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STABILIZED PHARMACEUTICAL COMPOSITIONS AND THEIR PREPARATION 

METHODS 

 

The present invention relates to stabilized pharmaceutical compositions and methods for 

their preparation. 

The present invention relates more particularly to the stabilization of prophylactic, or 

therapeutic or diagnostic agents consisting of or containing macromolecules or macromolecular 

complexes. 

The social and commercial importance of biological macromolecules is increasing. 

Most therapeutic or protective agents act in the aqueous medium of the inter- or 

intracellular spaces, or the mucous surfaces. 

Some act in the hydrophobic medium constituting the membrane, lipid phases or in the 

environment of hydrophobic amino acids. 

In recent years, biotechnology has had considerable influence in the health care 

industries. The new processes for the manufacture and isolation of macromolecular materials are 

capable of producing, in commercial quantities, natural products or products of genetic 

engineering, endowed with specificities previously impracticable. (Viruses, DNA, RNA, 

ribozymes, anti-sense agents, etc.) 

The old therapeutic compounds of relatively low molecular weights (aspirin, 

paracetamol, catecholamines, penicillin) have been characterized by a certain ease of formulation 

in tablets, emulsions, suspensions or solutions. 

Certain macromolecules - such as nucleic acids, and their complexes with proteins (and 

their cof actors), complex carbohydrates, lipids - and their complexes, are becoming of 

increasing interest as vaccines, or therapeutics or diagnostic. 
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In aqueous media, all of the macromolecules and macromolecular complexes indicated 

above have a tendency to degrade, which limits their usefulness as a therapeutic, vaccinating or 

diagnostic agent. 

For many agents, degradation is not a serious problem (for example, by following the 

manufacturer's instructions, problems associated with the use of an expired vaccine are avoided). 

However, even in the best of cases, the increase in service life from 50% to 100% (at the 

temperature of 20 ° C) of a therapeutic product, will be welcome (for example: the polio 

vaccine). 

For other agents, storage in the form of lyophilized powder is entirely satisfactory, the 

degradation simply starting at the time of incorporation in an aqueous medium. 

For many other agents, storage problems in dry form cannot be resolved. For some, stable 

in dry form, degradation in an aqueous medium is so rapid that stability presents a problem, even 

in the short period between incorporation in an aqueous medium and use. 

There are several factors causing degradation: manufacturing processes, degradation 

enzymes (proteolytic enzymes, nucleases, lipases, glycolytic enzymes), oxidizing or reducing 

agents (such as oxygen, or organic or inorganic chemicals), microbial contamination. 

Weak chemical bonds are important for biological macromolecules. 

Thermal denaturation cannot be avoided, due to the many weak chemical bonds which 

characterize biological macromolecules. However, this can be limited, for example, by keeping 

the temperatures relatively low (refrigeration or freezing). Sometimes small increases in 

temperature can produce dramatic changes in the activity of biological agents. Such changes 

involve the breakdown of a molecular organization which depends on cooperative effects not 

associated with the specific denaturation of a specific protein or nucleic acid. 
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In order to remedy the destabilization phenomenon, adjuvants such as MgCl2, (for the 

polio vaccine), polyethylene glycol, etc. can be used; however, these can have the disadvantage 

of not always (depending on the concentrations) being physiologically appropriate. 

For each ambient temperature, there is a spectrum of energy available for structural 

changes in a macromolecule or in a macromolecular complex (REF. Watson, James et al. Pages 

126 to 162, Molecular Biology of the Gene, 4th Edition ( 1987) Publishers Benjamin Cummings, 

ISBN 0-8053-9612-8). In the worst case, these changes can be associated with the breakdown or 

creation of covalent chemical bonds. The less important energies may be sufficient for the 

creation or the rupture of secondary chemical bonds (the bonds hydrogen, hydrophobic 

interactions, Van-der-Waals interactions) which play an important role in biological processes 

and the activities of biological macromolecules. The importance of the bonds discussed below, is 

most pronounced between the temperatures of 0 ° C and 45 ° C, corresponding to the range of 

temperatures associated with living processes in higher organisms. 

These weak interactions are all favored by a complementarity of physical structure. For 

example, a hormone and its attachment site are linked by several weak bonds. The structural 

complementarity increases the number of interactions of the Van-der-Waals type, hydrophobic or 

hydrogen, and thus avoids the disruptive effect of the ambient energy. 

Water itself plays an important role in stabilizing macromolecules in an aqueous medium. 

The hydrogen bonds between the water molecules order the structure. The structure can 

be highlighted with X-ray or neutron diffraction techniques. 

At the periphery of the macromolecules, water molecules form a kind of layer, the depth 

of several water molecules. Like a cage, this layer, reinforced by hydrogen bonds - between 
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water molecules and between water molecules and macromolecules - has the effect of preserving 

the integrity of the content. 

The electronic structure of water allows the free exchange of protons (nuclei of hydrogen 

atoms) between the elements of the water lattice and with favorable sites on macromolecules in 

aqueous medium. 

In macromolecules, water molecules often serve as a structural component, creating rigid 

bridges between protein residues, nucleic bases, carbohydrates or polar components of lipids. 

The crystallographic studies clearly show the inclusion of water molecules in several 

macromolecular crystals. The cumulative cooperative effect of these molecular bridges in 

structures like picorna viruses is very sensitive to temperature increases. 

Heavy water (or deuterium oxide, D2O or 2H2O) was discovered by Urey in 1932. This 

discovery precipitated an immediate interest, especially concerning the possible repercussions on 

the chemistry of life. During the years 1932-1939, more than 200 publications have shown the 

effects of heavy water on living organisms and their physiology and biochemistry. In all cases, 

D2O was used to replace (between 5% and 100%) H2O in the media aqueous, but the results 

obtained did not allow heavy water to be considered as a stabilizing agent. 

During the 1970s and 80s, heavy water became an important tool in the field of 

biophysical studies, such as NMR (nuclear magnetic resistance) or the diffusion of 

monochromatic neutrons. 

For NMR, the deuterium nucleus has the advantage of not having a nuclear spin. In H2O 

medium, in a magnetic field, the radio frequency signals emitted by the excited nuclei cannot be 

detected, because all the hydrogens in the water create an enormous background noise. In the 

D2O medium, water does not contribute to background noise, and the proton magnetic resonance 
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technique has become very powerful - especially for molecules which contain protons (1H) and 

which are solubilized by D2O. 

The nuclear properties of H and D nuclei are very different. For a neutron beam, 

deuterium is relatively transparent, while ordinary water is relatively opaque (Stuhrman H. 

(1974) J. Appl. Cryst. 7, 173-187). The various techniques allow the differentiation of the 

structural information coming from the different macromolecules. Neutron crystallography has 

become a powerful tool. 

That said, although it is known that heavy water brings an increase in the energy of 

hydrogen bonds by a factor of 0.24 kilocalories per mole, there was nothing to predict the 

influence of heavy water on stabilization. molecules solubilized by water, because phenomena 

other than the nature of the bond between the solvent and the molecule occur, these phenomena 

such as the cage effect, being to date poorly known. The cooperative effects of water / DNA / 

proteins within viruses also remain poorly understood to date. Confirmations can possibly be 

given by crystallographic studies (neutrons and X-rays). 

One of the aims of the invention is to provide stabilized, physiologically compatible 

pharmaceutical compositions. 

One of the aims of the invention is to provide a set of stabilized pharmaceutical 

compositions, in which the doses of pharmaceutical agents can be reduced compared to the same 

non-stabilized therapeutic compositions. 

One of the other aspects of the invention is to propose a simple process for the 

preparation of a set of stabilized pharmaceutical, in particular therapeutic, vaccinating or 

diagnostic compositions. 
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These various aspects are obtained by the compositions of the invention. In this regard, 

the stabilized pharmaceutical composition of the invention, comprising one or more 

macromolecule (s) chosen from nucleic acids, lipids or carbohydrates and / or one or more 

macromolecular complex (s), is characterized in that it comprises one or more pharmaceutically 

acceptable vehicle (s), at least one of these vehicles containing heavy water (D2O). 

It has been found that the substitution of all or part of the hydrogen nuclei by deuterium 

nuclei in the water molecules which serve as solvent for a molecule or a macromolecular 

complex which constitutes the active substance of a pharmaceutical composition, made it 

possible to stabilize said pharmaceutical composition. 

In nature, hydrogen is composed of 0.0156% deuterium. This can be purified by 

distillation or electrolysis of water, to obtain pure heavy water, which can then be electrolyzed to 

obtain pure deuterium. 

The invention relates to the use of D2O, or mixtures of D2O and H2O, as agents for 

stabilizing macromolecules chosen from nucleic acids, lipids or carbohydrates or 

macromolecular complexes in aqueous phase (solutions, suspensions or emulsions) . 

In the context of this invention, it is the properties of deuterium oxide, or heavy water, 

which are particularly interesting. The H or D nuclei which exchange freely between water 

molecules and between the numerous sites of dissolved, suspended or emulsified biological 

macromolecules. D and H are freely exchangeable between labile hydrogen sites, for example all 

hydrogens in the body of water, or many hydrogens in biological macromolecules. Other 

hydrogens, sometimes hidden in the hydrophobic medium, are less accessible, but after a 

variable period, can also be exchanged. 
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In H2O, D2O or mixtures of the two, the physical properties of the solutions show a linear 

scaling of the physical properties (such as density or boiling point or molar values for the energy 

of hydrogen bonds). 

The macromolecules and macromolecular complexes referred to in the invention are such 

that they have a molecular weight of at least 1500 Da, and advantageously greater than 5000 Da. 

To fix the ideas, the stabilization of the macromolecules is such that for a given 

temperature, for example around 40 ° C., one can observe an increase in stability of the 

macromolecules or complexes macromolecular, preserved in a solution containing D2O, 

compared to these same macromolecules or macromolecular complexes preserved in a solution 

containing H2O. 

For example, for the poliomyelitis viruses (see results), this stabilization results in an 

increase in the number of active viral particles by a factor of approximately 10 3 to 

approximately 104. 

As indicated above, the macromolecules targeted in the invention are nucleic acids, 

carbohydrates or lipids. 

As for the macromolecular complexes, they are advantageously chosen from protein-

carbohydrate, protein-lipid, nucleic acid-carbohydrate, nucleic acid-lipid, nucleic acid-protein 

complexes, optionally complexed with carbohydrates and / or lipids, and from viruses . 

By way of examples of biological macromolecules and macromolecular complexes 

capable of entering into the compositions of the invention appear: 

1) nucleic acids: DNA, for applications in vivo (for example: gene therapy) and in vitro 

(for example: diagnostic applications); RNA, ribozymes for in vivo applications (modifications 

of nucleic acids or nucleic acid / protein complexes); DNA and RNA are part of the genomes of 
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viruses used as vectors in therapy or vaccinology; natural or artificial DNA / RNA complexes; 

the nucleic acids used can be those existing in natural or artificial forms (created by genetic 

engineering); 

2) carbohydrates: these macromolecules have not yet found applications as independent 

therapeutics, but in their complexes with proteins, they are recognized as a major factor in 

modifying the activities of these proteins; the different carbohydrate forms can invoke significant 

physiological activities (as is the case for tPA, where the different "glycoforms" have very 

different activities); 

3) lipids: lipid macromolecules play important roles in cell membranes, but apart from 

relatively small molecules like prostaglandins and group A vitamins, these agents have not found 

many therapeutic applications; their interest lies in their macromolecular complexes and in 

particular in their uses in liposomes used as delivery systems for other therapeutic agents; 

4) macromolecular complexes: the most typical are nucleic acid and protein complexes, 

or proteins and carbohydrates; a virus is a macromolecular complex optionally composed of 

nucleic acids, proteins, carbohydrates and lipids (for example, the influenza virus or the HIN 

virus); there may also be mentioned artificial complexes, such as a lipid layer coating a 

therapeutic agent, targeted by activities localized in the lipid layer, having a specificity of 

binding with components of the targeted target. 

The pharmaceutical compositions involved in the present invention can be defined by: 

A - either one or more macromolecule (s) and / or one or more macromolecular complex 

(s), maintained in one or more pharmaceutically acceptable vehicle (s), 

B - either one or more macromolecule (s), and one or more macromolecular complex (s), 

maintained separately with respect to one or more pharmaceutically acceptable vehicle (s), the 
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macromolecule (s) , the macromolecular complex (s) and the pharmaceutically acceptable 

vehicle (s) being intended to be combined for administration to a patient, 

C - either at least two elements, kept separately from each other, and each comprising one 

or more macromolecule (s) and / or one or more macromolecular complex (s), at least one of 

these elements being in the presence of a pharmaceutically acceptable vehicle containing heavy 

water, these various elements being intended to be combined for administration to a patient, 

D - or at least two of the pharmaceutical compositions according to one of the variants A, 

B or C, kept separately from one another and intended to be combined for administration to a 

patient. 

By way of example, a composition corresponding to the combination for the 

administration of the variants according to B and C to a patient comprises the following 

characteristics: 

- on the one hand one or more macromolecule (s) and / or one or more macromolecular 

complex (s) are maintained separately with respect to one or more pharmaceutically acceptable 

vehicle (s), and on the other hand at least two elements are kept separate from each other, and 

each comprise one or more macromolecule (s) and / or one or more macromolecular complex (s), 

at least one of these elements being in the presence of a pharmaceutically acceptable vehicle 

containing heavy water, the macromolecule (s), the macromolecular complex (s), the 

pharmaceutically acceptable vehicle (s) and the above elements being intended to be collected 

for administration to a patient. 

The macromolecules and / or the macromolecular complexes may or may not be stored 

with the pharmaceutically acceptable vehicle containing heavy water. 
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According to an advantageous embodiment of the invention, the compositions are such 

that the macromolecules or the macromolecular complexes are either in suspension, or in 

solution, or in emulsion in the pharmaceutical vehicle. 

According to another advantageous embodiment of the invention, the compositions are 

such that the macromolecule (s) and / or the macromolecular complex (s) and the 

pharmaceutically acceptable vehicle are maintained separately and are intended for be collected 

for administration to a patient. 

By way of example, the macromolecules and / or the macromolecular complexes can be 

lyophilized and mixed with the pharmaceutically acceptable vehicle shortly before 

administration to a patient, or at the time of this administration. 

According to another advantageous embodiment, in the compositions of the invention the 

volume of the pharmaceutical vehicle varies from approximately 0.1 ml to approximately 20 ml, 

in particular from approximately 0.1 ml to approximately 5 ml, and the quantity of 

macromolecule or macromolecular complex varies from about lμg to about 3g. 

According to an advantageous embodiment for a unit dose, the amount of macromolecule 

or macromolecular complex is approximately 10 μg for a volume of approximately 1 ml of 

pharmaceutical vehicle. 

According to yet another embodiment, in the compositions of the invention, the 

pharmaceutical vehicle is a mixture of H2O-D2O and the weight ratio between D2O and H2O 

varies from approximately 10% to approximately 100%, advantageously approximately 40 % to 

about 95%, and preferably about 80% to about 95%. 

In general, D2O H2O mixtures, containing high concentrations of D2O (90-100%), give 

stabilization equivalent to a reduction of ambient temperature by a factor of 4-5 ° C (i.e. in 95% 
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of D2O at 25 ° C - for example - a macromolecule undergoes a degradation effect which is 

equivalent to that normally observed in H2O at 20 ° C ). 

In addition, the high concentrations of D2O offer significant protection against the 

consequences of microbial contamination. Few microbes tolerate D2O concentrations above 

70%. Heavy water is effectively a self-sterilizing medium (note that certain microbes, generally 

non-pathogenic, can be adapted to life in D2O medium). 

The compositions of the invention are non-toxic. Indeed, it is known that D2O at a 

concentration of less than 10% of body water has no significant toxic effect. (See A. Barbour, 

HG, (1937), Yale J. Biol. Med. 9, 551 - B: Barbour, HG, (1938), Am. J. Cancer, 32, 440- C: 

Barbour, HG (1938 ), J. Pharm. Exp. Therap., 62, 158 - D: Barbour, HG, (1936), J. Pharm. Exp. 

Rherap., 58, 460). 

Pharmaceutical agents likely to benefit from these stabilizing effects are often expensive 

and contained in small volumes (oral vaccine, for example 0.15 ml); thus the relatively high 

price of D2O is less important. 

As D2O and H2O are fully miscible, and as the labile hydrogen atoms ( 1 et and 2 H) are 

exchanged quickly, we can see that a dose of D2O containing a protective or therapeutic agent 

will be quickly dispersed in the mass body water. With a natural abundance of 0.0156% of 

hydrogen atoms, the mass of deuterium in a person weighing 75kg will be about lg, equivalent to 

10g of heavy water. The administration of small doses (for example: 0.1 to 5.0 ml) will not 

exceed the amount of heavy water already present in the body of an adult. Even very high doses 

(10 ml to 50 ml) do not contribute to a level of deuterium (approximately 0.1%) approaching 

toxic concentrations (10% - 20%) or fatal (25% and more). 
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Heavy water does not accumulate in the body and it is released into the urine, 

perspiration and respiration, just like water. 

In summary, the experiments and observations discussed demonstrate that there is a 

stabilizing effect for macromolecules and their complexes, of around 5 ° C, associated with 

heavy water. Despite the relatively small temperature changes, which are in the range of 2 ° C to 

5 ° C, the cooperative effects mentioned above can contribute to a significant increase in 

stability. Macromolecules and even living organisms (certain microbes, generally non-

pathogenic, which can be adapted to life in medium D2O) showed resistance to temperatures 

normally associated (in H2O medium) to thermal denaturation. Certain complexes have shown a 

reversible resistance to disintegration induced by solutions of low ionic strength (in H2O, for 

example less than KC1 1mM). 

In the compositions of the invention, the pharmaceutical vehicle can contain a stabilizing 

adjuvant, advantageously MgCl2, of carboxymethyl cellulose, polyethylene glycol, carbohydrate 

molecules, such as glycerol, glucose, sucrose, (and other C6 sugars), pentose sugars and their 

polymers (starches for example), these carbohydrate molecules which can be complexed with 

polyethylene glycol, polyethylene glycol advantageously having a molecular weight of 

approximately 500 to approximately 5000 daltons, and in particular approximately from 1000 to 

approximately 5000 daltons . 

In clinical application, D2O (and its mixtures) can also be used with regulators of tone, 

pH, viscosity and other stabilizing agents such as those indicated above. 

In the compositions of the invention, the weight ratio between the stabilization aid and 

the pharmaceutical vehicle is such that the pharmaceutical vehicle does not have a viscosity 

greater than about 0.2 Pascal-seconds (20 centipoise). 
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In the compositions of the invention the weight ratio between the stabilization adjuvant 

and the pharmaceutical vehicle is less than about 30%, and is advantageously from about 1% to 

about 30%, and more preferably about 10% at around 30%. 

In the compositions of the invention, the macromolecular complexes and the 

macromolecules are those used: 

- in vaccinating compositions, such as those against polio, against measles, against 

hepatitis, in particular hepatitis B or C, against influenza, against the virus of the acquired 

immunodeficiency syndrome (AIDS virus also designated by HIV = human immunodeficiency 

virus), against diphtheria, against tetanus, against whooping cough or against a combination of at 

least two of the above pathologies, (for example the vaccine against diphtheria, tetanus and polio 

[DTP], or vaccine against diphtheria, tetanus, polio and whooping cough, marketed under the 

brand TETRACOQ, 

- as a diagnostic agent, in particular for the diagnosis of measles, meningitis or HIV or, 

- as a therapeutic agent, such as nucleic acids or ribozymes. The invention also relates to 

a process for preparing a pharmaceutical composition of the invention, characterized in that it 

comprises the following steps: 

either the dilution using D2O in an appropriate amount, of the above pharmaceutical 

composition which is in the form of an aqueous solution, previously concentrated, for example at 

a rate of 20 mg / ml, 

- and / or dialysis, against D2O in an appropriate amount, of the above pharmaceutical 

composition which is in the form of an aqueous solution, 
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- Or the resuspension of the above pharmaceutical composition, in the form of a solid, 

using D2O, in an amount sufficient to obtain the appropriate concentration of the pharmaceutical 

composition. 

Dialysis is advantageously used in the case where the pharmaceutical composition 

contains a fragile active substance, poorly resistant to other physical treatments. 

The invention also relates to a process for the manufacture of a stabilized preparation of 

viral origin, containing macromolecular complexes, characterized in that said macromolecular 

complexes are placed in solution, suspension or emulsion in a medium containing heavy water. 

By preparation of viral origin means in particular 

- complete, inactivated or attenuated viruses, 

- viral glycoprotein proteins, whether surface or internal and whether they are obtained 

from virus or by known genetic recombination, for example the surface protein of hepatitis B 

virus, 

- viral vectors, such as adenoviruses, poxviruses such as canary pox, or vaccinia virus 

expressing proteins of viral or bacterial origin (see for example the European patent: EP 083 

286), 

- the nucleic acids (RNA or DNA), encapsulated or not, known for example under the 

name of "naked DNA" by the European patent application EP 465 529 (WO 90/11092), or the 

American patent USP 4 394 448, which describes the encapsulation of DNA or DNA fragments 

in lipid vesicles. 

The invention also relates to a method for stabilizing a vaccine preparation of viral origin, 

in particular of a viral suspension, characterized in that it comprises a stage of incorporation of 

heavy water: 
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- either to the virus or to the cells to be infected, before contact between the cells to be 

infected and the virus, 

- either in the culture medium of cells infected with the virus, - either in the vaccine 

preparation obtained at the end of the previous step. 

Heavy water can be added at any stage involved in the process for preparing the viral 

suspension, preferably after recovery of the viral particles, at the end of the stage of culturing 

cells infected with the virus. 

In the case of a vaccine prepared in lyophilized form, heavy water can be used for the 

preparation of the viral suspension, before lyophilization and / or for the rehydration of the above 

lyophilized vaccine. Heavy water is preferably used at the rehydration stage. 

The vaccines to which the invention advantageously applies are the following: influenza, 

chickenpox, measles, mumps, rubella, dengue, HIV, herpes. 

The examples cited below are purely illustrative, and should not be interpreted as limiting 

the scope of this invention. 

They demonstrate: 

1: - thermostabilization of an important vaccine; 

2: - the stabilization of a model macromolecular complex, illustrating the reversibility of 

the thermostabilization effects due to D2O and its associated isotope effects. 

These examples can be applied to the following cases: to a ribozyme, to the recombinant 

hepatitis B and C vaccine, to the influenza vaccine, to the measles vaccine, to the DTP vaccine 

(diphtheria, tetanus, poliomyelitis), to the vaccine tetanus, to the kit for the diagnosis of HIV. 

It should be noted that in the above and what follows, all of the cited literature documents 

are incorporated by reference. 
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Descriptions of the figures: 

FIG. 1 represents the thermostability, at 37 ° C., of a pharmaceutical composition 

according to the invention. 

The abscissa axis corresponds to time (expressed in days) and the ordinate axis 

corresponds to the logarithm of the concentration of viral particles (expressed in DICC50 / ml 

unit, DICC50 being the cytotoxic infectious dose in the cell). The curve represented by diamonds 

corresponds to a pharmaceutical composition in aqueous solution; the curve represented by 

squares corresponds to a pharmaceutical composition in aqueous solution, containing MgCl2 (in 

an amount of 1M) as an adjuvant; the curve represented by triangles corresponds to a 

pharmaceutical composition of the invention, dissolved in 95% heavy water; the curve 

represented by crosses corresponds to a pharmaceutical composition of the invention, dissolved 

in D2O and containing MgCl2 (in an amount of 1M) as an adjuvant. 

FIG. 2 represents the thermostability at 42 ° C of a pharmaceutical composition 

according to the invention. 

The abscissa axis corresponds to time (expressed in days) and the ordinate axis 

corresponds to the logarithm of the concentration of viral particles (expressed in DICC50 unit () / 

ml). 

The curve represented by diamonds corresponds to a pharmaceutical composition in 

aqueous solution; the curve represented by squares corresponds to a pharmaceutical composition 

in aqueous solution, containing MgCl2 (in an amount of 1M) as an adjuvant; the curve 

represented by triangles corresponds to a pharmaceutical composition of the invention, dissolved 

in 95% heavy water; the curve represented by crosses corresponds to a pharmaceutical 
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composition of the invention, dissolved in D2O and containing MgCl2 (in an amount of 1M) as 

an adjuvant. 

FIG. 3 represents the thermostability at 45 ° C. of a pharmaceutical composition 

according to the invention. 

The abscissa axis corresponds to time (expressed in days) and the ordinate axis 

corresponds to the logarithm of the concentration of viral particles (expressed in DICC50 / ml 

unit). 

The curve represented by diamonds corresponds to a pharmaceutical composition in 

aqueous solution; the curve represented by squares corresponds to a pharmaceutical composition 

in aqueous solution, containing MgCl2 (in an amount of 1M) as an adjuvant; the curve 

represented by triangles corresponds to a pharmaceutical composition of the invention, dissolved 

in 95% heavy water; the curve represented by crosses corresponds to a pharmaceutical 

composition of the invention, dissolved in D2O and containing MgCl2 (in an amount of 1M) as 

an adjuvant.  

FIG. 4 represents the thermal inactivation of the Sabin type 3 poliovirus. The initial 

concentration of the virus is fixed at 5 × 10 6 DICC50 / 50 μl. (DICC50 = cytotoxic infectious 

dose in the cell). 

Suspensions of the Sabin virus type 3 of equal titers (5 × 10 6 DICC5 () / 50 μl) are 

prepared in the following media: a) Dulbecco-MEM in normal water (corresponding to the 

abbreviation "medium H") on the face); 

b) Dulbecco-MEM in D2O with a final concentration of 87% (corresponding to the 

abbreviation "medium D" in the figure); 
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c) 1M MgCl2 in H2O, Tris buffered at pH 7.2 (corresponding to the abbreviation "H-Mg 

medium" in the figure); and 

d) 1M MgCl2 in D2O with a final concentration of 87%, Tris buffered at pH 7.2 

(corresponding to the abbreviation "D-Mg medium" in the figure). 

After 3 days of incubation (part A of figure 4) and after 7 days of incubation (part B of 

figure 4) at 4 ° C, 37 ° C, 42 ° C and 45 ° C, the type of virus is determined. The results are 

expressed as log difference of DICC5 Q / 50μl between the initial titer of the virus maintained at 

-30 ° C and the titer of each sample. The mean and standard error are shown for each result. 

FIG. 5 represents the thermal inactivation of the Sabin-type poliovirus 1 in the presence 

of D2O and / or MgCl2 (see details in Figure 4). Part A of Figure 5 corresponds to 3 days of 

incubation, and Part B of Figure 5 corresponds to 7 days of incubation. 

FIG. 6 represents the thermal inactivation of the Sabin-type poliovirus 2 in the presence 

of D2O and / or MgCl2 (see details in Figure 4). Part A of Figure 6 corresponds to 3 days of 

incubation, and Part B of Figure 6 corresponds to 7 days of incubation. 

FIG. 7 represents the stabilization of the Sabin type 3 poliovirus, with various 

concentrations of heavy water and of MgC12. The same experimental conditions as those 

described in FIG. 4 are combined, except for the concentration of D2O (part A of FIG. 7) or 

MgCl2 (part B of FIG. 7). 

The results are expressed as the difference between the initial titer of the viral suspension 

stored at -30 ° C (log of DICC50 / 50μl) and the titer of each of the samples after 3 days of 

incubation at 45 ° C. The initial virus titer of 5x10 6 TCID 50/50 .mu.l. 
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FIG. 8 represents the presence or absence of sedimentation of PNN (nucleosome 

nucleus), according to the ionic strength of the water, and according to the presence or not of 

heavy water. 

The PNN was sedimented at pH 7.75 (in the middle of D2O, pH 8.15 according to the 

glass electrode) 0.2 mM EDTA, at an ionic strength according to Table 1 below. All 

sedimentation is carried out in the CENTRISCAN MSE, an analytical ultracentrifuge, in the 

rotor comprising 6 measuring cells at 50,000 rpm. Parts A to C correspond to a measurement 

interval of 6 minutes, parts D to G correspond to a measurement interval of 8 minutes, 

wavelength: 254nm; sample concentration: 0.5 to 1.0 mg / ml. 

The abscissa axis corresponds to the measurement radius and the ordinate axis to the 

DNA concentration. This figure demonstrates that heavy water consolidates PNN particles as 

much as ionic strength. 

 EXAMPLE 1- 

 Thermostabilization of poliovirus with heavy water 

The immunogenicity of the attenuated viruses in the Sabin polio vaccine depends on their 

degree of infection at the time of administration. The levels of taking the oral polio vaccine 

(OPV) are linked to the dose of each of the three viral strains 1, 2 and 3, making up the vaccine. 

One explanation for the fairly low catch levels in some Third World countries may be the breaks 

in the cold chain before the administration of the vaccine. Sabin vaccine strain 3 is very critical 

because of its relatively poor immunogenicity and thermostability. 

The World Health Organization (WHO) currently requests that OPV be stabilized by the 

addition of MgCl2 (concentration 1 M) in the vaccine. Far from being the ideal solution (loss of 

less than 0.5 log of activity after seven days at 45 ° C), this method is currently the best 
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compromise. It is demonstrated here that according to the invention, 95% heavy water offers, 

even without any other adjuvant, stabilization equivalent or superior to that offered by MgCl2, by 

following the entirely standard methods (apart, of course, the using heavy water). 

 Experimental objectives 

All references to heavy water (D2O), in the examples below, refer to 95% heavy water. 

1 Determination and quantification of the effects of D2O on the stabilization of the Sabin 

vaccine. 

2 Comparison of the thermostabilization effects of: (a) D2O and (b) D2O supplemented 

with MgCl2. 

The type 3 strain is responsible for most of the problems associated with the Sabin 

vaccine. For this reason, this virus has been the target of preliminary studies. 

Global context of the polio vaccine study. 

In humans, the immunogenicity of OPV is associated with the infectious nature of the 

viral suspension. The potential for OPV to degrade in regions with high ambient temperatures is 

a problem (see above). For WHO, the goal of eliminating polio before the year 2000 depends in 

part on improving the stabilization processes of current vaccines (especially for developing 

countries). 

The following results show that strain 3 of the Sabin vaccine benefits from very marked 

stabilization in heavy water at 95% (the other conditions being similar to those used with water), 

without any other stabilizing agent. The effect of D2O is slightly greater than the best of current 

solutions (MgCl2, 1M) 
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Experimental methods 

The Sabin 3 strain is chosen as a model. The virus culture is carried out according to 

conventional methods. 

The addition of heavy water is carried out by resuspending the virus pellet (sedimented in 

an ultracentrifuge according to standard conditions) in D2O (19 volumes) and a PBS buffer 

(phosphate buffered saline) 20 times concentrated (1 volume). Ultracentrifugation is without 

significant discomfort for viruses. The comparative studies are made with standard media (H2O, 

H2O / MgCl2 and MgCl2 + D2O). 

The concentration of the virus is adjusted to approximately 10 0 units / ml in 95% D2O. 

Viruses are subjected to different thermal conditions according to the curves shown 

below. 

Virus - titration 

For all samples, serial dilutions are made (MEM Eagles with Earle salts, 4% FCS, 3% 

sodium bicarbonate, penicillin, streptomycin). A suspension of Hep2C cells is added and the 

whole is incubated at 35 ° C for 5 to 7 days. The plates are stained with "naphthalene black" to 

assess the viability of the cells. The titles are then calculated. Each experiment includes controls. 

The results below relate to the measurement of the stability of the compositions of the 

invention at the following three temperatures: 

 37 ° C, 

 42 ° C, 

 45 ° C. 

 

RESULTS, Days at 37 ° C Log of viral units, average of three samples 

 

Days H2O  MgCl2 D2O  MgCl2/D2O 

0 10 10 10 10 

2 8.6 9.5 9.6 9.6 

5 7.8 8.1 8.1 8.2 

Eyenovia Exhibit 1088, Page 23 of 72



22 

7 6.8 7.5 7.7 7.8 

 

RESULTS, Days at 42 ° C Log of viral units, average of three samples Days H2O MgCl2 D2O 

MgCl2/D2O 

 

Days H2O  MgCl2 D2O  MgCl2/D2O 

0 10 10 10 10 

2 5.4 8.8 9.4 9.3 

5 3.4 5.4 6.0 6.2 

7 2.8 5.2 5.5 5.4 

 

RESULTS, Days at 45 ° C Log of viral units, average of three samples 

 

Days H2O  MgCl2 D2O  MgCl2/D2O 

0 10 10 10 10 

2 4.6 7.8 8.5 8.7 

5 1.8 4.8 5.8 6.5 

7 0.4 4.7 4.7 4.9 

 

 EXAMPLE 2 

 Stabilization of the architecture of the nucleosome by D2O 

The nucleus of the nucleosome (PNN) is made up of four pairs of protein molecules, the 

histones H2a H2b, H3 and H4. Each protein octamer is surrounded by 144 base pairs of DNA, 

completing 1.75 superhelical turns (Noll M. (1974) Nature 251, 249-251; Kornberg RD (1974) 

Science 184, 868-871; Finch J. et al. (1977) Nature 269, 29-35). Gordon studied the effect of 

ionic strength (in H2O medium) on the sedimentation properties of PNN (Gordon V.C. et al. 

(1978) Proc. Nat. Acad. Sci (USA). 75, 660-663). The example below illustrates the important 

differences between the stabilization properties of plain and heavy water towards PNN. PNN can 

be considered as a kind of model system of the family of nucleic acid / protein complexes. 

 Experimental methods 

The sedimentation of PNNs prepared from chicken erythrocytes (Suau P. et al (1977) 

Nue. Acids. Res. 4, 3769-3786) is studied with the analytical ultracentrifuge (MSE 

CENTRISCAN) under several force conditions ionic and heavy water concentrations. Several 
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samples of H2O are after re-equilibrated in heavy water by dialyzing against a large volume of 

heavy water, at various concentrations and ionic compositions. All the solutions are buffered 

with 0.2 mM EDTA, pH 7.75 (in D2O adjusted to pH 8.15 according to the glass electrode). The 

ionic strength was provided by KC1. 

 Results 

The sedimentation of PNNs is dependent on the ionic composition of the water. Very 

obvious is the disintegration of PNNs in low H2O medium ion power (Fig 4A). In heavy water, 

this degradation of PNNs does not appear (Fig 4D). Even the ionic dependence of the 

sedimentation value (in Svedburg units - s) becomes very limited (See Table 2 and Fig 4). The 

disaggregated PNN (4A), after dialysis against heavy water, becomes again a discrete particle 

with a characteristic sedimentation for a PNN. 

In all the studies, the PNNs adopted - in D2O medium - the most compact form observed 

in H2O media (after normalization of the sedimentation values to correct the differences in 

density and viscosity of heavy water and its mixtures) . 

In the additional data, not presented here, it is observed that the stabilization at low ionic 

strength is manifest from approximately 40% of D2O. 

TABLE 1 

 

Sample [KCl] mM  Solvent Value s  radius of the first 

measurement 

(see index) mm 

A 0 H2O - 63.15 

B 5 - 10.2 63.15 

C 25 - 11.2 65.43 

D 0 D2O 11.0* 63.29 

E 25 - 11.2* 63.44 

F- Redialysed  0 - 11 0*  63.00 

G- C redialysed  0 - 11.1*  63.22  
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values corrected according to viscosity and density of D2O. 

 EXAMPLE 3 Stabilization of the Poliovirus Vaccine 

This stabilization is carried out under the conditions described in Figures 4 to 7. 

The results shown in Figures 4 to 7 demonstrate the stabilizing effect of heavy water. 

When the polioviruses (Sabin type 1, 2 and 3) are prepared according to industrial procedures 

(dilution of a primary viral suspension: clarified supernatant from cultures of infected cells) by 

replacing the solutions of water with solutions containing D2O, the final concentration of which 

is around 90%, the results obtained are more striking than those obtained with the resuspended 

viruses after centrifugation (see figs. 1-3). 

Example 4: Stabilization of the poliovirus vaccine in different solutions containing heavy 

water. 

The addition of D2O takes place during the preparation of the mixture of three 

monovalent vaccines (Sabin type 1, type 2, type 3) prepared in aqueous solution. The final D2O 

concentration is 80%. 

The test covers the following formulas: 

1. Mixture of albumin-MgCl2 in aqueous solution 

2. Albumin-MgCl2 mixture in solution containing D2O 

3. Amino acid-MgCl2 mixture in solution containing D2O 

4. Amino acid-sucrose mixture in solution containing D2O 

Global Title (DICC50/dose) 

Testing 70°C 7j 

37°C 

loss (in 

log) 

5j 

45°C 

loss (in 

log) 

7j 

45°C 

loss (in 

log) 

1 witness 

alb. 

6,63 5,48 1,15 3,47 3,16 3,20 3,43 

2 alb. 

D2O 

6,57 5,90 0,67 4,67 1,90 4,13 2,44 

Eyenovia Exhibit 1088, Page 26 of 72



25 

3 A.A. 

DO 

6,70 5,95 0,75 4,53 2,17 4,10 2,60 

4 

Sacch. 

D2O 

6,41 5,34 1,07 4,04 2,37 3,44 2,97 

 

EXAMPLE 5 Stabilization of the Varicella Vaccine 

Varicella virus is a fragile virus. 

The usual stabilizing solution of the Varicella vaccine was prepared in aqueous solution 

and in solution containing heavy water (D2O), at a concentration of 80%. A virus harvest was 

diluted in the same proportions with each of the stabilizers and lyophilized. The lyophilized 

products were rehydrated in their respective solvent. 

 Titles (PFU / dose) after rehydration 2h at 

37°C 

H2O  Loss = 0.69 log 

D2O  Loss = 0.37 log 

 

PFU = unit leading to the formation of plaque.  
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CLAIMS 

 

1. Stabilized pharmaceutical composition comprising one or more macromolecule (s) 

chosen from nucleic acids, lipids or carbohydrates, and / or one or more macromolecular 

complex (s), characterized in that it comprises one or more pharmaceutically acceptable vehicle 

(s), at least one of these vehicles containing heavy water (D2O). 

2. Composition according to claim 1, in which the macromolecular complexes are chosen 

from protein-carbohydrate, protein-lipid, nucleic acid-carbohydrate, nucleic acid-lipid, nucleic 

acid-protein complexes, optionally complexed with carbohydrates and / or lipids, and among 

viruses. 

3. Composition according to any one of the preceding claims, characterized in that the 

macromolecules or the macromolecular complexes are either in suspension, or in solution, or in 

emulsion in the pharmaceutically acceptable vehicle. 

4. Composition according to claim 1 or 2, characterized in that the macromolecule (s) and 

/ or the macromolecular complex (s) and the pharmaceutically acceptable vehicle are maintained 

separately and are intended to be combined in view of the administration. 

5. Composition according to any one of claims 1 to 4, characterized in that the volume of 

the pharmaceutical vehicle varies from approximately 0.1 ml to approximately 20 ml, in 

particular from approximately 0.1 ml to approximately 5 ml, and the amount of macromolecule 

or macromolecular complex varies from about lμg to about 3g. 

6. Composition according to any one of the preceding claims, characterized in that the 

pharmaceutical vehicle is a mixture of H2O-D2O and in that the weight ratio between D2O and 

H2O varies from approximately 10% to approximately 100%, advantageously d about 40% to 

about 95%, and preferably about 80% to about 95%. 
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7. Composition according to any one of the preceding claims, characterized in that the 

pharmaceutical vehicle contains a stabilization adjuvant, advantageously MgCl2 of 

carboxymethyl cellulose, polyethylene glycol, carbohydrate molecules, such as glycerol, glucose, 

sucrose (and others C6 sugars), pentoses and their polymers, these carbohydrate molecules which 

can be complexed with polyethylene glycol, polyethylene glycol advantageously having a 

molecular weight of approximately 500 to approximately 5000 daltons, and in particular 

approximately from 1000 to approximately 5000 daltons. 

8. Composition according to claim 7, characterized in that the weight ratio between the 

stabilization adjuvant and the pharmaceutical vehicle is such that the pharmaceutical vehicle 

does not have a viscosity greater than about 0.2 Pascal-seconds (20 centipoises) . 

9. Composition according to claim 8, characterized in that the weight ratio between the 

stabilization adjuvant and the pharmaceutical vehicle is less than about 30%, and is 

advantageously from about 10% to about 30%. 

10. Composition according to any one of claims 1 to 9, characterized in that the 

macromolecular complexes and the macromolecules are those used: 

- in vaccine compositions, such as those against the flu, against polio, against measles, 

against chickenpox, against mumps, against rubella, against dengue, against hepatitis, in 

particular hepatitis B or C, against the acquired immunodeficiency syndrome virus (AIDS virus), 

against diphtheria, against tetanus, against whooping cough or against a combination of at least 

two of the above-mentioned pathologies, or 

- as a diagnostic agent, such as for the diagnosis of measles, meningitis or HIV or, 

- as a therapeutic agent, such as proteins, factor VIII, polyclonal or monoclonal 

antibodies, hormones, nucleic acids or ribozymes. 
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11. A method of preparing a pharmaceutical composition according to any one of claims 

1 to 10, characterized in that it comprises the following steps: either the dilution with D2O of the 

above pharmaceutical composition which is in the form of a previously concentrated aqueous 

solution, for example at a rate of 20 mg / ml, 

- And / or dialysis against D2O of the above pharmaceutical composition in the form of 

an aqueous solution, 

- Or the resuspension of the above pharmaceutical composition in the form of a solid, 

using D2O in an amount sufficient to obtain the appropriate concentration of the pharmaceutical 

composition. 

12. Method for preparing a stabilized composition containing macromolecular complexes 

of viral origin, characterized in that said macromolecular complexes are dissolved, suspension or 

emulsion in a medium containing heavy water. 

13. Method for stabilizing a preparation of viral origin, optionally vaccinating, in 

particular of a viral suspension, characterized in that it comprises a stage of incorporation of 

heavy water: 

- either to the virus or to the cells to be infected before contact between the cells to be 

infected and the virus, 

- either in the culture medium of cells infected with the virus, 

- either in the vaccine preparation obtained at the end of the previous step. 
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