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FIG. 6 

Kb pClKBGaL Jet 

FIG. 7 
EHD aerosols can be used even with larger plasmids 

Kb pClKCAT pClKCFTR.1O pREPBBGal Kb 

*Plasmids as large as 14.2Kb show no degradation 
following aerosolization 
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FIG. 8 
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FIG. 9 
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FIG. 18 
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FIG. 23 
rSP-D BINDING TO EAGAN 4A LPS AFTER 
INCUBATION WITH VARIOUS SOLVENTS 
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DEVICES AND FORMULATIONS 

[0001] This invention relates to methods and devices for 
processing liquids using electric ?elds, in particular but not 
exclusively to methods and devices for comminuting rela 
tively highly conductive liquid formulations such as aqueous 
formulations using electric ?elds. 

[0002] A method of processing liquids using electric ?elds 
is described in, for example, GB-A-1569707. In this method, 
Which is knoWn as the electrohydrodynamic method (some 
times also referred to herein as “EHD”), liquid issuing from 
an outlet is subjected to an electric ?eld such that the net 
electrical charge in the liquid as the liquid emerges into free 
space or air counteracts the surface tension forces of the liquid 
and the repulsive forces generated by the like electrical 
charges result in a cone and jet. Depending upon the liquid 
formulation, the liquid jet may then, as described in GB-A 
1569707, break up into liquid droplets, or may, as described 
in, for example, the applicant’s WO 98/03267 (the Whole 
contents of Which are incorporated by reference), break up to 
form solid or gel-like particles or may form a continuous ?bre 
Which may break up into short lengths (“?brils”). The prod 
ucts resulting from the electrodynamic method are, for con 
venience, collectively referred to herein as “electrosols”. 

[0003] This electrohydrodynamic method is particularly 
good at controlling the dimensions of the resultant product 
and provides an extremely e?icient Way of delivering drugs or 
medicaments to the respiratory system, for example to the 
pulmonary system, and to other epithelial or topical surfaces 
such as Wound surfaces as described in WO 98/03267. Fur 
thermore, as described in WO 98/03267 electrohydrody 
namic methods may be used to spray complex colloids, pro 
vided the colloid is initially in a substantially liquid form. 

[0004] The electrohydrodynamic method enables sprays or 
clouds of droplets (“aerosols”) to be produced in Which the 
droplets are monodispersed, that is they have a very uniform 
siZe and does not, unlike some conventional aerosol produc 
ing methods, require a propellant gas. This makes inhalers 
using the electrohydrodynamic method such as described in 
the applicant’s U.S. Pat. No. 4,962,885, U.S. Pat. No. 6,105, 
877, U.S. Pat. No. 6,105,571, US Pat. No. 5,813,614, US-A 
5915377 and WO 99/07478 (Which enable delivery of at least 
partially electrically discharged droplets) and W0 00/ 35524 
(Which enables delivery of electrically charged droplets) par 
ticularly advantageous because the absence of a gas propel 
lant makes the inhaler easy to use as inhalation does not have 
to be timed With the expulsion of gas from the inhaler and the 
monodispersed nature of the aerosol combined With the abil 
ity provided by the electrohydrodynamic method to control 
the siZe of the droplets enables drugs or other medicaments to 
be targeted to a particular region of the respiratory system, for 
example a speci?c region of the lung. The Whole contents of 
Us. Pat. No. 4,962,885, U.S. Pat. No. 6,105,877, U.S. Pat. 
No. 6,105,571, U.S. Pat. No. 5,813,614, U.S. Pat. No. 5,915, 
377, WO 99/07478 and WO 00/35524 are hereby incorpo 
rated by reference. 

[0005] As more is understood about the Way biological 
species operate, veterinary and medical treatments increas 
ingly incorporate biological molecules or material such as 
DNA, RNA, proteins, peptides, hormones, lipids, cytokines, 
etc. into therapies, treatments and prophylactic medicaments 
such as vaccines. As used herein the term “biological mate 
rial” includes biological molecules, biological molecule frag 
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ments such as DNA fragments and recombinant biomol 
ecules, including proteins such as enZymes and other 
biological material of a similar siZe. These biological mate 
rials vary in their complexity but some, particularly proteins 
and DNA, are extremely sensitive to their immediate sur 
roundings and can easily be broken doWn or denatured Which 
can reduce their activity and even eliminate it altogether. The 
delivery of biological material also requires the occasional 
use of isotonic or buffered liquid vehicles, and because such 
materials are often expensive to produce, delivery systems 
must be as e?icient as possible. 

[0006] Traditional methods of atomising liquids of this 
kind, such as air-jet or ultrasonic nebuliZation, impart large 
shear forces on the carrier liquid and hence also on the bio 
logical material inside. Shear forces of this magnitude are 
knoWn to denature sensitive biological materials such as 
DNA or proteins and thus there is no readily available deliv 
ery method that is immediately suitable for therapies that use 
such biological materials. 

[0007] The carrier liquids for the biological material men 
tioned above are generally aqueous and relatively highly con 
ductive. Unfortunately, EHD is Well knoWn to have dif?culty 
in spraying conductive liquids. Numerous patents and pub 
lished papers indicate that the resistivity of the liquid to be 
sprayed must be above 10,000 Ohm.m. Liquids beloW this 
Will spray, but there seems to be a cut-off at around 100 
Ohm.m, beloW Which no aqueous-based formulation Will 
spray in air. This is partly due to the surface tension of Water 
Which is high, approximately 72 mN/m (milli NeWtons per 
metre), and partly due to the polar nature of Water, Which 
makes any impurities such as a Water soluble drug contribute 
signi?cantly to the liquid conductivity. This has meant that 
non-aqueous solvents such as ethanol tend to be used for 
EHD. 

[0008] Furthermore, EHD comminution uses high voltages 
(1 KV and above) to break up liquid formulations by direct 
counteraction of the surface tension of the liquid. The use of 
such high voltages raises several potential practical problems, 
namely: 1) that the electric ?eld might directly in?uence, 
denature or break up delicate, for example biological, mate 
rials in the liquid; 2) that breaking up the bulk liquid into small 
droplets might physically denature such delicate biological 
materials through excessive shear forces; and 3) that air 
Which breaks doWn around the noZZle might create oZone 
Which Will react With any Water in the formulation to produce 
hydrogen peroxide Which is itself a strong oxidant and the 
presence of Which could lead to molecular denaturation. 

[0009] These problems have meant that EHD has to date 
only really been practical for small, robust molecules, such as 
salbutamol and budesonide, Which have good solubility in 
alternative solvents like ethanol. HoWever, ethanol is not a 
good solvent for biological materials because it can cause 
precipitation (as it does for DNA) and denaturation (as it does 
for delicate proteins). 

[0010] In one aspect, the present invention provides a 
method of enabling EHD to be used With highly conductive, 
generally aqueous, liquids. 

[0011] In one aspect, the present invention provides a 
method of enabling EHD to be used to dispense biological 
materials such as DNA, RNA, proteins, peptides, hormones, 
lipids, cytokines and recombinant biomolecules. 
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[0012] In one aspect, the present invention provides a 
method of controlling processing of liquid using EHD 
Wherein the partial vapour pressure of a volatile component of 
a liquid is controlled in the region adjacent to Where the liquid 
is subject to the electric ?eld. 

[0013] In one aspect, the present invention provides a 
method of controlling electrohydrodynamic comminution of 
an aqueous liquid formulation to produce droplets, Wherein 
the air in the region into Which the liquid issues is dried or 
dehumidi?ed to cause evaporation to reduce the siZe of the 
droplets. This should facilitate production of droplets for 
supply to the respiratory system of babies and even very small 
mammals, such as mice. 

[0014] In one aspect, the present invention provides an 
EHD inhalation apparatus capable of delivering biological 
material and other delicate molecules or compounds such as 
drugs to humans and animals such as mice. 

[0015] In one aspect, the present invention provides devices 
and methods Which enable generation of respirable droplets 
containing delicate, aqueous-based molecules that is superior 
to any other method currently available. 

[0016] In one aspect the present invention provides an elec 
trohydrodynamic comminution device Which causes no dena 
turation of biological material or sensitive molecules, and 
thus bene?ts from producing comminutes With controlled 
diameter and charge. 

[0017] In one aspect the present invention provides a 
method for spraying delicate molecules or biological material 
Without denaturation. 

[0018] In one aspect the present invention provides a 
method of modifying the product of EHD processing by air 
preparation that enables product consistency (that is Whether 
the product is solid, gel or liquid) and droplet siZe to be 
changed by affecting local evaporation characteristics for the 
liquid. 

[0019] In one aspect the present invention provides a for 
mulation for preparing DNA in solution Which adds ethanol 
Without precipitating out the DNA. 

[0020] In one aspect the present invention provides a 
method of spraying DNA by EHD Wherein an acid (eg acetic 
acid) is added in order to make DNA containing solutions 
sprayable at higher concentrations. 

[0021] In one aspect the present invention provides a 
method of spraying DNA by EHD Wherein EDTA or Catalase 
is added to the liquid to be sprayed to prevent DNA degrada 
tion. 

[0022] In one aspect the present invention provides a 
method of spraying DNA by EHD Wherein aqueous or high 
surface tension formulations are made sprayable by adding 
increased quantities of surfactants, generally at a concentra 
tion signi?cantly above the Critical Micelle Concentration. 

[0023] In one aspect the present invention provides a 
method that enables aqueous or highly conductive formula 
tions to be sprayed by EHD by the addition of at least one long 
chain polymer (e. g. PVP, PVA, ethyl cellulose) to the liquid to 
be sprayed. 

[0024] In one aspect the present invention provides a 
method of enabling spraying by EHD of formulations Which 

May 8, 2008 

normally form unstable sprays by adding polymer (either a 
single polymer or a combination of polymers) to the liquid to 
be sprayed. 

[0025] In one aspect the present invention provides a 
method of enhancing spray ability of a formulation by EHD 
by adding surfactant and polymer to the liquid formulation to 
be sprayed. 

[0026] In one aspect the present invention provides a 
method of spraying biological material by EHD Wherein 
polymer is added to the biological material-containing liquid 
formulation to be sprayed. This protects and stabilises the 
delicate biological material Within the liquid formulation. 

[0027] In one aspect the present invention provides a 
method of making formulations sprayable by EHD at either 
polarity by the addition of polymers to the formulation. This 
enables use of the tWin noZZle or outlets devices described in 
Us. Pat. No. 6,105,877 and Us. Pat. No. 5,915,377 to spray 
aqueous formulations. 

[0028] In an embodiment, devices and methods are pro 
vided thatenable electrohydrodynamic comminution of aque 
ous liquids containing drugs and/or biological material to 
produce sprays or dispensions Which are ideal for respiration 
and delivery to the internal epithelia, including the lung, 
trachea, throat, mouth and nasal passages, and could also be 
advantageous for all topical applications. 

[0029] Embodiments of the present invention Will noW be 
described, by Way of example, With reference to the accom 
panying draWings, in Which: 

[0030] FIG. 1 shoWs a schematic part-cross-sectional vieW 
of a ?rst example of a dispensing device; 

[0031] FIG. 2 shoWs a schematic part-cross-sectional vieW 
of a second example of a dispensing device; 

[0032] FIGS. 3 and 4 shoW examples of use of a dispensing 
device as an oral and nasal inhaler, respectively; 

[0033] FIG. 5 shoWs the droplet spectrum obtained using a 
method embodying the present invention; 

[0034] FIG. 6 shoWs a photograph of an electrophoretic gel 
plot of DNA traces for comparing the amount of degradation 
obtained When a method embodying the present invention is 
used to produce a nebuliZed or atomised droplet spray con 
taining the DNA With the amount of degradation obtained 
When other methods are used to produce a nebuliZed or atom 
ised droplet spray containing DNA; 

[0035] FIG. 7 shoWs a photograph of an electrophoretic gel 
plot of DNA traces, illustrating the lack of degradation for 
various DNA plasmids When a method embodying the 
present invention is used to produce a nebuliZed or atomised 
droplet spray containing the DNA plasmid; 

[0036] FIGS. 8 and 9 shoW graphs illustrating the effect on 
hydrogen peroxide degradation of the addition of EDTA and 
Catalase, respectively; 

[0037] FIG. 10 shoWs a photograph of an example of com 
minuted matter produced using a method embodying the 
invention; 
[0038] FIG. 11 shoWs a photograph of another example of 
comminuted matter produced using a method embodying the 
invention; 
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[0039] FIGS. 12 to 14 show block diagrams of different 
inhalation apparatus for delivering electrosol for inhalation; 

[0040] FIG. 15 shows a perspective vieW of an EHD com 
minution chamber and inhalation chamber suitable for use in 
the inhalation apparatus shoWn in FIG. 12; 

[0041] FIGS. 16 and 17 illustrate schematically and in 
cross-section different examples of air adaptation units suit 
able for use in an inhalation apparatus; 

[0042] FIG. 18 shoWs a plot illustrating the change in 
humidity concentration in the inhalation chamber of the inha 
lation apparatus shoWn in FIG. 12 over time With and Without 
the air adaptation unit; 

[0043] FIGS. 19 and 20 illustrate schematically tWo ver 
sions of cold traps that may be used as air adaptation units in 
an inhalation apparatus; 

[0044] FIG. 21 shoWs a schematic part-cross-sectional 
vieW of a modi?ed version of the dispensing device shoWn in 
FIG. 1; 

[0045] FIG. 22 shoWs a schematic part-cross-sectional 
vieW of a modi?ed version of the dispensing device shoWn in 
FIG. 2; and 

[0046] FIG. 23 shoWs a graph illustrating the binding of 
rSP-D to Eagan 4A LPS after incubation With various sol 
vents. 

[0047] Referring noW to FIG. 1, there is shoWn a dispensing 
device 1 suitable for use in methods embodying the invention 
to be described in detail beloW. The device 1 has a housing 2 
Which is generally formed of an electrically insulative mate 
rial. The housing 2 has an outlet 3 and is divided into ?rst and 
second chambers 4 and 5. The second chamber 5 has air inlets 
2a. The ?rst chamber contains a voltage source 6 such as a 
battery, a high voltage generator 7 for generating a high 
voltage (of the order of kilovolts) from the battery voltage and 
a reservoir 8 for containing the liquid to be subjected to 
electrohydrodynamic processing. The reservoir is coupled to 
a, in this example, generally insulative liquid supply tube 9 
Which extends into the second chamber 5 and has an outlet 10 
in the second chamber 5. Liquid may be supplied from the 
reservoir 8 to the liquid supply tube 9 under gravity or by 
means ofa pump as described in any of US-A4962885, US 
A-6105877, U.S. Pat. No. 6,105,571, US. Pat. No. 5,813, 
614, U.S. Pat. No. 5,915,377, WO 99/07-478 and WO 
00/35524. A user operable sWitch SW is provided to enable a 
user to couple the voltage source 6 to the high voltage gen 
erator 7. 

[0048] In this example a comminution site is provided by 
establishing a high voltage betWeen a ?rst conductive elec 
trode 11 supported Within the tube 9 and a second electrode 12 
provided on the outer surface of the tube 9. The ?rst and 
second electrodes are coupled to a high voltage and an earth 
(ground) supply lead 13 and 14, respectively, of the high 
voltage generator 7 

[0049] When a user operates the sWitch SW to couple the 
voltage source 6 to the high voltage generator 7 a high voltage 
(generally of the order of kilo volts) is provided betWeen the 
?rst and second electrodes causing an electric ?eld to be 
established in a comminution region 20 adjacent the outlet 10. 
Liquid issuing from the outlet is thus subjected to this electric 
?eld such that the net electrical charge in the liquid as the 
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liquid emerges into free space or air counteracts the surface 
tension forces of the liquid and the repulsive forces generated 
by the like electrical charges result in a cone and jet Which, 
depending upon the liquid formulation, may then break up 
into liquid droplets. 

[0050] The dispensing device 1 produces an electrically 
charged comminution. Further details and modi?cations of 
this device can be found in WO00/35524. 

[0051] Any of the comminution site arrangements 
described in any of Us. Pat. No. 4,962,885, U.S. Pat. No. 
6,105,877, U.S. Pat. No. 6,105,571, U.S. Pat. No. 5,813,614, 
U.S. Pat. No. 5,915,377, WO 99/07478 and WO 00/35524 
may be used in place of the comminution site described 
above. Also, the device shoWn in FIG. 1 may be modi?ed to 
enable at least partial discharge of the electrically charged 
comminution in any of the Ways described in Us. Pat. No. 
4,962,885, U.S. Pat. No. 6,105,571, U.S. Pat. No. 5,813,614, 
and GB-A-1569707. 

[0052] FIG. 2 shoWs a dispensing device 111 based on that 
described in WO99/07478 in Which the second electrode 12 is 
replaced by a discharge electrode 12a spaced from the tube 9 
and in Which a further or de?ection electrode 13 is provided. 
In this case the high voltage generator 7 is arranged to main 
tain the further electrode 13 at a voltage intermediate the 
voltages applied to the ?rst and discharge electrodes 11 and 
12a. The further electrode 13 serves, as described WO99/ 
07478, to de?ect the comminution aWay from the discharge 
electrode 1211 until su?icient space charge has been generated 
by production of a comminution. The device 111 may be 
modi?ed to have the same construction as any of the embodi 
ments described in WO 99/07478 or any of the modi?cations 
of the embodiments described in WO 99/07478. 

[0053] The dispensing devices 1 and 111 shown in FIGS. 1 
and 2 may be used to dispense comminuted matter into a 
chamber or, especially Where the comminuted matter is elec 
trically charged, onto a surface. In these cases the second 
electrode 12 shoWn in FIG. 1 may be omitted and an earth 
may be provided at or by the surface to Which the spray is 
directed. Also, the outlet 3 may as illustrated diagrammati 
cally in FIG. 3 be coupled to a mouthpiece 30 to enable oral 
inhalation of the comminuted matter by a human user or may 
be adapted to be received against or slightly Within a nostril of 
a human user as shoWn in FIG. 4 to enable nasal inhalation. 

[0054] Methods embodying the invention of enabling elec 
trohydrodynamic processing (otherWise referred to herein as 
spraying) of liquids Will noW be described. 

Method 1 

[0055] A method Will noW be described of enabling elec 
trohydrodynamic comminution of an aqueous solution con 
taining biological material such as DNA. EHD formulations 
often incorporate ethanol because it has a loW conductivity 
and a loW surface tension. It can be added to most formula 
tions, but With DNA its addition conventionally causes pre 
cipitation. In fact, the addition of ethanol is actually taught as 
a means of precipitating DNA out of solution (see for example 
“Molecular CloningiLaboratory ManualiVol3, 2nd1 ed.” 
Sambrook, Fritsch, Maniatis; ppE10-15; Coldspring Har 
bour Press; 1 989). We have hoWever developed a method that 
enables ethanol to be added to a DNA solution to make it 
suitable for EHD. 
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[0056] DNA is usually stored With various buffer solutions 
Which contain the salts of various chemicals. In this method, 
the vast majority of these salts are removed by dialysis to 
produce a relatively pure DNA solution. After removal of 
these salts ethanol is added to produce a formulation Which is 
80% by volume of ethanol. Surprisingly this does not cause 
the DNA to precipitate out. The reservoir of a dispensing 
device such as that shoWn in FIG. 1 or 2 Was then ?lled With 
the formulation and the dispensing device activated. The liq 
uid Was sprayed at a How rate of 1 [11/ s (micro litre per second) 
from, in this example, a liquid supply tube in the form of a 
single capillary tube noZZle. This formulation Was found to 
spray satisfactorily When the DNA concentration Was loW (up 
to about 200 micro grammes per millilitre) but did not spray 
satisfactorily at higher concentrations of DNA. 

[0057] Further experiments Were carried out With an etha 
nol concentration of 70% and different ethanol concentra 
tions up to 90%. All Were found to spray satisfactorily With 
loW DNA concentrations. 

Method 2 

[0058] Method 1 Was repeated but With the modi?cation 
that a small amount (approximately 1 mM) of acetic acid Was 
added to the formulation and sprayed at a How rate of 5 ml/hr 
(milliliters per hour). This formulation Was found to spray 
satisfactorily even When the DNA concentration Was signi? 
cantly increased and satisfactory spraying Was achieved With 
DNA concentrations of 6 mg/ml. Similar results Were 
obtained With acetic acid concentrations from 0.2 mM up to 1 
mM (milli Molar). 
[0059] A practical rate of DNA nebuliZation Was achieved 
Without the precipitation any conventional formulation With 
this concentration of DNA Would have caused. Also, the 
resulting EHD comminution had, as shoWn in FIG. 5, a very 
desirable droplet spectrum With a very narroW range of drop 
let diameters. 

[0060] We have found acetic acid to be perfectly adequate 
for this purpose, but other acids have been used such as nitric 
acid and hydrochloric acid. This formulation enables spray 
ing of DNA but can also be used for any proteins that do not 
denature in the presence of ethanol. 

[0061] FIG. 6 shoWs a electrophoretic gel plot for various 
DNA samples after spraying through different nebuliZers. 
The outer tWo lanes shoW the kilobase markers Kb) that help 
quantify the results. The lane marked pCIKBGal shoWs the 
plot for the DNA that has not been sprayed. The lanes marked 
‘Jet’ and ‘Ultra’ correspond to the DNA collected after nebu 
liZation With a ‘Sidestream’ airjet nebuliZer (produced by 
Medic Aid, of Bognor Regis, UK) and With a ‘Euroneb’ 
ultra-sonic nebuliZer (produced by Medikare, of Germany) 
The smear of DNA beloW the original position (indicated by 
the pCIKBGal lane) in the Jet and Ultra lanes shoWs that the 
nebuliZation process resulted in signi?cant damage to the 
DNA. By contrast the lane marked ‘EHD’ Which shoWs the 
DNA dispensed using method 2 described above is practi 
cally identical to the original DNA, indicating little or no 
damage by the nebuliZation process. This also shoWs that the 
high voltages used during EHD comminution do not affect 
the DNA. 

[0062] FIG. 7 shoWs plots similar to FIG. 6 of results 
obtained using method 2 for various different DNA plasmids. 
The results are grouped in pairs, Where the left hand result for 
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each pair represents the DNA before spraying Whilst the 
right-hand plot shoWs the DNA after EHD comminution 
using method 2 described above. The three plasmids shoWn 
are pCIKCAT Which is 4.6 kilobases, pCIKCFTR. 10 Which is 
9.2 kilobases, and pREP8BGal Which is 14.2 kilobases. As 
can been seen dispensing the DNA using method 2 above 
does not appear to affect any of these plasmids. 

[0063] Methods 1 and 2 may be used to spray by EHD 
DNA, DNA fragments and other biological material that is 
not denatured by alcohols. 

Method 3 

[0064] In method 1 or 2, hydrogenperoxide is formed When 
ions created during the EHD comminution process react With 
the Water in the formulation. Although the amount of hydro 
gen peroxide produced is extremely small, degradation 
caused by the peroxide can clearly be seen on the DNA. This 
degradation reaction is catalysed by the presence of metal 
ions in the formulation Which are naturally present in minute 
quantities and are extremely dif?cult to get rid of The amount 
of degradation is absolute and small and at DNA concentra 
tions above 0.025 mg/ml, We have found that the percentage 
degradation is hardly noticeable. Consequently, for a thera 
peutic formulation, Which might have a concentration 40 
times greater than this or even more, the peroxide degradation 
can be neglected. HoWever, Where the concentration of DNA 
being sprayed is loW, for instance around 0.0025 mg/ml, the 
effect on the DNA is signi?cant. 

[0065] In this method the formulation of method 1 or 2 Was 
modi?ed by adding either 50 mM ethylenediaminetetra-ace 
tic acid (EDTA) or 40 nM Catalase. 

[0066] FIGS. 8 and 9 shoW the percentage of supercoiled 
DNA (determined by electrophoretic plot) in comminuted 
matter containing DNA collected after spraying using a for 
mulation incorporating as an additive 50 mM ethylenedi 
aminetetra-acetic acid (EDTA) or 40 nM Catalase, respec 
tively. Values are taken before and after spraying and for each 
formulation there is very little immediate damage, that is very 
little change in the amount of supercoiled DNA. HoWever, at 
a time about one hour after spraying the results begin to 
diverge. Thus although the amount of supercoiled DNA in the 
collected comminuted matter produced using method 3 
(shoWn by the solid squares) remains virtually unchanged, the 
amount of supercoiled DNA remaining in the collected com 
minuted matter Which does not incorporate the additive 
(shoWn by the open or outline squares) begins to decrease. It 
is thus clear that the DNA sprayed Without using the additive 
gradually deteriorates. 

[0067] Although, as stated above, the amount of degrada 
tion is negligibly small at high DNA concentrations so that 
method 3 is not necessary at high DNA concentrations, Where 
only loW concentrations of DNA are Wanted the results shoW 
that DNA degradation can be completely avoided by addition 
of a chelating agent such as EDTA or an enZyme such as 
catalase. 

[0068] Further experiments involving the spraying of pro 
teins have also been carried out and have proved that such 
molecules are also not denatured during EHD comminution. 
For example, Trypsin, peroxidase and recombinant lung sur 
factant-protein D have all been sprayed Without denaturation. 
Also other alcohols than ethanol, for example polyethylene 
glycol 200 have been used. 
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[0069] Methods 1 to 3 may be used for any proteins or other 
biological materials that do not denature in ethanol or other 
alcohol eg polyethylene glycol 200. 

Method 4 

[0070] The introduction of ethanol or other co-solvents 
such as polyethylene glycol 200 may in some circumstances 
cause denaturation and may therefore be unacceptable. 

[0071] This method provides another Way of enabling com 
minution by EHD of aqueous formulations Which may con 
tain biological material. Until noW it has been practically 
impossible to use EHD to comminute aqueous formulations. 
This is due to the high surface tension and high conductivity 
of these formulations Which tend to cause the air to break 
doWn in the vicinity of the comminution point or region, 
leading to large, sporadic, local electrical currents, Which 
generally cause catastrophic failure of the EHD cone-jet. 

[0072] Where possible surfactants can be added to the 
aqueous formulation solution to loWer the surface tension. All 
surfactants have an intrinsic property knoWn as the Critical 
Micelle Concentration (CMC) Which is the concentration at 
Which micelles form in the body of the liquid, and Which 
conventionally corresponds to the minimum concentration at 
Which the surface activity of the surfactant is maximised. 
HoWever, experiments have shoWn that this concentration is 
too little surfactant for EHD comminution, rather We have 
found that the concentration must be increased to alloW for a 
monolayer distributed over the high speci?c surface of the 
comminuted matter in addition to the surfactant’s CMC. 

[0073] Experiments have been carried out using as the sur 
factant didodecyldimethylammonium bromide Whose 
molecular surface area is roughly 68 A2. The Critical Micelle 
Concentration (approximately 0.061% by mass) Was insu?i 
cient to produce satisfactory comminution using the dispens 
ing device shoWn in FIG. 1 or 2. HoWever increasing the 
surfactant concentration to a level suf?cient to provide a 
monolayer coating enabled satisfactory comminution. Thus 
for typical droplets of 1.5 pm in diameter at least approxi 
mately 0.4% of didodecyldimethylamrnmonium bromide is 
required and a concentration of around 0.5% Was effective to 
produce satisfactory EHD comminution or spraying of the 
aqueous formulation. 

[0074] Also We have found that addition of 0. 1 % benZalko 
nium chloride in Water alloWs a liquid With a resistivity mea 
suring only 60 Ohm.m to spray at 0.121 1 1/ s. Similarly, addi 
tion of 0.8% TWeen 20 (a polyoxyethylene sorbitan 
derivative) alloWs a liquid With a higher resistivity of approxi 
mately 625 Ohm-m to spray at the same ?oW rate. 

[0075] Other suitable surfactants have also been used such 
as TWeen 80, Emulphogen (noW knoWn as Rhodosurf BC720 
(polyoxyethylene 10 cetyl ether)) Brij 30 (polyoxyethylene 4 
lauryl ether). 
Method 5 

[0076] Unfortunately, despite these results there are still 
some problems associated With using surfactants. These 
problems include: toxicity or irritation caused by the surfac 
tants on sensitive epithelia; the fact the maximum ?oW rates 
are relatively loW Which leads to protracted treatment times; 
the relative instability of these sprays such that the cone-jet 
can easily be disrupted by mechanical vibration, and the fact 
that surfactants, in practice, generally only enable EHD 
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sprays of a positive polarityiat negative polarity air breaks 
doWn more easily and the reduction of surface tension is 
generally not su?icient to alloW spraying by EHD. 

[0077] In this method higher ?oW rates can be achieved 
With conductive formulations containing biological material 
Without the need for surfactants. In this method a long-chain 
polymer that is soluble in the liquid to be sprayed is added to 
the formulation. Where that liquid is Water, suitable polymers 
include polyvinyl alcohol (PVA) and polyvinyl pyrrolidone 
(PVP), polyhyaluronate, polysucrose, and other polysaccar 
ides, such as starch, cellulose and chitin and chemical deriva 
tives thereof, poly amino acids, modi?ed collagen and its 
derivatives. Other polymers that are, or can be made to be 
soluble in the liquid formulation (Water soluble Where the 
formulation is an aqueous formulation) may be used provided 
they are of a suitable length to effect the dynamic relaxation 
constant of the liquid. Also combinations of polymers or 
different Weights of the same polymer may be used. For 
example PVP 40000 may be used in combination With PVP 
360000 in the spraying of aqueous formulations. 

[0078] As an experiment a highly conductive aqueous for 
mulation With a resistivity of around 5 Ohmn m Was selected 
as the liquid to be sprayed. The surface tension of the liquid 
Was roughly 70 mN/m and Without formulation modi?cation 
this liquid Would not spray in air using EHD comminution. In 
this experiment, the aqueous formulation Was found to spray 
satisfactorily at How rates of up to around 1.5 ml/hour upon 
addition of only 2% of PVP of molecular Weight 360000. 

[0079] The molecular Weight of the selected polymers is 
important because the bene?ts polymers such as these can 
provide Will only be apparent if the molecular Weight is 
suitably high. We have found that different polymers require 
different molecular Weights and that the bene?cial effects 
change gradually as higher molecular Weights are selected. 
As a general rule, the higher the molecular Weight of a given 
polymer, the loWer the concentration needed to optimally 
modify a formulation for spraying. As the concentration of 
the polymeris increased, the product of comminution changes 
from being droplets to being ?bres. The concentration at 
Which this transition takes place illustrates the variation in 
effect that can be expected from different polymer types. As 
an example of using different molecular Weights of the same 
polymer, formulations of ethanol containing PVP360000 in 
increasing concentration Were sprayed and compared With 
ethanol formulations containing PVP40000. The formula 
tions containing PVP360000 began to produce ?bres at a 
concentration of 35 mg/ml, Whereas the transition for the 
PVP40000 containing solutions Was at 260 mg/ml. It folloWs, 
therefore, that less PVP360000 than PVP40000 Would be 
needed to stabilise a given formulation. As an example of 
using different polymers, a formulation containing 70% Etha 
nol and 30% salty Water (Water containing NaCl at 0.5M) Was 
sprayed With PVP 360000 and PVA125000 respectively. With 
PVP360000, the transition concentration of polymer Was 55 
mg/ml. With PVA125000, the transition from droplets to 
?bres occurred at a concentration of 30 mg/ml. Similarly, it 
has been shoWn that combinations of different molecular 
Weight polymers folloW the pattern. For example, a formula 
tion containing 70% Ethanol and 30% salty Water (Water 
containing NaCl at 0.5M) Was sprayed containing both 
PVP40000 and PVP360000 (in 50:50 ratio), the transition 
concentration of combined polymer in this case Was 70 
mg/ml. 


















