute is proposed to be
made in the form of a dry substance, such as a powder or granules, with a moisture

content of no more than 7%.
The proposed blood substitute may also contain glucose and/or ascorbic acid.

The distribution of molecular weight of 90% of polyhemoglobin in the range of 192,000
— 320,000 Da and methemoglobin content less than 5% improve the quality of the blood
substitute by eliminating unwanted side effects. It is known that polymerized hemoglobin
has less cooperative effect than native hemoglobin, which reduces the Hill coefficient
/Preparation and integral vitro characteristics of polymerized pyridoxylated hemoglobin,

L.R. Sehgalet al., TRANSFUSION, Vol. 23, No. 2-1983, p. 158 — 162/. This effect is



Consequently, the technical result is achieved. The bl ood substitute
is prepared using osnotic henolysis of the red blood cells of cattle.
Therefore, the erythrocytic nmass derived fromthe stabilized cow s
bl ood by separation, is subjected to henolysis with water for
injection. Stroma (erythrocyte nmenbrane) is separated by
mcrofiltration using filters with pore dianeters of 50, 20, 10, 5,
and | mcrons. The filtrate is treated with concentrated sodi um
chl oride solution for planting non-he proteins. The solution is
again filtered through filters with po e dianeters of 5, 1, and 0.65
m crons ~ 0 filtration t
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and gel - penskad bMOdcdubstﬁaﬁepgfe&mnyhtlon of the patient, and the nature of the proposed

therapy (treatment process).
Consequently, the technical result is achieved.

The blood substitute is prepared using osmotic hemolysis of the red blood cells of cattle.
Therefore, the erythrocytic mass derived from the stabilized cow’s blood by separation, is
subjected to hemolysis with water for injection. Stroma (erythrocyte membrane) is
separated by microfiltration using filters with pore diameters of 50, 20, 10, 5, and 1
microns. The filtrate is treated with concentrated sodium chloride solution for planting
non-heme proteins. The solution is again filtered through filters with pore diameters of 5,
1, and 0.65 microns and subjected to the process of ultrafiltration with 300 kDa cut-off

membranes, and sterilizing filtration is performed.

The concentration of native hemoglobin and of the products of its chemical modification

is determined spectrophotometrically by using a cyanmethemoglobin derivative at a



Anong the preparations with henodynam c (anti-shock) effect,

pol yoxi din, containing 1.5% solution of polyethylene glycol, with a
nmol ecul ar mass of 20 kDa in 0.9% sodi um chloride solution with the
addi ti on of potassiumiodide, is proposed as a solvent for the

cl ai med bl ood substitute. Polyoxidin has an anti-shock effect, as
well as the ability to cause autohenodilution and retain fluid in the
bl oodstream Polyoxidin restores capillary blood flowwth its

di saggregating effect. 6 Henodez, a 6%%solution of

pol yvi nyl pyrrolidone with a nol ecul ar ss of 12.6 kDa; with the
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Separation is carried out at 4000 rpm The resulting erythromass in
the amount of 12 liters enters the henolysis container.

The reaction is completed by adding an aqueous solution of sodium borohydride (pH 8-

9.

The polyhemoglobin solution is subjected to ultrafiltration on cut-off membranes of 450
kDa, and then for concentration and diafiltration washing, it is applied to the membranes
filtering out polymers that are less than 150 kDa. The polyhemoglobin solution is washed
with diafiltration to remove the tetramer and low molecular weight compounds, and then
it is concentrated up to 10% polyhemoglobin and stored for drying. The quality of the
preparation in terms of compliance with the f;actional composition of polyhemoglobin is

controlled through electrophoresis and gel-permeation chromatography.

Among the preparations with hemodynamic (anti-shock) effect, polyoxidin, containing
1.5% solution of polyethylene glycol, with a molecular mass of 20 kDa in 0.9% sodium
chloride solution with the addition of potassium iodide, is proposed as a solvent for the
claimed blood substitute. Polyoxidin has an anti-shock effect, as well as the ability to
cause autohemodilution and retain fluid in the bloodstream. Polyoxidin restores capillary

blood flow with its disaggregating effect.



After introduction of 12 liters of erythromass in a disposabl e Flexel
3D bio-bag (E 1) for henplysis with a volune of 50 liters (all tanks
are equi pped with cooling jacket), a peristaltic punp is swtched on
for mxing, and 36 liters of water is added for injection (BIA) wth
a tenperature of +6 to +8 C (tenperature controlled by the sensor in
the palletanlc) fromthe collection tank, located in the solutions
preparation chanber. Henolysis takes place within 40 m nutes while
stirring. The resulting henolysate i sépurrped over cartridge filters
with a pore size of 50, 20, 10, 5, and” 1 mcrons, placed
sequentially, and then into the Flexel bic-bag to precipitate

non- hene proteins. After filtration, the solutionis fed into the

bi 0- bag fHdmddee, preck@utiat boPoBidyGyrioliesk: pitlt€ifsecular s afdard kDb,
50 liters. After punpi ng the entire volune, concentrated NaC

sol ut i on YigBthgoadditiont @isalist halansed Sy riPRIF rFOPPORtiaR, BrsaPRSeHfio Peghedgs a
(BR. 6) . lasts 30 mnutes. After the precipitation
of non- h-gr%ﬁogp%rﬁségfeh%h?ﬁe henogl obin solution is punped to the punp
cartridge filters with a pore size of5, 1, and 0.65 m crons, arranged
sequenti al.l and subsequently into.a container for t ncentr ation
of hemgﬁ%&%%iua%own GoTRinS B HieTss 1%%8@6'—;11%%.5 GnCerom. €17
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Wi th nmenbranes, filtering out material wth a mol ecul ar mass of over
300 kDa. a@dnciétasatimposgfont he henopgl obi n sol ution takes place at the
ultrafiltration plant with nmenbranes, splitting out materials with
nol ecul ar mass of nore than 70 kDa, to a concentration of 10%

henogl obiNafubblSt &f kbluBbN@ffdalts r(@8di@n drSorRRY, fREBEMOBhIbAGe SATEMSEIHRm
with the use of nenbranes with a pore size of 0.2 mcrons. After
concent r #hlawnle) 28d ofjupe femaate hels reppgmendad obeatuseh asnihe rpplyfiectional
gas-vort agt.or streamof sterile nitrogen is fed into the
react or E‘(conﬁi ﬁ’rg%lar?)lona rotameter), for interm xture and
deoxygenati on. Deoxygenatl on is carried out until oxygen
concentration in the equilibriumgas phase of 1.0-2.0 vol. %is

achi eved ?heﬁe?%n?léiéétcﬁ?cqngam%%ftkgwq %SW%EﬁOI(‘:‘H%Se‘ﬁt Yation sensor).

Example 1. Stable bovine blood, chilled to +2° +4° C, in 10-liter plastic containers, total
amount 30 liters, is passed from the refrigerating chamber through the gateway to the
industrial premises. Blood is fed into the receptacle of operating separator AI-FMC with
the aid of a peristaltic pump. Separation is carried out at 4000 rpm. The resulting

erythromass in the amount of 12 liters enters the hemolysis container.

After introduction of 12 liters of erythromass in a disposable Flexel 3D bio-bag (E 1) for
hemolysis with a volume of 50 liters (all tanks are equipped with cooling jacket), a
peristaltic pump is switched on for mixing, and 36 liters of water is added for injection
(BIA) with a temperature of +6 to +8° C (temperature controlled by the sensor in the
palletank) from the collection tank, located in the solutions preparation chamber.

Hemolysis takes place within 40 minutes while stirring.



8 A solution of 2.5% gl utaral dehyde in an anount of 1.83 kg is punped
to the reactor R1, which contains deoxyhenogl obin (TP.3.1.), for 40
mn. The reaction is carried out with stirring for 1 hour at a
tenperature of +6 to +8 Cin a nitrogen flow. The reaction is stopped
using a solution of sodium borohydride added in the anount of 0.2 kg
into the reactor with the pol yhenogl obin solution. The reaction
occurs for 30 mnutes while snit ing. Then the reaction mxture is
pressure-punped with nitrogen (excess pressure 0.5 - 1 atm in the
diafiltration container. The reaction m xture is pressure-punped wth
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mol ecul eSOBHCRERERYFBDI n). After diafiltration, 20 liters of the
solution is fed to the repl eni shnent punp for concentration and
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amount of 4.83 liters and 0.2 liters of 13,6%sterile solution of
ascor bi ¢ pessipdtatign kdded mintisst he bi 0o-bag with the pol yhenogl obi n

sol ution added through the sterile connection connector, and the
solution is stirred. Then the prepared solution is fed through a

peri st al tAfeer phdPretPithiieh St &d-hdrdd Bebtéihd, th@ht@bglobist itk i0 Huiipbd t@the
pore size of 0.22 mcrons. Filtrate enters the holding tank for
del i ver y PEBW @Ftyidag filtey with a pore size of5, 1, and 0.65 microns, arranged sequentially,

and subsequently into a container for the concentration of hemoglobin solution.

Purification of hemoglobin solution from high-molecular-weight admixtures in is at the
ultrafiltration plant with membranes, filtering out material with a molecular mass of over
300 kDa. Concentration of the hemoglobin solution takes place at the ultrafiltration plant
with membranes, splitting out materials with molecular mass of more than 70 kDa, to a
concentration of 10% hemoglobin. A sterilizing filtration is performed on the same setup

with the use of membranes with a pore size of 0.2 microns.

After concentration, 23.5 liters of the hemoglobin solution enters the gas-vortex reactor.
A stream of sterile nitrogen is fed into the reactor (controlled by a rotameter), for
intermixture and deoxygenation. Deoxygenation is carried out until oxygen concentration
in the equilibrium gas phase of 1.0-2.0 vol. % is achieved (in the reactor is located the

oxygen concentration sensor).



Conpar abl e values of the Hi Il coefficient are listed in he folioiig

t abl e:

1. Table I Hi Il coefficient native henogl obin Bi op-ure bl ood

substitute The cl ai ned bl ood substitute
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A solution of 2.5% glutaraldehyde in an amount of 1.83 kg is pumped to the reactor
R1, which contains deoxyhemoglobin (TP.3.1.), for 40 min. The reaction is carried out

with stirring for 1 hour at a temperature of +6° to +8° C in a nitrogen flow.

The reaction is stopped using a solution of sodium borohydride added in the amount of
0.2 kg into the reactor with the polyhemoglobin solution. The reaction occurs for 30
minutes while stirring. Then the reaction mixture is pressure-pumped with nitrogen

(excess pressure 0.5 — 1 atm) in the diafiltration container.

The reaction mixture is pressure-pumped with nitrogen (pressurized 0.5 — 1 atm.) from
the bioreactor and is introduced into a 50-liter bio-bag. Thereafter, the polyhemoglobin
solution is pumped via a replenishment pump for 300kDa diafiltration to remove the
high-molecular weight compounds (of more than 6 molecules of hemoglobin). After
diafiltration, 20 liters of the solution is fed to the replenishment pump for concentration
and washing diafiltration at 100kDa. The solution is washed with 150 liters of water for
injection, for removal of the modified hemoglobin (intramolecular bonded tetramer) and

low molecular weight compounds, and concentrated to 20 liters.
The wash solution is directed to wastewater treatment plants.

Sterile 40% glucose solution in the amount of 4.83 liters and 0.2 liters of 13,6% sterile
solution of ascorbic acid is added into the bio-bag with the polyhemoglobin solution
added through the sterile connection connector, and the solution is stirred. Then the
prepared solution is fed through a peristaltic pump to the sterilizing filtration installation

with a pore size of 0.22 microns. Filtrate enters the holding tank for delivery for drying.

Lyophilic or vacuum drying providing for the production of sterile powder in an amount

of 4.8 kg is used for drying the preparation.



2.0 1.4 1.8 Treatnent efficiency of the resulting blood substitute
was eval uated on a nodel of henorrhagic shock in dogs. Sterile
freeze-dried pol yhenogl obi n containing glucose and ascorbic acid was
used for the study. The powder was diluted with saline solution. Ten
nmongrel dogs - mal es weighing 10-20 kg - were used for the
experinment, which artificially induced henorrhagi c shock in acute

bl ood | oss with prol onged hypotension. Estinmated bl ood | oss was 45 -
55 m /kg, and the duration of hypotensjon at the |evel of blood
pressure equal to 40 mmHg. was 60 - 70 nm |Intravenous sol ution of
pol ymeri zed gl ut aral dehyde- nodi fi ed henogl obin was i ntroduced during
t he pronounced di sorders of the system ¢ henbdynam cs, oxygen

t r anspor tCanghratdte dalnase tht Hilecafffitibe dotyed tadis &dldwyingrasdsd: ve bl ood

| oss and prol onged hypot ensi on. The preparation obtained through the
cl aimed nethod was introduced iat the same volunme as the blood | oss.
Ten out of ten of the dogs in the study survived, wherein it was
reveal ed that the infusion of the solution with a | ow concentration
of pol yhernogl obin (0.8g/dl) provides not only a persistent
restoratLﬁgﬁg{ system ¢ henodynam cs, but al so a higher |evel of

ti ssue ox consunption. 10
Hill native Biopure The claimed
coefficient hemoglobin blood substitute blood substitute
2.0 1.4 . 1.8

Treatment efficiency of the resulting blood substitute was evaluated on a model of
hemorrhagic shock in dogs. Sterile freeze-dried polyhemoglobin containing glucose and
ascorbic acid was used for the study. The powder was diluted with saline solution. Ten
mongrel dogs — males weighing 10-20 kg — were used for the experiment, which
artificially induced hemorrhagic shock in acute blood loss with proionged hypotension.
Estimated blood loss was 45 - 55 ml/kg, and the duration of hypotension at the level of
bldod pressure equal to 40 mm Hg. was 60 - 70 min. Intravenous solution of polymerized
glutaraldehyde-modified hemoglobin was introduced during the pronounced disorders of
the systemic hemodynamics, oxygen transport and acid-base state of the body, caused by
massive blood loss and prolonged hypotension. The preparation obtained through the
claimed method was introduced iat the same volume as the blood loss. Ten out of ten of
the dogs in the study survived, wherein it was revealed that the infusion of the solution
with a low concentration of polyhemoglobin (0.8g/dl) provides not only a persistent
restoration of systemic hemodynamics, but also a higher level of tissue oxygen

consumption.



When a preparation with the characteristics of the prototype wused,
nine out of the i-en animals survived. a simlar experinment was
Clains 1. A blood substitute with oxygen transport function, based
on gl utaral dehydepol yneri zed henogl obi n derived from ani nal bl ood,
di stingui shed by the fact that it is a . dry substance and contains
at | east 90% pol yneri zed henogl obin with nol ecul ar weight in the
range of 192,000 - 320,000 Da and the nethenogl obin content in the
bl ood substitute no nore than 5% 2. : he bl ood substitute according
to Claim1, distinguished by the fact t'hat additionally contains
glucose. 3. The bl ood substitute of Claim1, distinguished by the
fact that it additionally contains ascorbic acid.

When a preparation with the characteristics of the prototype in a similar experiment was

used, nine out of the ten animals survived.



4. The bl ood substitute according to Caim4, distinguished by the
fact that is a powder with a humdity no greater than 7% 5. The

bl ood substitute according to Caim4, wherein the granules have a
noi sture content of no greater than 7% 6. A pharnmaceuti cal
conposition containing the blood substitute according to Claim1 and
pol i oxydin containing a 1.5% solution of polyethylene glycol with a
nmol ecul ar mass of 20 kDa in a 0.9% sodi um chloride solution with the
addition of potassiumiodide, 7. A pge}r maceuti cal conposition

contai ning the blood substitute according to Claim1, and a 6%

sol ution of polyvinylpyrrolidone with a nolecular mass of 12.6 kDa,
with the addition of salts balanced in terns of ionic conposition.

12 8. A pharnaceutical conposition cpai ni ng the bl ood substitute
according to Cairn and Ringer's solution. 9. A pharnmaceuti cal
conposition according to Caim@8, distinguished by the fact that the
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polymerized hemoglobin derived from animal blood, distinguished by the fact that it is a
dry substance and contains at least 90% polymerized hemoglobin with molecular weight
in the range of 192,000 — 320,000 Da and the methemoglobin content in the blood

substitute no more than 5%.

2. The blood substitute according to Claim 1, distinguished by the fact that it additionally

contains glucose.

3. The blood substitute of Claim 1, distinguished by the fact that it additionally contains

ascorbic acid.

4. The blood substitute according to Claim 4, distinguished by the fact that is a powder
with a humidity no greater than 7%.

5. The blood substitute according to Claim 4, wherein the granules have a moisture

content of no greater than 7%.

6. A pharmaceutical composition containing the blood substitute according to Claim 1
and polioxydin containing a 1.5% solution of polyethylene glycol with a molecular mass

of 20 kDa in a 0.9% sodium chloride solution with the addition of potassium iodide.

7. A pharmaceutical composition containing the blood substitute according to Claim 1,
and a 6% solution of polyvinylpyrrolidone with a molecular mass of 12.6 kDa, with the

addition of salts balanced in terms of ionic composition.



10. A pharmaceutical conposition containing the blood substitute
according to Caiml and a solution of sodiumchloride, potassium
chl ori de and magnesi um chl ori de and sodi um f amar at e.

12

8. A pharmaceutical composition containing the blood substitute according to Claim 1

and Ringer's solution.

9. A pharmaceutical composition according to Claim 8, distinguished by the fact that the

Ringer's solution contains Na -147, K - 4.0, Ca— 2.3, Cl - 155, and HCOj; - 1.2 mmol/l.

10. A pharmaceutical composition containing the blood substitute according to Claim 1
and a solution of sodium chloride, potassium chloride and magnesium chloride and

sodium fumarate.



