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The present invention relates generally to the manufacture, storage, and
‘creation of solutions. Mre specifically, in an enbodi nent, the present

I nvention relates to the manufacture, storage, and creation of nedical

sol uti ons WoR629103 adm ni stered to patients. 10 | PCTAIS$G/0374T | N
treating a variety of disease states, and even in order to maintain the
health of a manmal, to adm nister a medical solution. These nedical

sol utions can be administered either enterally, parenterally, or through

t he peritoneum Exanpl es of such sol utions 15 I ncl ude nedi canents and
pharmaceuticals, nutritional formulations, and dialysis solutions.
Especially with respect to solutions that are adm ni stered intravenously or
t hrough the peritoneum the pH of the solution is an especially inportant

factor. If the pH of the solution 20 IS not substantially simlar to
t he physiological pHdifficulties ered. I{ is known, for
exanple, to use dialysis to supp function has

decreased to the point where the kidneys nd@lli&jer sufficiently function.

Two 25 princi pal dngeygod wtmmutﬁd Wsmoheﬁadsatﬁtéus-and
peritoneal dialysis. In henodial bl ood. i s passed through

an artificial Kkidney dialysis he machi ne acts
as an artifiial kidneyTher pesent cﬁ.aunattmt hrelaitesd.generally to the

manufacture, storage, and creation of solutions. More
specifically, in an embodiment, the present invention
relates to the manufacture, storage, 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 adrinistered either enterally, parenterally, or
through the peritoneun. 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
difficulties can be encountered.

It is known, for example, to use dialysis to support
a patient whose renal function has decreased to the point
where the kidneys no longer sufficiently function. Two

25 principal dialysis methods are utilized: hemodialysis;
and peritoneal dialysis.

In hemodialysis, the patient'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 semi-permeable membrane. The peritoneum is
the membranous lining in the body cavity that, due to its



In peritoneal dialysis, the patient's own peritoneumis used as a

sem - per neabl e newbrenre—The per++eneumis the nenbraneus—lining in the
body cavity that, due to its WO 96/ 29103

PCT/ US96/ 03767 -2- | arge nunber of bl ood vessels and capillaries, is
capabl e of acting as a natural sem -perneabl e nmenbrane. In peritoneal

dial ysis, avaleeneymi s solution is introduced into the perit pezalssamvér y
utilizing a 5 catheter. After a sufficient period of time, an exchange
of solutes between the dialysate and the bl ood is achi eved. Fluid renoval
I's achieved by providing a suitable osnotic gradient fromthe blood to the
dialysate to permt water outflow fromthe bl2od. This allows a 10

proper acid-base electrolyte and fluid balance to be returned to the bl ood.
The dialysis solution is sinply drained fromthe body cavity through the
catheter. In order to create an osnotic gradient, the dialysis solution

I ncl udes an osnotic agent. Although a variety 15 of osnmptic agents have
been used and consi dered, pi cal _dialysis solutions jnclude dextrose as an
osnotic agent. It RATRRH Q¥'8¢ép}g?§ @wRsals, ARd; ARt L ATIES 5 1§ FRRYD1e
Common buffers usedflacﬂlngyssSasndtnraxuseumyﬁumueabmaamembrbnetate and

acet at e. Wil e initialy @it el;lca& £s Vg ta ﬂ;g{@r goﬁgftf,ﬁf, is

considered for use.in dial utlons ver time ac ate a acetate
have introduc nto the 'per toneal 'cavity utilizing a
5 catheter. After a sufficient period of time, 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 permit 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
is 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. Common buffers used in dialysis solutions are
bicarbonate, lactate, and acetate. While initially
20 bicarbonate was the primary buffer considered for use in
dialysis solutions, over time, lactate and acetate have
been subst.ituted for bicarbonate. This was due to the
difficulty in the preparation of bicarbonate-buffered
solutions. ILactate and acetate buffers were found to
25 provide greater stability in use over the previous
bicarbonate-buffered solutions. See European Patent
Application No. 90109963.0.
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
containing bicarbonate. For example, patients suffering



been substituted for bicarbonate. This was due to the difficulty in the
preparation of brcarbonate- buf fered ol utions.— Lactate and acetare puffers
were found to 25 provi de greater stability in use over the previous

bi car bonat e- buf f ered sol uti ons. See European Patent Application No.
90109963. 0. However, bicarbonate ions provide advantages over |actate or
acetate i oW0962913di ti onal |y, experinents 30 i ndi cat e PREUS3$H8762Nnt s
exhibit a better tolerance for bicarbonate dialysis solutions. | ndeed,
certain treatnents may require sterile dialysis solutions containing

bi carbonate. For exanple, patients suffering WO 9629103

PCT/ US96/ 03767 -3- from hypot ensi on and | aCt 4t & aci dosi s shoul d receive a
bi car bonat e-buffered dialysis solution. See, T.S. Ing. et al,

"Bi carbonat e-Buffered Peritoneal Dialysis", The International Journal of
Artificial Organs, Vol. 8, No. 5 3, p. 121 (1985). Although bicarbonate
functions as a buffer, certain issues are raised when using sane.

In solution bicar te ilibrj ith [err a ich _easi
escapes fromthe sgfglgi gﬁégﬁ%ﬁ?’gé'}&)gjé%é@é%%eap’éé##&ﬁg taﬁ"é’% recei‘gﬁﬁﬁ on,
carbonate is generbicarbonppterdufifered ddadysisi salubionasdire ,T& Broiltha-hi s
phenonmenon, it hasepegi, SW@I@arBEnkPe-Buffered Peritoneal Dialysis”, The

International Journal of 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 €O, gas which easily
escapes from the solution. When €O, gas escapes from the

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

To avoid this phenomenon, it has 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 No. 0278100 for machine control dialysis.

Alternatively, 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 entitled: "METHOD FOR MANUFACTURING AND STORING STABLE
BICARBONATE SOLUTIONS", filed on April 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.

Accordingly, in the art, many attempts have been

30 made to seyregate 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



store bicarbonate in powdered formuntil just before use. See U.S. Patent
Nao._4.489,535. See also European Patent 15 ApplLication No. 0278100 for
machi ne control dialysis. Alternatively, an inpernmeable barrier has been
proposed to protect the solution. Likew se, nmethods and contai ners have
been devel oped for the stabilization of bicarbonate solutions. See U S.

Seri al 260 20 entitled: "METHOD FOR MANUF ND

STORI NG sﬂ(ﬁ?@@ RBONATE SOLUTIONS', filed on April 23, %‘Bﬁﬁﬁ
additional issue is that in dialysis solutions, dextrose is typically
utilized as an osnotic agent. However, |ike other nedical solutions,

di al ysis solutions 25 must be sterilizeq hefore they are adm nistered
to a patient. Dextrose, unless it is maintained at an acidic pH when
sterilized, wll caranelize. But, on the other hand, bicarbonate nust be
mai ntai ned at a basic pH. Accordingly, in the art, many attenpts have been_

30 made to segregate bicarbonate and dextrose so that the two sol utions
can be maintained at proper pHs when sterilized, e .g., one at a basic pH

and the other at midicV\Q}QGI 26d)3 for example, U. s. patent applicat:.on
Serial No. 08/ 0FEad W qEfos, S5ay lsThedt 1, BRNANRCH P GhiRRER",
above issue not oﬁPVTB%NEBs Wi th respect to

The above issue not only exists with respect to

5 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.

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

15 '
SUMMARY OF THE INVENTION

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.

In an embodiment, the methoc 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.



5 di al ysis solutions, but other nedical solutions, and indeed, even in
the T0o0d 1 ndustTy. For exanpl e, Tn nany solfutions, 1t would be desirablé to
initially maintain the solution at a low pH for sterilization and then

‘adj ust the solution to a higher, nore physiological, pH 10 before the
solution is infused into a patient. However, heretofore no easy net hod

exi sted forwaaé28i83 ni ng a single sol ution at a reduced pkifRQTﬂ§P€Wﬁ$7zaI|on
and then without the addition of a conposition increasing the pH before

i nfusion. 15 SUMVARY OF THE | NVENTI ON The present invention provides

i nproved nethods for manufacturing liquid products (solutions). To this
end, a nethod for preparing a product is 20 2 provi ded conprising the
steps of: providing a product having a pHthat is at |east as great as a
desired final pH level; lowering the pH of the product bel ow the desired
final pHlevel; and allowi ng the pH of the product to increase over tine
toward the desired final pH 25 | evel due to the rel ease of car bon

of ~brovi ding. asol ut i ofrah; RRpSERRen e, 'Sher of dowety el B Wi
conmponent to i ncreagbutﬁenpmgmmh% the step of mUiing Q:ﬁrbcsashqxi@edm red
final |evel beforethbeggiv®idh, | overing the pH.
In an embodiment, the solution is a medical
5 solution.
In an embodiment, the solution is for use in the
food industry.
In another embodiment, a method for preparing a
liquid is provided comprising the steps of: providing a
10 ligquid including carbon dioxide; housing the liquid 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 embodiment, a method for preparing a
15 solution is provided comprising the steps of: providing
a solution including a carbon dioxide generating
composition; placing the solution in a gas permeable
container; and allowing carbon dioxide to permeate out
through thz container until a desired pH of the solution
20 is achieved.
In an embodiment, a method for creating 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 generating composition
25 that increases the pH of the solution; adding a
composition that reduces the pH of the solution; and
housing a vresultant solution in a gas permeable
container.

In an embodiment, the carbon dioxide generating
30 composition is sodium bicarbonate.
In an embodiment, thé composition for reducing the
PH is an acid.



WD 96129103 PCT/ US96/ 03767 -5- In an

enbodi nent, the_step of |ower the pH of _the solution includes the step of
addi ng carbon dioxide to the solution. In an enbodinment, the solution is a
medi cal 5 solution. In an enbodi nent, the solution is for use in the

food industry. In another enbodiment, a nethod for preparing a liquid is

provi ded ri.sl.ng the steps of: providing a 10 i qupd. L nc L ng

car bon digggagkéﬂgusing the liquid in a gas perneabl e conkgphgpb%gkd

al l owi ng carbon dioxide to perneate out through the container until a
desired pH of the liquid is achieved. In another enbodi ment, a nethod for
preparing a 15 solution is provided coapgising the steps of: providing
a solution including a carbon di oxi de generating conposition; placing the
solution in a gas perneable container; and allow ng carbon dioxide to
perneate out through the container until a desired pH of the solution 20
I's achieved. In an enbodi nent, a nethod for creating a nedical solution is
provided conprising the steps of: creating a nedical solution that has a pH
of less than 7; addi ng In ameembudiment , atherbesuliant dolgtionais ngtored

ition 2 h b VC T, h t lsuti Qn: |
RIS o MRy s 4
container to cause the pH of the solution to increase.
s 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. B

In an embodiment, the medical solution is a dialysis

10 solution. In a further embodiment, the dialysis solution
includes as an osmotic agent, dextrose.

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

15 ' In an embodiment, the container, including the
solution, is placed in a reduced atmosphere to decrease
the time 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 has 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.



‘housing a resultant solution in a gas perneable container. In an

enbodi ment ,

bi car bonat e.

aci d. W06/ 29103

t he ¢arbon di oxi de"generating 30 conposition is sodi um
In an enbodi ment, the conposition for reducing the pHis an
PCT/ US9603767

-6- In an enbodi nent, the resultant solution is stored in the as perneabl e
cont ai ner WO®6/2903 e sufficient to allow sufficient carborf ‘%%F’B’??
perneate out of the container to cause the pH of the solution to |ncrease.

5

In an enbodi ment, the resultant solution has a pH of |ess than

6.0. In an enbodi nent, the pH of the solutiap _increases to at |east 7.0.

an enbodi ment,

the nmedical solution is a dialysis 10 solution. 1In a

further enbodi ment, the dialysis solution includes as an osnotic agent,
In an enbodi ment, the container, including the solution, is

dextrose.

exposed to sonication to reduce the tinme needed to reach a desired pH 15
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In another embodiment, a method for creating a
peritoneal dialysis solution is provided comprising the
steps of: preparing a dialysis solution including an
osmotic agent, electrolytes, and sodium bicarbonate, the
solution having a pH of less than or equal to 6; placing
the dialysis solution in a gas permeable container; and
allowing sufficient carbon dioxide to permeate out of the
container to cause the pH of the solution to increase to
at least 7.0.

In still another embodiment, a method for creating
a peritoneal dialysis solution is provided comprising the
steps of: preparing a dialysis solution including an
osmotic agent, electrolytes, and sodium bicarbonate, the
solution havinoc 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
cause the pH of the solution to increase to at least 7.0.

An advantage of the present invention is to provide
an improved method for manufacturing liquid products.

Further, an advantage of the present invention is to
provide an improved method for manufacturing medical
solutions.

Furthermore, an advantage of the present invention
is that it provides improved medical solutions.

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

8till further, an advantage of the present invention
is to provide an improved method for manufacturing.
peritoneal dialysis solutions.



container. In a further enbodi nent, a carbon dioxide 20 absorber is

pl.aced between__the container_—and the. overpouch—1ln still a further

enbodi ment, a nethod for preparing a nmedical solution is provided

conprising the steps of: providing a nedical solution that has a pH of 25

|l ess than 7; adding to the solution a conponent that increases the pH of

t he sol utl‘ga g Nng to the solution carbon dioxide to reﬂﬁ@ﬁs Pely and
e nen

housi ng t he so ution in a gas perneable container. In an t he
conponent that increases the 30 pH of the solution is sodium

bi carbonate. In an enbodi nent, the nedical solution is a dialysis solution.
W09129103 -8 - PCT/ US96/ 03767 -7- In an

enbodi ment, the container is placed in an overpouch. |In another enbodi nent,
a method for creating a peritoneal dialysis solution is provided conprising
the 5 steps of: preparing a dialysis solution including an osnotic
agent, electrolytes, and sodi um bi carbonate, the solution having a pH of

| ess than or equal to 6; placing the dialysis solution in a gas perneable
container; and all owi ngncusri iagvantage dfo thei presant dnyention deothabfit he 10

container to causprbbeaesl &f poeitsnedl Oaiil’yb:[’&r%iﬁtién wherein the
solution can be sterilized at a reduced pH.
Moreover, an advantage of the present invention is
5 that it provides a peritoneal 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 DESCRIPTION

20

The present invention pruvides improved methods for
creating, manufacturing, and maintaining liquid products.
In a preferred embodiment set forth below, the present
invention  is Qdirected 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 medicual solution including peritoneal dialysis,

hemodialysis, parenteral, and enteral solutions, as well
30 as to manufacture and store liguid food products such as
Juices.

Pursuant to the present invention, a 1liquid
(solution) is created that includes carbon dioxide. The



-at least 7.0. In still another enbodinent, a nethod for creating a
peritoneal dialysis solution is provided Tonprisimg the—steps of —prepari ng
a dialysis solution including an 15 osnotic agent, electrolytes, and
‘sodi um bi carbonate, the solution having a pH of |ess than or equal to 6;

pl acing the dialysis solution in a gas perneable container; sterilizing the
sol ution i NYPMIMP dextrose; and al | owi ng sufficient carboRCEUSWEAIZ6™ O
perneate the container to 20 cause the pH of the solution to increase
to at least 7.0. An advantage of the present invention is to provide an

i nproved nethod for naenufacturing liquid progucts. Further, an advantage of
the present invention is to provide an inproved nethod for manufacturing
medi cal 25 solutions. Furthernore, an advantage of the present
invention is that it provides inproved nmedi cal solutions. Another advantage
of .t he present invention is to provide an inproved peritoneal dialysis
solution. 30 Still further, an advantage of the present invention

is to provide an i SpERYRUQIELIRE &A% SBFHEA G HAUbdY d0 Aol HibHide
sol-uti ons. VWO 96129103

PCT/ US96/ 3767 -8- 988 4M aHendiguids o gppexated; thereinn hys 2hgarben
provi des a peritondi¢xidel generating i compdundi n The pH of the liquid is

increased over time due to the release of carbon dioxide

5 from the solution. This 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 during its preparation or a carbon dioxide

10 generating component is added thereto. In an embodiment,
the present invention utilizes a chemical that in
solution generates 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 generating compositions. Because
the solution, pursuvant to the present invention, is
maintained in a carbon dioxide (C0,) permeable container,
the pH of the solution will increase over time due to the

20 loss of carbon dioxide.

In a preferred embodiment of this embodiment of the
method of the present invention, sodium bicarbonate is
utilized in the solution. Sodium bicarbonate will lose
CO, through a gas permeable container. In this regard,

25 the equilibrium of the bicarbonate is as follows:

CO,+H,0 = H,CO, = HCO; +[H+)

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

30 Over time, the pH of the soclution will stop at a certain
level.

For example, utilizing a peritoneal dialysis
solution, the solution can include dextrose and be



solution can be sterilized at a reduced pH noreover, an advantage of the
present invention is 5 that it provides a peritonsal dialysis solution
t hat does not have to be mamintained as two separate parts during
sterilization. Additionally, an advantage of the present invention is to
provi de a nethod for manufacturing and storing a 10 di al ysis solution
that includes bicarbonate and dextrose. Further, an adva ﬁﬁn ?

pr esent i YeARUB is that it provi des i nproved met hods for manuract uri ng
products for the food industry. Additional features and advantages of the

present 15 i nvention are described in, and will be apparent from the
detail ed description of the presently prefeaoed enbodi nents. DETAI LED
DESCRI PTI ON 20 OF THE PRESENTLY PREFERRED EMBCDI MENT

The present invention provides inproved nmethods for creating,

manuf acturing, and maintaining |iquid products. In a preferred enbodi nent
set forth below, the present invention is directed to nethods for

manuf acturing 25 medi cal solutions and specifically perltoneal di al ysi s
sol utions. Howevermanufattoted lsd apdowerapEcthamiusuad .pr bcthis kegardn can

36 :Jsed tohmangfalc& Ahed ?&fal m'aeioﬁomamatink;nabudwsepﬁntweal
25 o manuf actur o SRRtadkuze % % DT Br bl SHERs ANSICleBt soflm,
to the present |nvhﬁ¢atbnnahd iguadded to the solution such that the pH is
5 adjusted back to a specific desired level, e.g., 6.0 to
7.6. Then utilizihg an acidic compound such as HCI, the
solution is adjusted back dowh to a lower pH, e.g., of

5.0-5.3.
The solution is then filled in a carbon dioxide
10 permeable containers. A number of plastic materials are

carbon dioxide permeable and can be used to construct the
container. An example of such a container that can be
used is the Viaflex® container available from Baxter
Healthcare Corporation that is constructed from polyvinyl
15 chloride. Preferably, the container will then be
enclosed in an overpouch such as a HDPE overpouch. The
solution can then be sterilized. For a peritoneal
dialysis solution including dextrose, sterilization of
the solution at an acidic pH avoids the problems of
20 caramelization of the dextrose.

During sterilization, . and definitely after
sterilization, the carbon dioxide will permeate through
the container. This will shift the eguilibrium pursuant
to the forxula set forth above to the left using up the

25 hydrogens. This will increase the pH of the solution.
over time, the pH will stop at or near the desired pH
point.

For certain solutions including those containing
dextrose, the pH may start to decrease at higher pH
30 levels due to dextrose degradation and acid formulation.
By the addition of a buffer such as citrate or histidine,
this pR drop can be prevented.



(solution) is created that includes carbon dioxide. The WO 96/ 29103
PCT/US967 03767 -9- car bon di oxi de—cam ei t ter—be present—as carpom droxide
gas in the liquid or generated therein by a carbon di oxi de generating
conpound. The pH of the liquid is increased over tine due to the rel ease of
carbon di oxide 5 fromthe solution. This increases the pH of the
liquid all oWp9¢29182 | iquid to initially be stored at a | owRCRASISMNING?
increases to a desired pH over tine. As noted above, carbon dioxide is
either added to the solution during its preparation or a carbon dioxide 10
generating conponent is added thereto. In g enmbodi ment, the present
invention utilizes a chemcal that in sol ufi bh gener ates carbon di oxi de.
Any such chem cal that is physiologically acceptable can be used including
sodi um bi car bonat e, sodi um carbonate, diethyl malonic 15 aci d, diethyl
car.bonate, carbon dioxide gas itself, or other carbon dioxide generating
conposi tions. Because the solution, pursuant to the present I nvention, is

mai ntai ned in a car bon | p aﬂ!!:%:ﬁﬂ% r Iq&tg Of et
sol'ution will increase over fiﬁﬂlﬁﬁrjef Eﬁﬁ Fogé gﬁ Fo%e
In a preferred enhBIrfERE dnveptiopnidsgdithat: Ay R #ﬂ%ﬂﬁt tSROWTe Rt
i nvention, sodi um goadakhobiéarbonate,) igiebtiHer khehdlculi that Sesliti# carbon

bi carbonate will | Qinide, is added to the solution to counteract the acid
5 formed 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
minimlzing degregation and after sterilization allows the
pPH to increase over :time ‘due to the loss: of carbon

‘10 dioxide. This thereby provides at the time of infusion
into a patient, a physiological 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

15 a desired final pH. For example, all the components used
in a peritoneal dialysis solution (dextrose,
electrolytes, and lactate) can be dissolved in water.
The pH of this .resyltant solution depends on the pH of
the lactate and is usually between 5.0 - 5.3.

20 Then, pursuant to this embodiment of the method, a
sufficient amount of base, sodium 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 cof the solution is adjusted down using

25 carbon dioxide gas. For example, the pH can be adjusted
down to 5.0 - 5.5.

The solution is then placed in a gas permeable
container such as those discussed above. The container
can then be, if desired, sterilized. Over time, the

30 carbon dioxide will diffuse from the container increasing
the pH of the solution.

If desired, the pH can be reduced with carbon
dioxide to an even lower level by keeping the carbon



co t hrough a gas perneable container. In this regard, 25 t he

equi librium of _the bicarbonate |s as follows: [err]+[err] - [err]
[err] +[ H+] Accordingly, as carbon dioxi de perneates the container, the
equilibriumw Il shift to the Ieft using up hydrogen. This will increase
the pH of the solution. 30 Over tinme, the pH of the solution will stop

at a cert For exanple, utilizing a peritoneal | ution,

t he squtﬁ%ﬁ’@%ﬁ ' ncl ude dextrose and be WD 9629 103 Wkﬂﬁﬁ&ﬁhﬁﬁ)

PCTI US96/ 03767 - 10 - manufactured at a lower pH than usual. In this
regard, a peritoneal dialysis solution including dextrose can be

manuf actured at a pH of 5.0-5.3. Then, suffixi-ent sodi um bi carbonate is
added to the solution such that the pHis 5 adj usted back to a specific
desired level, e.g., 6.0 to 7.6. Then utilizing an acidic conpound such as
HCl, the solution is adjusted back down to a |lower pH, e.g., of 5.0-5.3.
The solution is then filled in a carbon di oxide 10 per neabl e
containers. A nunber of plastic materials are carbon di oxi de perneabl e and
can be used to codioxide dizmsclwvedainesolutionxanThis ofars beh azcowplished t hat

can be used is th_ Vi ai) %clq.gtehaesoﬁabhabbf 3y q&a&ﬂgeuaeabweﬁéﬁ
cor poration that | constructe from pol yvi nyl
under pressure.
The advantage of this method 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, the PH rise may fall shorter of the desired
pH, in a: peritoneal dialysis' solution;. due to bag
10 material leaching acid and dextrose degradation producing
acid. and, additionally, because there is less carbon
dioxide in this methed. -
A still further embodiment of the method is as
follows. A solution is prepared. For example, all of
15 the components found in a typical peritoneal dialysis
solution (dextrose, electrolytes, and 1lactate) are
dissolved in water. The pH of this resultant solution
depends. on.the pH of the lactate and is usually between
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 pH, preferably to 5.0 - 5.5.
‘After sterilization, the carbon dioxide gas will leave
30 the system and the pH will increase.
The initial pH adjusted down to described in step 3)
for both muthods is important. The higher the initial pH
(e.g., 5.5 - 5.7), the faster the post sterilized pH



15 chl ori de. Preferably, the container wll then be enclosed in an
over pouch sueh—as—a—HBPE over poveh—Fhe setlut+on can—then be—stertii+=zed.
For a peritoneal dialysis solution including dextrose, sterilization of the
solution at an acidic pH avoids the problens of 20 caranel i zati on of

t he dextrose. During sterilization, and definitely after

sterilizat wmes/iohes car bon di oxide wi Il perneate through thecrasiaesnsr .

This will shift the equilibriumpursuant to the forrmula set forth above to
the left using up the 25 hydrogens. This will increase the pH of the
solution. Over tine, the pHw Il stop at or near the desired pH point. For
certain solutions including those contai niﬁgl%ie'xtrose, the pH may start to

decrease at higher pH 30 | evel s due to dextrose degradation and acid
formul ation. By the addition of a buffer such as citrate or histidine, this
pH.drop can be prevented. WD 96/ 29103

PCT/ US96/ 03767 An advantage of this enbodi nent of the nethod of the present

i tion is that i Q] f [ um bigar bonat e, th
chént cal that e + Caathfs itk GhgiFed TPk O ROUHNR0 G sHRigtad k!
the acid 5 f or hbghemr inttiak pH jimthe, increpnsed dextroge degratiaticn

| evel . Thus, tafd moRecUoloxr\VEo¥uatiom! | N6 théelswek |inddiadn pi's?
solution, such as ?g¥§[953.3t-a5|.9yv, pﬂ: is more difficult to keep carbon
5 dioxide in solution. Also, it takes longer to reach the

desired post sterilized pH.

A manufacturer can obtain lactate in a wide range of
PH's fron_;}._5 -~ 8.5. Therefore, the starting pH, before
‘adjustmerit, ‘of "d solution ‘¢an range from 3.5 - 8.5 (we

10 get 5.0 - 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 through the container. The sonication can be
achieved by a variety of means including mechanical or

20 sound.

In the alternative, the containers can be placed in
a reduced atmosphere, i.e., under vacumum. This will also
increase the rate at which carbon dioxide leaves the
container reducing the time required for the solution to

25 reach the desired pH.

By locating a carbon dioxide gas absorber between
the container and overpouch, one can also increase carbon
dioxide diffusion and speed up the process of increasing
the pH. A variety of carbon dioxide absorbers can be

30 used including packets of NaOH or KOH.

By selecting materials that are even more gas
permeable than PVC, one can further increase carbon
dioxide diffusion and reduce the time to reach a desired



m ni mi zi ng degregation and after sterilization allows the pH to increase
over tinme due to the loss: of carbon 10 di oxi de. This thereby provides

at the tine of Tnfusion into a patient, a physiological pH Another nethod
that can be used pursuant to the present invention is as follows. A
solution is prepared having a pHthat is |less than 15 a desired final
pH For exanple, all the conponents used in a peritoneal di al ysis

sol uti on WQH#Mose, electrolytes, and lactate) can be RILPUR6T n wat er.
The pR of this resultant solution d epnds on the pH of the lactate and is
usually between 5.0 - 5.3. 20 - Then, pursuant to this enbodi nent of
the nmethod, a sufficient anbunt of base, soxl4 wn hydroxide, is added to this
solution until the pHis 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
usi ng 25 carbon di oxi de gas. For exanple, the pH can be adjusted down
to 5.0 - 5.5. The solution is then placed in a gas perneabl e container such
as those di scussed above. The container can then be, if desired,

sterilized. Over :i!i.ms,oﬁ 'the3other hamdpbyliseliedtingl hatl'eﬂahe thatimairiee
container increasing the @1(& ermeanig! i F Wc,'fmge ,ge%‘ et iR

reduced with carbon dioxi tt'o an even | ower. n‘g the car bon
necessary to increase the pt!. w se, arying th

container/overpouch shape to’ naxinize surface area to
5 volume carbon dioxide, diffusion can be increased.
Additionally, sterilizing the container without the
overpouch and maintaining the container outside of the
overpouch after sterilization will increase carbon
dioxide: diffusion.

10 ‘As noted previously, in an embodiment of the method
of the present invention, carbon dioxide gas is added to
the solution to adjust the pH of the solution over time.
In this regard, 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. For example, if the
solution had an initial pH of 5.0 -~ 5.3, and the solution
was provided to a patient, it may be desirable to
_xncrease the. pH to 6.0 to 7.5.

The pn of the solution is then lowered us1ng carbon

20 dioxide gas. This can be accomplished, for example, by
bubbling carbon dioxide into the solution. The pH can be
lowered to any level, for example, 5.0 - 5.5.

The solution is housed in a gas permeable container.
As the carbon dioxide permeates the container during

25 storage, the pH of the solution will increase toward the
desired final pH.

By way of example, and not Limitation, examples of
the present invention will now be set forth.
' ' EXAMPLE NO,. 1

30 Three different experiments were performed. A
comparison of the parameters that were adjusted during
each of these three experiments is presented in Table 1




‘WD 96/ 29103 PCT/ US96/ 03767 - 12 -
di oxi de di ssolved Tn solution. This can be acconpl rshedby: 1) coctTtng the
‘'solution; or 2) keeping the solution under pressure. The advantage of this
‘method is that it is easier to 5 performon a | arge scale and only
carbon dioxide is involved. Also, there is | ess added sodiumutilizing
this nmet hoWO%BMMer, as conpared to the previous nethod dPETUSSOAN67t he pH
rise may fall shorter of the desired pH, in a peritoneal dialysis solution,
due to bag 10 material | eaching acid and dextrose degradati on produci ng
acid. And, additionally, because there is_|legs_carbon dioxide in this

met hod. A still further enbodi ment of the nethod is as follows. A solution
is prepared. For exanple, all of 15 t he conponents found in a typical
peritoneal dialysis solution (dextrose, electrolytes, and |actate) are

di ssolved in water. The pH of this resultant solution depends on the pH of
the lactate and is usually between 5.0 - 5. 3. Then a sufficient anount of

base, sodium 20 he1ydr OXi §Re | procédsrd O tHu b&?b%ﬂmﬁﬂi:&' hbearRras
H One then adds and

above a desired final ve . adjust top .
di ssol ves a sufflepéﬁpgéﬁthtLB; %gE%Ibon di oxi de relea5|ng conponent
(e.g., diethyl maloniclici dA dietiepl®catiadysis, s;:t.’mt)ion Twiktls olextomse s 25
then filled into a gas perngg hfaﬁﬁ&t ai gy an CORlad Nehah@PabCured
e

sterilized. During sterilizatlon caribon di oxi de rel eaS| ng conponent
will rel eas® carbon following typical Baxter procedure

2) To the solution was add an amount of sodium
bicarbonate to the batch of Dianeal to reach a
final desired pH (e.g., 7.0).
. -3) ‘The pn of the .Dianeal solution -was -adjusted .
10 back down to the identified presterilized pH
with hydrochloric acid.
4) The bags of Dialysis soclution were steam
sterilized at 121°C.
5) The sterilized bags were housed at room
15 temperature and/or 40°C.
6) At identified intervals, the bags were pull
from the appropriate temperature.
7)  The bags were tested for various chemical and
physical properties, e.g., pH measﬁréments.
20 Oonly pH data associated with each of these three
studies appears in Table 2 below. This pH data
demonstrates the concept of the present invention. The
conclusions for each of these three studies appears

below.
25 Study I (a) This study demonstrated that the pH would
' increase over time.
(b) The pH would attain a higher value faster
if it started out higher initially
(compare initial pH's of 5.5 and 6.0).
30 (c) pH'sS > 6.50 were obtained in less than 1

.month.
(d) The lower the initial pH the less color
was formed upon sterilization.



di oxi de gas decreasing the pH, preferably to 5.0 - 5.5. After

sterilization, the carbhon dioxide gas will |eave 30 the system and the

pH will increase. The initial pH adjusted down to described in step 3) for

both methods is inmportant. The higher the initial pH (e.g., 5.5 - 5.7), the
faster the post sterilized pH WO 96/ 29103

PCT/US%/O@,Z,Q,Z,”o 3 - reaches its desired |evel. Fbmever,ﬁgaﬁgg@&@%ide to a

higher initial pHis the increased dextrose degradation a | or
formation. At the lower initial pHs (e.g., S.0 - 5.4), it is nore
difficult to keep carbon 5 dioxide in solution. Also, it takes |onger
to reach the desired post sterilized pH AYanufacturer can obtain |actate
in a wide range of pHs from3.5 - 8. 5. Therefore, the starting pH, before
adjustnent, of a solution can range from3.5 - 8.5 (we 10 get 5.0 -
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 nethods. In order to reduce

odi £ cat i ons o PaysE " (4 ahe” BEHay danohiptabed tndk TACCPH SRRy « ne
sol ution can be exposed to soni chidrease oVerstimeé! cause an agitation to
the solution increasing theghpssmyf phagbeia HteaifCal RiGHER valteC eREBEFCT -
The sonicati on can be . .
if it started out higher initially
5 (compare initial pH's of 5.3 and 5.5).
(c) The lower the initial pH the less color
was formed upon sterilization.
(4) A_hdngpace in the solution bag did not
| affect the time needed to reach.the final
10 pH. '

(e) In the long term the pH drifted downward
indicating a2 need for a buffer to
maintain the pH in the long term.

Study III (a) The study demonstrated that the pH would

15 ' increase over time.
(b) The lower the initial dextrose
. concentration the less color was formed

upon sterilization.

(c) aithnhgh 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 higher
concentration of citrate will maintain

the pH.
25 TABLE 1
Study Parameter Comparison
Paraneter . Studyl - Study 2 Study 3
Electrolyte profile Dianeal PD-2 Dianeal PD-2 Dianeal PD-
2
30 Dextrose concentration 4.25% 4.25%
2.50%

Sodium Bicarbonate



achieved by a variety of neans including nechanical or 20 sound. In the
alternative, thecontarners can e ptacedTTa reducted—atosphere, 1€

under vacuum This will also increase the rate at which carbon dioxide

' eaves the container reducing the tinme required for the solution to 25
reach the desired pH By locating a carbon dioxi de gas absorber between the
cont ai ner WNE@9%RYPHouch, one can al so increase carbon di oxiREWEMHHIET on and
speed up the process of increasing the pH A variety of carbon dioxide
absorbers can be 30 used including packets of NaOH or KOH. By selecting
materials that are even nore gas perneabl e_than_PVC, one can further

i ncrease carbon di oxide diffusion and reduce the tine to reach a desired
WD 96/ 29103 PCT/ US96/ 03767 - 14 - pH
On the other hand, by selecting materials that are not as gas perneabl e as
PVC, one can increase the time necessary to increase the pH Likew se, by
varyi ng the contai ner/overpouch shape to naxi mze surface area to 5

vol une carbon di oxi decofcbhtgafiogan be increagedg/Addi tiopakl §/L
stérilizing the container @n%hgzg t he over pouch and mai nt ai ni ng the
e h

container outside of the o after sterilization will increase carbon
di oxi de di ffusion. Initial pH(s) 6.0 & 5.5 5.5 & 5.3
) 5.2
5 Bag size 250 nL 2000 mL
1000 mL
Table 2
' .pH Results
10 citrate
Storage
Study No. Initial pH Buffer (Y/N) Headspace  (cc)
Temp. (C}

1 6.0 NC 25
15 1 5.5 N NC 25

2 5.3 N o 25

2 . 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

z 5.5 N 45 40
25 3 5.2 N NC 25

3 5.2 N NC 40

3 5.2 Y NC 25

3 5.2 b4 NC 40



10 As noted previously, in an enbodi nent of the nethod of the
present invention, carbon dioxide gas is_added to the solution to adjust
the pH of the solution over tine. In this regard, if a solution is provided
having a pH of 7.0 or less, the pH of the solution is increased to at 15

| east a desired final pH level. For exanple, if the solution had an
initial 5.3, and the solution was. provided tfbﬁh¥ﬁﬁi ,

may be de3|65ﬂ£%8i()l ncrease the pHto 6.0 to 7.5. The p e solutlon
is then | owered using carbon 20 di oxi de gas. This can be acconplished,

for exanple, by bubbling carbon dioxide into the solution. The pH can be
| onered to any level, for exanple, 5.0 - 5.8 =The solution is housed in a
gas perneabl e container. As the carbon dioxi de perneates the container

during 25 storage, the pH of the solution will increase toward the
desired final pH By way of exanple, and not |limtation, exanples of the
present invention will now be set forth. EXANPLE NO. 1 30. Thr ee
di fferent experinents were performned. coppari n_of t he paraneters that
wer e adj usted during each of these t?ﬁ%&? ;&Eﬁ S is presented in Table®
1 W96/ 29103 PH Results PCT/ US96/ 3767 - 15 -
bel ow. The procedure thesewmgtgwsm.m
(Days)
5 1 21 20 45 80 15 29 135 180
1 7.26
1 5.75 6.71
‘2 5.39 5.95 6.13 . ° 5.88
2 5.44 5.97 6.13 5.90
10 2 6.17 5.71
2 6.18 5.71
2 5.66 6.63 §.98 6.49
2 5.67 6.62 6.98 6.66
2 6.98 6.19
15 2 6.95 6.08
3 5.50 6.94 . 7.00 6.9_9 7.09 6.68
3 6.62 6.46 6.55 5.98
3 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.
The time intervals are approximate (e.g., 180 is actually
174 days for Study #2 and 190 days for Study No. 3)
NC = No control of headspace was monitored.
25 EXAMPLE NO. 2
The following methods were used:
Method 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 5.0 - 5.3.



essentially the same: 1) A Dianeal [err] dialysis solution with dextrose,
avaitabl e fronmBaxter —was manufact ured—>5 fol |l owrmmg—
typi cal Baxter procedures. 2) To the solution was add an anount of sodium
bi carbonate to the batch of Dianeal to reach a final desired pH (e.g.,

7.0). 3) The pH of the Dianeal solution was adjusted 10

back down tWOPHMMXentified presterilized pH with hydrochl ROTAISKEHINET 4)

The bags of Dialysis solution were steamsterilized at 12C. 5) The
sterilized bags were housed at room 15 t enper at ure and/ or
40[err] C. 6) At identified intervals, the ? gs were pull fromthe
appropriate tenperature. 7) The bags were sted for various chem cal and
physi cal properties, e.g., pH neasurenents. 20 Only pH data
associated wth each of these three studies appears in Table 2 bel ow
Thi.s pH data denonstrates the concept of the present invention. The
conclusions for each of these three studi es appears bel ow. 25 St udy |

(a) This study denobnst P g e.0 i The
pHwould attain a hi ghe‘ria{}gﬁb&e lsehife bt Etdarly %éfﬁt‘%é’isﬁeﬁi.gﬁr?ﬁg%ﬁ
(conpare initial phostbisssolykiom unptikthe pH reaches the)depired >finad
were obtained in | pasiekad t:.g., 7.0).

pH adjust down to 5.0 - 5.7 with HCl, CO,(g) or

5 another acid.

Fill into bags and sterilize.
Method 2
All compohents 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 5.0 - 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.g., desired pH 6.0 then adjust to pH 7.0).
pH adjust down to 5.3 - 5.5 with CO,(g).
Fill into bags and sterilize.
. The pH of the solutions were measured over time for
solutions made with each method.

20 PH Measurenments Over Time
_ Added
Electrolyte %Hydrous  Added Component Method of
Profile Dextrose Component Amoynt Manufactyring
25 Dianeal PD-2 2.50% Carbondioide  NM-Enough to Method 2
adjustto pH 5.30
Dianeal PD-2 2.50% Carbondioxide  NM - Enough to Method 2
adjust to pH 5.40
Dianeal PD-2 4.25% Carbondiode  NM - Enough to Method 2
adjust to pH 5.33

Dieneal PD-2  425% Bicarbonate & 0.24 gA. adjust to Method 1
Carbon dioxide pH5.33



nmonth. (d) The lower the initial pH the | ess color was fornmed upon
sterilization. WD 96/29103 B _ —

PCT/ US96/ 03767 - 16 - Study Il (a) This study denonstrated that the pH
woul d i ncrease over tine. (b) The pH would attain a higher value faster if
It started out higher initially 5 (conpare initial pHs
of 5.3 an c) The lower the initial pHthe less ¢ r med
upon sterﬁﬁﬁ%ﬁ‘%. (d) A headapace in the solution bag 3##’%%? ect the
time needed to. reach the final 10 pH. (e) In the |ong
termthe pH drifted downward indicating a need for a buffer to maintain the
pHin the long term Study IIl (a) The stu@p denonstrated that the pH woul d
15 i ncrease over tinme. (b) The | ower t he initial
dextrose concentration the | ess color was forned upon sterilization. (c)

Al t hough the buffer and its concentration 20 used in
this study did not prevent the long termdecline in the pH after it had

Dianeal PD-2 425% Bicarbonale & 024 gh adjustto Method 1
Carbondioxide  pH 5.33

NM= Not Measured Interval (days)
Pre-
Electrolyte  sterilized
5 Profile initialpH - Bag Size & 13 28 42
Dianeal PD-- - 530 2000 mL - 850 5§60 . 585 594
2 .
Dianeal PD- 540  2000mL 557 567 5.86 5.96
2
- 10 Dianeal PD- 5.50 2000mL 2 S62 5.70 504 5.88
) | | |
Dianeal PD- 533 2000 mL 548 5.60 5.75 577
2 | .
Dianeal PD- 540 2000mL.  5.81 6.18 6.76 747
15 2 ' :
-Dianeal PD-. 551 - -2000mL . 584 -627. 685 748
2

As previously stated, the present invention can also
' be used for other liquid products, aside from medical

20 products.
By way of example, many fruit Jjuices are
intrinsically acidic (tomato pH 4.4, apple pH 3, lemon pH
2.2). These fruit juices could be pH adjusted to a
higher pH with a bicarbonate generating component added.
25 The pH would then be lowered to prevent degradation and
color formation during pasteurizatidn and/or storage.
This solution would have to be stored in a carbon dioxide
permeable container. This could be a HDPE container or
a glass container with a HDPE cap. The pH of this acidic



noved upwar d. Anot her pH or higher concentration of citrate wll

nmaintain the pH 25 TABLE I Study Paranmeter
‘Conpar i son Par amnet er Stud El ectrol yte
‘profile Dianeal PD-2 Dianeal PD-2 Dineal PD- 2 30 Dextrose
concentration 4. 25% 4. 25% 2. 50%-Sodi um Bi car bonat e
W96/ 29103 WO 96/29103 PCT/ USO6PEBY8Is37617 -
concentration 0.88 g/L 2. 6 g/L 1.7 g/L Initial pH(s)

6.0 & 5.S 556 & 5.3 5.2 5 Bag size ' ' 250 mL

2000 mL 1000 nmL Table 2 pH Results 10 - 21 - Citrato
Storage Study No. Initial Buf f er I—%adspace (cc) 1 6.0
N NC 25 15 1 5.5 N

NC 25

fruit juice would then rise over time as carbon dioxide
permeated from the solution out of the container.
It should be understood that various changes and
modifications to the presently preferred embodiments
5 described herein will be apparent to those skilled in the
art. Such changes and modifications can be made without
departing from the spirit and scope of the present
invention and without diminishing its attendant
advantages. It is therefore intended that such changes
1o and modifications be covered by the appended claims.
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I _CLAIM: _

1. A method for preparing 1liquid products
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 level; and |

allowing the pH of the product to increase over time

' toward the desired final pH level due to the release of

carbon dioxide from the product.

2. The method of Claim 1 including the steps of
adding a carbon dioxide generating compound to the
product.

3. The method of Claim 1 wherein a carbon dioxide
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. The method of Claim 1 wherein the pH of the

product is lowered by the addition of an acid to the
product.

5. The method of Claim 1 wherein the product is
housed in a gas permeable container.

6. The method of Claim 1 wherein the pH of the
product is lowered by adding carbon dioxide gas to the
product.

7. The method of Claim 1 wherein a CO, generating
compound is added to the product after the product has a
pH that is at least as great as the desired final pH
level.

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

creating a medical solution that has a pH that is.

less than a desired final pH:
This Sheet Has Been

[ lIIIII

il



LY S SR -

6. 94 7.00 6.99 7.09 6.68 3
5.98 3 546 6. 9 6.95.6.9 7.256.663 _
6. 76 6. 53 5. Y9THI8 SHEETBiAS BERYpaces i ndicate that testing

was not scWé’cﬂff’é@:’for that intdrval . REPRAGEDT i nfervals ar BCHEBMMITETat e
(e.g., 180 is actually 174 days—f-o-r—St-ud'y—#?—a-rrd- 190 days for Study No. 3)
NC - No control of headspace was nonitored.: 25" B _
EXAMPLE No. 2 The foll ow ng net hods were used; AII components found in

D aneal were dissolved (dextrose, electrol yt €s, and lactate) in water. The
pH 30 of this resultant solution depends on the pH of the |actate and
is usually between 5.0 - 5. 3. W96/ 9103

PCT/ US96/ 3767 - 19 - Add and di ssol ve sufficient solid sodium bi carbonate
to this solution until the pH reaches the desired final pH level (u.g.

7:0). pH adjust down ! afathg & Hasd fb Hile deilidki0lsclution £ 13ic2RRsaC1 O
Fill into bags anq;hst er}i E tpe medical solution to at least the desired
final pH:

adding carbon dioxide gas to the medical solution

5 causing the pH of the medical solution to be lowered; and
housing a resultant solution in a gas permeable
container.

9. The method of Claim 8 including the step of
sterilizing the container.

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

11. The method of Claim 8 including the step of
allowing sufficient 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:

creating a medical solution that has a pH of less

than 7;

20 adding to the medical 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 the solution; and
25 placing a resultant medical solution in a gas
permeable container.

13. The method of Claim 12 wherein the carbon
dioxide generating composition is selected from the group
consisting of sodium bicarbonate, sodium carbonate,

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

14. The method of Claim 12 wherein the conposition
for reducing the pH is an acid.
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Met hod 2 Al components found in a D a aI ysi s sol ution
(dextrose, electrolytes, and | actate) mll ml‘wn ﬁrg‘ ved in water. The
pH of this resultant solution depends Orrt actate and is
usual ly between 5.0 - 5.3. Add a sufficient anount of base, sodium
hydroxi de, to this solution unt:l .the. pH is -above the desired final 15

pH | evel % esired st to pH 7.0). p dﬂis?éﬁ wn to
5.3 - 5.5 V\n%ﬁ”tﬂZ(g). FITHIS SHEE)T HA@SBEEN' sterilize. Thel_rlpH 0 tsﬁ&ei)0
sol utions were measured|over REPIACEDr solfuti ons made with each method. 20

pH Measurements Over Ti Adued 9% Hyduroos Added Conponent Method of
Profile Conponent AnDenz4 - Manuf acturing 25

D aneal PD- 2 2.50% Car bon di oxi de NMt Enough to Met hod 2 adj ust pH
5.30 Dianeal PD-2 2. 50% Car bon di oxide NM - Enough to Met hod 2
adjut to pH 5.0 D aneal PD 2 4. 25% Car bon di odde NM - Enough to

Met hod 2 adust to pH 5.33 Dianeal PD-2 425% Bi carbonate & 0.24 g/I
adjust to Met hod 1 Carbon di oxi de pH5.33 WD 96129103

PCT/ US96/ 03767 " 15. The method of Claim 12 wherein the resultant

medical solution is stored in the gas permeable container

for a time sufficient to allow sufficient carbon dioxide

to permeate out of the gas p'emeahle 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 6.0.
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 permeable container in an overpouch.

23. 'The method of Claim .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
NaOH and KOH. '

25. The method of Clain 22 wherein the gas
permeable container is sterilized before it is placed in
the overpouch.

30 26. A method for preparing a medical solution
conprising the .steps of:

providing a medical solution including a carbon

dioxide generating composition;
' This Sheet Has Been Refla
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| carbon-arorameprrs: 39t worwemsuro—— | (U AELIN

Pre- Electrolyte sterilized 5 Profile Initial pH *Ba§ Stze
13 26 Di aneal PD 5. 30 2008 5.50 .. 5.60, 5.85 5.94 2
Daneal PD__ 540 2000 nt 5| SHIS SHEEY HAS 7 596 2 10 Di aneal
PD-  5.50 WO36aM 5. 62 5.[70 Rsp 588 |2 Di aneaPCFAIS6/03757 33
2000 m . 5.48 5. 60 5.75 . g p- "~ SAO 2000 L
5.81 6.19 6.76 7.47 15 2 D| aneal .51 -2000 mL 5.94
627. 6. 85 7.48 2 As previously stated, thg present invention can also
be used for other liquid products, aside fromnedical 20 products. By

way of exanple, many fruit juices are intrinsically acidic (tomato pH 4. 4,

apple pH 3, lenon pH 2.2). These fruit juices could be pH adjusted to a
hi gher pH wth a bi carbonate generating conponent added. 25 The pH
woul d then be I owered to prevent degradation and color formation during

past euri zati on and/ or stgiagpngTth Seldichdn sl o VEn t 8 g%sstﬁﬂgm@
carbon di oxi de container; and
allowing carbon dioxide to permeate out through the
container until a desired pH for the medical solution is
5 achieved.
27. The method of Claim 26 wherein the medical
solution is a peritoneal dialysis solution.
28. The method of Claim 26 wherein the carbon
dioxide generating composition is sodium bicarbonate.
10 29. The method of Claim 26 including the step of
sterilizing the medical solution after it has been placed
in the gas permeable container.
30. The method 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
pPlacing the gas permeable container in an overpouch.
34. The method of Claim 26 including the step of
placing a carbon dioxide absorber between the container
and the overpouch.
25 35. The method of Claim 26 wherein the carbon
dioxide generation is carbon dioxide gas.
36. The method of Claim 34 wherein the carbon
dioxide absorber is chosen from the group consisting of
NaOH and KOH. '
30 37. The method of Claim 26 wherein the gas
permeable container is sterilizead before it is placed in
the overpouch.
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per neabl e container. This could be a HDP | ass cont ai ner
with a- HDPE cap.—The pH of this acidic_ IﬂﬂmHmﬂmHmI "T"F
PCT/ US96/ 03767 - 21 - fruit juice would thencise sves t4ne as carbon

di oxi de perneated from the—saluijon ocut . of the container. It should be

under st ood t hat vari ous JH&hQHEEqung%N cations to the presently

preferred b ipgNt S 5 ein will be appa ose
skilled in the gg?. Suc chaHHCQ aﬂd dijfi'cati ons can be&ﬁgéggﬁr%ﬁout
departing fromthe spirit and scope of the present invention and w thout
dimnishing its attendant advantages. It is therefore intended that such
changes 10 and nodi fications be covered28y=t he appended cl ai ns. -22-
| CLAIM 1. A nmethod for creating a nedical solution conprising the
steps of: creating a nedical solution that has a pHthat is less than a
desired final pH, adding a base to the nedical solution to increase the pH.
of the nmedical solution to at |least the desired final pH adding carbon )

fobe Touered: and houstiy & rBekRPandeR,) Srearind 8 g oputclal ",
cont ai ner. comprising the steps of:
prepafing a dialysis solution including an osmotic
agent, electrolytes, and sodium bicarbonate, the solution
5 having a pH of not greater than 6;
placing the dialysis solution in a gas permeable
container; and :
alloving 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 6.0.

- 39. The method of Claim 38 including the step of
sterilizing the dialysis solution after it is placed in
the gas permeable container.

"40. The method of Claim 38 wherein the osmotic

15 agent is dextrose.

' 41. The method of Claim 38 including the steps of
adding a carbon dioxide generating compound to the
dialysis solution.

42. The method of Claim 38 wherein a carbon dioxide

20 generating product is added to the dialysis solution to
increase tl.e 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. The method of Claim 38 wherein a carbon dioxide

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

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

30 . preparing a dialysis solution including dextrose,
electrolytes, and sodium bicarbonate, the solution having
a pH of less than or equal to 6;
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2. The nethod of Caim1 including the step of sterilizing
conrarTer —3- - ~TWeWeTNOG-of CRATITL whereTt he e vat- soliiﬂﬂlHll[H BN

peritoneal dialysis solution. 4. The nethod of‘C|a|n11 i ncl

Step of allow ng sufficient carbgh—e gpeess AET feat e out of the contalner
so that the pH of the solution i TG SHE 5 BEFONi rat el y the desired

| evel . 5. WoOnsehod for creatihg a rf?tEBL&%ﬁD sol.utli on conpPCI/USYEN3NET St eps
of : creating a nmedical solution that has a pH of less than 7; adding to the
medi cal solution a carbon di oxi de generating conposition that increases the
pH of the solution; adding to the nedical _s tion a conposition that
reduces the pH of the solution; and placing a resultant nedical solution in
a gas perneabl e container. 6. The nethod of Claimb5 wherein the carbon
di oxi de generating conposition is selected fromthe group consisting of

sodj um bi car bonat e, sodi um carbonate, diethyl malonic acid, diethyl

carbonate and carbon di oxi de gas. 7. The nmethod of Caim5 wherein the
conposi tion for reduci ’191&&&&3"{:1@ afaffdis &luti&belﬂeéheﬂsobeﬁahmé
wherein the resultant, AUG 1997 nedical solution

is stored in the dﬁ?“ﬁEPHFEbIe container for a time sufficient to allow
sufficient carbon dioxi:heniiﬂmdmge&he dmalpiisrnb;utnqnﬂwamdble container to

cause the pH of the medj 'Wie@d cli @t ERABOR afbxide Tése geObufl @i m
5 including the stgg of sterl 1 zIn e resu nt ne I cal utlon
5 of the gas permedble container to cause , the

dialysis solution to increase to at least 7.0.
45. A wmethod for preparing a 1liquid product
comprising the steps of:
preparing a liquid product that includes therein
10 carbon dloxide 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.
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10. The nethod of C aimb5 whe nmedi cal solution has a pH
of less than 6.0. 11. The net ;Lﬂml”mmuﬂﬂm;ﬂml;rel n the pH of—the=fregdi cal
sol ution increases to at least 7.°0. 12" "The et hodF T ARt SHEES |
medi cal solution is a peritoneal di aIyS|s% ol ution. ! e @{@mo
Claimb5 including the step of subjecting™he cont ai nier to S8 } JA.on-
The nmethod of Caimb5 including the step of placing HEG AS v
container in a reduced atnosphere. 15. The nmethod of "Claim5 |ncI udi ng
the step of plBELAMM:he gas perneabl e container in an overpouch. 16.  The
met hod of Claim 15 including the step of placing a carbon di oxi de absorber
bet ween the container and the overpouch. 17. The nmethod of Claim 16
wherein the carbon g oxi demaln6@ ToreéreatingCh afedival EcliRtidd Corfipriiing B siépstdmy of

NaOH and KOH. 18. The met hod of C aim 15 wherein the gas perneabl e
contai ner is steril¢eaing2medical solutgoxpﬂm;h@s 2 pH; that @dessptbmh des_zged fingd pH;

nmet hod for creating Si.S S0l n I Sin ting
a dialysis solution &ﬁ%%kﬁ gP?IB s@‘ﬁé@?ﬁ m%ﬁgge{ﬁﬁgﬁ,&g@ ﬁg%’g'f

bi car bonat e, tMtSleistlthdebs&éd/ﬁhﬁlglpH of not greater than 6; placi ng t he
dial ysis solution in a gas _ perneable cont ainer; and allow ng sufficient

carbon di oxi de to padding carbentdioxide gas tonthe gnedigal sabutiane caisingathecpHt of Seuse
the pH of the di | | it ease to at |east 6.0. 20. The
nmet hod of d ai %e%@ég@tﬁo&fégﬂe?@g}ege&gﬁ%f sterilizing the dialysis solution
after it is plharthg £ résiRar@aolubion iR akiae peatidable edntainer.

2. The method of Claim 1 including the step of sterilizing the container.

3. The method of Claim 1 wherein the medical solution is a peritoneal

-

dialysis solution.

4. The method of Claim 1 including the step of allowing sufficient carbon
dioxide to permeate out of the container so that the pH of the solution is raised to
approximately the desired level.

5. A method for creating a medical solution comprising the steps of:
creating a medical solution that has a pH of less
than 7;

adding to the medical 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 the
solution; and

placing a resultant medical solution in a gas permeable container.

6. The method of Claim 5 wherein the carbon dioxide generating
composition is selected from the group consisting of sodium bicarbonate, sodium
carbonate, diethyl malonic acid, diethyl carbonate, and carbon dioxide gas.

7. The method of Claim 5 wherein the composition
for reducing the pH is an acid.

8. The method of Claim 5 wherein the resultant



21. The met hod of O aim 19 c a :
The method of Caim 19 incl udmﬂﬂllmml&mummﬂuddl g m—§1
generating conpound to the dialysi§ sblutidn. *23. Fai i 19
wherein a carbon di oxi de generating produ. I s -addeq] baet¥e!
solution to increase the pH of the dialysts sol uti ofFto=a=evgl"
| east as great as a desired final pH level of the dialysis solution.

The nmethod of Cd.aim_ 19 wherein a carbon di oxi de generatjng corrpound is
added to t he Bediralsphution is stpred ip thegaseemenble Gantainerdfor a time pubcigntio allewt i s

at | east as
creating a d%f@%s oﬁbﬁ‘ﬂgﬁhéggngéﬂh?%g&?ﬁg ef"%ass;?e %@bdégparl n{é:td(ag(!l1 5 flilsi S
so: ution anlp}dlolﬁglmjme?iwbslﬂutkimtmdeysees and SOdI um bi car bonate, the

ti ' H |
ol uti on | ?}V;”Sa‘;" Ber e o of (i S fshidlns ogEsteh of desiipingathe Seawlent
and al | ow ng 3 I:zhcgoﬁﬁfoncar bon dioxide to perneate out of the gas perneabl e

container to cause t H of the dialysis solution to increase to at | east
7.0. WO 96/ 29108).  The method of Claim 5 wherein the resultant medical S6lutioR®as APHG7 -
25 - placing the medical solution in a gas perneabl e container; and

all owi ng car HRfrless han eoto perneate out through the container until a
desired pH for the [ 5 hjrav t ek
Claim 26 wherein t | ca &h{ﬁ t???%%ﬁflssawg%rréﬂ g{ra?egﬁ 8?§Py:5|;?§dlgl ut i odr%I
28. The net hddcmﬁs@telaﬂe’aﬁtwmrel n the carbon

12. The method of Claim 5 wherein the medical solution is a peritoneal

------

dialysis solution.

13.  The method of Claim 5 including the step of subjecting the container
to sonication.

14.  The method of Claim 5 including the step of placing the gas permeable
container in a reduced atmosphere.

15.  The method of Claim 5 including the step of placing the gas permeable
container in an overpouch.

16.  The method of Claim 15 including the step of placing a carbon dioxide
absorber between the container and the overpouch.

17.  The method of Claim 16 wherein the carbon dioxide absorber is chosen
from the group consisting of NaOH and KOH.

18. The method of Claim 15 wherein the gas permeable container is
sterilized before it is placed in the overpouch.

19. A method for creating a dialysis solution comprising the steps of:
preparing a dialysis solution including an osmotic agent, electrolytes, and sodium
bicarbonate, the solution 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 the dialysis solution to increase to at least 6.0.
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/

menod of G arm 28 tnetuai no | MNAGHETRNA "5 Ty gﬁ{ﬂﬁ

after it has been placed in the gds perheabl € cont afjner.
Claim 26 wherein the pH of the nmedical solyfion inc 30 kUGI

--------------------------

15 31. The nethod of Claim26 in€luding t nn OF SUBIEEE |
t he gas perneabl e container to sonication. 32. The nethod of d ai (T 26d
i ncl udi ng the step aC|ng th as perneabl e container in a reduce
at nosphere. &, ﬂl dﬂlﬁb 9 dnclading the et of teritiginghthe sdielysisf

pl aci ng the g ih ls 34. The nethod of
Claim26 including t é‘teiég % ]ﬁqam%g a car oﬁ&g‘% "de absorber between
t he contai ner and tZie oVEiiepmethiod o?@laxm 19 whereib the ddigotitbigentlisilexfros, m 26

wherein the carbon j oxi enera |s car bon di oxi de gas. 36. The nethod
of O aim34 wherei rﬁt ﬂ!f'r %@Pﬁ@g the; steproafaddingansarben djosidp

consi sting of Qﬁltlﬁ% The method of Caim 26
wherein the gas per % e co%ttgfr?éa?lysllsssil %‘HI i zed before it is placed in

t he over pouch. Thi s%Sheél‘hel—hethBéMGhni 1 edierein a cafbon dioxide generating product
is added to the dialysis solution to increase the pH of the dialysis solution to a level
that is at least as great as a desired final pH level of the dialysis solution.

24. The method of Claim 19 wherein a carbon dioxide generating
compound is added to the dialysis solution after the dialysis solution has a pH that is
at least as great as the desired final pH level.

25. A method for creating a dialysis solution comprising the steps of:
preparing a dialysis solution including dextrose, electrolytes, and sodium bicarbonate,
the solution having a pH of less than or equal to 6;

placing the dialysis solution in a gas permeable container;
sterilizing the dialysis solution; and allowing sufficient carbon dioxide to permeate out
of the gas permeable container to cause the pH of the dialysis solution to increase to
at least 7.0.



- 38.

A nmethod for creating a dialysis solution conprising the steﬂsﬁbfglg*o

preparing a di al'ysSts solution inAcluding an osnotiT agent, el ec y ) d
sodi um bi carbonate, the solution 5 having a pH of not greater than 6;

pl aci
suffi

container to CBG d't he pH OYoRumE

i oy qf%??&%@%b%b

ng the dialysis.solution in a gas perneable container; ol | Mg”f’
cient carbon dioxide to perrreate out t hrough the gas pe o
ELLE , u.":'f,u., GROANIBATIONt | ON t O V@B easWo at

umgAthﬁ steF of Sti'rptl':l'\zrl(%%)the

The

The et hagiMf28 ai m 38 i ncl uding t
generjati ng conpound to the dialysi

wherdin a carbon di oxi de 20 ﬁeneratlﬁ roduct E added to the d| aly @

sol, ut|i@Hntematiopst Application Nymber:i | (f I;lgﬁ’r
| east| @B midnfidhal AfingDald£ S| resbmwxmm el o I om. ™
The rethod of C aim 38 wherein a carbon|di oxi de 25 generati ng corrpound
is- acqig e di al ysis solution after Fﬂ'ﬁﬂ% al ysis solution has a pH t hat
is atf Tea ms:ogreat B at9os¢RM gspd fivgd Wiernationdfrearchrepdpd NOd f OF
creat]ing a di al ysi s sol ution conprising|the Stepte epiraton of the time limit for amending the
claim arnd 10 be republished in the event of the receipt of
(71) Applicant: BAXTER INTERNATIONAL INC. [US/US}; One amendments,
Baxter Parkway, Deerfield, IL 60015 (US).
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Lake Forest, IL 60045 (US). 7
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(54) Title: METHOD OF MANUFACTURING AND STORING SOLUTIONS
(57) Abstract

The present invention provides improved methods for manufacturing solutions including medical solutions. To this end, in an |
embodiment, a method for preparing a medical solution is provided comprising the steps of: placing a solution in a gas permeable
container; and allowing carbon dioxide to permeate through the container until a desired pH is achieved.




30 preparing a dialysis solution including dextrose, electrolytes,
and sodi um bi carbonate. the solution having a pH of |ess than or equal to
6; This Sheet Has Been Repl aced TH' 'S SHEET HAS BEEN WO 96129103

REPLACED PC/ US96767 - 27 - placing the dialysis solution in a
gas perneabl e container; sterilizing the dialysis solution; and all ow ng
sufficient carbon dioxide to perneate out 5 - of the gas perneable

container to cause the pH of the dialysis solution to increase to at | east
7.0. 45. A nmethod for preparing a liquid product conprising the steps of:
preparing a liquid product that includes therein 10 car bon di oxi de gas;
housing the liquid product in a gas perneable container; and allow ng
sufficient carbon dioxide to perneate out of the container to achieve a
desired pH for the liquid 15 pr oduct .
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