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BACKGROQND OF Tff E lm7BNTION 

The pr•sent invention relates qenerally to tbe 
manufacture, storaqe, and creation of solutions. More 
specifically, in an ambodi118Dt, the present invention 
relates to the manufacture, storaqe, and creation of 
medical solutions that are administered to patients. 

10 It is known in treating a variety of disease states, 
and even in order to maintain the health of a mammal, to 
administer a medical solution. These medical solutions 
can be administered either ent~rally, parenterally, or 
through the peritoneum. Examples of such solutions 

15 include medicaments and pharmaceuticals, nutritional 
formulations, and dialysis solutions. Especially with 
respect to solutions that are administered intravenously 
or through the peritoneum, the pH of the solution is an 
especially important factor. If the pH of the solution 

20 is not substantially similar to the physiological pH 
dif~iculties can.be encountered. 

J:t is known, for exuaple, to use dialysis to support 
a patient whose renal function has decreased to the point 
where the k~dneys no longer sufficiently function. Two 

25 principal dialysis methods are utilized: hemodialysis1 
and peritoneal dialysis. 

I.n hemodialysis, the patient 1 s blood is passed 
through an artificial kidney dialysis machine. A 

membrane in the machine acts as an artificial kidney for 
30 cleansing the blood. 

In peritoneal dialysis, the patient's own peritoneum 
is used as a .aemi-permeable membrane. The peritoneum is 
the membranous lininq in the body cavity that, due to its 
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larqe number of blood vessels and capillaries, is capable 
of acting as a natural semi-permeable membrane. 

In peritoneal dialysis, a dialysis solution is 

introduced into the peritoneal cavity utilizing a 
5 catheter. After a sufficient period of tine, an exchange 

of solutes between the dialysate and the blood is 

achieved. Fluid removal is achieved by providing a 
suitable osmotic gradient from the blood to the dialysate 
to p~rnit water outflow from the blood. This allows a 

10 proper acid-base electrolyte and fluid balance to be 
returned to the blood. The dialysis solution is simply 
drained from the body cavity through the catheter. 

In order to create an osmotic gradient, the dialysis 
solution includes an osmotic agent. Although a variety 

15 of osmotic agents have been used and considered, typical 
dialysis solutions include dextrose as an osmotic agent. 

It is known in dialysis solutions to also use a 
buffer. C011mon buffers used in dialysis solutions are 
bicarbonate, lactate, and acetate. While initially 

20 bicarbonate was the primary buff er considered for use in 
dialysis solutions, over time, lactate and acetate have 
been suJ:>st~ituted for bicarbonate. Thia was due to the 
difficulty in the preparation of bicarbonate-buffered 
solutions. Lactate and acetate buffers were found to 

25 provide greater stability in use over the previous 
bicarbonate-buffered solutions. 
Application No. 90109963.0. 

see European Patent 

However, bicarbonate ions provide advantages over 
lactate or acetate ions. Additionally, experiments 

30 indicate that patients exhibit a better tolerance for 
bicarbonate dialysis solutions. Indeed, certain 
treatments may require sterile dialysis solutions 
containinq bicarbonate. For example, patients sufferinq 
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from hypotension and lactate acidosis should receive a 
bicarbonate-buffered dialysis solution. See, T.S. Ing. 
et al, wBicarbonate-Buffered Peritoneal Dialysisw, 11le 
International Journal gf Artificial organs, Vol. 8, No. 

5 3, p. 121 (1985). 
Although bicarbonate functions as a buffer, certain 

issues are raised when using same. In solution 
bicarbonate is at equilibrium with C02 gas which easily 
escapes from the solution. When~ gas escapes from the 

10 solution, carbonate is generated and the pH of the 
solution increases. 

To avoid this phenomenon, it bas been suggested to 
store bicarbonate in powdered form until just before use. 
See u.s. Patent No. 4,489,535. see also European Patent 

15 Application Ho. 0278100 for machine control dialysis. 
Altemati,•ely, an impermeable barrier has been 

proposed to protect the solution. Likewise, methods and 
containers have been developed for the stabilization of 
bicarbonate solutions. See u.s. serial No. 08/052,260 

20 anti tled: llJmTBOD FOR MANUFACTURING AND STORING STABLE 
BICARBONATE SOLUTIONS", filed on Apri1 23, 1993. 

An additional issue is that in dialysis solutions, 
dextrose is typically utilized as an osmotic agent. 
However, like other medical solutions, dialysis solutions 

25 must be sterilized before they are administered to a 
patient. Dextrose, unless it is maintained at an acidic 
pH, when sterilized, will caramelize. But, on the other 
hand, bicarbonate must be maintained at a basic pH. 

AccortUnqly, in the art, many attempts have been 
30 made to segregate bicarbonate and dextrose so that the 

two solutions can be maintained at proper pHs when 
sterilized, e.g., one at a basic pH and the other at an 
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see, for example, u.s. patent application 
08/006,339 entitled: "MULTIPLE CHAMBER 

The ab0ve issue not only exists with respect to 
s dialysis solutions, but other medical solutions, and 

indeed, even in the food industry. For example, in many 
solutions, it would be desirable to initially maintain 
the solution at a low pH for sterilization and then 
adjust the solution to a higher, more physiological, pH 

10 before the solution is infused into a patient. 

15 

However, heretofore, no easy method existed for 
maintainin9 a single solution at a reduced pH for 
sterilization ·and then without the addition of a 
composition increasinq the pH before infusion. 

SJJMMARX OF THI IRVEBTiQH 

The present invention provides improved methods for 
manufacturing liquid products (solutions). 

To this end, a method for preparing a product is 
20 provided comprising the steps of: providing a product 

having a pH that is at least as great as a desired final 
pH level: lowering the pH of the product below the 
desired final pH level: and allowing the pH of the 
product to.increase over time toward the desired final pH 

25 level due to the release of carbon dioxide from the 
product. 

l:n an embodi.Jlent, the method includes the steps of: 
providing a solution having a pH of less than 7.0: and 

adding a component to increase the pH of the solution to 

30 at least the desired final level before the step of 
lowering the pH. 
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l:n an embodiment, the step of lower the pH of the 
solution includes the step of ,addinq carbon dioxide to 
the solution. 

Xn an embodiment, tbe solution is a medical 
5 solution. 

Zn an embodiment, the solution is for use in the 
food industry. 

In another embodiment, a method for preparinq a 
liquid is provided comprising the steps of: providing a 

10 liquid including carbon dioxide; housing the 1 iquid in a 
gas permeable container; and allowing carbon dioxide to 
permeate out through the container until a desired pH of 
the liquid is achieved. 

In another enbodiment, a method for preparing a 
15 solution is provided comprising the steps of: providing 

a solution including a carbon dioxide qenerating 
composition; placinq the solution in a gas permeable 
container; and allowinq carbon dioxide to permeate out 
through th9 container until a desired pH of the solution 

20 is achieved. 
Zn an e.t>odiment, a aethod for creatinq a medical 

solution is provided comprising the steps of: creating 
a medical solution that has a pH of less than 7; adding 
to the solution a carbon dioxide generati~g composition 

25 that increases the pH of tbe solution; adding a 
composition that reduces the pH of the solution; and 
housing a resultant solution in a gas permeable 
container. 

Zn .an enbodiment, the carbon dioxide generatinq 
30 composition is sodium bicarbonate. 

l:n an eabodiment, the composition for reducing the 

pH is an acid. 
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J:n a11 embodiment, the resultant solution is stored 
in the gas permeable container for a time sufficient to 
allow sufficient carbon dioxide to permeate out of the 
container to cause the pH of the solution to increase. 

5 In an embodiment, the resultant solution has a pH of 
less than 6.0. 

In an embodiment, the pH of the solution increases 
to at least 7.0. 

In an embodiment, the medieal solution is a dialysis 
10 solution. In a further embodiment, the dialysis solution 

includes as an osmotic agent, dextrose. 

15 

In an embodiment, the container, including the 
solution, is exposed to sonication to reduce the time 
needed to reach a desired pH. 

In an embodiment, the container, including the 
solution, is placed in a reduced atmosphere to decrease 
the ti•e needed to reach a desired pH. 

In an embodiment, an overpouch is placed over the 
container. In a further embodiment, a carbon dioxide 

20 absorber is placed between the container and the 
overpouch. 

In still a further embodiment, a method for 
preparing a medical solution is provided comprising the 
steps of: providing a medical solution that bas a pH of 

25 less than 7; adding to the solution a component that 
increases the pH of the solution; adding to the solution 
carbon dioxide to reduce the pH; and housing the solution 
in a gas permeable container. 

In an embodiment, the component that increases the 
30 pH of the solution is sodium bicarbonate. 

In an embodiment, the medical solution is a dialysis 
solution. 
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In an eabodimant, the container is placed in an 
overpouch. 

In another embodiment, a method for creating a 
peritoneal dialysis solution is provided comprising the 

s steps of: preparinq a dialysis solution including an 
osmotic agent, electrolytes, and sodium bicarbonate, the 
solution bavinq a pH of less than or equal to 6; placing 
the dialy1ds solution in a gas permeable container; and 
allowing sufficient carbon dioxide to permeate out of the 

10 container to cause the pH of the solution to increase to 
at least 7.o. 

In still another embodiment, a method for creatinq 
a peritoneal dialysis solution is provided comprising the 
steps of: preparing a dialysis solution including an 

15 osmotic aqent, electrolytes, and sodium bicarbonate, the 
solution havinq a pH of less than or equal to 6; placing 
the dialysis solution in a gas permeable container: 
sterilizing the solution including dextrose: and allowing 
sufficient carbon dioxide to permeate the container to 

2 o cause the pH of the solution to increase to at least 7. O. 
An advantage of the present invention is to provide 

an improved method for aanufacturing liquid products. 
Further, an adv1U1ta9e of the present invention is to 

provide an iaproved method for manufacturing medical 
25 solutions. 

30 

FUrthermore, an advantage of the present invention 
is that it provides im.proved'medical solutions. 

Another advantage of the present invention is to 
provide an improved peritoneal dialysis solution. 

Still fUrther, an advantage of the present invention 
is to provide an improved method ~or manufacturing . 
peritoneal dialysis solutions. 
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And an advantage of the present invention is that it 
provides a peritoneal dialysis solution wherein the 
solution can be sterilize4 at a reduced pH. 

Moreover, an advantage of the present invention is 
5 that it provides a periton.-1 dialysis solution that does 

not have to be maintained as two separate parts during 
sterilization. 

Additionally, an advantage of the present invention 
is to provide a method for manufacturing and storing a 

10 dialysis solution that includes bicarbonate and dextrose. 
Further, an advantage of the present invention is 

that it provides improved methods for manufacturing 
products for the food industry. 

Additional features and advantages of the present 
15 invention are described in, and will be apparent from, 

the detailed description of the presently preferred 
embodiments. 

DETAILED DESCRIPrION 
20 OP TBE PRBSEN'l'LY PBEFIRRED BMBPPIMEBTS 

The present invention provides improved methods for 
creating,. manufacturing, and •intaining liquid products. 
In a preferred embodiment set forth below, the present 
invention · is directed to methods for manufacturing 

25 medical solutions and specifically peritoneal dialysis 
solutions. However, it should be appreciated that the 
present invention can be used to manufacture and store 
any medical solution including peritoneal dialysis, 
hemodialysis, parenteral, and·enteral solutions, as well 

30 as to manufacture and store liquid food products such as 
juices. 

Pursuant to the present invention, a liquid 
(solution) is created that includes carbon dioxide. The 
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carbon dioxide can either be present as carbon dioxide 
qas in tb~ liquid or qenerated therein by a carbon 
dioxide qenerating compound. The pH of the liquid is 
increased over time due to the release of carbon dioxide 

5 from the solution. Thia increases the pH of the liquid 
allowing the liquid to initially be stored at a lower pH 
that increases to a desired pH over time. 

As noted above, carbon dioxide is either added to 
the solution durinq its preparation or a carbon dioxide 

10 generating component is added thereto. In an embodiment, 
the present invention utilizes a chemical that in 
solution qenerates carbon dioxide. Any such chemical 
that is physiologically acceptable can be used including 
sodium bicarbonate, sodium carbonate, diethyl malonic 

15 acid, diethyl carbonate, carbon dioxide gas itself, or 
other carbon dioxide qenerating compositions. Because 
the solution, pursuant to the present invention, is 
maintained in a carbon dioxide (C02) permeable container, 
the pH of the solution will increase over time due to the 

20 loss of carbon dioxide. 
In a pref erred embodiment of this embodiment of the 

method of the present invention, sodium bicarbonate is 
utilized in the aolution. Sodium bicarbonate will lose 
C02 throuqh a gaa permeable container. In this regard, 

25 .the equilibrium of the bicarbonate is as follows: 
C02+H20 • H2C03 • HC03-+ [H+) 

Accordingly, as carbon dioxide permeates the 
container, the equilibriwn will shift to the left using 
up hydrogen. This will increase the pH of the solution. 

30 over time, the pH o~ the solution will stop at a certain 
level. 

For 
solution, 

example, utilizing a peritoneal dialysis 
the solution can include dextrose and be 
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manufactured at a lower pH than usual. In this regard, 

a peritoneal dialysis solution inciudinq dextrose can be 

manufactured at a pH of s.o-5.3. Then, sufficient sodium 

bicarbonate is added to the solution such that the pH is 

5 adjusted back to a specific desired level, e.q., 6.0 to 

7.6. Then utilizinq an acidic compound such as HCI, the 

solution is adjusted back down to a lower pH, e.q., of 

s.o-s.3. 
'l'he solution is then filled in a carbon dioxide 

10 permeable containers. A number of plastic materials are 

carbon dioxide paDieable and can be used to C:onstruct the 

container. An example of such a container that can be 

used is the Viaflex9 container available from Baxter 

Healthcare Corporation that is constructed £rom polyvinyl 

15 chloride. Preferably, the container will then be 

enclosed in an overpouch·such as a BDPE overpouch. The 

solution can then be sterilized. For a peritoneal 

dialysis solution includinq dextrose, sterilization of 

the solution at an acidic pH avoids the problems of 

20 caramelization of the dextrose. 
Durinq sterilization, . and definitely after 

sterilization, the carbon dioxide will permeate tbrouqh 

the container. This will shift the equilibriwa pursuant 

to the f ormuia set forth above to the left usinq up the 

25 hydroqens. This will increase the pH of the solution. 

over time, the pH will stop at or near the desired pH 

point. 
For certain solutions includinq those containinq 

dextrose, the pH may start to decrease at hi9ber pH 

30 levels due to dextrose deqradation and acid formulation. 

By the addition of a buffer such as citrate or histidine, 

this pH drop can be prevented. · . 
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An advantaqe of this embodiaent of the method of the 
present invention is that only a sufficient amount of 
sodium bicarbonate, or other chemical that emits carbon 
dioxide, is added to the solution to counteract the acid 

5 fo~ during sterilization and to raise the pH a desired 
level. Thus, the present invention allows the 
sterilization of a solution, such as dextrose at a low pH 

mini~izing_~ation and ~f~r ste~ilizati~n allows the 
pH to increase over :tiae ·.due ·ta the loss:- of carbon 

· 10 dioxide. This thereby provides at the tiae of infusion 
into a patient, a physioloqical pH. 

Another method that can be used pursuant to the 
present invention is as follows. 

A solution is prepared having a pH that is less than 

1!5 a desired final pH. For example, all the components used 

in a peritoneal dialysis solution (dextrose, 
electrolytes, and lactate) can be dissolved in water. 

'Die p.H. .of thi• ·'·~•J.a~.tan.t . sol~~i~n _.Q~P~~~· o~. 1:he ~H 9~. 
the lactate and is usually ~etween s.o - 5.3. 

20 Then, pursuant to this embodiment of the aethod, a 
sufficient amount of base, sodiua hydroxide, is added to 
this solution until the pH is above the desired final pH 
level (e.g., desired. pH 6.0 then adjust to pH 7.0). 
Then, the pH of. the solution is adjusted down using 

25 carbon dioxide gas. Far exnaple, the pH can be adjusted 
down to s.o - s.s. 

The solution ia then placed in a qas permeable 
container such as those discussed above. The container 
can then be, if desired, sterilized. over time, the 

30 carbon dioxide will diffUae from the container increasing 
the pB of the solution. 

J:f desired, the pH can be reduced with carbon 
dioxide to an even lower level by keeping the carbon 
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dioxide diiraolved in solution. Thia can be accomplished 
by: 1) coc~inq the aolutioni or 2) keeping the solution 
under pressure. 

The advantage of this •thocl is that it is easier to 
5 perform on a large scale and only carbon dioxide is 

involved. Also, there is less added sodium utilizing 
this method. However, as compared to the previous method 
discussed,· ~e pH rise may .fal·l Shorter of the desired 
pH; in· ~ ' p~itoneal"· dialysis· solution~. due· ·to bag 

10 material· leaching acid arid deXtrOse degradation producing 
acid. Anet, additionally, because there is less carbon 

dioxide in this aetbod. 
A still further embodiment of the aethod is as 

follows. i solution is prepared. For example, all of 
15 the components found in a typical peritoneal dialysis 

solution (dextrose, 
dissolved in water. 

electrolytes, and lactate) are 
The pH of this resultant solution 

de~O.a. -~n, th•·. PB .. ~:t .-~• .lfl~•t• an~ is. ~sual.ly be~ween 
5.0 - 5.3. Then, a sufficient amount of base, sodium 

20 hydroXide, is added to the solution until the pH is above 
a desired final pH level (e.g., adjust to pH 7.0). 

one then adds and dissolves a sufficient amount of 
a carbon dioxide releasing component (e.g. , diethyl 
malonic acid, diethyl carbonate, etc.). The solution is 

25 then filled into a gas permeable container and the 
container can be sterilized. During sterilization the 
carbon.dioxide releasing component will release carbon 
dioxide gas decreasing the pB, preferably to s.o - 5.5. 
After sterilization, the carbon dioxide gas will leave 

30 the system and the pR will increase. 
The initial pB adjusted down to described in step 3) 

for )Jotb 11Wtbods is important. The higher the initial pH 
<•·9·, 5.5 - 5.7), the faster the post sterilized pH 
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reaches its desired level. However, the downside to a 
higher initial pH is the increased dextrose degradation 
and more color formation. At the lower initial pH• s 
(e.g., s.o - 5.4), it is aore difficult to keep carbon 

5 dioxide in solution.. Also, it takes lonqer to reach the 
desired post sterilized pH. 

A manufacturer can obtain lactate in a wide range of 
pH's f~ 3.5 -· 8~5- Therefore~ the starting pH, before 
11;dju~tmerlt, ·· .. ~f ··a . solution :can . range. from . 3. 5. - 8. 5 (we 

10 get s.o - 5.3). ·If one were to purchase lactate at the 
final desired pH (e.g., 7.0), there would be no need for 
step 2 in any of the methods. 

In order to reduce the time the solution requires to 
reach the desired pH, a number of modifications to the 

15 process can be used. The container housing the solution 
can be exposed to sonication. This will cause an 
agitation to the solution increasing the loss of carbon 
dioxide .t,Arough the container. The sonication can be ........ · · .... ,. . .... \ .... 
achieved by a variety of means including mechanical or 

20 sound. 
Xn the alternative, the containers can be placed in 

a reduced atmosphere, i.e., under vacuum. This will also 
increase the rate at which carbon dioxide leaves the 
container reducing the tbae required for the solution to 

25 reach the desired pH. 
By locating a carbon dioxide gas absorber between 

the container and ovaxpouch, one can also increase carbon 
dioxide diffusion and apead up the process of increasinq 
the pH. A variety of· carbon dioxide absorbers can be 

30 used including packets of HaOH or KOH. 
By selecting materials that are even •ore gas 

permeable than PVC, one can further increase carbon 
dioxide diffusion and reduce the time to reach a desired 
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pH. on the other hand, by selecting uterials that are 

not as gas peraeable as PVC, one can increase the time 

necessary· to increase the pH. Likewise, by varying the 

container/overpouch shape to · aaxillize surface area to 

5 volume carbon dioxide, diffusion can be increased. 

10 

Additionally, sterilizing the container without the 

overpouch and maintaining the container outside of the 

overpouCh after ·sterilization will increase carbon 

diox:ldia:·· diffm&ion• 

·As noted previously, in an embodiment of the method 

o:f the pre&ent invention, Carbon dloxide gas is added to 

tbe solution to adjust the pH of the solution over tiae. 

:In this ~rd, if a solution is provided having a pH of 
7.0 or less, the pH of the solution is increased to at 

15 least a desired final pH level. Por example, if the 

solution bad an initial pH of s.o - 5.3, and the solution 

was. provided to a patient, it may be desirable to 

increase tbe. pa to 6.0 to 7.5 • . . .. . . ···.·· .. ·. . . ··:1 · ····•· ... .. . .···· . . . . . 
The pB of the solution is t:hen lowered using carbon 

20 dioxide gas. This can be accomplished, for example,. by 

bubbling cU'bon dioxide into the solution. The pH can be 

lowered. to any level, for example, s.o - 5.5. 
The solution is housed in a gas permeable container. 

As tbe carbon dioxide permeates the container during 

25 storage, the pll of the solution will increase toward the 

desired final pH. 

30 

By way of example, and not limitation, examples of 

the present invention will now be set forth. 
IXAllPJ.B NO. l 

'l'hree different experiments ware performed. A 

comparison of the parameters that were adjusted during 

each of these three experiments is praaentecl in Table 1 
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below. The procedure these experiments used was 
essentially the same: 

1) A Dianeal• dialysis solution with dextrose, 
available from Baxter was manufactured 

5 followinq typical Baxter procedures. 

10 

15 

20 

25 

30 

2) To the solution was add an amount of sodium 
bicarbonate to the batch of Dianeal to reach a 
final desired pH (e.9., 7.0). 

·3). ,.Tile .pH. ·6f -~e-Diaaeai" solution--was ·adjusted· 

4) 

5) 

6) 

back down to the identified· presteriiU:ed pH 
with hydrochloric acid. 
The bags of Dialysis solution were steam 
sterilized at 121°C. 

'.rhe sterilized bags were housed at room 
temperature andjor 40°C. 

At identified intervals, the bags were pull 
from the appropriate temperature. 

~) The bags_w~~e ~s~ed for various chemical and . . . . . . . . ~ . . . .. . ... . . . . . . ~· . . .. 

physical properties, e.g. , pH measurements. 
Only pH data associated with each of these three 

studies appears in Table 2 below. This pH data. 
deaonstrates the concept of the present invention. The 
conclusions for each of these three studies appears 
below. 
Study I (a) This study demonstrated that the pH would 

increase over time. 
(b) 'rile pH would attain a higher value faster 

if it started out higher initially 
(compare initial pH's of 5.5 and 6.0). 

(c) pH's > 6.50 were obtained in less than l 
.month. 

(d) The 1ower the initial pH the less color 
was formed upon sterilization. 
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This study demonstrated that the pH woUld 
increase over tiae. 
'l'be pH would attain a higher value taster 
if it started out higher initially 
(compare initial pH•s of 5.3 and 5.5). 

The lower the initial pH the less color 
was formed upon sterilization. 
A be~dspace in tbe soiution bag did not 
affect .. th• ··~"ill& ne8ded .to·. reach-. the :final 
pB. 
In the lonq term the pH drit'ted downward 
indicating a need for a buff er to 

maintain the pH in the lonq term. 
Study III (a) Tba study demonstrated that the pH would 

increase over time. 
(b) The lower the initial dextrose 

concentration the less color was formed 
upon s~erilization. 

I "•"" .. o• • • 

(c) Although the buffer and its concentration 
20 used in this study did not prevent the 

long term decline in the pH after it had 
moved upward. Another pH or hiqher 
concentration of citrate will maintain 
the pH. 

25 

30 

~Ur.II 1 

8t1l47 »araaetar Comparison 
PATA••tar Stud¥ 1 Study 2 Study 3 

Electrolyte profile Dianeal PD-2 Dianeal PD-2 D.iarml R>-

2 

Dextrose concentration 
2.50% 

Sodium Bicarbonate 

4.25% 4.25t 
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concentration 0.88 g/L 2.6 g/L 

1.7 g/L 
Initia1 pH(s) 6.0 ' 5.5 5.5 & 5.3 

5.2 

5 Bag size 250 1lL 2000 •L 
1000 mL 

Table 2 
·t>B·aeaaJ.b 

10 citrate 
Storage 

s:tud~ Ilg. Initi1.l ;gH B:u.ff8Z:: OClll) B8iHllRIC8 (CC) 

Tmgp, (Cl 
1 6.0 N NC 25 

15 1 5.5 N NC 25 

2 5.3 N 0 25 

~ 5.3 N 45 25 .· ". 

2 5.3 N 0 40 

20 2 5.3 N 45 40 

2 5.5 N 0 25 
2 . 5.5 N 45 25 

2 5.5 N 0 40 

~ s.s N 45 40 

25 3 5.2 N RC 25 
3 5.2 N NC 40 

3 5.2 y NC 25 

3 5.2 y NC 40 
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2 

2 

2 

2 

3 

3 

3 
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~ab1• 2 ccoat 1 4) 
pB aeaalta· 

approxiaate ~iae J:atezval 
CDaya) 

.l ll .JA il .&.Q ll. 2.0. 

7.26 

5.75 

5_.39 5"995-

5.44 S.97 

6.17 

6.18 

S.66 6.63 

S.67 6.62 

6.98 

6.95 

6.71 

6.-13 

6.13 

5.71 

5.71 
6.98 

6.98 

6.19 

6.08 

S.88 

5.90 

6.49 

6.66 

6. 94 7. 00 6. 99 7. 09 6. 68 
<. 

6.62 6.46 6.55 5.98 

5.46 6.91 6.95 6 •. 96 7.25 6.66 

3 6. 76 6.20 6.53 5.99 

20 Blank spaces indicate that testing was not scheduled for 

that interval. 

25 

The time intervals are approxi.llate (e.g., 180 is actually 

174 days for study f2 and 190 days for Study Ho. 3) 

NC • No control of headspaca was monitored. 
BXAMPLI HO. 2 

The following methods were used: 
M@thgd 1 

·All components found in Dianeal were dissolved 

(dextrose, electrolytes, and lactate) in water. The pH 

30 of this resultant solution depends on the pH of the 

lactate and is usualLy between s.o - 5.3. 
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Add and dissolve surficient solid sodium bicarbonate 
to this solution until the pH reaches the desired final 
pH level (u.q., 7.0). 

pH adjust down to 5. o - 5. 7 with HCl, co2 (CJ) or 
5 another acid. 

Pill into bags and sterilize. 
Hethgd 2 

All components found in a Dianeal peritoneal 
dialysis" solution .(dextrose, electroiytes,· and .. lactate) 

10 were dissolved in water. The pH of this resultant 
solution depends on the pH of the lactate and is usually 
between s.o - 5.3. 

Add a sufficient amount of base, sodium hydroxide, 
to this solution until the pH is above the desired final 

15 pH level (e.q., desired pH 6.0 then adjust to pH 7.0). 

pH adjust down to 5.3 - 5.5 with C02 (g). 
Fill into baqs and sterilize. 
~e pH ~ the •olu~i9.Jl& were ._:measured ov.•r time for 

solutions made with each method. 
20 pB .. asur•mat• over !f iae 

Added 
Electrolyte %Hydrous Added Component Melhodof 

fmll °'*- Component AmoUDI Manuf&ctlJring 

25 Dianaal Po..2 2.50% Carbon dlmdde r.N-Enough to Mathod2 

adjust to pH 5.30 
Dianeal PD-2 2.50% Carbon dimide NM - Enough to Method2 

adjust to pH 5.40 
DianealPo..2 4.25% Carbon dimdde NM - Enough to Mathod2 

adjust ID pH 5.33 

Dlaneal PD-2 4.25% Bicarbonate & 0.24(14.adjustto Method 1 
Carbon dioxide pH5.33 
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Dianeal PD-2 BiCarbonate & 0.24 gA. adjust to 
carbon dioXlde pH 5.33 

NM- Not Measured Interval (days) 

Pre-

Electrolyte sterilized 

fmlA lnllial pH · · Bag Size 

Dianeal PD- · 

2 
Dianeal PD-

2 

Dianeal PD-

2 

Clanaal P0-

2 

Dlaneal PD-

2 

-·Dfanaal ~· 

2 

5.30 2000mL 

5.40 2000mL 

5.50 2000mL 

5.33 2000mL 

5.40 2000mL 

5.51 : · 2000 mL 

5.50 5.60 

5.57 5.67 

5.82 5.70 

5.48 5.80 

5.81 B.19 

. 5.94 . e:n. 

5.85 

5.86 

5.84 

5.75 

6.78 

6.85 

Me1hod 1 

5.94 

5.98 

5.88 

5.77 

7.47 

7.48 

As previously stated, tbe present invention can also 

be used for other liquid products, aside from medical 

20 products. 

By way of example, many fruit juices are 

intrinsically acidic (tomato pB 4.4, apple pH 3, lemon pB 

2.2). These fruit juices could be pH adjusted to a 

higher pB with a bicarbonate generating component added. 

25 The pH would then be lowered to prevent degradation ancl 

color formation during pasteurization and/or storage. 

Tb.is solution would bave to be stored in a carbon dioxide 

permeable container. This could be a BDPE container or 

a glass container with a HDPE cap. The ·pH of this acidic 
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fruit juice would then rise over tiae as carbon dioxide 
permeated fr01ll the solution out of the container. 

It should be understood .that various changes and 
modifications to the presently preferred ambodiaents 

5 described herein will be apparent to those skilled in the 

art. Such cbanqea and lllOdifications can be made without 
departing from the spirit and •cope of the present 
invention and without diainishing its attendant 
advantages. It is therefore intended that ·such changes 

10 and modifications be covered by the appended claims. 
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I CLAJM; 

1. A method for preparing liquid products 
comprising the steps of: 

providing a product having a pH that is at least as 

5 great as a desired final pH level; 
lowering the pB of the product below the desired 

final level; and 
allowing the pH of the· product to increase over time 

toward the desired final pH level due to the release of 
10 carbon dioxide from the product. 

2. The method of Claim l including the steps of 

adding a carbon dioxide generating compound to the 

product. 
3. 1'he method of Claim 1 wherein a carbon dioxide 

15 generating product is added to the product increasing the 

pH of the product to a level that is at least as great as 

a.desired final pH level. 
4. Th•. •etbo.d of Cl~im ~ .. wherein the pB of the 

product i• lowered by the addition of an acid to the 

20 product. 
5. The method of Claim 1 wherein the product is 

housed in a 9as permeable container. 
6. The method of Claim 1 wherein the pH of the 

product is lowered by adding carbon diox~de gas to the 

25 product. 
7. The method of Claim 1 wherein a C02 generating 

cmipound is added to the product after the product has a 
pH that is at least as great as the desired final pB 

level. 
30 a. A JDetbod for creating a medical solution 

coaprisinf the steps of: 
creating a medical solution that has a pH that is. 

less than a desired final pH; 
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addin~ a base to the medical solution to increase 
the pH of ~e medical solution to at least the desired 
final pH; 

adding carbon dioxide gas to the medical s~lution 
5 causing the pH of the medical solution to be lowered; and 

housing a resultant solution in a qas permeable 
container. 

9. !l'be aethod of Claim 8 includinq the step of 
sterilizinq the container. 

10 10. The method of Claim 8 wherein the medical 
solution ia a peritoneal dialysis solution. 

11. rbe method of Claim 8 including the step of 
allowing suf f iciant carbon dioxide to permeate out of the 
container so that the pH of the solution is raised to 

15 approximately the desired level. 

12. A method for creating a medical solution 
comprising the steps of: 

creatinq a medical solution tbat has. a pH of less 
than 7; 

20 adding to tbe JDedical solution a carbon dioxide 
generating composition that increases the pH of the 
solution; 

adding to the medical solution a composition that 
reduces the pH of tbe solution; and 

25 placing a resultant medical solution in a gas 
permeable container. 

13. The method of Claia 12 wherein the carbon 
dioxide generating composition is selected from tbe group 
consisting of socliwn bicarbonat~, sodiwn carbonate, 

30 diethyl· malonic acid, diethyl carbonate, and carbon 
dioxide gas. 

14. Die met:llod of Claim 12 wherein the composition 
for reducing the pB is an acid. --- ·- ·--·- --- ·- ---· 
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15. The method of ClaiJil 12 wherein the resultant 

medical solution is stored in the gas penaeable container 

for a time sufficient to allow sufficient carbon dioxide 

to pe~ate out of the gas permeable container to cause 

5 the pH of the medical solution to increase. 

16. The method of Claim 12 including the step of 

sterilizing the resultant medical solution. 

17. The method of Claim 12 wherein the resultant 

medical solution has a pH of less than 6.o. 
10 18. The method of Claim 15 wherein the pH of the 

medical solution increases to at least 7.0. 

19. The method of Claim 12 wherein the medical 

solution is a peritoneal dialysis solution. 

20. The method of Claim 12 including the step of 

15 subjecting the container to sonication. 

21. · The method of Claim 12 including the step of 

placing the gas permeable container in a reduced 

atmosphere. 
22. The method of Claim 12 including the step of 

20 placing the gas peraeable container in an overpouch. 

23. The method of Claill-22 including the step of 

placing a carbon dioxide absorber between the container 

and the overpouch. 
24. The method of Claim 23 wherein the carbon 

25 dioxide absorber is chosen from the group consisting of 

HaOH and KOH. 
25. The method of Clai1:1 22 wherein the gas 

permeable container is sterilized before it is placed in 

the overpouch. 
30 26. A method for preparing a medical solution 

coaprising the.steps of: 
provie..ing a medical solution including a carbon 

dioxide generating coiaposition1 
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placjng the aedical solution in a qas permeable 
container; and 

allowing carbon dioxide to permeate out through the 
container until a desired pH for the aedical solution is 

5 achieved. 

10 

27. The method of Claia 26 wherein the medical 
solution is a peritoneal dialysis solution. 

28. The method of Claia 26 wherein the carbon 
dioxide qeneratinq composition is sodium bicarbonate. 

29. The method of Claim 26 including the step of 
sterilizing the aedical solution after it has been placed 
in the gas permeable container. 

30. The aethod of Claim 26 wherein the pH of the 
medical solution increases to at least 6.0. 

15 31. The method of Claim 26 including the step of 
subjecting the gas permeable container to sonication. 

32. The method of Claim 26 including the step of 
placing the gas permeable container in a reduced 
atmosphere. 

20 33. The method of Claim 26 including the step of 
placing the gas per.eable container in an overpoucb. 

34. The method of Claim 26 includinq the step of 
placing a carbon dioxide absorber between the container 
and the overpouch. 

25 35. The aethod of Claim 26 wherein the carbon 
dioxide ge11eration is carbon dioxide qas. 

36. The method of Claim 34 wherein the carbon 
dioxide absorber is chosen from the group consisting of 
NaOH and ICOH. 

30 37. The method of Cl.aim 26 wherein the gas· 
permeable container is sterilized before it is placed in 
the overpouch .. 
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38. A method for creating a dialysis solution 
comprising the steps of: 

preparing a dialysis solution including an osmotic 
agent, electrolytes, and sodiua bicarbonate, the solution 

5 having a pH of not greater than 6: 

placing the dialysis solution in a gas permeable 
container: and 

allowing sufficient carbon dioxide to permeate out 
through the gas permeable container to cause the pH of 

10 the dialysis solution to increase to at least 6.o. 
· 39. The method of Claim 38 including the step of 

sterilizing the dialysis solution after it is placed in 
the gas peraeable container. 

40. The method 0£ Claim 38 wherein the osmotic 
15 agent is dextrose. 

41. The method of Claim 38 including the steps of 
adding a carl:>on dioxide generating compound to the 
dialysis solution. 

42. 'l'he method of Claim 38 wherein a carbon dioxide 
20 generating product is added to the dialysis solution to 

increase tl'.a pH of the dialysis solution to a level that 
is at least as great as a desired final pH level of the 

dialysis solution. 
43. '.l'be method of Claim 38 wherein a carbon dioxide 

25 generating compound is added to the dialysis solution 
after tbe dialysis solution haa a pH that is at least as 
great as the desired final pH level. 

44. A method for creating a dialysis solution 
comprising tbe steps of: 

30 preparing a dialysis solution including dextrose, 
electrolytes, and sodium bicarbonate, the solution having 
a pH of less than or equal to 61 
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placing the dialysis solution in a gas permeable 
container; 

sterilizing the dialysis solution; and 
allowing suf f~cient carbon dioxide to permeate out 

5 of the gas permeable container to cause the pH of the 
dialysis solution to increase to at least 7.0. 

45. A •ethod for preparing a liquid product 
comprising the steps of: 

preparing a liquid product that includes therein 
10 carbon dioxide gas; 

housing the liquid product in a gas permeable 
container: and 

allowing sufficient carbon dioxide to permeate out 
of the container to achieve a desired pH for the liquid 

15 product. 


