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(57) ABSTRACT 

An aqueous neutral to mildly alkaline metal bicarbonate 
solution is disclosed. The solution comprises metal bicar 
bonate dissolved in the solution, the metal bicarbonate 
comprising bicarbonate anions and metal cations. In addi 
tion there is a pH adjusting agent in the solution in an 
amount Whereby the solution is at a neutral to mildly 
alkaline pH. Also disclosed is a process of preparing an 
aqueous neutral to mildly alkaline metal bicarbonate solu 
tion comprising bicarbonate anions and metal cations. The 
process comprises reacting a compound selected from the 
group consisting of metal carbonate, metal carbonate 
hydroxide, metal oxide, metal hydroxide and any mixture 
thereof With an effective concentration of a p adjusting 
agent to produce the aqueous neutral to mildly alkaline 
metal bicarbonate solution, Wherein the pH adjusting agent 
is present in an amount Whereby the solution is at a neutral 
to mildly alkaline pH. Further disclosed are a method of 
preventing and/or creating certain in?ammatory diseases 
and/or degenerative diseases in a mammal, a method of 
preventing and/or treating certain viral diseases in a mam 
mal, a method of decreasing, and/or treating senescence 
and/or of increasing longevity in a mammal, a method of 
scavenging protons in a mammal, a method of decreasing 
proton concentrations in a mammal by altering carbonic 
anhydrase enZyme reactions in said mammal, a method of 
decreasing in?ammation and/or in?ammatory conditions in 
a mammal and a method of increasing motor activity and/or 
decreasing fatigue in a mammal. 
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AQUEOUS METAL BICARBONATE SOLUTION 
AND METHOD OF USE 

TECHNICAL FIELD 

[0001] This invention relates to an aqueous metal bicar 
bonate solution, a process of preparing the aqueous metal 
bicarbonate solution and a method of preventing and treating 
certain in?ammatory diseases, degenerative diseases and 
viral diseases in mammals. 

[0002] Generally the certain in?ammatory diseases, 
degenerative diseases and viral diseases in mammals are 
those that require extracellular or intracellular acidic condi 
tions or extracellular or intracellular proton concentrations at 
some point in disease process or disease pathogenesis. 

[0003] Typically the certain in?ammatory diseases, degen 
erative diseases and viral diseases in mammals are those that 
require the activities of carbonic anhydrase enZymes and/or 
the activities of acid (aspartic) protease enZymes and/or the 
activities of endosomal or lysosomal acid-requiring-en 
Zymes and/or the activities of V-type ATPase proton pumps 
at some point in disease process or disease pathogenesis. 
Typically the certain in?ammatory diseases, degenerative 
diseases and viral diseases in mammals are represented by 
the diseases of arthritis and in?uenZa. 

[0004] This invention relates to a method of using an 
aqueous metal bicarbonate solution to decrease senescence 
and to increase longevity in mammals. Generally senescence 
is decreased and longevity is increased in mammals by 
improving the buffering capacity of the extracellular and 
intracellular ?uids of the body. Generally senescence is 
decreased and longevity is increased in mammals by the 
improved buffering capacity causing a decrease in proton 
concentrations in the extracellular and intracellular ?uids of 
the body. Typically senescence is decreased and longevity is 
increased in mammals by improving the buffering capacity 
of the extracellular and intracellular bicarbonate buffers. 
Typically senescence is decreased and longevity is increased 
in mammals by the improved extracellular and intracellular 
bicarbonate buffers causing a decrease in proton concentra 
tions. 

BACKGROUND ART 

[0005] Certain in?ammatory diseases, degenerative dis 
eases and viral diseases are major causes of morbidity and 
mortality in mammals. Typically these diseases are repre 
sented by the diseases of arthritis and in?uenZa. 

[0006] Arthritis is any in?ammatory condition of the 
joints, characterised by pain and sWelling. Osteoarthritis is 
the most common form of arthritis in Which one or many 
joints undergo degenerative changes. Treatment includes 
rest of the involved joints, heat, and antiin?ammatory drugs. 
Intraarticular injections of corticosteroids may give relief. 
Surgical treatment is sometimes necessary and may reduce 
pain and greatly improve the function of the joint. HoWever 
these treatments, apart from surgical treatment, only provide 
temporary relief and some may have severe side reactions. 

[0007] In?uenZa is a highly contagious infection of the 
respiratory tract caused by a myxovirus and transmitted by 
airborne droplet infection. It occurs in isolated cases, epi 
demics and pandemics. Treatment is symptomatic and usu 
ally involves bed rest, antipyretics such as aspirin and 
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drinking of ?uids. NeW strains of the virus emerge at regular 
intervals so it is di?icult to take preventative measures to 
avoid the infection. There is a need for a method to prevent 
and to treat certain in?ammatory diseases, degenerative 
diseases and viral diseases in mammals. There is a need for 
a method to prevent and to treat arthritis and in?uenZa in 
mammals. 

[0008] Senescence in mammals is characterised by pro 
gressive oxidations of the structural and functional mol 
ecules that constitute body cells and tissues. Oxidations of 
the structural and functional molecules in body cells and 
tissues are increased in rate by acidic conditions. 

[0009] Oxidations of structural and functional molecules 
are increased in rate by the presence of excess proton 
concentrations. There is a need for a method to prevent and 
treat excess proton concentrations in body cells so that 
oxidations of structural and functional molecules are 
decreased in rate. There is a need for a method to decrease 
and treat senescence in mammals. 

OBJECTS OF INVENTION 

[0010] It is an object of this invention to provide an 
aqueous metal bicarbonate solution to prevent and to treat 
certain in?ammatory diseases, degenerative diseases and 
viral diseases in mammals. It is a further object of this 
invention to provide a process of preparing the aqueous 
metal bicarbonate solution. It is also an object of this 
invention to provide methods for the prevention and treat 
ment of certain in?ammatory diseases, degenerative dis 
eases and viral diseases in mammals using the aqueous 
metal bicarbonate solution. Generally the certain in?amma 
tory diseases, degenerative diseases and viral diseases in, 
mammals are those that require extracellular or intracellular 
acidic conditions or extracellular or intracellular proton 
concentrations at some point in disease process or disease 
pathogenesis. Typically the certain in?ammatory diseases, 
degenerative diseases and viral diseases in mammals are 
those that require the activities of carbonic anhydrase 
enZymes and/or the activities of acid (aspartic) protease 
enZymes and/or the activities of endosomal or lysosomal 
acid-requiring-enZymes and/or the activities of V-type 
ATPase proton pumps at some point in disease process or 
disease pathogenesis. Typically the certain in?ammatory 
diseases, degenerative diseases and viral diseases in mam 
mals are represented by the diseases of arthritis and in?u 
enZa. 

[0011] It is an object of this invention to provide an 
aqueous metal bicarbonate solution to decrease senescence 
and to treat senescence and to increase longevity in mam 
mals. It is a further object of this invention to provide a 
process of preparing the aqueous metal bicarbonate solution. 
It is also an object of this invention to provide methods for 
the decrease of senescence and the treatment of senescence 
and the increase in longevity in mammals using the aqueous 
metal bicarbonate solution. Generally senescence is 
decreased and longevity is increased in mammals by 
improving the buffering capacity of the extracelular and 
intracellular ?uids of the body. Generally senescence is 
decreased and longevity is increased in mammals by the 
improved buffering capacity causing a decrease in proton 
concentrations in the extracellular and intracellular ?uids of 
the body. Typically senescence is decreased and longevity is 
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increased in mammals by improving the buffering capacity 
of the extracellular and intracellular bicarbonate buffers. 
Typically senescence is decreased and longevity is increased 
in mammals by the improved extracellular and intracellular 
bicarbonate buffers causing a decrease in proton concentra 
tions. 

DISCLOSURE OF INVENTION 

[0012] According to a ?rst embodiment of the present 
invention there is provided an aqueous metal bicarbonate 
solution comprising a stoichiometric concentration of bicar 
bonate anions and a corresponding substantially stoichio 
metric concentration of metal cations in association With the 
bicarbonate anions, the metal bicarbonate being present in a 
therapeutically effective amount and an acceptable carbon 
dioxide-containing-aqueous diluent to maintain the metal 
bicarbonate in the aqueous diluent. Typically the solution is 
acceptable for oral administration. 

[0013] In one embodiment there is provided a combination 
comprising the solution of the ?rst embodiment in combi 
nation With a stabilising agent in an amount effective to 
maintain and stabilise the bicarbonate anions in the neutral 
to mildly alkaline solution. Generally the combination is 
kept in a sealed or closed container at 0.8 to 5 atmospheres, 
more typically 1 atmosphere at 0-25° C., more typically 
0.1-10° C. In one particular embodiment the stabilising 
agent may be present in the solution in an amount effective 
to maintain and stabilise the bicarbonate anions in the 
neutral to mildly alkaline solution. In another particular 
embodiment the stabilising agent may consist of or comprise 
a gas above the solution in an amount effective to maintain 
and stabilise the bicarbonate anions in the neutral to mildly 
alkaline solution. In a further particular embodiment the 
stabilising agent may be present in the solution and also may 
consist of or comprise a gas above the solution, the total 
amount of stabilising agent in the solution and in the gas 
above the solution being in an amount effective to maintain 
and stabilise the bicarbonate anions in the neutral to mildly 
alkaline solution. The stabilising agent Which consists of a 
gas above the solution may be carbon dioxide. The stabi 
lising agent Which comprises a gas above the solution may 
be carbon dioxide in an an inert gas such as nitrogen, air, 
oxygen, argon and/or helium, for example. The stabilising 
agent in the solution may be carbon dioxide dissolved in the 
solution, hydrated carbon dioxide, carbonic acid, and/or 
other suitable source of carbon dioxide. 

[0014] According to a second embodiment of the present 
invention there is provided a process of preparing an aque 
ous metal bicarbonate solution comprising a stoichiometric 
concentration of bicarbonate anions and a corresponding 
substantially stoichiometric concentration of metal cations 
in association With the bicarbonate anions, Which process 
comprises reacting a concentration of a metal carbonate or 
metal carbonate hydroxide or metal oxide or metal hydrox 
ide With a concentration of carbonic acid or hydrated carbon 
dioxide to produce the metal bicarbonate aqueous solution, 
Wherein said metal bicarbonate being present in a therapeu 
tically effective amount. 

[0015] Typically the aqueous metal bicarbonate solution 
has a neutral to mildly alkaline pH. 
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[0016] Typically the pH is in the range 7 to 9. Typically the 
temperature of the aqueous metal bicarbonate solution is 
maintained at a level to maintain the metal bicarbonate in the 
aqueous diluent. 

[0017] According to a third embodiment of the present 
invention there is provided an aqueous metal bicarbonate 
solution Whenever prepared by the process of the second 
embodiment. 

[0018] According to a fourth embodiment of the present 
invention there is provided a method of preventing and 
treating certain in?ammatory diseases and degenerative dis 
eases in a mammal in need of such prevention or treatment 
comprising administering to said mammal an effective 
amount of in aqueous metal bicarbonate solution of the ?rst 
or third embodiment or a metal bicarbonate. 

[0019] Generally the certain in?ammatory diseases and 
degenerative diseases in a mammal are those that require 
extracelluar or intracellular acidic conditions or extracellular 
or intracellular proton concentrations at some point in dis 
ease process or disease pathogenesis. 

[0020] Typically the certain In?ammatory diseases and 
degenerative diseases in a mammal are those that require the 
activities of carbonic anhydrase enZymes and/or the activi 
ties of acid (aspartic) protease enZymes and/or the activities 
of endosomal or lysosomal acid-requiring-enZymes and/or 
the activities of V-type ATPase proton pumps at some point 
in disease process or disease pathogenesis. 

[0021] Typically the certain in?ammatory diseases or 
degenerative diseases may present as arthritis. Typically the 
arthritis may present as osteoarthritis. 

[0022] According to a ?fth embodiment of the present 
invention there is provided a method of preventing and 
treating certain viral diseases in a mammal in need of such 
prevention or treatment comprising administering to said 
mammal an effective amount of an aqueous metal bicarbon 
ate solution of the ?rst or third embodiment or a metal 
bicarbonate. 

[0023] Typically the certain viral diseases require intrac 
ellular acidic conditions or intracellular proton concentra 
tions for either removal of viral protein coats or assembly of 
viral protein coats. Typically the viral diseases may present 
as in?uenZa. 

[0024] According to a sixth embodiment of the present 
invention there is provided a method of decreasing and 
treating senescence and of increasing longevity in a mammal 
comprising administering to said mammal an effective 
amount of an aqueous metal bicarbonate solution of the ?rst 
or third embodiment or a metal bicarbonate. 

[0025] Typically senescence is decreased and longevity is 
increased by maintaining or increasing normal extracellular 
and/or intracellular alkaline conditions. Typically senes 
cence is decreased and longevity is increased by improving 
the buffering capacity of the extracellular and intracellular 
?uids of the body. Typically longevity is increased by 
maintaining or increasing normal mitochondrial alkaline 
conditions. Typically longevity is increased by decreasing 
extracellular and intracellular acidic conditions or by 
decreasing extracellular and intracellular proton concentra 
tions. 
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[0026] Typically senescence is decreased and longevity is 
increased in mammals by improving the buffering capacity 
of the extracellular and intracellular bicarbonate buffers. 
Typically senescence is decreased and longevity is increased 
in mammals by the improved extracellular and intracellular 
bicarbonate buffers causing a decrease in proton concentra 
tions. Typically senescence is decreased and longevity is 
increased by preventing or treating certain in?ammatory 
diseases, degenerative diseases and viral diseases in mam 
mals. Typically longevity is increased by decreasing the 
morbidity and mortality associated With these diseases. 

[0027] According to a seventh embodiment of the present 
invention there is provided a method of scavenging protons 
in a mammal comprising administering to said mammal an 
effective amount of a proton scavenger. 

[0028] Typically the proton scavenger comprises a metal 
bicarbonate. Typically the metal bicarbonate is in the form 
of the aqueous metal bicarbonate solution of the ?rst or third 
embodiment. 

[0029] According to an eighth embodiment of the present 
invention there is provided a method of decreasing proton 
concentrations in a mammal by altering carbonic anhydrase 
enZyme reactions in said mammal comprising administering 
to said mammal an effective amount of an aqueous metal 
bicarbonate solution of the ?rst or third embodiment or a 
metal bicarbonate. 

[0030] According to a ninth embodiment of the present 
invention there is provided a method of decreasing in?am 
mation and in?ammatory conditions in a mammal compris 
ing administering to said mammal an effective amount of an 
aqueous metal bicarbonate solution of the ?rst or third 
embodiment or a metal bicarbonate. 

[0031] Generally in?ammation and in?ammatory condi 
tions are decreased by decreasing the extracellular and 
intracellular acidic conditions that are required for in?am 
matory processes. Generally in?ammation and in?amma 
tory conditions are decreased by decreasing the extracellular 
and intracellular proton concentrations that are required for 
in?ammatory processes. Typically in?ammation is 
decreased by altering carbonic anhydrase enZyme reactions 
and/or decreasing the activities of acid (aspartic) protease 
enZymes and/or decreasing the activities of endosomal or 
lysosomal acid-requiring-enZymes and/or decreasing the 
activities of V-type ATPase proton pumps. 

[0032] According to a tenth embodiment of the present 
invention there is provided a method of increasing motor 
activity in a mammal comprising administering to said 
mammal an effective amount of an aqueous metal bicarbon 
ate solution of the ?rst or third embodiment or a metal 
bicarbonate. 

[0033] Typically motor activity is increased by decreasing 
extracellular and intracellular acidic conditions or by 
decreasing extracellular and intracellular proton concentra 
tions. Typically motor activity is increased by improving the 
buffering capacity of extracellular and intracellular ?uids. 
Typically motor activity is increased by improving the 
buffering capacity of the extracellular and intracellular 
bicarbonate buffers. Typically motor activity is increased by 
increasing extracellular and intracellular alkaline conditions. 
Typically motor activity is increased by scavenging protons 
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produced by ATP hydrolysis, lactic acid production, lipid 
metabolism and other metabolic processes. 

[0034] According to an eleventh embodiment of the 
present invention there is provided an aqueous neutral to 
mildly alkaline metal bicarbonate solution, comprising 
metal bicarbonate dissolved in the solution, said metal 
bicarbonate comprising bicarbonate anions and metal cat 
ions, and a pH adjusting agent in the solution in an amount 
Whereby the solution is at a neutral to mildly alkaline pH. 

[0035] Typically a corresponding substantially stoichio 
metric concentration of metal cations are in association With 
the bicarbonate anions. Typically the solution is acceptable 
for oral administration. 

[0036] In one embodiment there is provided a combination 
comprising a substantially stable aqueous neutral to mildly 
alkaline metal bicarbonate solution, comprising metal bicar 
bonate dissolved in the solution, said metal bicarbonate 
comprising bicarbonate anions and metal cations, and a pH 
adjusting agent in the solution in an amount Whereby the 
solution is at a neutral to mildly alkaline pH, in combination 
With a stabilising agent in an amount effective to maintain 
and stabilise the bicarbonate anions in the neutral to mildly 
alkaline solution. In another embodiment there is provided 
a combination comprising a substantially stable aqueous 
neutral to mildly alkaline metal bicarbonate solution, com 
prising metal bicarbonate dissolved in the solution, said 
metal bicarbonate comprising bicarbonate anions and metal 
cations, in combination With a stabilising agent in an amount 
effective to maintain and stabilise the bicarbonate anions in 
the solution Whereby the solution is at a neutral to mildly 
alkaline pH. 

[0037] The pH adjusting agent and the stabilising agent 
may be the same or different. Generally the combination is 
kept in a sealed or closed container at 0.8 to 5 atmospheres, 
more typically 1 atmosphere at 0-25° C., more typically 
0.1-10° C. 

[0038] In one particular embodiment the stabilising agent 
may be present in the solution in an amount effective to 
maintain and stabilise the bicarbonate anions in the neutral 
to mildly alkaline solution. In another particular embodi 
ment the stabilising agent may consist of or comprise a gas 
above the solution in an amount effective to maintain and 
stabilise the bicarbonate anions in the neutral to mildly 
alkaline solution. In a further particular embodiment the 
stabilising agent may be present in the solution and may 
consist of or comprise a gas above the solution, the total 
amount of stabilising agent in the solution and in the gas 
above the solution being in an amount effective to maintain 
and stabilise the bicarbonate anions in the neutral to mildly 
alkaline solution. The stabilising agent Which consists of a 
gas above the solution may be carbon dioxide. The stabi 
lising agent Which comprises a gas above the solution may 
be carbon dioxide in an an inert gas such as nitrogen, air, 
oxygen, argon and/or helium, for example. The stabilising 
agent in the solution may be carbon dioxide dissolved in the 
solution, hydrated carbon dioxide, carbonic acid, and/or 
other suitable source of carbon dioxide. 

[0039] According to a tWelfth embodiment of the present 
invention there is provided a solution for preventing and/or 
treating certain in?ammatory diseases and/or degenerative 
diseases and/or certain viral diseases in a mammal, com 
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prising the aqueous neutral to mildly alkaline metal bicar 
bonate solution of the eleventh embodiment Whereby the 
metal bicarbonate is present in an amount effective to 
prevent and/or treat said diseases. 

[0040] According to a thirteenth embodiment of the 
present invention there is provided a solution for decreasing 
and/or treating senescence and/or increasing longevity in a 
mammal, comprising the aqueous neutral to mildly alkaline 
metal bicarbonate solution of the eleventh embodiment 
Whereby the metal bicarbonate is present in an amount 
effective to decrease and/or treat senescence and/or increase 
longevity. 
[0041] According to a fourteenth embodiment of the 
present invention there is provided a solution for scavenging 
protons in a mammal, comprising the aqueous neutral to 
mildly alkaline metal bicarbonate solution of the eleventh 
embodiment Whereby the metal bicarbonate is present in an 
amount effective to scavenge protons. 

[0042] According to a ?fteenth embodiment of the present 
invention there is provided a solution for decreasing proton 
concentrations in a mammal, comprising the aqueous neutral 
to mildly alkaline metal bicarbonate solution of the eleventh 
embodiment Whereby the metal bicarbonate is present in an 
amount effective to decrease proton concentrations. 

[0043] According to a sixteenth embodiment of the 
present invention there is provided a solution for decreasing 
in?ammation and in?ammatory conditions in a mammal, 
comprising the aqueous neutral to mildly alkaline metal 
bicarbonate solution of the eleventh embodiment Whereby 
the metal bicarbonate is present in an amount effective to 
decrease in?ammation and/or in?ammatory conditions. 

[0044] According to a seventeenth embodiment of the 
present invention there is provided a solution for increasing 
motor activity and/or decrease fatigue in a mammal, com 
prising the aqueous neutral to mildly alkaline metal bicar 
bonate solution of the eleventh embodiment Whereby the 
metal bicarbonate is present in an amount effective to 
increase motor activity. 

[0045] According to an eighteenth embodiment of the 
present invention there is provided a process of preparing an 
aqueous neutral to mildly alkaline metal bicarbonate solu 
tion comprising bicarbonate anions and metal cations, Which 
process comprises reacting a compound selected from the 
group consisting of metal carbonate, metal carbonate 
hydroxide, metal oxide, metal hydroxide and any mixture 
thereof With an effective concentration of a pH adjusting 
agent to produce the aqueous neutral to mildly alkaline 
metal bicarbonate solution, Wherein the pH adjusting agent 
is present in an amount Whereby the solution is at a neutral 
to mildly alkaline pH. 

[0046] Typically a corresponding substantially stoichio 
metric concentration of metal cations are in association With 
the bicarbonate anions. Generally the solution is stored in a 
sealed or closed container at 0.8 to 5 atmospheres, more 
typically 1 atmosphere at 0-25° C., more typically 0.1-10° C. 
In one embodiment the process further comprises combining 
the solution With a stabilising agent in an amount effective 
to maintain and stabilise the bicarbonate anions in the 
neutral to mildly alkaline solution. In one particular embodi 
ment the process comprises conducting the process under 
gaseous atmosphere comprising a stabilising agent in an 
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amount effective to maintain and stabilise the bicarbonate 
anions in the neutral to mildly alkaline solution. The stabi 
lising agent may be carbon dioxide or comprise carbon 
dioxide in an inert gas such as nitrogen, air, oxygen, argon 
and/or helium, for example. Generally the combination is 
stored in a sealed or closed container at 0.8 to 5 atmospheres, 
more typically 1 atmosphere at 0-25° C., more typically 
0.1-10° C. 

[0047] One particular embodiment may comprise adding 
the stabilising agent to the solution in the solution in an 
amount effective to maintain and stabilise the bicarbonate 
anions in the neutral to mildly alkaline solution. Another 
particular embodiment may comprise blanketing the solu 
tion With a gas consisting of or comprising the stabilising 
agent in an amount effective to maintain and stabilise the 
bicarbonate anions in the neutral to mildly alkaline solution. 
A further particular embodiment may comprise adding the 
stabilising agent to the solution in the solution and blanket 
ing the solution With a gas consisting of or comprising the 
stabilising agent, the total amount of stabilising agent in the 
solution and in the gas above the solution being in an amount 
effective to maintain and stabilise the bicarbonate anions in 
the neutral to mildly alkaline solution. The stabilising agent 
Which consists of a gas above the solution may be carbon 
dioxide. The stabilising agent Which comprises a gas above 
the solution may be carbon dioxide in an inert gas such as 
nitrogen, air, oxygen, argon and/or helium, for example. The 
stabilising agent in the solution may be carbon dioxide 
dissolved in the solution, hydrated carbon dioxide, carbonic 
acid, and/or other suitable source of carbon dioxide. 

[0048] According to a nineteenth embodiment of the 
present invention there is provided a aqueous neutral to 
mildly alkaline metal bicarbonate solution Whenever pre 
pared by the process of the eighteenth embodiment. 

[0049] According to a tWentieth embodiment of the 
present invention there is provided a method of preventing 
and/or treating certain in?ammatory diseases and/or degen 
erative diseases in a mammal in need of such prevention 
and/or treatment comprising administering to said mammal 
an effective amount of an aqueous neutral to mildly alkaline 
metal bicarbonate solution of the eleventh or a metal bicar 
bonate. 

[0050] Generally the certain in?ammatory diseases and 
degenerative diseases in a mammal are those that require 
extracellular or intracellular acidic conditions or extracellu 
lar or intracellular proton concentrations at some point in 
disease process or disease pathogenesis. 

[0051] Typically the certain in?ammatory diseases and 
degenerative diseases in a mammal are those that require the 
activities of carbonic anhydrase enZymes and/or the activi 
ties of acid (aspartic) protease enZymes and/or the activities 
of endosomal or lysosomal acid-requiring-enZymes and/or 
the activities of V-type ATPase proton pumps at some point 
in disease process or disease pathogenesis. 

[0052] Typically the certain in?ammatory diseases or 
degenerative diseases may present as arthritis. Typically the 
arthritis may present as osteoarthritis. 

[0053] According to a tWenty-?rst embodiment of the 
present invention there is provided a method of preventing 
and/or treating certain viral diseases in a mammal in need of 
such prevention and/or treatment comprising administering 
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to said mammal an effective amount of an aqueous neutral 
to mildly alkaline metal bicarbonate solution of the eleventh 
embodiment or a metal bicarbonate. 

[0054] Typically the certain viral diseases require intrac 
ellular acidic conditions or intracellular proton concentra 
tions for either removal of viral protein coats or assembly of 
viral protein coats. Typically the viral diseases may present 
as in?uenZa. 

[0055] According to a tWenty-second embodiment of the 
present invention there is provided a method of decreasing 
and/or treating senescence and/or of increasing longevity in 
a mammal comprising administering to said mammal an 
effective amount of an aqueous neutral to mildly alkaline 
metal bicarbonate solution of the eleventh embodiment or a 
metal bicarbonate. 

[0056] Typically senescence is decreased and longevity is 
increased by maintaining or increasing normal extracellular 
and/or intracellular alkaline conditions. Typically senes 
cence is decreased and longevity is increased by improving 
the buffering capacity of the extracellular and intracellular 
?uids of the body. Typically longevity is increased by 
maintaining or increasing normal mitochondrial alkaline 
conditions. Typically longevity is increased by decreasing 
extracellular and intracellular acidic conditions or by 
decreasing extracellular and intracellular proton concentra 
tions. Typically senescence is decreased and longevity is 
increased in mammals by improving the buffering capacity 
of the extracellular and intracellular bicarbonate buffers. 
Typically senescence is decreased and longevity is increased 
in mammals by the improved extracellular and intracellular 
bicarbonate buffers causing a decrease in proton concentra 
tions. 

[0057] Typically senescence is decreased and longevity is 
increased by preventing or treating certain in?ammatory 
diseases, degenerative diseases and viral diseases in mam 
mals. 

[0058] Typically longevity is increased by de creasing the 
morbidity and mortality associated With these diseases. 

[0059] According to a tWenty-third embodiment of the 
present invention there is provided a method of scavenging 
protons in a mammal comprising administering to said 
mammal an effective amount of a proton scavenger. 

[0060] Typically the proton scavenger comprises a metal 
bicarbonate. Typically the metal bicarbonate is in the form 
of the aqueous neutral to mildly alkaline metal bicarbonate 
solution of the eleventh embodiment. 

[0061] According to a tWenty-fourth embodiment of the 
present invention there is provided a method of decreasing 
proton concentrations in a mammal by altering carbonic 
anhydrase enZyme reactions in said mammal comprising 
administering to said mammal an effective amount of an 
aqueous neutral to mildly alkaline metal bicarbonate solu 
tion of the eleventh embodiment or a metal bicarbonate. 

[0062] According to a tWenty-?fth embodiment of the 
present invention there is provided a method of decreasing 
in?ammation and/or in?ammatory conditions in a mammal 
comprising administering to said mammal an effective 
amount of an aqueous neutral to mildly alkaline metal 
bicarbonate solution of the eleventh embodiment or a metal 
bicarbonate. 
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[0063] Generally in?ammation and in?ammatory condi 
tions are decreased by decreasing the extracellular and 
intracellular acidic conditions that are required for in?am 
matory processes. Generally in?ammation and in?amma 
tory conditions are decreased by decreasing the extracellular 
and intracellular proton concentrations that are required for 
in?ammatory processes. Typically in?ammation is 
decreased by altering carbonic anhydrase enZyme reactions 
and/or decreasing the activities of acid (aspartic) protease 
enZymes and/or decreasing the activities of endosomal or 
lysosomal acid-requiring-enZymes and/or decreasing the 
activities of V-type ATPase proton pumps. 

[0064] According to a tWenty-sixth embodiment of the 
present invention there is provided a method of increasing 
motor activity and/or decreasing fatigue in a mammal com 
prising administering to said mammal an effective amount of 
an aqueous neutral to mildly alkaline metal bicarbonate 
solution of the eleventh embodiment or a metal bicarbonate. 
The methods of the invention typically involve orally 
administering to the mammal, the mammal being typically 
human. Further the methods of the invention typically 
involve orally administering to a mammal in need of treat 
ment for the speci?ed condition of the particular embodi 
ment, the mammal being typically human. Typically motor 
activity is increased by decreasing extracellular and intrac 
ellular acidic conditions or by decreasing extracellular and 
intracellular proton concentrations. Typically motor activity 
is increased by improving the buffering capacity of extra 
cellular and intracellular ?uids. Typically motor activity is 
increased by improving the buffering capacity of the extra 
cellular and intracellular bicarbonate buffers. Typically 
motor activity is increased by increasing extracellular and 
intracellular alkaline conditions. Typically motor activity is 
increased by scavenging protons produced by ATP hydroly 
sis, lactic acid production, lipid metabolism and other meta 
bolic processes. 

[0065] The term mammal as used herein includes verte 
brate. Examples of mammals and vertebrates to Which the 
methods of the invention apply include a bovine, human 
(male or female), bovine, equine, caprine, Leporine, feline 
or canine mammal or vertebrate. Speci?c examples of 
animals include sheep, cattle, horses, rabbits, cats, goats, 
alpacas, cats, dogs, pigs, rabbits, foWls, deer, buffaloes and 
other livestock and domestic animals. 

[0066] Metal Bicarbonate Generally 

[0067] Generally the pH of the aqueous metal bicarbonate 
solution is neutral to mildly alkaline, typically mildly alka 
line and more typically in the range of 7 to 9 even more 
typically 8 to 8.6 and the temperature of the aqueous neutral 
to mildly alkaline metal bicarbonate solution is maintained 
at such a level so as to maintain the metal bicarbonate in the 
aqueous diluent. The aqueous neutral to mildly alkaline 
metal bicarbonate solution may be kept under an atmosphere 
comprising carbon dioxide of from about 0.8 to 5 or 1 to 5 
atmospheres, more typically 1 to 3 atmospheres and even 
more typically slightly above atmospheric pressure such as 
the sorts of pressures that soft drinks are currently under in 
cans or bottles, for example, so as to maintain the metal 
bicarbonate in the aqueous diluent. 

[0068] Generally the metal cation is an alkaline earth 
metal cation or an alkali metal cation. Generally a metal 
cation is chosen Which is capable of acting as a bicarbonate 
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transporter into mammalian cells. More particularly the 
metal cation may be cations of magnesium, sodium, potas 
sium, calcium, lithium or any mixture thereof. Where a 
miXture of alkaline earth metal cations or alkali metal 
cations are used: (1) tWo different alkaline earth metal 
cations or alkali metal cations or mixtures thereof, the molar 
ratio of the ?rst metal cation to the second may be in the 
range 05:995 to 995:05, typically 75:25 to 25:75, more 
typically 0.7:1 to 1:07; (2) three different alkaline earth 
metal cations or alkali metal cations or miXtures thereof, the 
molar ratio of the ?rst metal cation to the second to the third 
may be in the range 995:05:05 to 05:995:995, typically 
75:25:25 to 25:75:75, more typically 05:1:1 to 1:05:05; (3) 
four different alkaline earth metal cations or alkali metal 
cations or miXtures thereof, the molar ratio of the ?rst metal 
cation to the second to the third to the fourth may be in the 
range 995:05:05:05 to 05:99.5:995:995, typically 
75:25:25:25 to 25:75:75:75, more typically 05:1:1:1 to 
05:1:1:1. Generally the metal cation is magnesium or a 
miXture of magnesium and sodium metal cations. Typically 
the aqueous neutral to mildly alkaline metal bicarbonate 
solution has a high metal cation concentration in association 
With bicarbonate anions. 

[0069] Typically the metal bicarbonate is used at a con 
centration of 10-100 mole % or Weight % of its saturation 
solubility (Which Will depend on the actual metal bicarbon 
ate(s) used), more typically 10-90%, 10-80%, 10-70%, 
10-60%, 10-50%, 10-40%, 10-30%, 10-20%, more typically 
15-95%, 15-85%, 15-75%, 15-65%, 15-55%, 15-45%, 
15-35%, 15-25%, more typically 15-90%, 15-80%, 15-70%, 
15-60%, 15-50%, 15-40%, 15-30%, 15-20%, more typically 
10-95%, 10-85%, 10-75%, 10-65%, 10-55%, 10-45%, 
10-35%, 10-25%, more typically 20-90%, 20-80%, 20-70%, 
20-60%, 20-50%, 20-40%, 20-30%, more typically 25-95%, 
25-85%, 25-75%, 25-65%, 25-55%, 25-45%, 25-35%, more 
typically 25-90%, 25-80%, 25-70%, 25-60%, 25-50%, 
25-40%, 25-30%, more typically 20-95%, 20-85%, 20-75%, 
20-65%, 20-55%, 20-45%, 20-35%, more typically 30-90%, 
30-80%, 30-70%, 30-60%, 30-50%, 30-40%, more typically 
35-95%, 35-85%, 35-75%, 35-65%, 35-55%, 35-45%, more 
typically 35-90%, 35-80%, 35-70%, 35-60%, 35-50%, 
35-40%, more typically 30-95%, 30-85%, 30-75%, 30-65%, 
30-55%, 30-45%, more typically 40-90%, 40-80%, 40-70%, 
40-60%, 40-50%, more typically 45-95%, 45-85%, 45-75%, 
45-65%, 45-55%, more typically 45-90%, 45-80%, 45-70%, 
45-60%, 45-50%, more typically 40-95%, 40-85%, 40-75%, 
40-65%, 40-55%, more typically 50-90%, 50-80%, 
50-70%,, 50-60%, more typically 55-95%, 55-85%, 
55-75%, 55-65%, more typically 55-90%, 55-80%, 55-70%, 
55-60%, more typically 50-95%, 50-85%, 50-75%, 50-65%, 
more typically 60-90%, 60-80%, 60-70%, more typically 
65-95%, 65-85%, 65-75%, more typically 65-90%, 65-80%, 
65-70%, more typically 60-95%, 60-85%, 60-75%, more 
typically 70-90%, 70-80%, more typically 75 -95 %, 75 -85 %, 
more typically 75-90%, 75-80%, more typically 70-95%, 
70-85%, more typically 80-90%, more typically 85-95%, 
more typically 85-90%, more typically 80-95%, more typi 
cally 20-100%, 30-100%, 40-100%, 50-100%, 60-100%, 
70-100%, 80-100% or 90-100%. Depending on the solubil 
ity of the metal bicarbonate, the amount of metal cation may 
range from 20 mg to 1250 mg or 25 mg to 1250 mg per litre 
of aqueous neutral to mildly alkaline metal bicarbonate 
solution, typically 20 mg to 1000 mg or 50 mg to 1000 mg 
per litre of aqueous neutral to mildly alkaline metal bicar 
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bonate solution, more typically 20 mg to 750 mg or 50 mg 
to 750 mg or 20 mg to 600 mg or 50 mg to 600 mg per litre 
of aqueous neutral to mildly alkaline metal bicarbonate 
solution, even more typically 20 mg to 500 mg or 30 mg to 
500 mg or 50 mg to 500 mg per litre of aqueous neutral to 
mildly alkaline metal bicarbonate solution, even more typi 
cally 20 mg to 250 mg or 50 mg to 250 mg per litre of 
aqueous neutral to mildly alkaline metal bicarbonate solu 
tion, most typically 100 mg to 500 mg or 100 mg to 400 mg 
or 100 mg to 300 mg or 100 mg to 250 mg per litre of 
aqueous neutral to mildly alkaline metal bicarbonate solu 
tion, even most typically 20 mg to 200 mg or 20 to 150 mg 
or 20 mg to 120 mg or 120 mg to 300 mg or 120 mg to 200 
mg. Typically When the metal cation is magnesium, the 
amount of magnesium may range from 30 mg to 140 mg per 
litre of aqueous neutral to mildly alkaline metal bicarbonate 
solution, typically 30 mg to 130 mg, 30 mg to 120 mg, 30 
mg to 110 mg, 30 mg to 100 mg, 30 mg to 90 mg, 30 mg to 
80 mg, 30 mg to 70 mg, 30 mg to 60 mg, 30 mg to 50 mg, 
30 mg to 40 mg, 50 mg to 120 mg, 60 mg to 120 mg, 70 mg 
to 120 mg, 80 mg to 120 mg, 90 mg to 120 mg or 75 mg to 
120 mg or 100 mg to 120 mg per litre of aqueous neutral to 
mildly alkaline metal bicarbonate solution. 

[0070] Typically When the metal cation is sodium and/or 
potassium, the amount of sodium and/or potassium may 
range from greater than 30 mg to 1250 mg per litre of 
aqueous neutral to mildly alkaline metal bicarbonate solu 
tion, typically 50 mg to 1000 mg or 50 mg to 750 mg or 50 
mg to 500 mg or 75 mg to 1250 mg or 75 mg to 1000 mg 
or 75 mg to 500 mg or 100 mg to 1000 mg or 100 mg to 500 
mg or 250 mg to 1000 mg or 250 mg to 500 mg per litre of 
aqueous neutral to mildly alkaline metal bicarbonate solu 
tion. Typically When the metal cation is calcium, the amount 
of calcium may range from greater than 20 mg to 1250 mg 
per litre of aqueous neutral to mildly alkaline metal bicar 
bonate solution, typically 20 mg to 1000 mg or 20 mg to 750 
mg or 20 mg to 500 mg or 20 mg to 250 mg or 20 mg to 200 
mg or 20 mg to 150 mg or 20 mg to 100 mg per litre of 
aqueous neutral to mildly alkaline metal bicarbonate solu 
tion. Typically the amount of bicarbonate anion present Will 
be stoichiometric With the amount of metal cation in solution 
so as to form the metal bicarbonate. Alternatively, the 
concentration of the metal bicarbonate can be based on the 
bicarbonate anion concentrations in Which case the amount 
of bicarbonate anion (Which Will depend on the saturation 
solubility of the actual metal bicarbonate anion(s) used). The 
concentration of bicarbonate typically ranges from 120 mg 
or 150 mg to 3500 mg per litre of aqueous neutral to mildly 
alkaline metal bicarbonate solution, typically 120 mg or 150 
mg to 3000 mg or 200 mg to 3000 mg per litre of aqueous 
neutral to mildly alkaline metal bicarbonate solution, more 
typically 250 mg to 2100 mg or 300 mg to 2000 mg or 200 
mg to 1500 mg or 300 mg to 1500 mg or 400 mg to 1500 
mg or 500 mg to 1500 mg or 600 mg to 1500 mg or 700 mg 
to 1500 mg or 800 mg to 1500 mg or 900 mg to 1500 mg 
or 1000 mg to 1500 mg or 200 mg to 1000 mg or 300 mg 
to 1000 mg or 400 mg to 1000 mg or 500 mg to 1000 mg 
or 600 mg to 1000 mg or 700 mg to 1000 mg or 800 mg to 
1000 mg or 900 mg to 1000 mg or 1000 mg to 1500 mg or 
1200 mg to 1500 mg per litre of aqueous neutral to mildly 
alkaline metal bicarbonate solution, even more typically 600 
mg to 1000 mg or 500 mg to 1500 mg per litre of aqueous 
neutral to mildly alkaline metal bicarbonate solution, most 
typically 950 mg or 200 mg to 2000 mg or 200 mg to 1750 
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mg or 200 mg to 1250 mg or 200 mg to 100 mg per litre of 
aqueous neutral to mildly alkaline metal bicarbonate solu 
tion. Typically at least 600 mg of bicarbonate anions per litre 
of solution is present, more typically 1600-1800 mg/l, 
600-1500 mg/l, 600-1350 mg/l, 600-1200 mg,/l 600-1100 
mg/l, 600-1000 mg/l, 600-950 mg/l, 600-900 mg/l, 600-850 
mg/l, 600-800 mg/l, 600-750 mg/l, 600-700 mg/l or 600-650 
mg/l. Typically a mildly alkaline saturated. magnesium 
bicarbonate solution is used or a mildly alkaline solution 
comprising a mixture of sodium and/or potassium and 
magnesium bicarbonate, more typically sodium and magne 
sium bicarbonate. Typically the range for a mixture of 
sodium and/or potassium and magnesium bicarbonate, more 
typically sodium and magnesium bicarbonate varies from 20 
mg to 1250 mg or 25 mg to 1250 mg per litre of aqueous 
neutral to mildly alkaline metal bicarbonate solution, typi 
cally 20 mg to 1000 mg or 50 mg to 1000 mg per litre of 
aqueous neutral to mildly alkaline metal bicarbonate solu 
tion, more typically 20 mg to 750 mg or 50 mg to 750 mg 
or 20 mg to 600 mg or 50 mg to 600 mg per litre of aqueous 
neutral to mildly alkaline metal bicarbonate solution, even 
more typically 20 mg to 500 mg or 30 mg to 500 mg or 50 
mg to 500 mg per litre of aqueous neutral to mildly alkaline 
metal bicarbonate solution, even more typically 20 mg to 
250 mg or 50 mg to 250 mg or even more typically 20 mg 
to 300 mg or 50 mg to 300 mg per litre of aqueous neutral 
to mildly alkaline metal bicarbonate solution, most typically 
75 mg to 1000 mg or 75 mg to 500 mg or; 100 mg to 1000 
mg or 100 mg to 500 mg or 100 mg to 400 mg or 100 mg 
to 300 mg or 100 mg to 250 mg per litre of aqueous neutral 
to mildly alkaline metal bicarbonate solution, even most 
typically 20 mg to 200 mg or 20 to 150 mg or 20 mg to 120 
mg or 120 mg to 300 mg or 120 mg to 200 mg. Usually the 
ratio (Weight to Weight) of magnesium to sodium is in die 
range 25:1 to 1:4, typically 1:1.125. 

[0071] Generally the aqueous diluent is Water or com 
prises Water. Generally the carbon dioxide-containing-aque 
ous diluent may be carbonic acid in Water, hydrated carbon 
dioxide in Water, carbon dioxide gas dissolved in Water, 
carbonated soft drinks, carbonated mineral Water, soda Water 
or other carbon dioxide-containing-aqueous diluents. If car 
bon dioxide gas is used, the carbon dioxide may be either 
bubbled into aqueous solutions containing metal carbonate 
or metal carbonate hydroxide or metal oxide or mixture 
thereof or the carbon dioxide may be introduced in the form 
of a blanket over aqueous solutions containing metal car 
bonate or metal carbonate hydroxide or metal oxide or 
mixture thereof. Typically the carbon dioxide-containing 
aqueous diluent is pharmaceutically acceptable. Typically 
carbonated mineral Water, carbonic acid, hydrated carbon 
dioxide in Water or carbonated Water is used. The amounts 
of carbon dioxide-containing-aqueous diluent and metal 
carbonate or metal carbonate hydroxide or metal oxide or 
mixture thereof used are sufficient to obtain a clear solution 
at a neutral to mildly alkaline pH, typically pH 7 to 9 or pH 
7 to 8.6, more typically pH 7.5 to 8.8 or pH 7.5 to 8.5 or pH 
7.8 to 8.6, pH 7.8 to 8.5, pH 7.8 to 8.4, pH 7.8 to 8.3, pH 7.8 
to 8.2, pH 7.8 to 8.1, pH 7.8 to 8.0, pH 7.8 to 7.9, pH 7.9 to 
8.6, pH 7.9 to 8.5, pH 7.9 to 8.4, pH 7.9 to 8.3, pH 7.9 to 8.2, 
pH 7.9 to 8.1, pH 7.9 to 8.0, pH 8.0 to 8.6, pH 8.0 to 8.5, pH 
8.0 to 8.4, pH 8.0 to 8.3, pH 8.0 to 8.2, pH 8.0 to 8.1, pH 8.1 
to 8.6, pH 8.1 to 8.5, pH 8.1 to 8.4, pH 8.1 to 8.3, pH 8.1 to 
8.2, pH 8.2 to 8.6, pH 8.2 to 8.5, pH 8.2 to 8.4, pH 8.2 to 8.3, 
pH 8.3 to 8.6, pH 8.3 to 8.5, pH 8.3 to 8.4, pH 8.4 to 8.6, pH 
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8.4 to 8.5, pH 8.5 to 8.6, even more typically pH 8 to 8.5 or 
pH 8.2 to 8.6, most typically pH 8.3. Usually 10 to 60 mL, 
typically 25 to 55 mL, more typically 40 to 50 mL, most 
typically approximately 45 mL of chilled carbonated min 
eral Water per litre of Water is used. Usually the chilled 
carbonated mineral Water is at a temperature of 0 to 25° C., 
0 to 20° C., 0.5 to 25° C., 0.5 to 20° C., 0.5 to 15° C., 0.5 
to 10° C., 0.5 to 90 C., 0.5 to 80 C., 0.5 to 7° C., 1 to 20° C., 
1 to 15° C., 1 to 10° C., 1.5 to 20° C., 1.5 to 15° C., 1.5 to 
10° C., 2 to 20° C., 2 to 15° C., 2 to 10° C., 3 to 20° C., 3 
to 15° C., 4 to 20° C., 4 to 15° C., 4 to 10° C., 5 to 20° C./5 
to 15° C., 6 to 20° C., 6 to 15° C., 6 to 10° C., 7 to 20° C., 
7 to 15° C., 7 to 10° C., 8 to 20° C., 8 to 15° C., 8 to 10° 
C., 9 to 20° C., 9 to 15° C., 9 to 10° C. , 10 to 15° C., 
typically 0 to 15° C., more typically 0 to 10° C., even more 
typically 3° C. to 10° C., most typically 5° C. to 10° C. and 
even most typically 5° C. Alternatively the metal carbonate 
or metal carbonate hydroxide or metal oxide or mixture 
thereof can be added after the carbon dioxide has been 
added. 

[0072] Generally the metal bicarbonate in aqueous solu 
tion may be derived from a metal carbonate or metal 
carbonate hydroxide or metal oxide or metal bicarbonate or 
metal hydroxide or other appropriate metal compound or 
any mixture thereof. Examples include magnesium, sodium, 
potassium, calcium, lithium carbonate or carbonate hydrox 
ide or oxide or bicarbonate or a mixture of any tWo or more 

thereof. For example magnesium carbonate hydroxide pen 
tahydrate, the calcite series or dolomite series of minerals 
(Mg, Ca)CO3 or limestone or dolomite rocks is used. Gen 
erally magnesium carbonate hydroxide pentahydrate or a 
mixture of magnesium carbonate hydroxide pentahydrate 
and sodium bicarbonate is used. 

[0073] Generally the pH of the aqueous metal bicarbonate 
solution for oral administration is neutral to mildly alkaline, 
typically in the range pH 7 to 9 or pH 7 to 8.6, more typically 
pH 7.5 to 8.8 or pH 7.5 to 8.5 or pH 7.8 to 8.6, pH 1 7.8 to 
8.5, pH 7.8 to 8.4, pH 7.8 to 8.3, pH 7.8 to 8.2, pH 7.8 to 8.1, 
pH 7.8 to 8.0, pH 7.8 to 7.9, pH 7.9 to 8.6, pH 7.9 to 8.5, pH 
7.9 to 8.4, pH 7.9 to 8.3, pH 7.9 to 8.2, pH 7.9 to 8.1, pH 7.9 
to 8.0, pH 8.0 to 8.6, pH 8.0 to 8.5, pH 8.0 to 8.4, pH 8.0 to 
8.3, pH 8.0 to 8.2, pH 8.0 to 8.1, pH 8.1 to 8.6, pH 8.1 to 8.5, 
pH 8.1 to 8.4, pH 8.1 to 8.3, pH 8.1 to 8.2, pH 8.2 to 8.6, pH 
8.2 to 8.5, pH 8.2 to 8.4, pH 8.2 to 8.3, pH 8.3 to 8.6, pH 8.3 
to 8.5, pH 8.3 to 8.4, pH 8.4 to 8.6, pH 8.4 to 8.5, pH 8.5 to 
8.6, even more typically pH 8 to 8.5 or pH 8.2 to 8.6, most 
typically pH 8.3. Generally the pH of the aqueous metal 
bicarbonate solution for parenteral administration is neutral 
to very mildly alkaline, typically in the range pH 7 to 7.6, or 
pH 7.0 to 7.5, or pH 7.1 to 7.5, more typically pH 7.2 to 7.5 
or pH 7.3 to 7.5 or pH 7.4 to 7.5. Generally the aqueous 
neutral to mildly alkaline metal bicarbonate solution is 
prepared and stored at a temperature ranging from 0 to 25° 
C., 0 to 20° C., 0.5 to 25° C., 0.5 to 20° C., 0.5 to 15° C., 
0.5 to 10° C., 0.5 to 9° C., 0.5 to 8° C., 0.5 to 7° C., 1 to 20° 
C., 1 to 15° C., 1 to 10° C., 1.5 to 20° C., 1.5 to 15° C., 1.5 
to 10° C., 2 to 20° C., 2 to 15° C., 2 to 10° C., 3 to 20° C., 
3 to 15° C., 4 to 20° C. , 4 to 15° C., 4 to 10° C.,, 5 to 20° 
C., 5 to 15° C., 6 to 20° C., 6 to 15° C., 6 to 10° C., 7 to 20° 
C., 7 to 15° C., 7 to 10° C., 8 to 20° C., 8 to 15° C., 8 to 10° 
C., 9 to 20° C., 9 to 15° C., 9 to 10° C., 10 to 15° C., typically 
0 to 15° C., more typically 0 to 10° C., even more typically 
3° C. to 10° C., most typically 5° C. to 10° C. and even most 
typically 5° C. 
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[0074] Generally the pH adjusting agent is carbon dioxide 
gas, carbonic acid in Water, hydrated carbon dioxide in 
Water, carbon dioxide gas in Water, carbonated soft drinks, 
carbonated mineral Water, soda Water or other carbon diox 
ide-containing-aqueous diluents or an alkali or any mixture 
thereof. Examples of alkalis are Water soluble drinkable 
alkalis such as sodium hydroxide, sodium carbonate, potas 
sium carbonate or potassium hydroxide or any mixture 
thereof. 

[0075] Typically additions may be added during the pro 
cess of the invention or to the aqueous neutral to mildly 
alkaline metal bicarbonate solution. The additives may be 0 
mg or 0.5 mg to 1000 mg sodium bicarbonate per litre of 
aqueous neutral to mildly alkaline metal bicarbonate solu 
tion, typically 25 mg to 900 mg per litre of aqueous neutral 
to mildly alkaline metal bicarbonate solution, typically 50 
mg to 800 mg or 50 mg to 500 mg per litre of aqueous 
neutral to mildly alkaline metal bicarbonate solution, more 
typically 100 mg to 700 mg per litre of aqueous neutral to 
mildly alkaline metal bicarbonate solution, even more typi 
cally 200 mg to 600 mg per litre of aqueous neutral to mildly 
alkaline metal bicarbonate solution, most typically 300 mg 
to 500 mg per litre of aqueous neutral to mildly alkaline 
metal bicarbonate solution, even most typically 500 mg per 
litre of aqueous neutral to mildly alkaline metal bicarbonate 
solution. The additives may also be chlorides and other 
appropriate salts of Magnesium, sodium, potassium, calcium 
and lithium, such as carbonates or hydroxides or sulfates, 
With or Without the addition of sodium bicarbonate. For 
example, magnesium sulfate, magnesium chloride or other 
soluble salts of magnesium. Further additives may include 
potassium bicarbonate, calcium bicarbonate or lithium 
bicarbonate. Generally calcium bicarbonate is prepared by 
adding carbonic acid or carbonated Water or hydrated carbon 
dioxide or carbon dioxide gas to a mixture of calcium 
carbonate in Water. Generally lithium bicarbonate is pre 
pared by adding carbonic acid and/or carbonated Water 
and/or hydrated carbon dioxide and/or carbon dioxide gas 
and/or solid carbon dioxide to a mixture of lithium carbonate 
in Water. 

[0076] The aqueous neutral to mildly alkaline metal bicar 
bonate solution may further include a stabilising agent. The 
stabilising agent may also be a pH adjusting agent. Typically 
the stabilising agent is a gaseous phase, for example carbon 
dioxide gas, Which maintains and/or stabilises the solution at 
a pH of 7 to 9 and at a temperature of 0 to 55° C. more 
typically 0 to 25° C. 

[0077] Generally once the solution is prepared, the solu 
tion may be stored under a blanket of carbon dioxide gas or 
a mixture of carbon dioxide gas and a nondeleterious inert 
gas, for example, argon, helium, air, oxygen and/or nitrogen 
Wherein the amount of carbon dioxide present in the inert 
gas is suf?cient to maintain the solution at a pH of 7 to 9 and 
at a temperature of 0 to 25° C. and to prevent the metal 
bicarbonate from forming insoluble compounds Which can 
precipitate out of solution. Typically the carbon dioxide gas 
above the solution prevents loss of carbon dioxide from the 
solution. The amount of 1.0 carbon dioxide in the gaseous 
mixture provides partial pressure on the liquid Which is 
substantially equal to the partial pressure Which is produced 
from equilibrium of bicarbonate in the solution at the mixing 
temperature. 
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[0078] Magnesium Bicarbonate Particularly 
[0079] Typically the production of magnesium bicarbon 
ate utilises the dissolution of magnesium carbonate by 
carbonic acid or hydrated carbon dioxide solutions. Ideally, 
the dissolution is produced Within a de?ned range of con 
ditions—a de?ned range of pH values, a de?ned range of 
temperature values and a de?ned minimum time. For opti 
mal biological and medical activities, and for therapeutic 
safety, the concentrations of the component ions are de?ned 
also. 

[0080] Typically to prepare the aqueous neutral to mildly 
alkaline metal bicarbonate solution, crushed or poWdered 
metal carbonate, or metal carbonate hydroxide or metal 
oxide, such as magnesium carbonate MgCO3, or commercial 
magnesium carbonate hydroxide pentahydrate 
(MgCO3)4.Mg(OH)2.5H2O, or other commercial magne 
sium carbonate hydroxides, or hydrated magnesium oxides, 
or magnesium oxides heated With carbon dioxide, or the 
calcite series or dolomite series of minerals (Mg, Ca)CO3, or 
limestone or dolomite rocks is mixed With Water. A cloudy 
suspension is obtained. Sufficient carbonic acid and/or 
hydrated carbon dioxide and/or carbon dioxide gas and/or 
solid carbon dioxide is added to obtain a solution having a 
pH 7 to 9 or pH 7 to 8.6, more typically pH 7.5 to 8.8 or pH 
7.5 to 8.5 or pH 7.8 to 8.6, pH 7.8 to 8.5, pH 7.8 to 8.4, pH 
7.8 to 8.3, pH 7.8 to 8.2, pH 7.8 to 8.1, pH 7.8 to 8.0, pH 7.8 
to 7.9, pH 7.9 to 8.6, pH 7.9 to 8.5, pH 7.9 to 8.4, pH 7.9 to 
8.3, pH 7.9 to 8.2, pH 7.9 to 8.1, pH 7.9 to 8.0, pH 8.0 to 8.6, 
pH 8.0 to 8.5, pH 8.0 to 8.4, pH 8.0 to 8.3, pH 8.0 to 8.2, pH 
8.0 to 8.1, pH 8.1 to 8.6, pH 8.1 to 8.5, pH 8.1 to 8.4, pH 8.1 
to 8.3, pH 8.1 to 8.2, pH 8.2 to 8.6, pH 8.2 to 8.5, pH 8.2 to 
8.4, pH 8.2 to 8.3, pH 8.3 to 8.6, pH 8.3 to 8.5, pH 8.3 to 8.4, 
pH 8.4 to 8.6, pH 8.4 to 8.5, pH 8.5 to 8.6, even more 
typically pH 8 to 8.6 or pH 8.2 to 8.6, most typically pH 8.3. 
The solution is then typically placed in a closed or sealed 
container at 0 to 20° C. or 0 to 15° C. With occasional mixing 
until a clear solution develops. The amount of carbonic acid 
and/or hydrated carbon dioxide and/or carbon dioxide gas 
bubbled through the solution and dissolved therein and/or 
solid carbon dioxide is suf?cient to prevent precipitation of 
Water insoluble metal compounds (such as magnesium or 
calcium carbonate). Aclear solution is generally obtained in 
about 6 hours to 7 days, typically 12 hours to 5 days, more 
typically 24 hours to 5 days, most typically 24 hours to 3 
days. Generally the aqueous neutral to mildly alkaline metal 
bicarbonate solution is prepared and stored at a temperature 
ranging from 0 to 55° C., 0 to 25° C., 0 to 20° C., 0.5 to 25° 
C., 0.5 to 20° C., 0.5 to 15° C., 0.5 to 10° C., 0.5 to 9° C., 
0.5 to 8° C., 0.5 to 7° C., 1 to 20° C., 1 to 15° C., 1 to 10° 
C., 1.5 to 20° C., 1.5 to 15° C., 1.5 to 10° C., 2 to 20° C., 
2 to 15° C., 2 to 10° C., 3 to 20° C., 3 to 15° C., 4 to 20° 
C., 4 to 15° C., 4 to 10° C.,, 5 to 20° C., 5 to 15° C., 6 to 
20° C., 6 to 15° C., 6 to 10° C., 7 to 20° C., 7 to 15° C., 7 
to 10° C., 8 to 20° C., 8 to 15° C., 8 to 10° C., 9 to 20° C., 
9 to 15° C., 9 to 10° C., 10 to 15° C., typically 0 to 15° C., 
more typically 0 to 10° C., even more typically 3° C. to 10° 
C., most typically 5° C. to 10° C. and even most typically 5° 
C. Alternatively the crushed or poWdered metal carbonate, 
or metal carbonate hydroxide or metal oxide or mixture 
thereof is added to an aqueous solution of the carbonic acid 
and/or hydrated carbon dioxide and/or to an aqueous solu 
tion through Which carbon dioxide gas is bubbled and/or 
solid carbon dioxide has been added. The amount of car 
bonic acid and/or hydrated carbon dioxide and/or carbon 
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dioxide gas bubbled through the solution and dissolved 
therein and/or solid carbon dioxide is sufficient to prevent 
precipitation of Water insoluble metal compounds (such as 
magnesium or calcium carbonate). 

[0081] Typically one litre of Water is placed in a container 
and sufficient carbonic acid and/or carbonated Water and/or 
hydrated carbon dioxide and/or carbon dioxide gas and/or 
solid carbon dioxide is added to produce a pH value of 
approximately pH 5.2. (In practice, approximately 40 to 45 
mL of chilled (5° C.) carbonated mineral Water is used 
depending on the initial pH of the Water). The container is 
sealed and the contents are mixed. 485 mg magnesium 
carbonate hydroxide pentahydrate poWder 
(MgCO3)4.Mg(OH)2.5H2O, molecular Weight 485 is added. 
The container is again sealed and the contents are mixed. 
The container is stored at a temperature of 0 to 10° C. and 
the contents mixed regularly. Suf?cient time is alloWed for 
a clear solution of magnesium bicarbonate to develop at a 
range of pH 8.0 to pH 8.6, preferably pH 8.3. This takes 
approximately 24 to 72 hours. Alternatively the carbonic 
acid and/or carbonated Water and/or hydrated carbon dioxide 
and/or carbon dioxide gas and/or solid carbon dioxide is 
added to the magnesium carbonate hydroxide pentahydrate 
poWder in Water. Alternatively one litre of Water is placed in 
a container and sufficient carbonic acid and/or carbonated 
Water and/or hydrated carbon dioxide and/or solid carbon 
dioxide is added to produce a pH value less than pH 5.2. (In 
practice, approximately 30 mL to 40 mL of chilled Water is 
used depending on the initial pH of the Water). The container 
is sealed and the contents are mixed. 485 mg magnesium 
carbonate hydroxide pentahydrate poWder 
(MgCO3)4.Mg(OH)2.5H2O, molecular Weight 485 is added. 
The container is again sealed and the contents are mixed. 
The container is stored at a temperature of 0 to 10° C. and 
the contents mixed regularly. The pH of the Water is then 
adjusted With an alkali such as sodium hydroxide or potas 
sium hydroxide to a pH of 8 to 8.6, typically pH 8.3. 
Alternatively the carbonic acid or carbonated Water and/or 
hydrated carbon dioxide and/or carbon dioxide gas and/or 
solid carbon dioxide is added to the magnesium carbonate 
hydroxide pentahydrate poWder in Water. 

[0082] The above processes may optionally be conducted 
under an atmosphere of carbon dioxide or a gas comprising 
carbon dioxide. 

[0083] Generally once the solution is prepared, it may be 
stored under a blanket of carbon dioxide gas to maintain the 
solution at a pH of 7 to 9 and at a temperature of 0 to 25° 
C. 

[0084] Usually one litre of the magnesium bicarbonate 
solution prepared above contains approximately 120 mg of 
magnesium per litre of aqueous neutral to mildly alkaline 
metal bicarbonate solution and approximately 600 mg of 
bicarbonate. 500 mg sodium bicarbonate (or potassium 
bicarbonate) is added to the magnesium bicarbonate solution 
and mixed. The mixture is stored in a sealed container in a 
refrigerator. The mixture contains approximately 120 mg 
magnesium per litre of aqueous neutral to mildly alkaline 
metal bicarbonate solution, 135 mg sodium per litre of 
aqueous neutral to mildly alkaline metal bicarbonate solu 
tion and 950 mg bicarbonate per litre of aqueous neutral to 
mildly alkaline metal bicarbonate solution. 

[0085] Generally the aqueous neutral to mildly alkaline 
metal bicarbonate solution of the invention is administered 
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or consumed orally. Typically the solution is an orally 
drinkable solution. Typically the solution is a therapeutic 
orally drinkable solution. Alternatively a gelling agent may 
added to the solution and the solution subjected to gelling 
conditions to gel the solution and the resultant gel may be 
consumed orally. For example, the aqueous neutral to mildly 
alkaline metal bicarbonate solution may be prepared as a 
solution or an iced confectionary, such as an ice block or 

iced dessert, Which is ingested orally. Alternatively the 
aqueous neutral to mildly alkaline metal bicarbonate solu 
tion may be prepared in the form of a tablet, loZenge or lolly 
Which is ingested orally. For example, the aqueous neutral to 
mildly alkaline metal bicarbonate solution may be admin 
istered for metabolic acidosis or renal failure. Optionally the 
solution may be sterilised. Typically the aqueous neutral to 
mildly alkaline metal bicarbonate solution is prepared as a 
solution Which is ingested on a regular basis hourly, daily, 
monthly or yearly. The amount and frequency of aqueous 
neutral to mildly alkaline metal bicarbonate solution admin 
istered/consumed in a day is generally suf?cient so as to 
maintain a steady bicarbonate level in the bicarbonate con 
centration of a taker’s body ?uids. It is preferable to avoid 
a rapid increase in the bicarbonate level in the bicarbonate 
concentration of a taker’s body ?uids. The amount of 
aqueous neutral to mildly alkaline metal bicarbonate solu 
tion administered in a day ranges from 250 mL to 6 litres, 
typically 250 mL to 5.5 litres, 250 mL to 5 litres, 250 mL to 
4.5 litres, 250 mL to 4 litres, 250 mL to 3.5 litres, 250 mL 
to 3 litres, 500 mL to 6 litres, 500 mL to 5.5 litres, 500 mL 
to 5 litres, 500 mL to 4.5 litres, 500 mL to 4 litres, 500 mL 
to 3.5 litres, 500 mL to 3 litres, more typically 1 litre to 6 
litres, 1 litre to 5.5 litres, 1 litre to 5 litres, 1 litre to 4.5 litres, 
1 litre to 4 litres, 1 litre to 3.5 litres, even more typically 1 
litre to 3 litres, 1.5 litres to 6 litres, 1.5 litres to 5.5 litres, 1.5 
litres to 5 litres, 1.5 litres to 4.5 litres, 1.5 litres to 4 litres, 
1.5 litres to 3.5 litres, 1.8 litres to 3.3 litres, 1.8 to 2.8 litres, 
1.8 to 2.5 litres, 1.8 to 2.3 litres, 1.8 to 2.0 litres, most 
typically 2 to 3 litres, typically 2.3 to 2.8 litres, more 
typically 2.3 to 2.6 litres, usually 2.1 to 3 litres. The aqueous 
neutral to mildly alkaline metal bicarbonate solution may be 
administered on a full or empty stomach, typically the 
aqueous neutral to mildly alkaline metal bicarbonate solu 
tion is administered on an empty stomach. Usually 1.5 to 3.5 
litres, typically 1.8 to 3 litres, more typically 1.5 to 2.4 litres, 
even more typically 1.8 to 2.1 litres and usually betWeen 1.8 
and 2.7 litres of aqueous neutral to mildly alkaline metal 
bicarbonate solution is ingested, administered or consumed 
on an empty stomach by a mammal (typically a human) in 
equal or non equal volume amounts (100 mL -1000 mL, 
200-800 mL, 250-750 mL, 275-700 mL, 300-650 mL, 
350-600 mL, 400-550 mL, 450-500 mL, typically about 
300-400 mL, more typically about 375 mL volume amounts 
a number of times (typically at set times) each day for the 
required number of times per day to drink the desired daily 
amount of the solution). For example if 1800 mL per day is 
to be consumed then a user may drink six 300 mL amounts 
of the solution even 2 to 2.5 hours throughout the day. The 
oral consumption of the solution three or more times at 
roughly equally spaced apart intervals throughout the day is 
more desirable than consuming the solution in one or tWo 
lots throughout the day. The idea of taking the solution is to 
take it regularly throughout the day so that a simulated 
continuous oral intake or a close to continuous regular oral 
intake of the solution occurs. Thus depending on the con 



US 2004/0175437 A1 

dition and the subject one suitable administration/consump 
tion regime could be nine by 200 mL amounts of the 
solution, each 200 mL amount being orally administered/ 
consumed about every 1.5-1.75 hours to provide a total daily 
intake of 1800 mL. Alternatively, once again depending on 
the condition and the subject one suitable administration/ 
consumption regime could be nine by 300 mL amounts of 
the solution, each 300 mL amount being orally administered/ 
consumed about every 1.5-1.75 hours to provide a total daily 
intake of 2700 mL. Alternatively, once again depending on 
the condition and this subject one suitable administration/ 
consumption regime could be nine by 350 mL amounts of 
the solution, each 350 mL amount being orally administered/ 
consumed about every 1.5-1.75 hours to provide a total daily 
intake of 31-50 mL. Typically the solution is administered/ 
consumed 3 to 30, 3-25, 3-20, 3-15, 3-12, 3-10, 3-9, 3-8, 3-7, 
3-6, 3-5, 34, 4-30, 4-25, 4-20, 4-15, 4-12, 4-10, 4-9, 4-8, 4-7, 
4-6, 4-5, 5-30, 5-25, 5-20, 5-15, 5-12, 5-11, 5-10, 5-9, 5-8, 
5-7, 5-6, 6-30, 6-25, 6-20, 6-15, 6-12, 6-11, 6-10, 6-9, 6-8, 
6-7, 7-30, 7-25, 7-20, 7-15, 7-12, 7-11, 7-10, 7-9, 7-8, 8-30, 
8-25, 8-20, 8-15, 8-12, 8-11, 8-10, 8-9 times per day at 
regular or irregular intervals or a mixture of both regular and 
irregular intervals, throughout each day. Typically the solu 
tion is administered/consumed every 0.3-10, 0.3-8, 0.3-7, 
0.3-6, 0.3-5, 0.3-4.5, 0.34, 0.3-3.5, 0.3-3, 0.3-2.5, 0.3-2, 
0.3-1.5, 0.3-1, 0.3-0.75, 0.3-0.5 hours/day When the subject 
is aWake. More typically the solution is administered/con 
sumed every 0.5-8, 0.5-7, 0.5-6, 0.5-5, 0.5-4.5, 0.5-0.4, 
0.5-3.5, 0.5-3, 0.5-2.5, 0.5-2, 0.5-1.5, 0.5-1, 0.5-0.8, 0.5 
0.75 hours/day When the subject is aWake. Where possible 
the solution is consumed/administered on an empty (e.g. 
before eating). The solution may be administered according 
to these latter dosages over short (for; example 1 to 60 days, 
10 1 ) days, 3 months to 6 months, 1 day to 6 months) or long 
(for example 6 months to 10 years or more, 9 months to 18 
months, 1 year to 3 years, 1 year to 5 years, 2 to 6 years) 
periods are required. Usually the amount of aqueous neutral 
to mildly alkaline metal bicarbonate solution administered to 
a mammal is 5 to 100 mL per Kg, more usual 10 to 50 mL 
per Kg, most usual 14 to 29 mL per Kg or 25 to 43 mL per 
Kg. 

[0086] The solution may include additives such as sWeet 
eners, preservatives, ?avourings and other suitable addi 
tives. Examples of suitable sWeetners include sucrose, lac 
tose, glucose, aspartame or saccharine. Examples of suitable 
?avouring agents include peppermint oil, oil of Wintergreen, 
cherry, orange raspberry ?avouring. Examples of suitable 
preservatives include sodium benZoate, vitamin E, alpha 
tocopherol, ascorbic acid, methyl paraben, propyl paraben or 
sodium bisulphlite. 

[0087] Typically the aqueous neutral to mildly alkaline 
metal bicarbonate solution is orally administered/consumed 
on an empty stomach. Usually consumption in this manner 
avoids the mixing of bicarbonate anions With stomach acid 
Which may result in the loss of bicarbonate. Usually the 
aqueous neutral to mildly alkaline metal bicarbonate solu 
tion is consumed in small amounts a number of times 
through a day typically at set times each day to avoid a rapid 
increase in the bicarbonate concentration of body ?uids. 
Usually the amount of aqueous neutral to mildly alkaline 
metal bicarbonate solution consumed at commencement is 
500 mL per day and is increased by increments over a period 
of one month to the maximum consumption. This start-up 
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schedule generally avoids any gastrointestinal side effects 
due to the smooth muscle relaxation properties of magne 
sium. 

[0088] The aqueous neutral to very mildly alkaline metal 
bicarbonate solution of the invention may be administered 
intravenously (eg by discrete injection, semi continuous 
injection or drip feed or continuous injection or drip feed) or 
by other parenteral routes. Another embodiment of the 
invention is directed to a pharmaceutical composition com 
prising the solution of the ?rst or eleventh embodiments 
together With one or more pharmaceutically acceptable 
carriers, diluents, aquivants and/or excipients. Typically the 
pharmaceutical composition is suitable for oral or parenteral 
administration. Another embodiment of the invention is 
directed to a veterinary composition comprising the solution 
of the ?rst or eleventh embodiments together With one or 
more veterinarily acceptable carriers, diluents, adjuvants 
and/or excipients. Typically the veterinary composition is 
suitable for oral or parenteral administration. The amount 
and frequency of aqueous neutral to mildly alkaline metal 
bicarbonate solution administered/consumed in a day is 
generally sufficient so as to maintain a steady bicarbonate 
level in the bicarbonate concentration of a taker’s body 
?uids. It is preferable to avoid a rapid increase in the 
bicarbonate level in the bicarbonate concentration of a 
taker’s body ?uids. For parenteral administration, the solu 
tion is generally sterile. Suitable mono-toxic parenterally 
acceptable diluents or solvents include Water, Ringer’s solu 
tion, isotonic salt solution, 1,3-butanediol, ethanol, propy 
lene glycol or polyethylene glycols in mixtures With Water. 
Aqueous solutions or suspensions may further comprise one 
or more buffering agents. Suitable buffering agents include 
sodium borate, sodium acetate, sodium citrate, or sodium 
tartrate, for example. Typically the solution is administered 
on a regular basis throughout a day to a patient requiring 
treatment. For example a patient may be parenterally admin 
istered the solution by Way of a continuous drip feed or 
alternatively by Way of a number of injections of the solution 
throughout a day (e.g. every 0.5-8 hours, more typically 
every 1-4 hours). The treatment is generally continued as 
long as required to alleviate the patient’s symptoms to a 
satisfactory level. For concentration of metal bicarbonate in 
the compositions, frequency of administration and amount 
administered see discussion under oral administration. 

BRIEF DESCRIPTION OF DRAWINGS 

[0089] FIG. 1 are plots of the survival curves for a control 
group of sheep and a treatment group of sheep; 

[0090] FIG. 2 is a photograph shoWing osteoarthritis in 
the joints of the ?ngers and thumb. Osteoarthritis before the 
consumption of aqueous metal bicarbonate solution. Note 
the sWelling and ‘claW-like’ hand resulting from joint ?exion 
and joint displacement. (The patient Was pushing doWn With 
her hand ‘as hard as possible’ in an attempt to place her hand 
?at on the underlying surface); and 

[0091] FIG. 3 is a photograph shoWing osteoarthritis in 
the joints of the ?ngers and thumb. Osteoarthritis tWelve 
months after commencement of the consumption of aqueous 
metal bicarbonate solution. Note that the ?ngers can be 
extended and the joints are ‘straighter’ than tWelve months 
previously. (The patient had placed her hand ?at on the 
underlying surface Without exerting any force.) 
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BEST MODE AND OTHER MODE(S) FOR 
CARRYING OUT THE INVENTION 

[0092] Magnesium bicarbonate is a natural hydrated salt 
Which exists only in an aqueous solution. 

[0093] It may be formed in spring Water by an ion 
exchange process betWeen the protons in carbonic acid 
(formed from the hydration of carbon dioxide located in the 
atmosphere organic material, soils and rocks) and the mag 
nesium in the constituent minerals of rocks (particularly the 
ferromagnesian minerals knoWn as pyroxene and olivine 
that constitute basalt rocks). 

[0094] The ion exchange process can be represented by 
the folloWing equations: 

co2 + H2O — nzco3 

pH dependent 

[0095] The term magnesium bicarborate is used univer 
sally to describe the mixture of magnesium cations and 
bicarbonate anions found in spring Waters and mineral 
Waters. Most spring Waters and mineral Waters have acidic 
pH values (about pH 6.0). If the pH value of the Water rises 
(due to contact With hydroxides), the magnesium cations and 
bicarbonate anions “attract” each other (reversibly) to form 
the true salt. The chemical formula of magnesium bicarbon 
ate may be Written as Mg(HCO3)2, or (more accurately) 
Mg(H2O)4(HCO3)2. This latter formula takes into account 
the hexahydrated magnesium cation Mg(H2O)62+. 

[0096] In essence, magnesium bicarbonate exists in aque 
ous solution probably as an hydrated salt of indeterminate 
hydration siZe due to the hydrogen bonds betWeen linked 
Water dipoles centred around the hydrated magnesium cat 
1on. 

[0097] The chemical processes occurring in magnesium 
bicarbonate solutions are complex and depend on the con 
centrations of magnesium cations and other ions. The fol 
loWing reactions are considered to occur: 

M HCO 2 M 2+4. ZHCO ' 
g< 3)2 less than pH 7.0 g 3 

Mg(HCO3)2 :‘ Mg2+ + 2HCO3' 
pH 7.0 to pH 8.0 

g< 3” pH 8.0 to pH 8.3 g 3 

Mg(HCO3)2 PTW‘ Mg2+ + C032‘ + H2CO3 

Mg2+ + c )32- MgCO3 
pH 8.5 to pH 9.0 

[0098] There exists also a range of possible acid-base 
equilibria involving HCO3—, H3O+, CO32_and OH‘ions and 
CO2 and H2CO3. Usually the pH adjusting agent (and/or 
stabilising agent) maintains the acid-base equilibria. 

[0099] Typically to prepare the aqueous neutral to mildly 
alkaline metal bicarbonate solution, crushed or poWdered 
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metal carbonate, or metal carbonate hydroxide or metal 
oxide, such as magnesium carbonate MgCO3, or commercial 
magnesium carbonate hydroxide pentahydrate 
(MgCO3)4.Mg(OH)2.5H2O, or other commercial magne 
sium carbonate hydroxides, or hydrated magnesium oxides, 
or magnesium oxides heated With carbon dioxide, or the 
calcite series or dolomite series of minerals (Mg, Ca)CO3, or 
limestone or dolomite rocks is mixed With Water. A cloudy 
suspension is obtained. Suf?cient carbonic acid or hydrated 
carbon dioxide or carbon dioxide gas is added to obtain a 
solution having a pH 7 to 9 or pH 7 to 8.6, more typically 
pH 7.5 to 8.8 or pH 7.5 to 8.5 or pH 7.8 to. 8.6, pH 7.8 to 
8.5, pH 7.8 to 8.4, pH 7.8 to 8.3, pH 7.8 to 8.2, pH 7.8 to 8.1, 
pH 7.8 to 8.0, pH 7.8 to 7.9, pH 7.9 to 8.6, pH 7.9 to 8.5, pH 
7.9 to 8.4, pH 7.9 to 8.3, pH 7.9 to 8.2, pH 7.9 to 8.1, pH 7.9 
to 8.0, pH 8.0 to 8.6, pH 8.0 to 8.5, pH 8.0 to 8.4, pH 8.0 to 
8.3, pH 8.0 to 8.2, pH 8.0 to 8.1, pH 8.1 to 8.6, pH 8.1 to 8.5, 
pH 8.1 to 8.4, pH 8.1 to 8.3, pH 8.1 to 8.2, pH 8.2 to 8.6, pH 
8.2 to 8.5, pH 8.2 to 8.4, pH 8.2 to 8.3, pH 8.3 to 8.6, pH 8.3 
to 8.5, pH 8.3 to 8.4, pH 8.4 to 8.6, pH 8.4 to 8.5, pH 8.5 to 
8.6, even more typically pH 8 to 8.5 or pH 8.2 to 8.6, most 
typically pH 8.3. The solution is then typically placed in a 
sealed container at 0 to 20° C. With occasional mixing until 
a clear solution develops. A clear solution is generally 
obtained in about 6 hours to 7 days, typically 12 hours to 5 
days, more typically 24 hours to 5 days, most typically 24 
hours to 3 days. Generally the aqueous neutral to mildly 
alkaline metal bicarbonate solution is prepared and stored at 
a temperature ranging from 0 to 25° C., 0 to 20° C., 0.5 to 
25° C., 0.5 to 20° C., 0.5 to 15° C., 0.5 to 10° C., 0.5 to 9° 
C., 0.5 to 8° C., 0.5 to 7° C., 1 to 20° C., 1 to 15° C., 1 to 
10° C., 1.5 to 20° C., 1.5 to 15° C., 1.5 to 10° C., 2 to 20° 
C., 2 to 15° C., 2 to 10° C., 3 to 20° C., 3 to 15° C., 4 to 20° 
C., 4 to 15° C., 4 to 10° C., 5 to 20° C., 5 to 15° C., 6 to 20° 
C., 6 to 15° C., 6 to 10° C., 7 to 20° C., 7 to 15° C., 7 to 10° 
C., 8 to 20° C., 8 to 15° C., 8 to 10° C., 9 to 20° C., 9 to 15° 
C., 9 to 10° C., 10 to 15° C., typically 0 to 15° C., more 
typically 0 to 10° C., even more typically 3° C. to 10° C., 
most typically 5° C. to 10° C. and even most typically 5° C. 
Alternatively the crushed or poWdered metal carbonate, or 
metal carbonate hydroxide or metal oxide or mixture thereof 
is added to an aqueous solution of the carbonic acid or 
hydrated carbon dioxide or carbon dioxide gas. 

[0100] Typically one litre of Water is placed in a container 
and sufficient carbonic acid or carbonated Water or hydrated 
carbon dioxide or carbon dioxide gas is added to produce a 
pH value of approximately pH 5.2. (In practice, approxi 
mately 40 to 45 mL of chilled (5° C.) carbonated mineral 
Water is used depending on the initial pH of the Water). The 
container is sealed and the contents are mixed. 485 mg 
magnesium carbonate hydroxide pentahydrate poWder 
(MgCO3)4.Mg(OH)2.5H2O, molecular Weight 485 is added. 
The container is again sealed and the contents are mixed. 
The container is stored at a temperature of 0 to 10° C. and 
the contents mixed regularly. Sufficient time is alloWed for 
a clear solution of magnesium bicarbonate to develop at a 
range of pH 8.0 to pH 8.5, typically pH 8.3. This takes 
approximately 24 to 72 hours. Alternatively the carbonic 
acid or carbonated Water or hydrated carbon dioxide or 
carbon dioxide gas is added to the magnesium carbonate 
hydroxide pentahydrate poWder in Water. 
[0101] Alternatively one litre of Water is placed in a 
container and sufficient carbonic acid or carbonated Water or 
hydrated carbon dioxide gas is added to produce a pH value 
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less than pH 5.2. (In practice, approximately 30 mL to 40 mL 
of chilled Water is used depending on the initial pH of the 
Water). The container is sealed and the contents are mixed. 
485 mg magnesium carbonate hydroxide pentahydrate poW 
der (MgCO3)4.Mg(OH)2.5H2O, molecular Weight 485 is 
added. The container is again sealed and the contents are 
mixed. The container is stored at a temperature of 0 to 10° 
C. and the contents mixed regularly. The pH of the Water is 
then adjusted With an alkali such as sodium hydroxide or 
potassium hydroxide to a pH of 8 to 8.5, typically pH 8.3. 
Alternatively the carbonic acid or carbonated Water or 
hydrated carbon dioxide or carbon dioxide gas is added to 
the magnesium carbonate hydroxide pentahydrate poWder in 
Water. 

[0102] Generally once the solution is prepared, the solu 
tion may be stored in a closed container under a blanket of 
carbon dioxide gas or a mixture of carbon dioxide gas and 
usually a nondeleterious inert gas, for example, argon, 
helium and/or nitrogen to maintain the solution at a pH of 7 
to 9 and at a temperature of 0 to 25° C. and at 0.8 to 5 atm. 
The carbon dioxide gas blanket prevents loss of carbon 
dioxide from the solution. The amount of carbon dioxide in 
the gaseous mixture provides partial pressure on the liquid 
Which is substantially equal to the partial pressure of carbon 
dioxide from carbon dioxide from the solution Which is 
produced from equilibrium of bicarbonate in the solution at 
the particular temperature. In this Way the solution is stabi 
lised. If the solution Were left in an open container for any 
substantial length of time precipitation of metal carbonate 
from the solution Would occur as a result of decomposition 
of the bicarbonate in the solution as carbon dioxide is 
liberated from the solution. By using a stabilising agent in 
and/or above the solution such decomposition is substan 
tially minimised or prevented. Alternatively the solution 
may be stored in a closed or sealed container (generally 
airtight) Which is substantially ?lled With the solution 
Whereby there is substantially no gas in the container or little 
gas compared to the amount of liquid in the container. 

[0103] The relevant chemical reactions may be repre 
sented by the folloWing equations: 

co2 + H2O — H2CO3 

and 

pH 7.0 to pH 8.0 

pH 8.0 to pH 8.3 

pH 8.3 to pH 8.5 

Mg2+ + co32- MgCO3 
pH 8.5 to pH 9.0 

[0104] Usually one litre of the magnesium bicarbonate 
solution prepared above contains approximately 120 mg of 
magnesium per litre of aqueous neutral to mildly alkaline 
metal bicarbonate solution and approximately 60 mg of 
bicarbonate. 500 mg sodium bicarbonate (or potassium 
bicarbonate) is added to the magnesium bicarbonate solution 
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and mixed. The mixture is stored in a sealed container in a 
refrigerator. The mixture contains approximately 120 mg 
magnesium per litre of aqueous neutral to mildly alkaline 
metal bicarbonate solution, 135 mg sodium per litre of 
aqueous neutral to mildly alkaline metal bicarbonate solu 
tion and 950 mg bicarbonate per litre of aqueous neutral to 
mildly alkaline metal bicarbonate solution. 

[0105] In the body, normal intracellular pH value is pH 
7.2. Under acidic conditions, such as adenosine triphosphate 
(ATP) hydrolysis, intracellular pH value may decrease to pH 
6.5. In practice, a pH value is chosen for bicarbonate 
solutions that exceeds normal blood plasma pH value 
(pH>7.38). 
[0106] AloW temperature, betWeen 0 and 10° C., typically 
5 to 10° C., ensures that carbon dioxide stays dissolved in 
solution to maximise carbon dioxide hydration. Above 15 to 
20° C., the solubility of carbon dioxide is loW, the carbon 
dioxide leaves the solution, and particles and sediments may 
occur in the solution. Above 15 to 20° C., the solution may 
be cloudy in appearance. 

[0107] At high magnesium concentrations, a minimum 
time, at least 24 to 72 hours at 5° C., is required for 
completion of the kinetic processes that produce a clear 
solution of magnesium bicarbonate. (The kinetic processes 
include the hydration of carbon dioxide, the dissolution of 
magnesium carbonate and the dissolution of magnesium 
hydroxide.) The concentration of magnesium cations (in 
association With bicarbonate anions) is generally in the 
range 25 mg to 250 mg per litre aqueous neutral to mildly 
alkaline metal bicarbonate solution (depending on the pH 
value of the metal bicarbonate solution). Usually the maxi 
mum magnesium concentration that can be maintained in 
solution as magnesium bicarbonate may be approximately 
120 mg per litre aqueous neutral to mildly alkaline metal 
bicarbonate solution at pH 8.3. As the pH value decreases, 
the concentration of magnesium that can be maintained in 
solution increases. Because magnesium chloride is soluble, 
higher concentrations of magnesium can be maintained in 
solution if chlorides (such as sodium chloride) are added to 
the aqueous neutral to mildly alkaline metal bicarbonate 
solution. 

[0108] The solubility product constant for magnesium 
carbonate is reported to be approximately 3.5><10_8. The 
solubility product constant for magnesium hydroxide is 
reported to be approximately 1.1><10_11. Calculated from 
these values, the maximum concentrations of magnesium 
cations that can exist in solution as carbonates or hydroxides 
are approximately 20 mg per litre aqueous metal bicarbonate 
solution and 10 mg per litre aqueous neutral to mildly 
alkaline metal bicarbonate solution respectively. 

[0109] Generally the aqueous neutral to mildly alkaline 
metal bicarbonate solution of the invention is administered 
or consumed orally. Typically the solution is an orally 
drinkable solution. Typically the solution is a therapeutic 
orally drinkable solution. For example, the aqueous neutral 
to mildly alkaline metal bicarbonate solution may be pre 
pared as a solution or an iced confectionary, such as an ice 
block or iced dessert, Which is ingested orally. Alternatively 
the aqueous neutral to mildly alkaline metal bicarbonate 
solution may be prepared in the form of a tablet, loZenge or 
lolly Which is ingested orally. For example, the aqueous 
neutral to mildly alkaline metal bicarbonate solution may be 
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administered for metabolic acidosis or renal failure. Option 
ally the solution may be sterilised. Typically the aqueous 
neutral to mildly alkaline metal bicarbonate solution is 
prepared as a solution Which is ingested hourly, daily, 
monthly or yearly. The amount of aqueous neutral to mildly 
alkaline metal bicarbonate solution administered in a day 
ranges from 250 mL to 6 litres, typically 250 mL to 5 .5 litres, 
250 mL to 5 litres, 250 mL to 4.5 litres, 250 mL to 4 litres, 
250 mL to 3.5 litres, 250 mL to 3 litres, 500 mL to 6 litres, 
500 mL to 5.5 litres, 500 mL to 5. litres, 500 mL to 4.5 litres, 
500 mL to 4 litres, 500 mL to 3.5 litres, 500 mL to 3 litres, 
more typically 1 litre to 6 litres, 1 litre to 5.5 litres, 1 litre 
to 5 litres, 1 litre to 4.5 litres, 1 litre to 4 litres, 1 litre to 3.5 
litres, even more typically 1 litre to 3 litres, 1.5 litres to 6 
litres, 1.5 litres to 5 .5 litres, 1.5 litres to 5 litres, 1.5 litres to 
4.5 litres, 1.5 litres to 4 litres, 1.5 litres to 3.5 litres, most 
typically 2 to 3 litres, usually 2.1 to 3 litres. The aqueous 
neutral to mildly alkaline metal bicarbonate solution may be 
administered on a full or empty stomach, typically the 
aqueous neutral to mildly alkaline metal bicarbonate solu 
tion is administered on an empty stomach. Usually 1.5 to 3 
litres, more typically 1.5 to 2.4 litres, even more typically 
1.8 to 2.1 litres and usually betWeen 1.8 and 2.7 litres of 
aqueous neutral to mildly alkaline metal bicarbonate solu 
tion is ingested on an empty stomach in approximately 300 
mL volumes at set times each day. The solution may be 
administered according to these latter dosages over short 
(for example 1 to 10 days) or long (for example 6 months to 
10 years or more) periods as required. Usually the amount 
of aqueous neutral to mildly alkaline metal bicarbonate 
solution administered to a mammal is 5 to 100 mL per Kg, 
more usual 10 to 50 mL per Kg, most usual 14 to 29 mL per 
Kg or 25 to 43 mL per Kg. 

[0110] Typically the aqueous neutral to mildly alkaline 
metal bicarbonate solution is consumed on an empty stom 
ach. Usually consumption in this manner avoids the mixing 
of bicarbonate anions With stomach acid Which may result in 
the loss of bicarbonate. Usually the aqueous neutral to 
mildly alkaline metal bicarbonate solution is consumed in 
small amounts at set times each day to avoid a rapid increase 
in the bicarbonate concentration of body ?uids. Usually the 
amount of aqueous neutral to mildly alkaline metal bicar 
bonate solution consumed at commencement is 500 mL per 
day and is increased by increments over a period of one 
month to the maximum consumption. This start-up schedule 
generally avoids any gastrointestinal side effects due to the 
smooth muscle relaxation properties of magnesium. 
[0111] The advantages of the aqueous neutral to mildly 
alkaline metal bicarbonate solution of the invention are that 
the magnesium cations function as bicarbonate transporters 
into body cells. Magnesium bicarbonate enters body cells 
and the bicarbonate anions function to displace from equi 
librium the dissociation reaction of intracellular carbonic 
acid. Magnesium bicarbonate enters body cells and the 
bicarbonate anions function as an intracellular proton sink 
(or proton scavenger). These reactions can be represented by 
the one equation 

[0112] Magnesium bicarbonate enters body cells and the 
bicarbonate anions function to displace from equilibrium the 
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hydration reaction of carbon dioxide Which is catalysed by 
the enZyme carbonic anhydrase. This reaction can be rep 
resented by the equation 

carbonic anhydrase 

[01133] Usually appropriate salts of magnesium, sodium, 
potassium, calcium and lithium should not exceed the con 
centrations of the component elements recommended by 
health authorities. The concentrations of component ele 
ments cannot exceed concentrations restricted by the solu 
bility product constants of respective hydroxides and car 
bonates. 

EXAMPLE 1 

An Experiment to Decrease Intracellular Proton 
Concentrations and to Increase Intracellular 

Bicarbonate Concentrations in Mammalian Cells in 
Vitro 

[0114] Aqueous bicarbonate anions ad as proton sinks in 
the presence of excess proton concentrations in solution. 
This reaction can be represented by the chemical equation 

aqueous 

[0115] In the presence of sufficient concentrations of 
bicarbonate anions, the reaction is essentially complete and 
proton concentrations decrease. The pH value of the solution 
increases. When plasma bicarbonate anions are present 
outside mammalian body cells in sufficient concentrations, 
they are translocated into the cytoplasm of the cells across 
the cell plasma membranes. Indeed, bicarbonate anions 
equilibrate rapidly across mammalian cell membranes. 
Bicarbonate translocation into cells takes place via several 
processes. These processes include a chloride-bicarbonate 
anion exchange and a sodium dependent chloride-bicarbon 
ate anion exchange and potassium co-transport and magne 
sium co-transport. 

[0116] An experiment Was conducted to decrease intrac 
ellular proton concentrations and to increase intracellular 
bicarbonate concentrations in mammalian body cells in vitro 
Throughout the experiment, extracellular pH determinations 
Were made using a pH electrode and intracellular pH deter 
minations Were made using a trapped ?uorescein derivative. 
An increase in intracellular proton concentrations (intracel 
lular acidi?cation) Was achieved by applying 10 mmol 
ammonium chloride (NH4Cl) solution to a suspension of 
cells and then removing the NH4Cl. An increase in intrac 
ellular bicarbonate concentrations Was achieved by applying 
an aqueous metal bicarbonate solution to a suspension of 
cells. The aqueous metal bicarbonate solution contained 
approximately Mg2+120 mg per litre, Na+135 mg per litre 
and HCO3-950 mg per litre at pH 8.3. 

[0117] This aqueous metal bicarbonate solution Was 
equivalent to 15 mmol bicarbonate approximately. Blood 
Was collected in sodium heparin from a range of mammals 
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and the leucocytes removed. The leucocytes Were Washed 
and re-suspended in isotonic saline. 

[0118] Intracellular pH determinations Were made by 
loading leucocytes for 15 minutes With (10 micromol in 
saline) 2,7-bis(carboxyethyl)-5,6-carboxy?uorescein 
(BCECF). Cells Were illuminated at 440 nm and 490 nm and 
?uorescence Was measured at 530 nm. 

[0119] The experiment utilising sheep leucocytes is given 
stepWise beloW: 

[0120] Step 1. Increase in intracellular proton concentra 
tions (cytoplasmic acidi?cation) 

[0121] A. Leucocytes suspended in normal saline 
after pretreatment With ?uorescein. 

[0122] Extracellular pH 7.2 

[0123] 
[0124] B. 10 mmol ammonium chloride (NH4Cl) 

solution pH 7.5 applied to suspension of leucocytes 
for 10 minutes. 

Intracellular pH 7.1 

[0125] C. Leucocytes Washed and re-suspended in 
normal saline. 

[0126] Extracellular pH 7.3 

[0127] Intracellular pH 6.1 

[0128] Result: Cells have increased intracellular proton 
concentrations. Cytoplasm is acidi?ed. 

[0129] Step 2. Decrease in intracellular proton concentra 
tions 

[0130] A. Acidi?ed leucocytes (from Step 1.) divided 
into tWo groups; Control group and Treatment group. 

[0131] B. Treatment group of leucocytes exposed to 
aqueous metal bicarbonate solution. 

[0132] After 3 minutes: 

[0133] Extracellular pH 7.5 

[0134] Intracellular pH 7.0 

[0135] C. Control group of leucocytes not exposed to 
aqueous metal bicarbonate solution. 

[0136] After 5 minutes: 

[0137] Extracellular pH 7.2 

[0138] Intracellular pH 6.6 

[0139] Result: Cells treated With aqueous metal bicarbon 
ate solution rapidly decrease intracellular proton concentra 
tions. Cytoplasm shoWs rapid recovery from acidi?cation 
relative to non-treated cells. 

[0140] Step 3. Increase in intracellular bicarbonate con 
centrations 

[0141] A. Leucocytes suspended in normal saline 
after pretreatment With ?uorescein. 

[0142] Extracellular pH 7.2 

[0143] Intracellular pH 7.1 
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[0144] B. Aqueous metal bicarbonate solution 
applied to suspension of leucocytes for 20 minutes. 

[0145] Extracellular pH 7.9 
[0146] Intracellular pH 7.4 

[0147] Result: Cells treated With aqueous metal bicarbon 
ate solution have increased intracellular bicarbonate con 
centrations Which are manifested by an increase in pH value 
of cytoplasm. 

[0148] The experiment Was repeated With leucocytes from 
mice, rats, guinea pigs, cattle, horses, dogs, cats and humans. 
In all cases, acidi?ed cells treated With aqueous metal 
bicarbonate solution had decreased intracellular proton con 
centrations. In all cases, cells treated With aqueous metal 
bicarbonate solution had increased intracellular bicarbonate 
concentrations Which Were manifested by increased pH 
values of cytoplasm. 

[0149] The experiment Was repeated With aqueous metal 
bicarbonate solutions that contained a range of concentra 
tions of Mg”, Na”, HCO3_and K+and Ca2+ions. Signi?cant 
results Were obtained for the folloWing range of concentra 
tions: 

Range of concentrations to achieve 
Ion signi?cant results 

Mg2+ 20 to 120 mg/litre 
Na’“ 50 to 500 rug/litre 
K’“ 50 to 500 mg/litre 
Ca2+ 20 to 150 mg/litre 
HCO3A 250 to 2,100 mg/litre 
(HCO3A) (4 mmol to 35 mmol) 

[0150] Signi?cant results Were obtained for pH range pH 
7.5 to 9.5. (pH 9.5 Was achieved by the addition of NaOH). 

[0151] Aqueous metal bicarbonate solutions, containing a 
range of cation and bicarbonate anion concentrations, 
decrease intracellular proton concentrations and increase 
intracellular bicarbonate concentrations in mammalian cells 
in vitro. 

EXAMPLE 2 

An Experiment to Demonstrate Bicarbonate Anion 
Translocation from Aqueous Metal Bicarbonate 
Solution Into the Mammalian Body Against a 
Bicarbonate Anion Concentration Gradient 

[0152] Mammalian plasma contains bicarbonate anions at 
a concentration about 25 mmol (HCO3_1,500 mg per litre). 
When ingested, aqueous metal bicarbonate solution pro 
duces biochemical, physiological and medical effects at 
bicarbonate anion concentrations about 16 mmol (HCO; 
950 mg per litre). Aqueous metal bicarbonate solution, at 
bicarbonate anion concentration about 16 mmol, contains 
tWo thirds the bicarbonate anion concentration of plasma, so 
bicarbonate anions must be translocated into the mammalian 
body against a bicarbonate anion concentration gradient. 

[0153] Mammalian plasma contains cations at concentra 
tions around Mg2+24 mg per litre, Na+3,300 mg per litre, 
K+175 mg per litre and Ca2+100 mg per litre. Aqueous metal 
bicarbonate solution commonly contains cations at concen 
trations around Mg2+120 mg per litre, Na+135 mg per litre, 
K+100 mg per litre and Ca2+20 mg per litre. Aqueous metal 
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bicarbonate solution commonly contains 5 times the mag 
nesium cation concentration of plasma. Other cations are 
present commonly in aqueous metal bicarbonate solution in 
concentrations loWer than plasma. 

[0154] The concentrations of cations and anions in plasma 
can be compared With concentrations of cations and anions 
in aqueous metal bicarbonate solution by examination of the 
following table: 

Concentrations of cations and anions 

Aqueous metal 
Ion Plasma bicarbonate solution 

CI’ 3,600 mg/litre 0 mg/litre 
Na’“ 3,300 mg/litre 135 mg/litre 
HCO3A 1,500 mg/litre 950 mg/litre 
K’“ 175 mg/litre 100 mg/litre 
Ca2+ 100 mg/litre 20 mg/litre 
Mg2+ 24 mg/litre 120 mg/litre 

[0155] It is suggested that sodium cations and chloride 
anions leave plasma along their respective concentration 
gradients and magnesium and bicarbonate ions enter plasma 
along a magnesium cation concentration gradient. Magne 
sium functions as a bicarbonate transporter. In addition, it is 
suggested that bicarbonate anions enter plasma by chloride 
bicarbonate exchange processes along a chloride anion 
concentration gradient (chloride ‘out’, bicarbonate ‘in’). 

[0156] In mammals, any large increases in plasma bicar 
bonate concentrations can be decreased normally by a 
number of biochemical and physiological homeostatic con 
trol processes. These processes occur in time frames that 
range from minutes to hours and longer. One of the main 
control processes that occurs as a result of increased plasma 
bicarbonate concentration is an alteration in bicarbonate 
chemistry in the kidneys. This is manifested by a decrease in 
proton concentration in urine and by a pH value of urine that 
is less acidic. In the presence of increased plasma bicarbon 
ate, kidney tubule cells decrease their excretion of protons. 
Kidney control of bicarbonate concentration is not instan 
taneous and occurs Within a time frame of several hours to 
several days. Unless a mammal has physiological or clinical 
acidosis, it is difficult to detect small increases in plasma 
bicarbonate concentration. Any increases in plasma bicar 
bonate concentration are taken up by body cells. Indeed, 
plasma bicarbonate equilibrates With intracellular bicarbon 
ate rapidly. In a normal mammal, a measurable increase in 
plasma bicarbonate concentration occurs only during an 
arti?cially induced alkalosis and is detectable either When 
the consumption of bicarbonate anions (as NaHCO3) greatly 
exceeds the concentration of bicarbonate in normal plasma 
or When bicarbonate anions (as NaHCO3) are administered 
intravenously. 

[0157] An experiment Was conducted to determine if 
bicarbonate anions in aqueous metal bicarbonate solutions 
are translocated against a bicarbonate concentration gradient 
into the body. Bicarbonate translocation against a concen 
tration gradient could occur either via energy (ATP) depen 
dent processes or via anion (chloride-bicarbonate) exchange 
or via co-transport With cations along cation concentration 
gradients. There are also complex thermodynamic processes 
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involving intracellular and extracellular concentrations of 
bicarbonate anions, hydroxide anions, protons and carbon 
dioxide that may assist in the overall translocation of bicar 
bonate anions. These processes often involve the production 
of bicarbonate anions by carbonic anhydrase enZymes. In the 
experiment, entry of bicarbonate anions into the body Was 
assessed by determinations of proton concentration in urine; 
that is, the pH value of urine. 

[0158] Ten people had urine pH value assessed once per 
Week for 3 months. Urine pH values Were assessed once per 
Week for further 3 months after commencement of consump 
tion of aqueous metal bicarbonate solution. The aqueous 
metal bicarbonate solution contained approximately Mg2+ 
120 mg per litre, Na+135 mg per litre and HCO3_950 mg per 
litre. The major component of the solution Was magnesium 
bicarbonate Mg(HCO3)2 720 mg per litre approximately. 
Results are given beloW: 

M®an pH value of urine 
(@rly morning sample) 

Prior to consumption of aqueous pH 5.9 
metal bicarbonate solution: 
After commencement of consumption pH 6.7 
of aqueous metal bicarbonate solution: 

@ indicates text missing or illegible When ?led 

[0159] The consumption of aqueous metal bicarbonate 
solution decreases proton excretion by the kidneys. The pH 
value of urine increases. 

[0160] These results demonstrate that bicarbonate anions 
from aqueous metal bicarbonate solution are translocated 
against a bicarbonate anion concentration gradient into the 
body. This may occur either via co-transport With cations 
along a cation concentration gradient or via chloride-bicar 
bonate exchange processes along a chloride anion concen 
tration gradient (chloride ‘out’, bicarbonate ‘in’). In the case 
of aqueous metal bicarbonate solution, the only cation 
concentration gradient possible is that involving magnesium 
cation concentrations. 

[0161] The consumption of aqueous metal bicarbonate 
solution leads to an increase in bicarbonate anion concen 
tration in the body Which is manifested by a decrease in 
proton concentration in urine; an increase in pH value of 
urine. 

EXAMPLE 3 

An Experiment to Improve the Buffering Capacities 
of the Extracellular and Intracellular Bicarbonate 

Buffers and to Decrease Senescence and to Increase 
Longevity in a Representative Mammal 

[0162] Mammalian body cells produce continuously con 
centrations of carbon dioxide. Upon hydration, carbon diox 
ide increases proton concentrations in the cytoplasm of body 
cells. The pH values of the cytoplasm of body cells are 
loWered. The production of protons in cytoplasm by the 
hydration of carbon dioxide can be represented by the 
folloWing chemical equations: 
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CO2 + H2O H2CO3 

[0163] The protons produced the cytoplasm of body cells 
by the hydration of carbon dioxide, and other intracellular 
reactions, are buffered normally by intracellular bicarbonate 
buffers. The bicarbonate anions in intracellular buffers 
derive manly from the extracellular bicarbonate of blood 
plasma. The bicarbonate anions in blood plasma originate 
from erythrocytes as products of erythrocyte carbonic anhy 
drase enZyme reactions. 

[0164] When plasma bicarbonate anions are present out 
side mammalian body cells in sufficient concentrations, they 
are translocated into the cytoplasm of the cells across the cell 
plasma membranes. Indeed, plasma bicarbonate equilibrates 
With cytoplasmic bicarbonate rapidly. Bicarbonate translo 
cation into cells takes place via several processes. These 
processes include a chloride-bicarbonate anion exchange 
and a sodium dependent chloride-bicarbonate anion 
exchange and potassium co-transport and magnesium co 
transport. There are also complex thermodynamic processes 
involving intracellular and extracellular concentrations of 
bicarbonate anions, hydroxide ions, protons and carbon 
dioxide that may assist in the overall translocation bicar 
bonate anions. These processes often involve the production 
of bicarbonate anions by carbonic anhydrase enZymes. 

[0165] Concentrations of bicarbonate anions that are 
translocated into mammalian body cells improve the buff 
ering capacity of the cytoplasm of the cells. Concentrations 
of bicarbonate anions and concentrations of carbon dioxide 
form a buffer system described by the Henderson-Hassel 
balch equation: 

[0166] (Where pK is the pK of hydrated carbon dioxide 
HZCO3 and has an approximate numerical value of 6.35) 

[0167] For a classical (closed system) buffer to be effec 
tive, the ratio of the conjugate base to the acid (in the above 
case [HCO3_]/[H2CO3]) must be betWeen 0.1 and 10. This 
ratio applies also to buffers in biological (open) systems. In 
mammalian body cells, the continuous and open production 
of carbon dioxide means that continuous supplies of bicar 
bonate anions are required to maintain effective and optimal 
buffering capacities. Under conditions of excess proton 
concentrations, from carbon dioxide production and ATP 
hydrolysis and other metabolic processes, the supply of 
bicarbonate fails and the effective and optimal buffering 
capacities of mammalian body cells falter. 

[0168] The vitality of mammalian body cells is linked 
critically to the buffering capacities of the extracellular 
?uids and the cytoplasm of the cells. Processes of cellular 
degeneration occur When buffering capacities falter in the 
presence of excess proton concentrations. Cellular degen 
erations are manifested in the mammalian body by degen 
erative diseases and senescence. Examples of degenerative 
diseases in mammals that are linked casually to extracellular 
and intracellular proton concentrations include osteoporosis, 
osteoarthritis, the diseases associated With chronic in?am 
mation, the diseases associated With lysosomal enZyme 
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activities, the diseases associated With oxidations of cell 
nucleic acids, cell protein amino acids and cell membrane 
lipids, and the diseases associated With aberrations of mito 
chondrial respiration. 

[0169] An experiment Was conducted to improve the buff 
ering capacities of the extracellular and intracellular bicar 
bonate buffers and to consequently decrease senescence and 
increase longevity in a representative mammal. One hundred 
and ten Merino eWe lambs Were divided randomly at Wean 
ing into a control group and a treatment group. The groups 
Were of equal siZe and Were maintained under similar 
conditions except for the pH values and aqueous metal 
bicarbonate concentrations of drinking Water supplies. 
Sheep Were selected as the representative mammal because 
their life span and body Weight are more representative of 
typical mammals than laboratory rodents, their life span is 
not excessively long, their body siZe permits multiple blood 
and tissue sample collections, they are easy to handle and 
their husbandry is suited to experimental conditions. The 
control group Was maintained, for the ?ll life span of the 
sheep, in small experimental paddocks With slightly acidic 
(less than pH 6.5) drinking Water supplies that contained 
bicarbonate concentrations less than 30 mg per litre. The 
treatment group Was maintained, for the full life span of the 
sheep, in small experimental paddocks With slightly alkaline 
(pH 7.8 to 9.0) drinking Water supplies that contained 
bicarbonate concentrations betWeen 300 mg per litre and 
800 mg per litre. The drinking Water supplies for the 
treatment group Were loaded With the appropriate concen 
trations of bicarbonate anions by the addition of crushed and 
poWdered magnesite MgCO3 to the Water. The magnesite 
frequently contained calcite CaCO3 and dolomite (Ca, 
Mg)CO3. The magnesite Was dissolved in the drinking Water 
either With the assistance of commercial supplies of carbon 
dioxide gas or carbonic acid or With local supplies of 
hydrated carbon dioxide. This dissolution process can be 
represented by the folloWing chemical equations: 

[0170] The treatment group of sheep consumed slightly 
alkaline (pH 7.8 to 9.0) drinking Water that contained 
bicarbonate concentrations betWeen 300 mg per litre and 
800 mg per litre. At this pH value, and this bicarbonate 
concentration, bicarbonate Was mostly in the form of mag 
nesium bicarbonate Mg (HCO3)2: 

pH 7.8 to pH 8.5 

[0171] In addition, some sediments of carbonate (Ca, 
Mg)CO3 Were present in the drinking Water during summer 
months: 

(Ca, Mg)(HCO3)2 (Ca, Mg)CO3 + H2CO3 
pH 8.5 to pH 9.0 


























