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DESCRIPTION

PROCESS FOR PRODUCING COMPOSITE PREPARATION CONTAINING

NUCLEIC ACID

Technical Field

The present invention relates to complex preparations
which contain a complex of cationic carriers and nucleilc acid
polymers. The complex 1is sometimes callea lipoplex.

As used herein, the term “cationic carrier” refers to drug

carriers having positive charges in water and effective for

transferring drugs, especially transferring anionic drugs
into cells. Cationic carriers have Dbeen recently studied

extensively as drug carriers for transfer of genes and RNA such

as poly I:C into cells.

“Nucleic acid polymers” refer to naturally occurring or

synthesized or semi-synthesized polynucleotides (DNA, RNA),
and naturally occurring or synthesized or semi-synthesized

oligonucleotides.

Background Art

The nucleilc-acid-containing complex preparations which

contain a complex of a cationic carrier and a polyanionic double

strand nucleic acid polymer having a double helical structure
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can be produced by only mixing the cationic carrier and the

double strand nucleic acid polymer.

However, 1n the nuclelc-acid-contalining complex

preparations produced by this method, theilr particles are
generally coarse with diameters of some micrometers to some

hundred micrometers, and are heterogeneous. The nucleic-

acid-containing complex preparations with these coarse and

heterogeneous particles have disadvantages whereiln

homogeneous data are not sufficiently obtained in studies on

intracellular transfers and signal expressions of nucleic acid

polymers. The most critical problems concerning particle

coarseness are that sterilizationisdifficult onan industrial

scale and that embolizations and the likemay occur ininjection

ﬂ

needles or caplllaries 1n the case o©of 1ntravenous

administrations despits pharmaceuticals being prepared on

assumption that they are safe for administration to humans.
These problems are difficult to be solved not only by methods

in which the complex preparations are produced only by mixing

as described above but also in production methods by applying
a dispersion process using appropriate emulsifying dispersion
devices.

Aggregation of the particles 1s also a problem resulting

from freeze-drying being attempted for the stabilization of
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the complex preparations.

Nucleic acid polymers, 1in the complex preparatlions are

desirably at high concentrations 1in order to decrease the

dosages and reduce the burden to patients and medical workers

at the time of administration as well as 1n order to achileve

productive efficacy of the complex preparations. However, by
conventional processes when the total amount of nucleic acid
polymers is 0.lmg/mL or more, especially 0.5mg/mL or more,
remarkable aggregation occurs under the production process and

huge precipitates or suspended solids, easilily confirmed wilth

the naked evye, are yielded. These are 1incapable of being

dispersed sufficiently by any dispersion process.

Conventionally, double strand RNA having double helical

structures have been commonly employed as genes and RNA such

as poly I:C from the view of their physiological features and
stability for various nucleases. For example, 1t has been known
that sufficient pharmacological efficacy 1s not obtained by

the separate administration of poly I and poly C 1nstead of

poly I:C which has physiological activities such as a strong

induction potency of 1interferon and 1mmunopotentlating

actions (Archives of Virology , 51, 199-215 (1976)). Thus,

double strands having double helical structures have been

believed to be essential for genes and RNA such as poly I:C.
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For nucleic-acid-containing complex preparations
which contain a complex of a <cationic carrier and
nucleic acid polymers, necessity for double helical
structures has not been discussed at all, and double strand
DNA and double strand RNA having the double helical structure
have been commonly employed 1n production procedures of the
complex preparations.

The present applicants have applied for the patent for the
nucleilic-acid-containing complex preparations as
nuclease activating preparations 1n cancer cells
since nuclearacid-contalining complex preparations
consist of cationic carriers and double strand RNA such

as poly I:C activate nucleases 1in cancer cells which are

P

effective for the treatment of cancers, and have already

applied for the patent for the nucleic-acid-containing
complex preparations as therapeutic agents for hepatitis

since they induce effective amounts of interferons

specifically for the 1liver and spleen for a long time

(PCT/JP98/04695, PCT/JP99/01438).

Summary of the Invention

According to one aspect of the present invention there is
provided a production method for homogenous nuclear acid
contalning complex preparations with good quality

characterized in that the preparations are capable of being
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done with so-called sterilizing filtration and do not contain
coarse particles of 7 um or more which are considered to have
a safety problem for human body.

The present inventors were the first to discover that the
above problems can be solved with one effort without having
an effect on their pharmacological activitiles by producing
using nucleic acid polymers with a single strand which has been
separated from a double helical structure or 1nitially formed
without a double strand structure, without using double strand

DNA or double strand RNA usually having double helical

structures, 1n a production process of nucleic-acid-
containing complex preparations which contain a cationic

carrier and nucleic acid polymers, and have thus completed the

present invention.

Therefore, the present invention can include a production

method of the nucleic-acilid-contalnlng complex preparations

characterized in that two single strand nucleic acilid polymers

which can at least partly form double strands are separately

added, in a single strand form, to a cationic carrier or source
materials before forming a cationic carrier, and the two single

strand nucleic acid polymers are processed to be dispersed 1n

the production processes of the said nucleic-acid-contalning

complex preparation which contains a cationic carrier and
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nucleic acid polymers (referred.tc as "nucleic-
acid-containang complex preparations” hereinafter).

In accordance with a further aspect 0f the present
invention there 18 provided a method of producing a
nucleic-acid-containing c¢complex preparation, comprising
the followling gteps: '

1) separately mixing two single-strand nucleic
acid polymers, cépable cf forming a double strand, with
a4 Cationic carrier oOr with sourcé materials foxr the
cationic carrier before the cationic carrier is formed,
and

2) performing an emulsifying dispersion process
on the mixture,

In accordance with an aspect of the present
invention‘there is provided & method of preoducing a
nucleic-acid-containing complex preparation, comprising
the following steps:

1) separately mixing two single-strend
nucleic¢ acid polymers, that férm a double strand, with
a cationic carrier or with source materials for the
cationic ¢arrier before the cationi¢ carrier is formed
thus forming a mixtwre, and

2 ) performing an emulsifying dispersion

pro¢cess on the mixture to provide said preparation.
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Detailed Desgcxripticen of the Invéention

The present lnventicon will be described in detail

below.

"Cationic carriers"” applicable to the present invention can
inciude drug carriers disclosed in PCT W024/19314 such as 2-0-(2-
diethylaminoalhyl) carbamoyil-1,3-o-~diclecyl glycercl (referred to as
"compound A" hereinafter) represented as the following structural
formula {1] and drug carriers formed by phospholipids as
esséntial component and drug carriers such as polylysine, in
addition to commercially available.

lipofectin (brand name), lipofectamine (brand name),

lipofectace (braund name), and DMRIE-C (brand name).

%Hz ~0-C0-(CH, )}, CH=CH(CH.) - CHs~ci's
. CHaCH
G —~0-CO-NACH: CHaN < gy oy L)

CHE‘"D*CU“(CHz)7CH=CH(CH2)TCH3“CiS

"Two single strand nucleic acid polymers" applicable to
the present invention can include, but are not 'especially
limited to them if they are two single strand nucleic acid
polymers whiclhhi c¢an at least partly form double strands, fer
example, two s8ingle strand DNA and RNA which construct natura'l
genes or artificially mcdified genes (e.g. plasmid), and two single
strand RNA such as pely I and poly C,; poly I*and poly C.;U, pely I

with partially chemical medication (e.g. poly

éa
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(7-deazainosinic acid)) and poly C, poly I and poly C with

partially chemical modification (e.¢. poly(bromocytidylic

acid), poly(thiocytidylic acid)). The present invention can

be applied to two single strand RNA such as poly I and poly

C which construct poly I:C with physiological activities such

as a strong induction potency of interferons. Herein used “"poly

I”, “poly C”, Ypoly A", “poly U”, and “poly C,.U” mean

polvinosinic acid, polvcytidylic acid, polyadenylic acid,

polyvuridylic acid, and copolymer of cytidylicacidanduridylic

acid where one uridylic acid 1s substituted for about every

12 cytidylic acids, respectilvely.

“Can at least partly form double strands” refers to those

that complementary bases at a degree where they can form double

strands in physiological conditions exist 1n two single strand

nucleic acid polymers, and the degree varies depending on kinds

of the two single strand nuclelc acid polymers and the length

of each nucleic acid polymer, and a concrete generality 1s that

the numbers of complementary bases are 20 or more.

The numbers of bases which each single strand nucleic acid

polymer has are, but are not especially limited thereto,

suitably 10,000 or less, and preferably 2,000 or less. The

numbers of the bases can be appropriately selected depending

on the natures which each nucleic acid polymer has. Besides,
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the two single strand nucleic acid polymers are not necessarily
composed of the same number of bases. Each nucleic acid polymer
usually exists with a deflinite distribution composed of a
various numbers of bases, but each number of bases means the

number of bases for a distributed maximum and hereln refers

to an V' average pase number”.

Further, for example, the average base number of poly I

and poly C in the present invention can be determined based

on a balance between efiflcacy and safety. Specifically, it 1s

suitable 1in the range of 30 to 3,000 bases, preferably in the

range of 60 to 2,000 bases, and more preferably 1n the range

of 100 to 500 bases.

Phospholipids in drug carriers (cationic carriers) formed
by the above compound A and phospholiplids as essential
components are not limited 1f they are pharmaceutically
acceptable. For example, they include phosphatidyl choline,
phosphatidyl ethanolamine, phosphatidyl 1nositol,
phosphatidyl serine, sphingomyelln, and lecithin. Also

hydrogenated phospholiplds can be 1ncluded. Preferred

phospholipids can include egg volk phosphatidyl choline, egg

volk lecithin, soy lecithin, and egqg yolk phosphatide. Two oOr

more kinds o©of phospholipids can be used. Yet, among these

cationic carriers, phosphatidyl <choline or lecithin 1s
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superior than phosphatidyl ethanolamlne generally used in

cationic carriers.

The component ratio of phospholipids to the compound A is
varied depending on kincs of the phospholipids and kinds of
the applied two single strand nucleic acid polymers, however,

the phospholipids are appropriately comprised 1in the range of

0.1 to 10 weight parts, preferably 1in the range of 0.5 to 5

weight parts, and more preferably 1n the range of 1 to 2 weight

parts per 1 weight parts of the compound A. This ratio ls similar

when the phospholilpid 1s replaced by lecithin.
The component ratio of nucleic acid polymers to a cationic
carrier varies depending on the kind of source of the cationic

carrier and kind of nucleic acid polymer used, however, the

total amount of nucleic acid polymers 1S appropriately 1n the

range of 0.05 to 10 weight parts, preferably in the range of

0.1 to 4 weight parts, and more preferably in the range of 0.5

to 2 weight parts per 10 welght parts of the cationic carrier.

Similarly, when the complex 1s formed by poly I and poly C with
the cationic carrier made of the compound A and phospholipids

as essential components, provided that the two single strand

nucleic acid polymers are poly I and poly C, the total amount

of poly I and poly C 1s appropriately in the range of 0.05 to

10 weight parts, preferably 1in the range of 0.1 to 4 weight
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parts, and more preferably 1n the range 0of 0.5 to 2 welght parts

-

per 10 welght parts of the cationic carrier.

The nucleilic-acid-contalining complex preparations of the

present invention (referred to as TVpresent i1nvention

preparations” hereinafter) can be produced, for example, by

a dispersion process by conventional methods using appropriate

emulsifying dispersion machines, after adding the two single

strand nucleic acid polvmers sequentilally or simultaneously
to an aqueous solution in which a commercially available

catlionic carrier 1s dispersed, or to an agueous solution 1in

which a cationic carrler produced by a dispersion process with
a conventional method of an agueous solution processed using
an approprilate emulsifying dispersion machine in which source

materials before makinc a cationlic carrier are dispersed, oOr

to an agqueous scolution 1nwhich source materlals before forming

a cationic carrier are dispersed. The present 1nvention

L

preparatlons can be also produced by processes whereln the two

single strand nucleic acld polymers are added to a solid

catlonlic carrier or its source materials and water 1s added
and then themixture 1s dispersed by an appropriliate emulsifying
dispersion machine. The sequences to be added, volumes to be
added, concentrations to be added, and concentrations of

cationic carriers and their source materials in solutions are

10
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optionally selected and are not especlally limlted in the

present invention.

More specifically, when used the cationic carrier made of

the compound A and phospholipids as essential components, the
present invention preparation can be produced by the

emulsifying dispersion process of the mixture formed Dby

gradually dripping the aqueous solutions of poly I and poly

C separately into the aqueous solution in which the cationic

carrier is dispersed. Also the present invention preparation

can be produced by the process wherein the compound A,

phospholipid, poly I and poly C are welghted and taken 1nto

a beaker, and are roughly dispersed with a homogenizer after

the addition of water, and then dispersed with a pressurilzed

emulsifying dispersion machine.
Two single strand nuclelc acid polymers obtainec Dby
separating a double strand nuclelc acidpolymer by conventional

manipulations may be used. Specifically, themanipulations can

include non-enzymatic treatments such as heating at 60°C or

more, Or enzymatic treatments.

The above-described commercially available cationic

carriers can be used without processing or with appropriate

processing.

The above agqueous solutions can include injectable water,

11
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injectable distilled water, and electrolyte solutions such as

saline, and glucose solution.

The above emulsifying dispersion machines can include, for

example, a homomixer, homogenizer, ultrasonic dispersing

machine, ultrasonic homogenizer, nigh-pressurized

emulsifying dispersion machine, Microrluidizer (brand name),

Nancomizer (brand name), Ultimizer (brand name), DeBEE2Z2000

(brand name), and Manton-Gaulin type high-pressurized

homogenizer, however those appropriately employed for medical
uses are sufficient. Processing conditions and time periods,

and processing temperatures are selected appropriately.

The present invention preparations may contaln

pharmaceutically acceptable additives, for example,

emulsifying dispersion auxiliary, stabilizer, 1sotonic agent,

lyoprotectant, and pH adjuster at appropriate amounts.

Specifically, those can include fatty acids having from o to

22 of carbon atoms ( e.g. caprylic acid, capric acid, lauric

acid, myristic acid, palmitic acid, stearic acid, oleic &acid,

linoleic acid, arachidonic acid, and docosahexaenolc acid),

pharmaceutically acceptable salts thereof (e.g. sodium salts,

potassium salts, and calcium salts), emulsifying dispersion

auxiliaries such as albumin and dextran, stabllizers such as

cholesterol and phosphatidic acid, isotonic agents such as

12
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sodium chloride, glucose, maltose, lactose and sucrose,

lyoprotectants, and pH adjusters such as hydrochloric acid,

sulfuric acid, phosphoric acid, acetic acid, sodium hydroxide,

potassium hydroxide, and triethanolamine.

The above-mentioned pharmaceutically acceptable optional

additives may be added in appropriate processes before or after

dispersion.

After dispersion, the preparations can be optionally

filtrated through a sterilizing filtration membrane of 0.2 pm,

and then packed into ampoules and vials. Particle diameters

of almost all of the present invention preparations are 200

nm or less. Therefore, approximately 100% of the present

invention preparations can pass through the 0.2 pm sterilizing

filtration membrane.

By the above-mentioned production methods according to the

present invention, the nucleic-acid-containing complex

preparations which contain homogenous and fine complex

particles can be obtained, and further, the nucleic-acid-

containing complex preparations which contain nucleic acid
polymers in the solution at 0.1 mg/mL or more can be obtained.

Therefore, the nucleic—acid-containing complex

preparations obtained by the above-mentioned production

methods and the nucleic-acid-containing complex preparations

13
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obtained by the above productionmethods and comprising nucleic

acid polymers in concentrations 1n the solutlon in a range ot

0.1 to 10 mg/mL, in a range of 0.5 to 10 mg/mL, 1n a range of

1 to 10 mg/mL or in a range of 2 to 10 mg/mL can also be included
in the present invention. Yet, the present invention does not
exclude nucleic acid polymers with concentrations in solutlons

at 10 mg/mL or more.

Additionally, 1f the present invention preparations,

produced by dispersion as described above, are freeze-dried,

these can be freeze-dried preparations of the present 1nvention.

Therefore, the freeze-dried preparations can be also included

in one of the present invention preparations. Freeze-drylng

can be carried out by conventional methods.

p—

The freeze-dried preparations of the present invention

et

are, for example, freeze-dried by preliminarily freezing 1in

conditions at about -40 to -20°C for 2 hours after dispensing
into vials , followed by primary drying from about 0 to 10°C

under reduced pressure, and then secondary drying from about

15 to 25°C under reduced pressure. And generally, the 1nside

of the vials are filled with nitrogen gas, and the vials are

plugged to obtain the freeze-dried preparations of the present

invention. When appliec freeze-drving, the use of

lyoprotectants which form freeze-dried cakes is preferred.

14
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Especially, saccharides are suitable and disaccharides, 1n

particular, maltose is the most preferable among others.

The freeze-dried preparations of the 1i1nvention can Dbe

generally reconstituted by the addition of an optional

appropriate solution (reconstitutling solutions) and used.

These reconstituting solutions can include 1njectable water,
glucose solution, electrolyte solutions such as saline, and
the other infusion solutions. Fluid volumes o©f these

reconstituting solutions vary depending on use and are not

especially limited, but 0.5 to 2 folds of the fluid volume

before drying or 500 mL or less are appropriate.

The present invention preparations can be provided 1n the

forms of liquid formulations such as injectable and drip drugs

or in the form of freeze-dried preparations.

The present inventicn preparations can be administered to
animals including humans by various routes of administration

such as intravenously, 1intra-arterially, subcutaneously,

intra-muscularly, by inhalation, nasal, ophthalmically,

orally, and rectally. The dosing forms and dosages can be

appropriately selected according to desire. Besides, the

preparations can be also used as various reagents andmedicines

for the cultured cells of animals, plants, mycetes, and

bacteria.

15



CA 02333162 2000-11-24

Best Mode for Carrying Out the Invention
Hereinafter, the present invention will be described in

more detail by representing the examples, comparative examples

and study examples.

The single strand RNA of poly I and poly C each with an

average base number of approximately 200 were used as sources

in Example 1 to 5. Besildes, filtrated sterilization coulc be

carried out successfully without clogging the filters during
filtered sterilization with a 0.2 ummembrane fi1lter after the

dispersion process in each Example, and the yields of filtrates

were in the range of ¢8 to 102% for all nucleic acid polymers,

indicating potential sterilization at approximately 100%.

Example 1

yr—

Forty grams of maltose dissolved 1n 100 mL of 1njectable

water was added to 2 g of the compound A and 2 g of purified

egg volk lecithin, mixed by agitation, and dispersed for S

minutes by means of a homogenizer to obtain a crude dispersion

solution of a cationic carrier. The crude dispersion solution

was further dispersed for an hour using a small emulsifying

dispersion machine for experiments, and compensated with

injectable water to up to 250 mL to obtain the dispersion

16
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solution of the cationic carrier. Seventy five mL of agueous

solution containing 250 mg of poly I was added to 250mL of this
dispersion solution with agitation, then /5 mL oI agqueous

solution containing 250 mg of poly C was added with agiltation,

nd the mixture was further dispersed for an hour using a small

emulsifying dispersion machine for experiments, followed by

sterilization by filtration with a 0.2 um membrane filter to

obtalin the present invention preparation. The average particle

diameter of complex particles 1n this present 1invention

preparation was 138 nm by measurement using a particle diameter

measuring apparatus (DLS-700, manufactured by Otsuka

Flectronics Inc. hereinafter, the same 1s applied) employing

a dynamic light scattering method. Besides, no particle with

Mg

a diameter of 1 um or more was 1lncluded.

Thereafter, 1 mL of this present invention preparatlon was

dispensed into each wvial and processed 1nto a freeze-dried
preparation according to conventional methods. The obtailned

freeze-dried preparation was reconstituted by the addition of

0.9 mL of injectable water. The average particle diameter of
complex particles in the reconstituted present 1invention

preparation was 140 nm by measurement using the particle

diameter measuring apparatus (DLS-700, manufactured by Otsuka

Electronics Inc. hereinafter, the same 1s applled) employing

17
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a dynamic light scattering method. Besides, no particle with

3 diameter of 1 um or more was included.

Example Z

Four kg of sucrose dissolved in 10 L of 1njectable water

was added to 50 g of the compound A and 30 g oI egg yolk

phosphatide, and the mixture was dispersed for 10 minutes by

means of a Manton-Gaulin high-pressured homogenlizer followed

by compensating with injectable water to up to 25 L tO obtain

a dispersion solution of the cationic carrier. Six L of aqueous

solution containing 50 g of poly C was added to 20 L of thils

dispersion solution with agitation, and then 6 L oI agueous

P

solution containing 50 g of poly I was added with agiltation.

The pH of this dispersion solution was adjusted to 5.5 using

hydrochloric acid, and the dispersion solution was further

dispersed for 30 minutes by means of a Manton-Gaulin high-

pressured homogenizer followed by sterilization by filtration

with a 0.2 um membrane filter to obtain the present invention

preparation. The average particle diameter of complex

particles in the present invention preparation was measured

to be 150 nm. Besides, no particle with a diameter of 1 um or

more was included.

Thereafter, 20 mL of this present invention preparation

18
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was dispensed into each vial and processed 1into a freeze-dried
preparation according to conventional methods. The obtained
freeze-dried preparation was reconstituted by the addition of

a commercially available 5% glucose infusion solution (500 mL) .

The average particle diameter of complex particles 1in the

reconstituted present invention preparation was measured to

be 151 nm by means of the particle diameter measuring apparatus

employing a dynamic light scattering method. Besildes, no

particle with a diameter of 1 um or more was 1included.

Example 3

P

Two grams of the compound A, 2g of soy lecithin, 25 mg of

poly I and 25 mg of po.y C were taken 1nto a beaker, 20 g of

glucose dissolved in 100 mL of injectable water was added to

the beaker, then the contents 1n the beaker were mixed by

agitation, anddispersed for Sminutes by means of a homogenilzer.

The crude dispersion solution was dispersed for an hour using

a small high-pressurized emulsifying dispersion machine (800
kg/cm?) for experiments, and compensated with injectable water

to up to 400 mL followed by sterilization by filtration with

a 0.2 um membrane filter to obtalin the present 1nvention

preparation. The average particle diameter of complex

particles in this present 1nvention preparation was 121 nm by
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measurement using & particle diameter measurling apparatus

employing a dynamic light scattering method. Besides, no

particle with a diameter of 1 um or more was 1included.

Example 4

Forty grams of maltose dissolved in 100 mL of injectable

water was added to 1.2 ¢ of the compound A and 2.0 g of purified

egg yolk lecithin, mixed by agitation, and dispersed for 30

minutes by means of a small high-pressurized emulsifying
dispersion machine for experiments, and then compensated with

injectable water toup to 250 mL to obtaln a dispersion solution

of the cationic carrier. Seventy five ml of agqueous solution

p—

containing 100 mg of poly I and 75 ml of agueous solution

containing 100 mg of poly C were simultaneously gradually

dripped into 250 mL of this dilspersion with agitation, and

further dispersed for 2 hours using a small pressurized

emulsifying dispersion machine for experiments (1,100 kg/cm®)
followed by sterilization by filtrationwilith a 0.2 um membrane
filter toobtain the present 1nvention preparation. The average

particle diameter of complex particles 1n this present

invention preparation was 124 nm by measurement using a
particle diameter measuring apparatus employing a dynamilc

light scattering method. Besides, no particle with a diameter
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of 1 um or more was included.

Beside, when the distribution of particle diameter sizes

of this present invention preparation was measured by a

particle diameter measuring apparatus (LA-510, Horiba Ltd.,

hereafter the same is applied) employling a laser diffractive

scattering method, the results as shown i1n Fig.1l was obtailned.

According to this result, apeak of thedistribution of particle

diameter sizes was 139 nm, and no coarse particle was detected.

Example 5

Forty grams of maltose dissolved in 100 mL of injectable
water was added to 4.8 g of the compound A and 8.0 g of purified

egg volk lecithin, mixed by agitation, dispersed for 30 minutes

by means of a small hich-pressurized emulsifylng dispersion

machine for experiments, and then compensated with injectable

water to up to 250 mL to obtain a dispersion solution of the

cationic carrier. Seventy five ml o0f aqueocus solution

containing 400 mg of poly I and 75 ml of aqueous solution

containing 400 mg of poly C were simultaneously gradually

dripped into 250 mL of this dispersion solution with agitation,

and further dispersed for 2 hours using a small high-

pressurized emulsifying dispersion machine for experiments

(1,100 kg/cmz) followed by sterilization by filtration with
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a 0.2 um membrane filter to obtain the present invention
preparation. The average particle diameter of complex
particles in this present invention preparation was 138 nm by

measurement using a particle dlameter measurlng apparatus

employing a dynamic light scattering method. Besildes, no

particle with a diameter of 1 um or more was included.

Example ©

One mL of agqueous solution containing 100 pg of
commercially available DNA plasmid vector (pMClneo) was heatea
in a water bath at 70°C while its agitation for 3 hours. Two

mL of dispersion solution containing 2 mg of commerclally

available lipofectin (brand name) similarly heated at 70°C was

added to this with agitation, and the mixture was dispersed

for 10 minutes at 70°C using a probe type ultrasonic dispersion

machine followed by sterilization by filtration with a 0.2 pum

membrane filter to obtain the present invention preparation.

The average particle diameter of complex particles in this

present invention preparation was 145 nm by measurement using

a particle diameter measuring apparatus employing a dynamic

light scattering method. Besides, no particle with a diameter

of 1 um or more was 1included.
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Example 7

The single strand RNA of poly I and poly C both of which
average base numbers are about 1,500 were used as the sources.
Forty grams of maltose dissolved in 100 mL of injectable
water was added to 1.2 g of the compound A and 2.0 g of purified

egg yolk lecithin, mixed by agitation, dispersed for 30 minutes

by means of a small high-pressurized emulsifying dispersion

machine for experiments, and then compensated with injectable

water to up to 250 mL tc obtain a dispersion solution of the

cationic carrier. Seventy five ml of aqueous solution

containing 100 mg of poly I and 75 ml of aqueous solution

containing 100 mg of pcly C were simultaneously dripped 1nto

250 mL of this dispersion solution by agitation, and further

dispersed for 2 hours wusing a small high-pressurized

emulsifying dispersion machine for experiments (1,100 kg/cm®)

followed by sterilization by filtrationwith a 0.2 ym membrane

filter toobtain the present invention preparation. The average

particle diameter of complex particles 1n this present

invention preparation was 134 nm by measurement using &

[ o

particle diameter measuring apparatus employlng a dynamic
light scattering method. Besides, no particle with a dlameter

of 1 um or more was included.
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Example &

The present invention preparatlion with the average

particle diameter of 130 nm was obtalned by the simllar

processes as those of Example 7 with a dispersion pressure at

800 kg/cm® using 200 mg of poly I with the average base number

of about 350 and 200 mg of poly C with the average base number

of about 350.

Example 9

The present 1invention preparation with the average

particle diameter of 150 nm was obtained by the simllar

processes as those of Example 7 with a dispersion pressure at

800 kg/cm? using 200 mg of poly I with the average base number

of about 1,450 and 200 mg of poly C with the average base number

of about 1,450.

Example 10

The present invention preparation with the average

particle diameter of 135 nm was obtained by the similar

processes as those of Example 7 with a dispersion pressure at

800 kg/cm® using 400 mg of poly I with the average base number

of about 80 and 400 mg of poly C with the average base number

of about 80.
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Comparative example 1 (production by a conventional method

corresponding to Example 4)

Forty grams of maltose dissolved in 100 mL of injectable

water was added to 1.2 g of the compound A and 2.0 g of purifiled

egg yvolk lecithin, mixed by agitation, and dispersed for 30

minutes by means of a small high-pressurized emulsifying
dispersion machine for experiments, and then compensated with

injectable water toup to 250 mL to obtain a dispersion solution

of the cationic carrier. 150 mL of agueous solution contalning

200 mg of double strand poly I:C having approximately 200 base

pairs was gradually dripped into 250 mL of this dispersion

solution by agitation, and the mixture was further dispersed

for 2 hours using a small high-pressurized emulsifying

dispersion machine for experiments (1,100 kg/cmz) to obtain

a comparative preparation. The average particle diameter oI

complex particles in this comparative preparation was 182 nm

by measurement using a particle diameter measuring apparatus

employing a dynamic light scattering method.

Beside, when a distribution of the particle diameter sizes

of this comparative preparation was measured by means of a

particle diameter measuring apparatus employling a laser

diffractive scatteringmethod in the same way as that i1n Example
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4, the results as shown in Fig.2 were obtained. According to

this result, a peak in the distribution of particle diameter

sizes was 243 nm, however 20% were detected as coarse particles

with 3-20 upum in diameters having a peak of 8000 nm 1n the

distribution, indicating a bimodal distribution of the

particles.

Additionally, when an attempt was made to filter this

comparative preparation through a 0.2 uymmembrane filter, only

50 mL of the preparaticrn passed through the fillter resulting

in clogging of the filter and the sterilization by filtration

was failed.

Comparative example 2 (prcduction by a conventional method

corresponding to Example O]

Forty grams of maltose dissolved in 100 mL of 1njectable

water was added to 4.8 ¢ of the compound A and 8.0 g of purified
egg yolk lecithin, mixed by agitation, dispersed for 30 minutes

by means of a small high-pressurized emulsifying dispersion

machine for experiments, and then compensated with injectable

water to up to 250 mL to obtain a dispersion solution of the

cationic carrier. One hundred and fifty mL of aqueous solution

containing 800 mg of double strand pecly I:C having

approximately 200 base pairs was gradually dripped into 250
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mlL of this dispersion solution by agitation, and further

dispersed for 2 hours wusing a small high-pressurized

emulsifying dispersion machine for experiments (1,100 kg/cm?®)
to collect a comparative preparation. This comparative

preparation was a white precipitable suspension solution, and

precipitated with aggregation within 5 minutes after
collection. It was similar to a suspension solution of sake
lees. The particle diameters could not be measured because

p——

their sizes were above the measuring ranges of a particle

diameter measuring apparatus employing a dynamic light

scattering method. Their filtrating sterilization through a

0.2 um membrane filter was 1mpossible.

Test exampie 1

Biological activity of the present invention preparation

obtained from Example 4 and that of the comparative preparation

from Comparative example 1 were evaluated by thelr suppressive

P

effects on proliferaticr of uterine cervix cancer cells (Hela

S3) .

In the experiment, HelaS3 cells were seeded 1n Y6b-well

plates at concentration of 10° cells/well, confirmed to be

adhered to the wells after culture for 5 hours or more followed

by the adding of each preparation to the culture, then culturing
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was continued, and the number of wviable cells was counted by

MTT method 3 days after the addition of the preparations.

Inhibition ratios were obtalned from the following formula,

and the values of IC.,were calculated. The result i1s shown 1in

Table 1.

IC., = [1- (value of absorbance 1i1n the preparation
treated-cell group / value of absorbance in the saline

treated-cell group) x 100 %

ngle 1

IC., value (ng/mL)

Present invention 8.0 ¥ 2.5

pr—
=

preparation of Example 4

-+

Comparative preparation of 8.7 1.2

Comparatlive example 1

The IC., value was represented as the concentration of total

nucleic acid polymers by combining poly I and poly C.
As shown 1in Table 1, there was no difference 1n the
biological activity between the present inventlon preparation

according to Example 4 and that of the comparative preparation

according to the Comparative example 1.

28

el A AR 8 B A e il S0l Al b aam ana A s o o smaes AL AS cABR A s s mmAAA st amme Wabsse v mtle. vyoenb. o bhdbhamaals w1 AE ot amad 2 B wd% s ' 40l s s A o s . e Aactoaafl By 26%.a Aeudtalaad wa ad oo L A LT Rcie A amttan - R = - e ‘B - 2k 2 = A AR .o SNl s Bdrce s caliod v o mamare a2 o 220 AERES . Bl b e ol e O — AP A AN L L L. Sk AR Raaa ™




CA 02333162 2000-11-24

Effects of the Invention

The present invention has, for example, the following

effects.

(1) Homogenous nucleic-acid-containing complex

preparations of ahigh quality without coarse complex particles

can be produced.

(2) Homogenous nucleic-acid-contalning complex

preparations of a high quality which do not substantially

comprise coarse complex particles can be produced. This effect

1S more remarkable at nhigher concentrations of nucleic acid

polymers.

(3) When freeze-dried preparations of nucleilic-acid-

containing complex preparations produced according to the

present invention are reconstituted, nucleic-acid-containing

complex preparations equivalent to those before freeze~-drying

can be reconstructed.

(4) Nucleilc-acid-contalning complex preparations which

can pass througha 0.2 umsterilizing filter with approximately

|

100% efficacy can be provided.

Brief Description of the Drawings

Fig. 1 shows the distribution of the particle diameters

of complex particles 1n the present 1nvention preparation
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according to Example 4. The horizontal axis, left vertical axis

and right wvertical axls denote particle dlameters (um),

o\°

frequencies (%) and integrated frequencies (%), respectively.

Fig. 2 shows the distribution of the particle diameters

of complex particles in The comparative preparation according

to Comparative example 1. The horizontal axis, left vertical

axis and right vertical axilis denote particle diameters (um),

o0

), respectively.

o\C

) and 1ntegrated frequencies (

frequencies (
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What 1s claimed 1is:
1. A method of producing a nucleic—-acid-containing
complex preparation, comprising the following steps:

1) separately mixing two single-strand

nuclelc acid polymers, that form a double strand, with a
cationic carrier or with source materials for the

cationic carrier before the cationic carrier is formed

thus forming a mixture, and
2) performing an emulsifying dilispersion

process on the mixture to provide said preparation.

2. The method of producing the nucleic-acid-
containing complex preparation according to Claim 1,
wherein the average base numbers of the two single-strand

nucleic acid polymers are in the range of 100 to 2,000

respectively.

3. The method of producing the nucleic-acid-
containing complex preparation according to Claims 1 or

2, Wherein the two single-strand nucleic acid polymers

are poly I and poly C.

4. The method of producing the nucleic-acid-

containing complex preparation according to any one of

Claims 1 to 3, wherein the cationic carrier includes 2-o-
(2-diethylaminoethyl)carbamoyl-1, 3-o-dioleoyl glycerol
and a phospholipid.

5. The method of producing the nucleic-acid-
containing complex preparation according to claim 4

wherein the phospholipid is lecithin.
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