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(57) Abstract: The present invention
provides a liquid composition, as an ejection
liquid used for stably ejecting liquid droplets,
including at least one kind of a protein and
a peptide, and a compound having a betaine
skeleton by application of thermal energy to
the liquid; a method of making droplets form
the liquid; and an ejection method and an
ejection device suitable for utilizing protein
liquid droplets. By adding a compound having
a betaine skeleton to an aqueous solution of
at least one kind of a protein and a peptide,
the liquid composition is improved in stability
for ejection by application of thermal energy.
Further, a surfactant may be further added
to the liquid composition containing the
compound having a betaine skeleton, and in
this case the effect of stable ejection can be
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DESCRIPTION - .

EJECTION LIQUID, EJECTION METHOD, METHOD OF MAKING

DROPLETS FROM LIQUID, CARTRIDGE AND EJECTION DEVICE

TECHNICAL FIELD

The present invention relates to a liquid
composition cbntaining at least one kind of a
protein and a peptide suitable for making droplets
form the liquid composition, to a method‘of making
droplets form the liquid composition, and to an
ejection device using the method of making dropiets

form the liquid composition.

BACKGROUND ART

In these years, many attempts of using a
protein solution as dfoplets have been made.>
Examples of such attempts include a transmucosal
administration as a drug delivery method, and
applications to a'biochip or .a biosensor because
they need only a trace amount of protein. In
addition, a method of using protein liquid
microdroplets has also attracted attention in the
field of screening a bioactive substance (Japanese
Patent Application Laid-Open No. 2002-355025; Allain
LR, et al., "Fresenius J. Anal. Chem." 2001, Vol.

371, p. 146~150; and Howard EI, Cachau RE
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"Biotechniques" 2002, Vol. 33, p.1302-1306).

Recently, protein, particularly, enzyme or
useful protein having bioactivity is going to be
able to be méssfproduced'through a gene-
recombination technique so that liquid droplets
formation of protein éan become a useful means for
the search and application of protein as new
medicine, and the applicable field. Above all, the
means of administering various drugs to a patient
with the use of the liquid fine droplet hQvaecome
more important, particularly in the respect of
administering protein, peptide and other ‘biological
substances through a lung. Lungs have alveoli with a
surface area as large as 50 to 140 m?, have
epithelium which is an absorption barrier as
extremely thin as 0.1 um, in addition, have
enzymatic activity lower than that of the alimentary
canal, and accordingly have received attention as a
substituting administration route for the injéction
of a high-molecule-peptide-based drug represented'by
insulin.

In general, it is known that the intrapulmonary
deposition of a liquid fine droplet of a drug
largely depends on an aerodynamic particle size
thereof, and above all, in order to deliver the
droplet to the alveoli, deep parts of the lung, it

is indispensable to develop an administration form
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capable of administering droplets having particle
sizes of 1 to 5 um and the narrow distribution of
the particle sizes with high réproducibility and
stable formulation.

5 There have been conventionally some methods of
administering a formulation to the interior of the
body particularly to a perimeter of a respiratory
organ, so that these methods will be now explained
with examples. There is a metered-dose-inhaler (MDI)

10 5f aerosolizing the formulation in a suspensoid
aerosol form enables Quantitative atomisation, by
employing a liquefied incombustible or flame- S
resistant gas as a pressure carrier, and controlling-
a unit volume of the liquefied gas to be ejected at

15 a single time. However, the inhaler has a problem
that the size of a droplet in the above—déscribed
range is not sufficiently controlled, and besides,
the pressure carrier may not be good for health.
There is also a spraying method used for atomising a

20 1liquid formulation, which employs water and ethanol
as a medium, and converts the liquid formulation to
microdroplets by ejecting it together with a gas
under pressure for transportation through a
capillary. Accordingly, it is theoretically possible

25 for the atomising method to control a atomised’
amount by specifying a fluid volume of the liquid

formulation® supplied into such a capillary flow- path,
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but is difficult to control the diameter of the
droplet. |
Particularly,. a spray type of atomisation uses
a gas under pressure which has been used in a
5 process for making microdroplets from liquid,
subsequently as a.gas for transporting the atomised
microdroplets in a flow. For this reason, it is
structurally difficult to vary a quantity (density)
of the microdroplets floating in airflow for
10 t;ansportation according to a purpose. |
As a method of producing the above-described
droplets with'é narrow particle size distribution,
~there is a report on the use of a droplet-generating
. device which forms extremely microdroplets based on
15 a sorf of principle used in an ink jet printing (for
instance, U.S. Patent No. 5,894,841 and Japanese
Patent Application Laid-Open No. 2002-248171). Here,
such iﬁk jet system will be described. The system
consists of the procedure of introducing a liquid to
20 be ejected into a small chamber, applying pushing
force to the liquid, and ejecting the droplets
through an orifice. A usable pushing method includes,
for instance, a method of forming bubbles for
ejecting thé droplets through the orifice on the
25 chamber with the use of an electro-thermal converter
such as a thin film resistor (thermal ink jet

system), and a method of directly pushing a liquid
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through the orifice on the chamber with the use of a
piezooscillator (piezo ink jet system). The chamber
and the orifice are built in a print head element,
and the print head element is connected to a supply
source for a liquid and also to é controller for
controlling the ejection of the droplets.

When making a drug absorbed from lungs, it is
necessary to precisely control the dosage
particularly for the above—deséribed protein
formulation,.so that liquid droplet formétion based
on the prihciple of the ink jet system is a very
preferable form, because it can control an ejection
rate. In addition,vthough a liquid is required to be
reliably ejected, a protein solution having only
adjusted surface tension and viscosity is ejected
unstably, so that there was a case where the protein
solution is hardly ejected with a high degree of
rebroducibility and efficiency.

The liquid droplet formation of the above-
déscribed protein and peptidé on the basis of a
principle of the ink jet system has a problem that
the protein has a frail spatial configuration and
therefore may cause the aggregation and
decomposition of the protein when the configuration
has beén destroyed. When the liquid droplets are
formed based on the principle of the ink jet system,

physical force such as pressure and shear force are
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‘applied to the liquid droplets, and each liquid fine
- droplet has its peculiar. high surface energy. They
make the configuration of most of proteins unstable
(When the thermal ink jet system is employed, heat
5 1is added thereto in addition to them). The liquid
droplet formation particularly on the basis of the
principle of the ink jet system has the problem that
storage in a long period 1is unstable, and further
that the above-described physical force is extremely
10 higher than the shear force and thermal énergy
applied in normal stirring and heat treatment. (It
is considered that, for instance, the instantaneous
load of 90 atmoépheres at 300°C is applied to the
liquid droplets in the thermal ink jet system). In
15 addition, a plurality of physical forces are
simultaneously applied to the liquid droplets. For
this reason, protein tends to become much more
unstable than in a pfocess of normally treating
protein; so that theré has been a case where a
20 coﬁventionaliy—used technology of stabilizing the
protein is insufficient. Once the problem happens,
proteins aggregate while the droplets are formed, -
which causes clogging in a nozzle and makes the
. droplets hardly ejected.
25 Furthermore, a size of a droplet suitable for
lung inhalation is 1 to 5 pm, which is very smaller

than a droplet of about 16 pum used in a currently
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commercially available printer, and results in
applying larger surface energy and shear force onto
the droplet. For this reason, it is extremely
difficult to eject protein as microdropletsAsuitable
for the lung inhalation.

In consideration of the.above-described various
uses, a method of ejecting a protein solution is
preferably based on the principle of e thermal ink
jet system, because it has a low manufacturing cost
and can increase the deesity of nozzles.

On the other hand, a method of adding a water-—
soluble polymer or albumin, such as a surfactant,
glycerol, various saccharides and polyethylene
glycol, which are known as the method of stabilizing
protein, has little or no effect of improving
ejecting perfofmance when ejecting protein with a
thermal ink jet system.

In regard to a liquid composition of droplets
to be inhaled into lungs, which are formed with the
use of a thermal ink jet system, there is disclosed
a method of adding a compound for adjusting surface

tension and/or a moisturizing agent to a protein

solution (for instance, the pamphlet of

International Publication No. W002/094342). The
above method includes adding a water-soluble polymer
such as a surfactant and polyethylene glycol to a

protein solution, because describing that the water-
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soluble polymer improves the étability of protein in
a solution of a formed liquid droplet, through
decreasing surface tension and viscosity of the
solution, and keeping the moisture of the solution.
However, the pamphlet does not Qescribe the
stability of ejéction, furthermore, the addition of
a surfactant and a water-soluble polymer shows the
inéufficient effect when the concentration of
protein and peptide is high, and there was a case
where an additive in itself aggravated the stability
of the ejection. In addition, many surfactants do
not have an effect on the stability of the ejection
at éll, and in other words, surface tension,
viscosity or a moisture’retention effect does not

control the stability of the ejection. To put it

differently, the above-described method was not a

general one for stabiliziﬁg the ejection when
ejecting protein and pepfide with a thermal ink jet
system.

As described above, an ink jet technology is
well known as a method of making liquid fine
droplets from a liquid sample and ejecting them, and
particularly has a feature of showing high
controllability for even a trace amount of a liquid
to be ejected after having converted into liquid
droplets. The fine-droplet-ejecting type of an ink

jet system includes an oscillation type using a
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pieéoelectric element and a thermal ink jet system
using a micro-heater element. The oscillation type
using the piezoelectric element has limitation' in
miniaturization for the piezoelectric element to be
used, ahd accordingly in the nﬁﬁber of installed
ejection orifices pef unit area. In addition, a
necessary cost for producing an ejection device
sharply increases with the increase of the number of
arranged ejection orifices per unit area. 1In
contrast to this, the thermal ink jet system can
comparatively easily miniaturize the micro-heater
elements to be used in the ejection device, can
increase the number of the arranged ejection
orifices per unit area in comparison with the
oscillation type system using the piezoelectric
element, and can far reduce a necessary production
cost for the ejection device. |

When applying a thermal ink jet system to
liquid droplet formation, it is necessary to adjuét
a physical property of a liquid to be ejected, so as
to control an appropriate atomisation state and a
liquid volume of a liquid fine droplet to be ejected
from each ejection orifice. Specifically, a liquid
composition such as a type of a solvent, a
composition and a concentration of a solute, which
composes a liquid sample to be ejected is well

adjusted so 'as to provide a target liquid volume’ of
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a liquid fine droplet.

Furthermore,‘various technological developments
are being proceeded also on a droplet-ejecting
mechanism based on the principle of a thermal ink
jet system. While a conventional ink jet printer
head ejects liquid droplets having the individual
liquid volume of about severél picoliters, an
éjecting technology and an ejecting mechanism which.
have been developed recently forms an extremely
liquid fine droplet of a subpicoliter orAfemtoliter
order (see, for instance, Japanese Patent

Application Laid-Open No. 2003-154655).

DISCLOSURE OF THE INVENTION

An object of the present invention is to
provide a liquid composition as an ejection liquid
used for stably ejecting liquid droplets containing
at least one kind of a protein’and a peptide by
application of thermal energy to the liquid, and to
provide an ejection method and an ejection device
suitable for utilization of protein liquid droplets.

The ejection liquid of the presénf invention is
characterized by including one kind selected from a
protein and a peptide, a compound having a betaine
skeleton, and a liquid medium;

The ejection method of the present invention is

characterized in that liquid droplets are made from
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the above-described ejection liquid based on the
principle of the thermal ink jét system, and.thé
liquid droplets are ejected.

The cartridge for ejecting a liquid according
to the present invention is characterized by
comprising a tank for accommodating the above-
described ejection liquid, and an ejection head
based on the thermal ink jet principle.

The liquid inhalation‘device of the present
invention is characterized by comprising.the above-
described cartridge, and a fléw path part and
opening.part for guiding a liquid to be ejected,
from a liquid ejection part of an ejection head of
the cartridge based on the thermal ink jet principle,
to an inhaling site of a user.

The method of making liquid droplets from a
iiquid according to the present invention is
characterized in that the method makes liquid
droplets from a liquid containing at least one kind
of a protein and a peptide by applying thermal
energy to the liquid, wherein the above-described
liquid includes a compound having a betaine skeleton.

Accoraing to the present invention, an ejection
liquid which can be stably ejected after thermal
energy has been applied thereto can be provided, by
adding a compound having a betaine skeleton to a

solution containing at least one kind of a protein
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and a peptide. In addition, it is further possible
to eject a protein solution with a higher
concentration by further adding a surfactant to the
ejection liquid, because the addition provides a
synergistic.effect of stabilizing ejection. When at
least one kind of a protein and a peptide is a
pharmaceutically effective ingredient, at least one
kind of the protein and peptide of the
pharmaceutically effective ingredient arrives at a
lung by ejecting the ejection liquid froﬁ a portable
ejection device to convert it into liquid droplets,
and inhaling the droplet, and the pharmaceutically:
effective ingredient can be absorbed by the lung.
The above-described method can be also . used for the
preparétion of a biochip or a biosensor, sensing,

and screening for a biological substance, by

‘ejecting at least one kind of the protein and

peptide onto a substrate with the method.

Other features and advantages of the present
invention will be apparent from the following
description taken in conjunction with the
accompanying drawings, in which like reference
characters designate the same or similar parts

throughout the figures thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a diagrammatic view for explaining
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a method for ejecting protein onto a substrate;

Figﬁre 2 is a view for showing one example of a
pattern of protein arranged on a substrate;

Figure 3 is a-diagrgmmatic explanatory drawing
of a head cartridge unit for an inhaler;

Figure 4 is a perspective view of an inhaler;

Figure 5 is a perspective view for a state in
which an access cover is opened in Figure 4;

Figure 6 is a graph showing an ejection rate
when an albumin solution is ejected with the thermal
ink jet system; and

Figure 7 is a model view of an experimental

procedure in Example 20.

BEST MODE FOR CARRYING OUT THE INVENTION

Preferred embodiments of the present invention
will now be described in detail in accordance with
the accompanying drawings.

An object of the present invention is to
provide a liquid coﬁposition for an ejection liquid
used for stably ejecting liquid droplets containing
at least one kind of a protein and a peptide by
applying thermal energy to it, to provide an
ejection method suitable for the use of the liquid
droplet containing protein, and to provide an
ejection device therefor.

The present invention will be now described in
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detail below.

The protein used in the present invention means
an arbitrary polypeptide which consists of amino
acids bonded with each other by a peptide bond, and
can be dissolved or dispersed in an aqueous solution.
In addition, the peptide used in the present
invention means a compound which consists of two or
more and 1QO or less amino acids bonded with each
other through a peptide bond. Protein and peptide
may be éhemically syntheSized_orlrefined from a
natural source, but typically, ‘are native protein
and a recombinant of peptide. Protein and peptide
can be also chemically reformed by covalently
bonding polyethylene glycol with an amino acid
residue in the molecule of protein and peptide or
the like, to enhance an effect of prolonging a
therapeutic effect of protein and peptide and the
like. |

When implementing the present invention, a
liquid to be used can contain various protein and
peptide of which the liquid droplet is desired to be
formed. Most typically, the purpose of making the
liquid droplet from the liquid containing protein
and peptide of the present invention is to deliver
useful protein and peptide for medical treatment to
a lung. These exémples include various hematopoietib

factors such' as calcitonin, a blood coagulation



WO 2006/107009 PCT/JP2006/307019

15

_factor, ciclosporin, G-CSF, GM-CSF, SCF;‘EPO, GM-MSF
and CSF-1; interleukin such as IL-1, IL-2, IL-3, IL-
4, 1L-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11 and
IL-12; an IGF; and cytokine including M-CSF,

5 thymosin, TNF and LIF. Usabie protein having another
therapeutic effect includes vasoactivity peptide;
interferon (alpha, beta, gamma or common
interferon); a growth factor or a hormone, such as a
human growth hormone and another animal growth

10 hormone (like growth factors of bovine, pig or
~chicken); insulin; oxytocin; angiotensin; methionine
enkephalin; substance P; ET-1; FGF; KGF; EGF; IGF;
»PDGF; LHRH; GHRH; FSH; DDAVP; PTH; Vaéopressin;
glucagon; and somatostatin. A protease inhibitor
15 such as leupeptin and pepstatin, and a
metalloproteinase inhibitor (such as TIMP-1, TIMP-2

"and other proteinase inhibitors) are also used. A
nerve growth factor such as BDNF and NT3 is also
used. A plasminogen activator such as tPA, urokinase

20 and stréptokinase is also used. A peptide part of
protein having a main structure or one part of
parent protein and at least one part of various
biological properties of parent protein is also used.
An analog such as a substitution or defect analog,

25  modified amino acid such as a peptide analog, or a
compound including the above-described substance

modified with a water-soluble polymer such as PEG
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and PVA is also used. It has been clear in Critical

Reviews 1in Therapeutic Drug Carrier Systems, 12

(2&3) (1995) that the above-described protein can be
delivered to a lung.»

5 Furthermore, in a field of the preparation of a
biochip and a biosensor, the screening of protein
and peptide and the like, the following many
substances in addition to the above-described
protein and peptide can be also used: various

10 enzymes such as oxidase} reductase, tranéferase,
hydorase, lyase, isomerase, synthetase, epimerase,
mutase and racemase; various antibodies and
receptors such as IgG and IgE; protein and peptide
used for diagnosis, such as antigen of them,

15 allergen, chaperonin, avidin and biotin; and the
above—described substances modified with a reagent
for immobilization.

Usable protein and peptide contained in the
above-described ejection liquid has a molecular

20 weight, for instance, in a range of 0.5 kDa to 150
kDa. In addition, a content of at least one kind
selected from protein and peptide is determined in

accordance with a purpose and application thefeof,
and is preferably determined in a range of 1 ng/ml

25 to 200 mg/ml. |

It is preferable that a liquid medium coﬁtéins

mainly water, and that a ratio of water to the
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medium is 50% or higher. In addition to water which
is a main component of the medium, a water-soluble
organic solvent and an auxiliary such as alcohol can
be added as the medium.

It is generally known to add a surfactant and a
solvent such as ethylene lecol, in order te improve
ejection properties of ink to which thermal energy

is applied.' However, when ejecting a protein and

- peptide solution, the ejection properties were not

perceptibly improved by‘adding only them, so that a
new additive was necessary.

As a result of conducting extensive studies,
the present inventofs found that a solution
containing a compound having a betaine skeleton in a
protein and peptide is suitable for forming a stable
liquid droplet even when thermal energy has been
applied.

As a method for applying tne above-described
thermal enefgy to liquid droplets and ejecting them,
there are, for instance, a method of heating a tube
and ejecting a liquid inside it from an opening,
which is disclosed in U.S. Patent No. 6,234,167, and
a method based on the principle of the thermal ink
jet method. The thermal ink jet system is the method
of applying the thermal energy to the liquid with a
heater, heating and bubbling the liquid with the

energy, and-ejecting the liquid droplet from the:
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opening of an end of a lidﬁid—existing space; and
has a feature of uniformly ejecting the highly
accurate number of liquid droplets in comparison
with the above-described method of heating the tube,
by separating the heaters into fine many parts.
Hereafter, a configuration based on the
principle of the thermal ink jet method is mainly
described becauée the thermal ink jet method most
conspiéuouslyvshows an improved effect for ejection
prdperties, but the pieéoelectric ink jet method of
ejecting a liquid in a nozzle by using a vibratory
pressure due to a pilezoelectric element can be used
in the present invention. The thermal ink jet system
can enhance: the accuracy of a diameter of an
ejection orifice and the heat quantity of a heat
pulse used for ejection in an individual ejection
unit for ligquid formulation, and the accuracy of a
size of a micro heater or the like used therefor;
and the reproducibility. .Accordingly, the thermal
ink jet method can achieve a narrow distribution of
the diameters of liquid droplets over the all of
many ejection units for a liquid formulation,. which
are densely arranged on an ejection head. In
addition, in a situation in which the present
invention is frequentiy used, the device is required
to §atisfy demands that a manufacturé cost is low,

the head must be changed frequently, and the device



WO 2006/107009 PCT/JP2006/307019

10

15

20

25

‘19

is small, and then the thérmal ink jet system is
further preferably used.

The present inventors consider the reason why a
compound having a betaine skeleton so greatly
contributes to the ejection stability; in the
following way. A betaine skeleton has both of a
quaternary ammonium cation and an organic acid anion
in a near position to each other in one molecule,
and has features of: tending to be very easily
hydrated; being easily modified by other molecules
qnd being able to have an alkyl group or acyl group
of a long chain in the molecule; and therefore
tending to show high hydration property even when a
compound having the betaine skeleton also has the
alkyl group of the long chain. On the other ﬁand,
protein and peptide are strongly hydrophobic and are
difficult to become stable by hydration. When the
compound having a betaine skeleton has a hydrophobic
group such as the above-described alkyl group and

acyl group with a long chain, these functional group

,aéts on a hydrophobic site in protein or peptide,

and at the same time the cation and anion of the
betaine skelton hydrate the protein and the peptide’
by the hydration force of the cation and anion
having high hydration property, to stabilize them
and inhibit interaction between proteins with each

other and between peptides with each other. By the
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action, the compound having a betaine skeleton can

‘inhibit the. protein and the peptide from causing

denaturation and aggregation due to an energy load
when tﬁe liquid is ejected based . on the principle of
the thermal ink jet method, and can stabilize the
ejection.

A compound having a betaine skeleton to be used
in the present invention has preferably a chemical

structure as is represented by the following formula

(1).
R
X1.
R4 IT_—E—RZ T_Rs—A@XZ
n Ra ' ( 1 )

Here, R; in the formula (1) is a substituted or
unsubstituted alkyl group having 6 to‘18 carbon
atoms; and more preferably a saturated alkyl having
8 to 16 carbon atoms. In the formula (1), R, and Rg
are each independently a substituted or
unsubstituted alkylene chain having 1 to 6 carbon
atoms, and more preferably and particularly, an
alkylene chain having 1 to 4 carbon atoms. In the
formula (1), Rz and R; are each independently an

alkyl group or an alkylene chain each having 1 to 6
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carbon atoms, and R; and R@n@y‘be bondéd together to
form a heterocyclic fing.

An example of the above-described compound
includes dimethyldialkylbetaine,
diethyldialkylbetaine and methylethyldialkylbetaine;
and imidazolium befaine having a heterocyclic ring

as well represented by the following formula (2).

‘</
@ \Rs—-—COOH

UbOH (2)

In the formula 1 and the formula 2, A is an
anion of an organic acid, and is more preferably a
carboxylic group or a sulfonic group. When A is a
sulfonic group, Rs has preferably a hydroxyl group.

In the formula (1) and the formula'(2), Xlland
X; are counter ions, and X; has only to be an anionic
species, and has only to have at least one selected
from inorganic and/or organic anions. An example of
the counter ion of X, preferably includes a halide
ion, a chloride ion, a bromidevion, an iodide ion, a
fluoride ion, a hydroxide ion, a carboxylic acid ion,
a nitric acid ion, a phosphoric acid ion and a |

sulfuric acid ion; and the counter ions may be the
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same or different from X;. X; has only to be a
cationic species, and represents at least one
selected from a monovalent metal ion, a metai oxide
ion and an organic cation. The counter ion of X; may
be the same as or different from X;.

In the foimula (1), n 1is the répetition number
of the skeleton, and is 0 or 1. When n is 0, the
compound is alkylbetaine shown in the formula (3);
and when n is 1, the compound is alkylamide
élkylbetaine shown in the formula (4) or>the formula

(5).

R,——,—@—CHzcoo@

(3)

R, & CHZCOO@

Iz

o==0

(4)
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N .Rz N CHSO; ©
H | |
OH | (5)

O—=0

A compound having a betaine skeleton used .in

the present invention can include alkylamide

~alkylbetaine, a salt thereof, and a derivative

thereof in such a range‘that_the effect of the
present invention 1is not deteriorated, and
preferably alkylamide alkylbetaine is used.

The ejection liquid of the piesent invention is
prepared, though being not particularly limited to
the following procedure, by mixing a compound having
betaine skeleton having surface-active properties
and at least one kind of a prbtein and a peptide
with a liquid having a composition composed of a
liquid medium mainly containing water and other
additive components, which are the above-described
components of the ejection liquid. The form of a
liquid mixture is nof particularly limited, and may
be any'of a solution type, a suspension type, an
emulsion type and a dispersion type. When the liquid
mixture is not the solution type, a usable size of a
suspended matter, an emulsified matter or a

dispersed matter in a medium is in a range of a
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subnanometer scale to a micrometer scale.

In the present invention, the present inventors
have further found that it is possible to keep the
stability of ejection even when the concentration of
an additive is largely decreased, by adding a
surfactént together with a compound having a betaine
skeleton. The addition of 0.2 to 1 part by weight of
the surfactant with respect to 1 part by weight of a
compound having the betaine skeleton can reduce an.
amount of a compound haVing the betaine skeleton to
be added, with respect to a solution having the same
concentration of protein, into 1/10 to 1/2 while
keeping the stability of the ejection.

The effect of a surfactant is considered to be
different from éffect of a compound having a betaine
skeleton, and to stabilize ejection through the
action'of inhibiting the denaturation of protein and
the action of redissolving protein which has once
aggfegated. It is considered that the combination of
these two different effects develops a synergistic
effect to greatly improve the stabilization of
ejection. It is considered that the single addition
of a surfactant could not completely inhibit the
aggregation of protein because the surfactant alone
has no large effect, whereby it could not secure the
stability of ejection.

A surfactant of the present invention means: a
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compound which has both of a polar part and a
ﬁonpolér part in one moiecule, has each of the
above-described parts in a distant region from each
other in the molecule, and has a property capable bf
reducing an interfacial tension between two
immiscible phases by alignment of the molecular of
the surfactant between the two immiscible phases and
capable of forming a micell.

Examples of the surfactant that can be used
typically includes, but is not limited té, sorbitan
fatty acid esters such as sorbitan monocaprylate,
sorbitan monolaurate and sorbitan monopalmitate;
glycerin fatty acid esters such as glycerin
monocaprylate, glycerin monomyriétate and glycerin
monostearate; polyglyceryl fatty acid esters such as
decaglyceryl monostearate, decaglyceryl distearate
and decaglyceryl monolinoleate; polyoxyethylene
sorbitan fatty acid esters such as polyoxyethylene
sorbitan monolaurate, polyoxyethylene sorbitan
monooleate, polyoxyéthylene'sorbitan monostearate,
polyoxyethylene sorbitan monopalmitate,
polyoxyethylene sorbitan trioleate and
polyoxyethylene sorbitan tristearate;
polyoxyethylene sorbitan fatty acid esters such as
polyoxyethylene sorbit tetrastearate and

polyoxyethylene sorbit tetraoleate; polyoxyethylene

"glycerin fatty acid esters such as polyoxyethylene
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glyceryl monostearate; polyethylene giycol fatty
acid estefs such as polyethylene glycol distearate;
polyoxyethylene alkyl ethers such as polyoxyethylene
lauryl ethers; polyoxyethylene polyoxypropylene
alkyl ethers such asApolyoxyethylene
polyoxypropylene glycol ether, polyoxyefhylene
polyoxypropylene propyl ether and polyoxyethylene
polyoxypropylene cetyl ether; polyoxyethylene alkyl

phenyl ethers such as polyoxyethylene nonylphenyl

- ether, polyoxyethylene hydrogenated castor oils such

as polyoxyethylene castor oil and polyoxyethylene
hydrogenated castor oil (polyoxyethylene hydrogen
castor oil); polyoxyethylene beeswax deriyatives
such as polyoxyethylene sorbit beeswax;
polyoxyethylene lanolin derivatives such as
polyoxyethylene lanolin; polyoxyethylene stearic
acid amides having HLB of 6 to 18 out of
polyoxyethylene fatty acid amides; anionic
surfactants including alkyl sulfate containing an
alkyl group having 8 to 18 carbon atoms such as
sodium cetyl sulfate, sodium lauryl sulfate and
sodium oleyl sulfate, and polyoxyethylene alkyl
ether sulfates containing 2 to 4 moles by average of
ethyleneoxide added and an alkyl group having 8 to
18 carbon atoms such és polyoxyethylene sodium
lauryl sulfate; an alkylbenzene sulfonates

containing an alkyl group having 8 to 18 carbon -
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atoms such as sodium lauryl benzenesulfonate; alkyl
sulfbsuccinates containing an alkyl group héving 8
to 18 carbon atoms such as sodium lauryl
sulfosuccinate; natural surfactants such as lecithin
and glycerophospholipid; sphingophospholipids such
as sphingomyeiin; and séccharose fatty acid esters
of a fatty acid having 8 to 18 carbon atoms. An
ejection liquid (liquid composition) of the present
invention can contain one or more of these
surfactants in combination,

The surfactant is preferably polyoxyethylene
sorbitan fatty acid ester, is particularly
preferably polyoxyethylene 20 sorbitan monolaurate,
polyoxyethylene (4) sorbitan monoolate,
polyoxyethylene 20 sorbitan monopalmitate,
polyoxyethylene 20 sorbitan monostearate,
polyoxyethylene 20 sorbitan tristearate,
polyoxyethylene 20 sorbitan monolaurate,
polyoxyethylene (5) sorbitan monooleate and
polyoxyethylene 20 sorbitan tri-oleate, and is most
preferably polyoxyethylene 20 sorbitan monolaurate
and polyoxyethylene 20 sorbitan monooleate.. In
addition, the surfactantAparticularly preferable for
lung inhalation is polyoxyethylene 20 sorbitan
monolaurate and polyoxyethylene 20 sorbitan
monooleate.

A concentration of a surfactant to be added can
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be, for instance, 0.001 to 20 % by weight in the
case of insulin, though depending on coexisting
protein or the like. The content of a surfactant to
be added is preferabiy 0.2 to 10 parts by weight,

5 Qith respect to 1 part by weight of a compound
having a betaine skeleton.

In an embodimentvof the present invention, an
antibacterial agent, a disinfectant and an
antiseptic agent may be addéd in order to eliminate

10 the influence of a micrdorganism. A comﬁound having
a betaine skeleton to be used in the present
invention has the above-described effect{ but the
agent having the effect further includes, for
instance, a quaternary ammonium salt such as

15 Dbenzalkonium chloride and benzathonium chloride; a
phenol derivative such as phenol, cresol and
anisole; benzoic acids such as benzoic acid énd p-
hydroxybenzoate ester; and sorbic acid.

In an embodiment of the present invention, an

20 ejection liquid may include o0il, glycerin, ethanol,
urea, cellulose, polyethylene glycol and alginate,
SO as to increase the physical stability for
cohesion and precipitation occurring while being
preserved; and may.include ascorbic acid, citric

25 acid, cyclodextrin, tocopherol and other
antioxidantal agents, so as to increase the chemical

stability for preventing deterioration and oxidation.
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An ejection liquid may include a buffer agent
for adjusting pH. A usable buffer solution includes,
for instance, ascorbic acid, citric acid, diluted
hydroéhloric acid, diluted sodium hydroxide, further
sodium hydrogenphosphate, sodium dihydrogenphosphate,
potassium hydrogenphosphate, potassium
dihydrogenphosphate, PBS, Hepes and Tris.

‘An ejection liquid may include an isotonizing
agent such as aminoethyl sulfonic acid, potassium

chloride, sodium chloride, glycerin and sodium

‘hydrogen carbonate.

An ejection liquid may include a corrigent ﬁor
taste and smell such as saccharide like glucose and
sorbitol, a sweetening agent like astel palm,
menthol and various flavors. In addition, the usable
corrigent may be not only a hydrophilic compound,
but also a hydrophobic compound or an oily compound.

When the ejection liquid of the present
invention is used for preparing a biochip and a
biosensor or screening protein, a system which is
approximately similar to a currently commercially
available ink jet printer can be used.

A method of ejecting protein with the'use of
the ejection liquid of the present invention will be
now described in detail with reference to Figure 1.
A pattern 1is formed by the steps of: filling the

ejection liquid into a nozzle of an ink jet head'3
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from a tank 1; and making the ink jet head eject the

ejection liquid onto a substrate 5 suitable for each
purpose, by driving the ink jet head while keeping a
fixed space between the substrate and the nozzle
face of the ink jet head. In Figure 1, reference
numeral 2 denotes a liquid flow path, reference
numeral 4 denotes liquid droplets, and reference
numeral é denotes a drive controller. It is
recommended to use a drive controller when ejecting
the ejection liquid so as to form the pattern
according to an image pattern on the substrate, and
it is preferable to form such a pattern that spots
are not connected with each other as shown in Figure
2.

An ejection liquid in the present invention can
include various additives adaptable to a purpose of
an application of an atomisation liquid, for
instance, a proper amount of a surface moderator, a’
viscosity modifier, a solvent and a moisturizing
agent, as needed.

Specifically, a blendable additive includes,
for instance, a hydrophilic binder, a hydrophobic
binder, a hydrophilic thickener,'a hydrophobic
thickener, glycol derivatives( alcohols, a corrigent
for taste, a corrigent for smell and an electrolyte,
which may be a single substance or a mixture

selected from them.
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Here, various substances to be used for the
above exempiified additives are more preferably
permitted to use in a medicinal use deséribed in a
pharmacopoeia of each country as a secondary
component which may be added when preparing a liquid
formulation for therapy, or in a food product and a
cosmetic article.

Various substances to be blended as the above-
described additive are preferably added generally
each in a range of 0.01 to 40% by‘a weight ratio,
and more preferably in a range of 0.1 to 20%, though
the value depends on a type of objective protein and
peptide. ' In addition, an amount of the above-
described additive to be added is preferably 0.5 to
200 parts by weight with respect to 1 part by weight
of the above-described protein and peptide from a
viewpoint of an ejection property, though the amount
varies with a type, amount and combination of the
additives.

An atomiser of the present invention has
preferably a structure having an ejection head part
which can eject a liquid fine droplet of the liquid
formulation while applying thermal energy to the
liquid formulation and works based on a thermal ink
jet principle, and many ejection units for the
liquid formulation, which compose the head part and

can be independently driven. Furthermore, the
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atomiser preferably has a form provided with: an
electrical connection part used for connecting a
plurality of control signals required for
independently driving each of the‘ejection units for
the liquid formulation, integrated with a wire for
connecting the ejection units for the liquid
formulation with each other; in addition, a taﬁk for
accommodating the above-described liquid
formulation; and an integrally composed cartridge
for nebulizing a liquid'while'including a liquid
flow path, as means for supplying the liquid
formulation from the tank to the ejection head based
on the thermal ink jet principle. |
Figure 3 diagrammatically shows an example of
the whole configuration of such a cartridge for
nebulizing a liquid. The cartridge.illustrated in

Figure 3 is produced by arranging a head part 9 for

‘nebulizing a liquid formulation, a tank 7 for

filling the liquid formulation therein, and a liquid
flow path 8 for introducing the liquid formulation
from the tank 7 to the head part 9, integrally on
the same substrate. A controller for controlling the
driving of each ejection unit for a liquid
formulation in the head part 9 exchanges a driving
signal; a control signal and the like with the head
part 9, through an electrical connection part 11 to

which an inner wire 10 is connected.
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In the above arrangement, a head part 9

'preferably employs the head for ejecting a liquid

ultrafine droplet, which ejects liquid droplets in
an individual liquid amount of a subpicoliter or
femtoliter order, has superior controllability for
the liquid amount and is disclosed in Japanese
Patent Application Laid-Open No. 2003-154655.

"In examples shown in Figure 1 and Figure 3, one
type of a liquid formulation is atomised, so that
there is one tank for filling the liquid-formulation
therein in the structure. When two or more types of
liquid formulations are atomised, it is possible to
cope with the case by arranging a plurality of tanks
for fillihg the liquid formulations appropriately
corresponding to them, and making a thermal ink jet
head have a configuration of having integrated a
plurality of ejection units for the liquid
formulations.

When ejecting the ejection liquid of the
present invention onto a substrate with the use of
the ink jet system, it is also possible to
efficiently react the substrate with a substance to
be detected, by ejecting a solution containing the
substance to be detected onto the substrate in the
same pattern, and to change the concentration of
protein by only changing an amount to be ejected.

Accordingly, the atomiser can be used for preparing
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a biochip, a biosensor, and a device for sensing and
screening a biological substénce. Furthermore, the
atomiser is effecti&ely used through employing a
head capable of ejecting the above-described liquid
fine droplet, when it is required to use the above-
described extremely microdroplet as an individual
liquid droplet to be ejected, for instance, when a
somatic cell with a size of several micrometers has
to be applied as a drug.

An inhalation device of the present.iHVention
makes use of an advantage peculiar to the form in
the inhalation device, which separates a process of
transfofming a liquid formulation to a liquid fine
droplet from a process of mixing the atomised liquid
fine'dfoplet into an airflow for transporting the
liquid fine droplet, which is a feature of a
nébulizing method of the present invention. When
nebulizing a liquid formulation containing an
ejection liquid (liquid composition) in a.
predetermined concentration, which is specified in
the present invention and can be used for a |
therapeutic purpose, into an airflow, and whén
making a person to be administered inhale the
atomised liquid formulation, the inhalation device
can arbitrarily set an amount of a drug compound
(dose per single dosage) in the liquid composition

contained in-a gas to be inhaled, which can be used
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for the therapeutic pﬁrpose. The inhalation device
to be used for the above purpose can be miniaturized
so that a user can carry and'hold it, by using an
ejection head based on the thermal ink jet principle,
5 which arranges openings for ejecting liquid fine
droplets therein at high density per.unit area, as a
nebulizing mechanism for nebulizing the above-
described liquid formulation.
In the inhalation device which uses the above-
10 described ejection liquid for lung inhalétion, an
essential part is a device which can eject a
formulated substance of the present inventién in a
form of liquid droplets with particle sizes of 1 to
5 um and with a narrow distribution. A head part for
15 ejecting the liquid droplet is a removable cartridge
unit which was described in the above with reference
to Figure 3.
An inhalation device as a controller for
ejection is composed so that a user can carry and
20 hold, and an iﬁhaler can make a user inhale a drug
in a form of liquid droplets which are ejected so as
to acquire a uniform particle size and a constant
amount.
An outline of an example for an inhaler usable
25 in the present invention will be now described with
reference to Figure 4 and Figure 5.

Figure- 4 is a perspective view showing an
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appearance of an inhaler, reference numeral 15
denotes a main body of the inhaler, and reference
numeral 12 denotes an access cover, both of which
form a housing. Reference numeral 14 denotes a power
button. Figure 5 illustrates a state in which the
access cover 12 is opened. When the access cover 12
1s opened, a heaa cartridge uﬁit 16 and a mouthpiece
13 appear. When a user starts an inhalation
operation, air flows into a mouthpiece 13 from an
air intake, is mixed with a drug ejected.from an
ejection opening provided in a head part 9 of the
head cartridge unit 16 to form a fluid mixture, and
flows to an outlet of the mouthpiece which has a
shape to be taken in a mouth of a human. The user
can effectively inspire a drug solution ejected as
liquid droplets from a liquid-ejecting part of a
head cartridge unit, through inserting a tip of the
mouthpiece inside the mouth, holding it with a tooth,
and inhaling air. |

In other words, a configuration of the intake
part corresponds to an inhalation mechanism for
making a person'to be administered inhale a gas in
which liquid fine droplets of a liquid formulation
produced by a nebulizing mechanism float in a mist
form.

Figﬁre 4 and Figure 5 show a configuration of

an example of an inhaler to be used for a medical
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purpose, which is miniaturized so that a user can
carry and hold it. A main body of the inhaler 15
consists of a housing for accommodating a cartridge
for nebulizing liquid, a controller thereof and a
power source (battery); and a mouthpiece 13 to cover
a mouth when inhaling air, mounted thereon. The
cartridge for nebulizing liquid is inteérated with a
tank for a liquid formulation as is illustrated in
Figure 3, and has such a configuration that it can
be exchanged after an access cover 12_has been
opened. Figure 5 illustrates a state in which the
access cover 12 is opened. A head cartridge unit 16
is installed on some midpoint of a tubular airflow
?ath for introducing air which flows in from an air
intake opening, to a mouthpiece 8 therethrough. A
head part of the head cartridge unit 16 converts a
liquid formulation into liquid fine droplets based
on the princiéle of the thermal ink jet system, and
the tubular airflow path mixes them in airflow
therein, and atomises them. The inhaler employs a
system of introducing air inside it from the air
intake opening, when a user takes the mouthpiece 13
in a mouth and inhales air through the mouthpiece.

By adopting a configuration shown in Figure 5,
the inhaler achieves a form which can naturally make
atomised liquid fine droplets of a liquid

formulation'arrive at a fauces and inside the
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trachea of a person to be administered, together
with inspired air. Accordingly, an amount (dose) of
the liquid formulation to be atomised does not
depend on varying volumes of the inspired air, and
is independently controlled. Specificaliy, a head
part of a head cartridge unit 16 employs a head for
ejecting the liquid ultrafine droplet disclosed in
Japanese Patent Application Laid-Open No. 2003-
154655, and has a configuration of controlling the
diameter of the droplets to about 3 pm by average.
[Examples]

First of 'all, in order to further promote
understanding for difficulty in the ejection of a
protein solution, an ejected amount of protein when
only protein has been ejected with the thermal ink
jet system will be shown. A protein solution was
prepared by dissolving albumin in PBS, and the
solution of each concentration was ejected by using
a thermal ink jet printer (trade name: PIXUS950i,
manufactured by Canon Inc.) which has been remodeled
so that the ejected solution can be recovered. The
amount of ejected each albumin solution was
expressed by values with respect to 100% of the
ejected amount of pure water which has been ejected
in the same manner. The results are shown in Figure
6. |

It is understood that a solution containing
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albumin even as in a low concentration as 1 pg/mL is
not compietely stably ejected, and as a solution
contains more protein, it is slowly hardly ejected.
When carrying out such as operation as is required

5 in the present invention, liquid droplets with a
smaller diameter has to be ejected, and it is
congeivable that a protein solutionlis hardly
ejected.

The present invention will be now described in

10 further detail with reference to the foliowing
Examples, but Examples are specific examples shown
for deeper undérstanding, and the present invention
is not limited to these specific examples at all.
Hereafter, "%" means % by weight.

15 (Examples 1 to 12 and Comparative Examples 1 to 13)
(Confirmation of diameter of atomised particle)

An aqueous sdlution containing 30% of ethanol
was filled in a head cartridge having a nozzle
diamefer of 3 um to be used in an ejection

20 experiment, and a size and size distribution of the
ejected pafticles were confirmed by measuring them
with the use of a lasér—diffraction—type particle
size distribution measuring instrument (Spraytec
manufactured by Malvern Instruments Ltd.). As a

25 result, it was detected that the ejected pafticles

are certainly liquid droplets having a sharp

particle siZe distribution at 3 um.
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(Liquid droplet formation from protein solution
based on principle of thermal ink jet syéfeh)

An ejection liquid was prepared by the steps
of: previously dissolving an appropriate
concentration of albumin in purified water; furtherl
adding a compound having a betaine skeleton while

stirring the solution; and then quantitatively

. determining the volume with purified water so that

the concentration of each substance can have its
desired éoncentration. |

A prepared ejection liquid was ejected by the
steps of: filling the ejection liquid in the above-
described head cartridge having the nozzle diameter
of 3 um; connecting the head cartridge with an
ejection controller; setting the frequency to 20 kHz
and the voltage to 12 V; ejecting the ejection
liquid for one second; and again ejecting it after
the interval of 3 seconds. The ejection liquid was
ejected based on the principle of the thermal ink
jet system. The ejection operation was repeated for
50 times and it was visually confirmed whether the
ejection liquid was ejected, or not . The‘ejection
liquid which was ejected for 50 operations was
evaluated as "“0”, the ejection liquid of 15 to 49
operations as “A”, and the ejection liquid of less
than 15 operations as “x”. 1In addition, the atomised

ejection liquid was recovered, and it was confirmed
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whether the composition changed or not, by analyzing

the ejection liquids before and after ejection,
through an HPLC analysis (in a measurement condition
of apparatus: JASCO Corporation; column: YMC-Pack
Diol-200, 500x8.0 mm ID; eluent: a liquid including
0.1M KHZPOyﬁﬁHqu(pH 7.0) 0.2M NaCl; flow rate: 0.7
mL/minute; temperature: 25°C; detection: UV 215 nm).
An ejection test shown below was carried out in the
above—described'conditions, with the use of a head
cartridge having the above-described nozéle with the
diameter of 3 um and an ejection controller.

As a comparative example, an ejéction liquid
was prepared whigh contains pure water, various
protein solutions and substances having nothing to
do with the present invention, and was subjected to
an ejection experiment as in the case of the present
examples. Formulations and results examined on
Examples and Comparative Examples were listed in the

following Table 1.
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Pure water of Comparative Example 1 was stably
ejected because of containing no protein, whereas
ejection liquids of Comparative Examples 2 to 13,
which does not contain a compound having a betaine
skeleton, was ejected little or was not ejected at
all, regardless of the type of the protein and the
presence or absence of an additive. Liquids of
Comparative Examples 11 to 13 which contain a
surfactant TWEEN were ejected to some extent, but
was not sufficiently stébly ejected. Itvis
understood that in contrast to this, Examples 1 to
12 areinormally and stably ejectéd. As a result of
an HPLC‘analysis, Examples i to 12 did not show a
change of a peak location and a peak area before and
after ejection, and a change of a liquid composition,
either.

(Examples 13 and 14)
(Effect onto each protein, and concentration of
additive)

Subsequently,'lauramidepropyl betaine or
cocamidepropyl betaine was selected as a compound
having a betaine skeleton and was added to each
protein so as to be a predetermined concentration.
These ejection liquids were evaluated by the same
ejection experiment as in Example 1. Formulations
and results examined on the present examples are

listed in the following Table 2.
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Table 2
Protein Compound having Surfactant and |Ejection
betaine skeleton additive property
Type Concent- Tvbe Concent- T Concent-| Evalua-
yp ration Yp ration ype ration tion -
Example 13 |, : cocamidepropyl
4 -
insulin|4 mg/ml betaine 3 mg/ml [none (@)
Example 14 . . lauramidepropy _
insulin|4 mg/ml 1 betaine 3 mg/ml |none O
Comparative |, . - - .
Example 14 insulin|4 mg/ml [none _ TWEEN20 (3 mg/ml x

Although the necessary concentration of
alkylamide propyl betaine to be added varies with
the concentration and type of protein, the addition
of alkylamide‘propyl betaine makes each protein
normally ejected on the basis of the principle of
the thermal ink jet system, and it was confirmed
that alkylamide propyl betaine exerts the effect to
a wide range of protein with a sﬁall amount. As a
result of an HPLC_analysis, Examples 13 and 14 did
not show a change of a peak chart before and after
ejéction, and a change of a liquid‘composition.
(Examples 15 to 19)

(Synergistic effect of compound having betaine
skeleton and surfactant)

A solution was prepared by adding a compound
having a betaine skeleton into protein, and an
ejection liquid was prepared by further adding a

surfactant to the solution. These ejection liquids
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were evaluated by the same ejection experiment as in
Example 1. Formulations and results examined on the

present examples are listed in the following Table 3.

5 Table 3
. Compound having Surfactant and |Ejection
Protein Cs
betaine skeleton additive property
T e. Concent Tvoe Concent- Tvoe Concent- | Evalua-
- 1YP -ration ¥p ration yp ration tion
Example 15 Jinsulin|4 mg/ml |lauryl betaine |2 mg/ml |TWEEN20 (0.5 mg/ml O
. . ladramidebropyl
Example 16 |albumin|l mg/ml betaine 5 mg/ml [TWEENS8O |5 mg/ml O
. cocamidepropyl
Example 17 [albumin|l mg/ml betaine 5 mg/ml |TWEEN8O (5 mg/ml O
Example 18 |albumin|l mg/ml laurgmldepropyl 3 mg/ml [TWEENS8O |2 mg/ml O
. betaine
Example 19 |albuminfl mg/ml cocamidepropyl 3 mg/ml |TWEEN80 (2 mg/ml (@]

betaine

10

15

20

A protein solution simultaneously containing
alkylamide propyl betaine and TWEEN as an additive
could be ejected, even when tﬁe concentration of a
compound having a betaine skeleton is extremely low
in comparison with.the case when the compound having
a betaine skeleton was singly added. In addition, a
protein solution could be ejected even when
containing such a concentration of a compound having
a betaine skeleton as did not make the protein

solution ejected, which singly contains the same

amount of it. As a result, a total amount of an

additive can be greatly reduced. As a result of an
HPLC analysis, Examples 15 to 19 did not show a

change of a ‘peak chart before and after ejection,
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and a change of a liquid composition.
(Example 20)
(Preparétion of antibody chip with use of an ink jet
printer, and sensing) |

A Human IL2 monoclonal antibody, a Human IL4
monoclonal antibody and a Human IL6 monoclonal
antibody were prepared into a liquid having a

concentration of 0.1 to 500 pg/mL, respectively.

Each ejection liquid was prepared by adding

lauramidepropyl betaine into the liquid so that the
concentration of the betaine is 1% (w/w). The
ejection liquid was filled in the head of an ink jet
printer (trade name: PIXUS950i, manufactured by
Canon Inc.), and was ejected onto a Poly-L-Lysin-
coated slide glass. Figure 7 shows a model view of
the present example. In the figure, reference
numeral 17 denotes a substrate, reference numeral 18
denotes a masking reageht, reference numeral 19
denotes a substance (such as protein and peptide)
specifically reacting with a substance to be
detected, reference numeral 20 denotes a substance_
to be detected, reference numeral 21 denotes the
substance specifically reacting with the substance
to be detected, and reference numeral 22 denotes an
indicator.

The antibody which had been ejected onto a

glass was incubated at 4°C, and the glass on whith
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the antibody was incubated was maskéd with 1% BSA.
The glass was .carefully cleaned after having had
been masked, and was supplied as an antibody .chip
substrate. Subsequently, a solution which contains 1
pg/mL each of recombinants IL2, IL4 and IL6 that
were substances to be detected by the chip waé
prepared together with 1.0% lauramidepropyl betaine
(w/w), 0.5% TWEEN20 (w/w) and 0.1% BSA (w/w). The
liquid was filled in the head of an ink jet printer
(trade name: PIXUS950i,‘manufactured by Canon Inc.),
and was ejected on the above-described substrate so
as to form the same pattern. After the liquid was

ejected, the substrate was covered with a cover

glass, and was subjected to the reaction at 4°C.

After the reaction, the substrate was carefully
cleaned and dried.

Subsequently, a substrate specifically bonded
with a sample was reacted with a substrate, and the
substance was indicated. A solution containing a
substance specifically bonded with the sample was
prepared by blending each 1 pg/mL biotin-indicated
antibody liquid (biotinylated Human IL2 monoclonal
antibody, biotinylated Human IL4 monoclonal antibody
and biotinylated Human IL6 monoclonal antibody),
1.0% lauramidepropyl betaine (w/w), 0.5% TWEEN20
(w/w) and 0.1% BSA (w/w) so that each component‘can

be its final concentration; was filled in the head
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of an ink jet printer (trade name: PIXUS950i,

'manufactured by Canon Inc.); and was ejected onto

the above—describéd substrate so as to form the same
pattern. After the liquid was ejected, the substrate
was covered with a cover glass, and was subjected to

the reaction at 4°C. After the reaction, the

-substrate was carefully cleaned and dried.

A solution for indication was prepared by
blending 10 pg/mL Cy3 labeling streptavidin, 1.0%
lauramidepropyl betaine (w/w), 0.5% TWEENZO (Ww/w)
and 0.1% BSA (w/w) so that each component can be the
final concentration; then was filled in the head of
an ink jet printer (trade name: PIXUS9501, |
manufactured by Canon Inc.); and was ejected onto
the above-described substrate so as to form the same
pattern. After the liquid was ejécted, the substrate
was covered with a cover glass, and was subjected to
tﬁe reaction at 4°C. After the reaction, the
substrate was carefully cleaned and dried.

Subsequently, a substrate on which the reaction

has been finished was irradiated with excited light,

~and a quantity of fluorescent signal of light

emitted from Cy3 was measured by using a
fluorescence scanner having a filter for a
transmitted wavelength of 532 nm arranged thérein.,
As the measured result, a fluorescent signal

corresponding to the type and concentration of a
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sample could be detected.
The present inventioq is not limited to the
above embodimehts and various changes and
‘modifications are possible within the spirit and
.5 scope of the présent invention. Thérefore to apprise
the public of the scope of the present invention,

the following claims are made.

10 This applibation claims priority from Japanese
Patent Application No. 2005-098749 filed on March 30,
2005, which is’hefeby incorporated by reference

herein.
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CLAIMS

1. An ejection liquid comprising at least
one kind of a protein and a peptide, which is
'5 ejected by application of thermal energy thereto,
and further comprising a compound having a betaine
skeleton with a surface-active property, and a
liquid medium mainly composed of water.
2. The ejection liquid according-to‘claim 1,
10 wherein the compound having a betaine skeleton is a

compound represented by the following formula (1):

C——‘N—Rz Rs—"A

(1)

wherein R; represents a substituted or unsubstituted
alkyl group having 6 to 18 carbon atoms;

15 R, and Rs represent an alkylene chain having 1 to 6
carbon atoms;
R; and R, represent an alkyl group or alkylene chain
having 1 to 6 carbon atoms;
R; and Ry may be bonded with each other to form a

20  heterocyclic ring;
A represents a carboxylic gfoup, a sulfonic group or

an anion;
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X1 and X2 represent a counter ion; and
n represents 0 or 1.
3. The ejection liquid according to claim 1
or 2; wherein the compound having a'betaihe skeleton
5 1is at least'oné compound selected from the group
consisting of alkylamide alkylbetaine and a salt
thereof, and a derivative théreof.
4. The ejection liquid according to any one
of claims 1 to 3, Wherein the protein and the
10 peptide are a substance selected from thé group
consisting of calcitonin, insulin, glucagon,
interferon, a protease inhibitor, cytokine, a growth
hormone, a hematopoietic factor protein, an antibody,
and an analogue thereof, and a derivative thereof.
15 5. The ejection liquid accérding to any one
of claims 1 to 4, further comprising a surfactant.
6. The ejection liquid according to claim 5,
wherein the surfactant is polyoxyethylene sorbitan
fatty acid ester.
20 7. An ejection method comprising ejecting an
ejection liquid according to any one of claims 1 to
6, based on the principle of an ink jet system.
8. An ejection method comprising ejecting an
éjection liquid according to any one of claims 1 to
25 6, based on the principle of a thermal ink jet
system.

9. A liquid ejection cartridge comprising a
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tank fbr,accommodating an ejection liquid according
to any one of claims 1 to 6, and an ejection head
based on the principle of a thermal ink jet system.

10. An ejection device comprising: a liquid
ejection cartridge according to claim 9; a flow path
for guiding a liéuid accommodated in the cartridge
to be ejected from'a,liquid ejection part of the
head of the cartridge according to claim 9 and
guiding airflow for transpbrting the liquid; and an
opening. |

11. The ejection device according to claim 10,

- wherein the ejection device is used for inhalation.

'12. A method of making droplets from a liquid
containing at least one kind of a protein and a
peptide by applying thermal energy to the liquid,
wherein fhe liquid further comprises a compound

having a betaine skeleton with a surface-active

property.

13. The method of making droplets from the
liquid éccording to claim 12, wherein the protein
and thé peptide are a substance selectéd from the
group consisting of calcitonin, insulin, glucagon,
interferon, a protease inhibitor, cytokine, a growth
hormone, hematopoietic factor protein, an antibody,
an analogue thereof and a derivative thereof.

14. The method of making droplets from the

liquid according to claim 12 or 13, wherein the
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liquid further comprises a surfactant.
15. The method of making droplets from the
liguid according to any one of claims 12 to 14,
wherein the method makes liquid droplets from the -
5 1liquid by applying thermal energy to the liquid |

based on the principle of a thermal ink jet system



WO 2006/107009 PCT/JP2006/307019

10

15

20

25

54
AMENDED CLAIMS

[received by the International Bureau on 25 July 2006 (25.07.06)]

X1 and X2 represent a counter ion; and
n represents 0 or 1.

3. (Amended) The ejection liquid according to
claim 1, wherein the compound having a betaine
skeleton is at least one compound selected from the
group consisting of alkylamide alkylbetaine and a
salt thereof, and a derivative thereof.

4. (Amended) The ejection liquid according to
claim 1, wherein the protein and the peptide are a
substance selected from the group consisting of
calcitonin, insulin, glucagon, interferon, a
protease inhibitor, cytokine, a growth hormone, a
hematopoietic factor protein, an antibody, and an
analogue.thereof, and a derivative thereof.

5. (Amended) The ejection liquid according to
claim 1, further comprising a surfactant.

6. The ejection liquid according to claim 5,
wherein the surfactant is polyoxyethylene sorbitan
fatty acid ester.

7. (Amended) An ejection method comprising
ejecting an ejection liquid according to claim 1,
based on the principle of an ink jet system.

8. (Amended) An ejection method comprising
ejecting an ejection liquid according to claim 1,
based on the principle of a thermal ink jet system.

| 9. (Cancelled)

10. (Cancelled)

AMENDED SHEET (ARTICLE 19)
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11. (Cancelled)

12. A method of making droplets from a liquid
containing at least one kind of a protein and a
peptide by applying thermal eﬁergy to the liquid,
wherein the liquid further comprises a compound
having a betaine skeleton with a surface-active
property.

13. The method of making droplets from the
liquid according to claim 12, wherein the protein
and the peptide are a substance selected from the
group consisting of calcitonin, insulin, glucagon,
interferon( a protease inhibitor, cytokine, a growth
hormone, hematopoietic factor protein, an antibody,
an analogue thereof and a derivative thereof.

14. (Amended) The method of making droplets
from the liquid according to claim 12, wherein the
liquid further comprises a surfactant.

15. (Amended) Thé method of making droplets
from the liquid according to claim 12, wherein the
method makes liquid droplets from the liquid by
applying thermal energy to the liquid based on the

principle of a thermal ink jet system.

AMENDED SHEET (ARTICLE 19)
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