
COMBINATION OF METHYLXANTHINE COMPOUNDS AND STEROIDS
TO TREAT CHRONIC RESPIRATORY DISEASES The present
invention provides the inhaled use of methylxanthine
derivatives such as theophylline and steroid drugs in
a synergistic combination for manufacture of a
medicament in the treatment of chronic respiratory
diseases such as chronic obstructive pulmonary disease
(COPD). The administration of a methylxanthine and a
steroid in combination administered via the inhaled
route for pulmonary delivery, results in a therapeutic
synergistic pulmonary anti-inflammatory response.
Introduction Theophylline is an inexpensive white
crystalline powder used as an oral agent for chronic
respiratory diseases such as asthma and COPD.
Aminophylline, or theophylline ethylenediamine, is a
combination of theophylline and ethylenediamine and
has similar properties. Theophylline is known to have
a bronchodilating effect and a mild anti-inflammatory
effect, due in part to its activity as a weak
nonselective phosphodiesterase (PDE) inhibitor. The
drug has hitherto been characterised by a narrow
therapeutic index, and toxicity to this agent, marked
by gastrointestinal upset, tremor, cardiac
arrhythmias, and other complications, is common in
clinical practice. Other drugs for chronic respiratory
diseases, such as inhaled beta-agonists, inhaled
anticholinergics and inhaled steroids, are often
prescribed instead of oral theophylline to avoid its
adverse effects. However, to date there has been
limited investigation of the therapeutic potential of
inhaled theophylline in the treatment of chronic
respiratory diseases such as COPD and asthma. Although
theophylline has been in clinical use for many years,
its molecular mechanism of action and its site of
action remain uncertain. Several molecular mechanisms
of action have been proposed, including the following.
Theophylline is a weak and nonselective inhibitor of
phosphodiesterases, which break down cyclic
nucleotides in the cell, thereby leading to an
increase in intracellular cyclic AMP and GMP
concentrations. Theophylline relaxes airway smooth
muscle by inhibition of PDE activity (PDE3, PDE4 and
PDE5), but relatively high concentrations are needed
for maximal relaxation (Rabe, et al. Eur Respir J
1999, 8:637-42). The degree of PDE inhibition is very
small at concentrations of theophylline that are
therapeutically relevant. There is no evidence that
theophylline has any selectivity for any particular
isoenzyme, such as, for example, PDE4B, the
predominant PDE isoenzyme in inflammatory cells that
mediates anti-inflammatory effects in the airways.
Theophylline increases interleukin-10 release, which
has a broad spectrum of anti inflammatory effects.
This effect may be mediated via PDE inhibition,
although this has not been seen at the doses that are
effective in asthma (Oliver, et al. Allergy 2001, 56:
1087-90). Theophylline prevents the translocation of
the proinflammatory transcription factor nuclear
factor-kB (NF-kB) into the nucleus, thus potentially
reducing the expression of inflammatory genes in
asthma and COPD (Tomita, et al. Arch Pharmacol 1999,
359: 249-55). These effects are seen at high
concentrations and may also be mediated by inhibition
of PDE. It is likely therefore, that PDE inhibition is
not a mechanism of action of theophylline when
administered at low oral doses (<10mg/L). Theophylline
is also a potent inhibitor of adenosine receptors at
therapeutic concentrations, with antagonism of A1 and
A2 receptors, although it is less effective against A
receptors (Pauwels & Joos, Arch Int Pharmacodyn Ther
1995, 329: 151- 60). There is a report that inhaled
theophylline monotherapy can antagonise the 



bronchoconstrictor activity of inhaled adenosine in
asthmatics (Cushley et al, Am Rev Resp Disease 1984,
129, 380-4). In addition, inhaled theophylline (given
as aminophylline) has also been shown to act as
bronchodilator in asthmatic patients (Kokubu H.
Arerugi. 1995, 44(12): 1379-86). Theophylline has
moreover recently been shown to activate histone
deacetylase (HDAC). Acetylation of histone proteins is
associated with activation of gene function, and it is
believed that proinflammatory transcription factors
which activate inflammatory genes also cause an
increase in histone acetyltransferase activity. By
increasing HDAC activity and so deacetylating histone
proteins, theophylline is believed to suppress the
expression of inflammatory genes (see Barnes PJ, Am J
Respir Crit Care Med, 2003, 167:813-818). Theophylline
is believed to interact witha key regulatory kinase or
phosphatase enzyme in the molecular pathway which
results in elevated HDAC activity, although this is
yet to be elucidated. Minimal but significant
pulmonary anti-inflammatory activity has been
demonstrated by oral theophylline monotherapy in COPD
patients using doses of theophylline that gave plasma
levels <10 mg/L but >5 mg/L (Culpitt et a
AmJ.Respir.Crit Care Med, 2002, 165(10): 1371-1376,
Kobayashi etal, Respirology 2004, 9:249-254).
Glucocorticoid drugs (steroids) have become the
therapy of choice in asthma and are widely used in the
treatment of COPD, usually in inhaled form. Inhaled
steroids are usually administered once or twice daily
at a fixed dosage dependent on the properties of the
steroid administered. For example, Budesonide is
typically administered at doses of 200 meg, 400 meg or
800 meg doses once or twice daily. Fluticasone is
typically administered at doses of 50 meg, 100 meg,
250 meg or 500 meg doses once or twice daily.
Ciclesonide is typically administered at doses of 80
meg, 160 meg or 320 meg doses once or twice daily. The
absolute pulmonary delivered dose is dependent on many
factors (including properties of the steroid used,
inhalation device characteristics, inhalant
formulation, patient characteristics, and inhalation
technique) but is normally significantly less than the
total administered. However, although inhaled steroids
are effective in the majority of asthma patients their
use in COPD is contentious owing to their lack of
demonstrable antiinflammatory effect in sputum samples
(Keatings et al: AmJ Respir.Crit Care Med, 1997,
155(2):542-8, Culpitt et al Am. J Respir. Crit Care
Med. 1999, 160, 5(1): 1635- 1639, Loppow et al
Respir.Med. 2001, 95(2): 115-121) and their apparent
failure to affect disease progression (Burge, et al
(2000). BMJ 320: 1297-1303). Other studies examining
sputum have suggested that longer treatment periods
particularly with high dose inhaled steroids do have
measurable but minimal pulmonary anti-inflammatory
effects in some patients (Confalonieri et al Thorax,
1998, 53(7): 583-585, Mirici et al Clinical Drug
Investigation. 2001, 21:835-842, Yildiz et al
Respiration. 2000, 67:71-76). Assessment of
anti-inflammatory activity by examining bronchial
biopsies rather than sputum from COPD patients has
also been disappointing however. In contrast to
thatdemonstrated in asthma patients, Hattatowa et al.
(Am J Respir Crit Care Med. 2002, 165:1592-1596) did
not detect significant reductions in the key
inflammatory cells in COPD following 3 months
treatment with an inhaled steroid (500 meg Fluticasone
administered twice daily) . Despite minimal pulmonary
anti-inflammatory activity overall, ICS do reduce
exacerbation frequency in COPD patients by 20-30%. It
is likely that improving this minimal pulmonary
anti-inflammatory activity of inhaled steroids would
provide a great benefit to COPD patients resulting in
improved health status, improved pulmonary function,
improvement in measures of dyspnea and further reduced
exacerbation frequency. 



Asthma patients who fail to respond to low doses of
steroids are administered a higher dose, in the case
of budesonide up to 1600 meg daily. Evans et al.,
(2004) NEJM 337:1412, suggest that high doses of
inhaled steroids may be substituted by administration
of a normal glucocorticoid dose, together with a low
dose of oral theophylline for use in asthma. Patients
were administered 400 meg of budesonide (the standard
dose) together with 250 or 375mg of theophylline, or
800 meg of budesonide plus placebo, twice daily. The
plasma concentrations of theophylline that were
achieved in this study ranged from 2.5 to 17.1mg/l
with a median value of 8.7mg/l. The effects of these
two treatment paradigms were similar suggesting that
theophylline has dose sparing effects when given with
a steroid. However, at the doses used, patients
suffered from drug-related side effects, including
gastrointestinal upsets, palpitations, sore throats
and other side-effects associated with steroids and/or
theophylline therapy. The authors did not determine
any effects of the drug combination on inflammation.
Similar studies investigating potential dose sparing
of inhaled steroids with oral theophylline have not
been carried out in COPD patients. Cazzola et al,
(2004) PuIm Pharm Ther 17:141-145, compared the
combination of the bronchodilator salmeterol and the
steroid fluticasone with the combination of oral
theophylline and inhaled fluticasone (500 meg twice
daily) in COPD patients over a period of 4 months. The
dose of oral theophylline was titrated to achieve
plasma concentrations of 10-20 mg/L as these plasma
levels are required for clinical efficacy in terms of
bronchodilation. The inflammatory status of these
patients was not examined with either therapy.US200301
34865 discloses a screening method for identifying
drug-like compound for treating asthma or other
inflammatory diseases. It comprises of a xanthine or a
related compound to modulate the activity or
expression of HDAC. The invention describes the role
of steroids in the repression of inflammatory genes.
It predicts that theophylline should enhance
glucocorticoid actions by enabling glucocorticoids to
recruit HDACs with increased activity. Theophylline is
used in synergistic effect with the steroids
Dexamethasone and Budesonide in enhancing cell HDAC
activity and repression of inflammatory genes in
vitro. US6025360 discloses the use of theophylline as
an add-on therapy or to replace completely or
partially treatment with corticosteroids for chronic,
prophylactic, anti inflammatory treatment of asthma to
provide a mean steady state plasma level of 1 to less
than 5 mg/L. The plasma levels are achieved by
preparing theophylline administrated by the oral route
in a dosage form for dosing at 50 to 600 mg/day.
Barnes (Am J Respir Crit Care Med, 2003, 167:813-818),
discusses the use of theophylline and steroids in
combination for COPD and suggests that the combination
may have a synergistic effect in reducing
inflammation. However, no dosing regime is provided
nor is the use of administrating theophylline by the
inhaled route disclosed. For clarity Table 1 presents
a summary of the prior art in regard to oral doses of
methylxanthines administrated and corresponding
theophylline plasma levels detected in patients. For
clarity Table 2 presents a summary of the limited data
in the prior art in regard to inhaled doses of
methylxanthines administrated and corresponding
theophylline plasma levels detected in asthma
patients.Table 1 Table 2Thus, there is a medical need
for a therapeutic regime for COPD which provides
effective anti-inflammatory activity and avoids
side-effects associated with existing therapies. The
combination of inhaled theophylline with an inhaled
steroid in the 



manufacture of a medicament is disclosed in our
copending international patent application
PCT/GB05/003039 but has not been described in the
published literature. Such a medicament provides a
combination therapy for COPD and other chronic
respiratory diseases that may improve the pulmonary
anti-inflammatory activity of the inhaled steroid.
This inhaled combination produces minimal
methylxanthine systemic exposure (plasma levels <
lmg/L) and therefore results in an attractive side
effect profile compared with chronic oral
administration. Brief Description of the Invention The
present inventors have determined that steroids
administered together with methylxanthine compounds by
the inhaled route at doses which alone are not
effective in treating inflammation induced by tobacco
smoke (TS) in an animal model of COPD, have a
synergistic effect and are able to markedly reduce
inflammation in said models, for example by 44% or
more in the tests set forth below. TS exposure is
widely accepted to be the principal cause of COPD in
human beings. In a first aspect, therefore, there is
provided the use of a methylxanthine compound and a
steroid in the manufacture of a composition for the
treatment of a chronic respiratory disease selected
from the group consisting of chronic obstructive
pulmonary disease (COPD), cystic fibrosis, steroid
resistant asthma, severe asthma and paediatric asthma
in a human subject, wherein the composition is
administered by the inhaled route for pulmonary
delivery, and the methylxanthine compound is
administered at a dose between 0.1 and 25 mg/day.
Advantageously, the inhaled steroid is administered at
a dose which, in isolation, is not effective in
reducing the inflammation associated with the said
respiratory disease. The inhaled steroid may also be
administered at a dose which, in isolation, has
minimal efficacy with respect to improvements in lung
function and inflammation in treating said respiratory
disease.There is also provided the use of the inhaled
combination wherein the inhaled steroid is
administered at a lower dose than that, in isolation,
has significant efficacy with respect to improvements
in lung function and inflammation in treating said
respiratory disease (steroid sparing). Improving this
minimal pulmonary anti-inflammatory activity of
inhaled steroids (such as budesonide, fluticasone or
ciclesonide) using an inhaled methylxanthine (such as
theophylline) in combination provides a great benefit
to patients suffering from chronic respiratory
diseases such as COPD by resulting in improved health
status, improved pulmonary function, improvement in
measures of dyspnea and further reduced exacerbation
frequency. The invention recognises a synergistic
activity between a methylxanthine compound and steroid
drugs which results in an extremely high pulmonary
anti-inflammatory activity. This synergy can be
achieved using doses of the drugs which were
ineffective when administered alone. The effect is not
additive, but synergistic, in that two drugs having
little or no effect can be administered simultaneously
to obtain highly significant inhibition of the
inflammatory response. A methylxanthine compound, as
used herein, refers to theophylline and
pharmacologically equivalent compounds and salts,
including aminophylline and oxtriphylline. Such
compounds are methylxanthines, which include caffeine,
acepifylline, bamifylline, bufylline, cafaminol,
cafedrine, diprophylline, dihydroxypropyltheophylline,
doxofylline, enprofylline, etamiphylline, etofylline,
proxyphylline, suxamidofylline, Theobromine,
Furaphylline, 7-propyl-theophyllinedopamine,
Pentoxifylline, Reproterol, denbufylline, IBMX,
Arofylline, Cipamfylline, 



HWA 448, SDZ MKS 492, BB-1502 and the like. Steroid
drugs include glucocorticoids, corticosteroids and
mineralocorticoids, such as dexamethasone and
budesonide, beclomethasone, beclomethasone
dipropionate, flunisolide, fluticasone, Ciclesonide,
mometasone, hydrocortisone, prednisone, prednisolone,
methyl prednisolone, naflocort, deflazacort,
halopredone acetate, fluocinolone acetonide,
fluocinonide, clocortolone, tipredane, prednicarbate,
alclometasone dipropionate, halometasone, rimexolone,
deprodone propionate,triamcinolone, betamethasone,
fludrocortisone, deoxycorticosterone, rofleponide,
etiprendnol dicloacetate and the like. Steroid drugs
can additionally include steroids in clinical or
pre-clinical development for respiratory diseases such
as GW-685698, GW-799943, NCX-1010, NCX-1020,
NO-dexamethasone, PL-2146, NS-126 (formerly ST-126)
and compounds referred to in international patent
applications WO0212265, WO0212266, WO02100879,
WO03062259, WO03048181 and WO03042229. Steroid drugs
can also additionally include next generation
molecules in development with reduced side effect
profiles such as selective glucocorticoid receptor
agonists (SEGRAs), including ZK-2 16348 and compounds
referred to in international patent applications
WO-00032585, WO-000210143, WO-2005034939,
WO-2005003098, WO-2005035518 and WO-2005035502.
Preferably, the methylxanthine is theophylline.
Preferably, the steroid is budesonide, fluticasone or
ciclesonide. In accordance with the invention, the
steroid may be administered at a standard dose, or a
dose which would have a minimal effect if administered
independently of the methylxanthine compound to an
individual. Advantageously, the steroid is ineffective
in reducing inflammation in said respiratory disease
at the dose used. Certain respiratory diseases,
including COPD, are resistant to steroid treatment and
steroid drugs are minimally effective in reducing
pulmonary inflammation. Together with a methylxanthine
compound such as theophylline, however, a pulmonary
anti-inflammatory effect is observed. Administration
takes place via the inhaled route, providing the
convenience of patients receiving their target doses
of an inhaled methylxanthine compound and inhaled
steroid, with or without a long acting bronchodilator
drug, from a single device. Typically the long acting
bronchodilator drug would be either a long-acting
b-agonist, such as salmeterol or formoterol, or a long
acting anti-muscarinic, such as tiotropium.
Administration of the steroid may also be by the oral
route with the methylxanthine compound being given by
inhalation.The combinations of the invention can
optionally comprise one or more additional active
substances which are known to be useful in the
treatment of respiratory disorders such as PDE4
inhibitors, PDE5 inhibitors, PDE7 inhibitors,
leukotriene D4 inhibitors, leukotriene B4 inhibitors,
inhibitors of egfr-kinase, p38 MAP kinase inhibitors,
NF-kB pathway inhibitors such as IKK inhibitors, A2A
adenosine receptor agonists, TNFa signalling
inhibitors (such as ligand binding agents, receptor
antagonists), Interleukin-1 signalling inhibitors,
CRTH2 receptor antagonists, protease inhibitors (such
as neutrophil elastase inhibitors, MMP inhibitors,
Cathepsin inhibitors), IL-8 signalling molecules,
CXCRl inhibitors, CXCR2 inhibitors, iNOS modulators,
PPAR agonists, anti-oxidants (including
N-acetylcysteine and superoxide dismutase mimetics)
and/or NK-I receptor antagonists. In another aspect,
the invention provides a pharmaceutical composition
comprising a methylxanthine compound and a steroid for
use in the treatment of a chronic respiratory disease
selected from the group consisting of chronic
obstructive pulmonary disease (COPD), cystic fibrosis,
steroid resistant asthma, severe asthma 



and paediatric asthma, wherein the composition is
adapted for administration by the inhaled route for
pulmonary delivery and wherein the methylxanthine
compound is administered at a dose of 0.1 to 25
mg/day. Moreover, the invention provides a
methylxanthine compound and a steroid for
simultaneous, simultaneous separate or sequential use
in the treatment of a chronic respiratory disease
selected from the group consisting of chronic
obstructive pulmonary disease (COPD), cystic fibrosis,
steroid resistant asthma, severe asthma and paediatric
asthma, wherein the composition is adapted for
administration by the inhaled route for pulmonary
delivery and wherein the methylxanthine compound is
administered at a dose of 0.1 to 25 mg/day.
Preferably, the methylxanthine compound is provided in
an amount from 0.1 and 25 mg, or from 0.05 to 13 mg,
or from 0.033 to 9 mg per unit dose of the
composition, said unit doses corresponding
respectively to those for once per day, twice per day,
or three times per day treatment. Preferably, the
daily dose is between 1 and 24 mg, 23mg, 22 mg, 2 1 mg
or 20 mg. For example, the daily dose may be 5, 10,
15, 16, 17, 18 or 19 mg. Unit dosages may be
calculated for once, twice or three times daily
application. Preferably, the methylxanthine compound
is theophylline. Advantageously, the theophylline is
administered at a dosage as set forth above.
Methylxanthines other than theophylline may be
administered in the above dosages, or at dosages which
may be adapted from the above by persons skilled in
the art. The steroid may be provided, in general, at a
dosage of from about 40mcg to 1600mcg, either in a
single daily does or in multiple unit doses which
together add up to the stated dose. For example, the
steroid may be provided in a daily dose of 50, 100,
150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 750,
800, 900 or lOOOmcg. Advantageously, the steroid is
budesonide and is provided in an amount from 200 meg
to 1600 meg, or from 100 meg to 800 meg mg, or from 65
meg to 525 meg per unit dose of the composition, said
unit doses corresponding respectively to those for
once per day, twice per day, or three times per day
treatment. Preferably, the daily dose is between 200
meg and 1600, 1500, 1400, 1300, 1200, 1100 or lOOOmcg;
for example, the daily dose is 250, 300, 350, 400,
450, 500, 550, 600, 650, 700, 750, 800, 850 or 900
meg. Unit dosages may be calculated for once, twice or
three times daily application. In a further embodiment
the steroid is fluticasone and is provided in an
amount from 44 meg and 1000 meg, or from 22 meg to 500
meg, or from 15 meg to 335 meg per unit dose of the
composition, said unit doses corresponding
respectively to those for once per day, twice per day,
or three times per day treatment. Preferably, the
daily dose is between 44 meg and 900, 880, 800, 700,
660, 600 or 500 meg; for example, the dose can be 50,
60, 88, 100, 110, 125, 150, 200, 220, 250, 300, 350,
375, 400, 440 or 450 meg. Unit dosages may be
calculated for once, twice or three times daily
application.Moreover, the steroid can be Ciclesonide
and be provided in an amount from 40 meg and 500 meg,
or from 20 meg to 250 meg mg, or from 17 meg to 170
meg per unit dose of the composition, said unit doses
corresponding respectively to those for once per day,
twice per day, or three times per day treatment. The
daily dose is preferably between 40 meg and 480, 450,
400, 350, 320 or 300 meg; for example, the dose is 80,
100, 120, 150, 160, 200 or 250 meg. Unit dosages may
be calculated for once, twice or three times daily
application. Such unit dosages may be packaged to
provide a kit for the treatment of said respiratory
disease, comprising a methylxanthine compound and a
steroid in unit 



dosage form, wherein the composition is administered
by the inhaled route for pulmonary delivery. For
example, a kit according to the invention may comprise
the methylxanthine compound and the steroid in
admixture, in the correct ratio, for concurrent
administration. Alternatively, the compounds may be
provided as separate compositions for simultaneous
separate or sequential administration. In a
particularly preferred embodiment, the methylxanthine
compound and the steroid are provided in the form of
an inhaler, for administration via the inhaled route.
The inhaler may be a single bottle inhaler, with the
compounds provided in admixture, or a twin-bottle
inhaler wherein the compounds are provided separately
but administered together. Such a kit may comprise,
for example, instructions for use which direct the
user to administer the medicaments substantially
simultaneously, such that they are present in the
patient's body, particularly the lungs, at the same
time. In the kits or unit dosages according to the
invention, the steroid is preferably present at a dose
which is insufficient to be effective in the treatment
of said respiratory disease if administered
independently. Importantly, plasma levels achieved
with the doses of a methylxanthine compound such as
theophylline used (total daily administered dose
0.1-25 mg) fall below those currently considered
necessary for clinical efficacy (10-20mg/l) (Cazzola
et al, Pulmonary Pharmacology & Therapeutics, 2004,
17, 141-145) and those below usedto demonstrate
anti-inflammatory activity (5 mg/L) (Culpitt et al.
AmJ.Respir.Crit Care Med, 2002, 165(10): 1371-1376,
Kobayashi et al, Respirology, 2004, 9:249- 254). The
nominal dose quoted as being delivered may exceed this
figure, depending upon the characteristics of the
device and the formulation in use; however, the
invention provides that an effective dose resulting in
plasma levels between 1 pg/L and 1 mg/L of
methylxanthine determined 1 hour post administration
is effective in treating respiratory conditions when
administered by the inhaled route for pulmonary
delivery in combination with a steroid drug.
Preferably, the plasma level of methylxanthine
compound achieved as described above is between lmcg/L
and lmg/L, advantageously lOOmcg/L-lmg/L, 250mcg/Llmg/
L, 500mcg/L- lmg/L or 750mcg/L- lmg/L. Advantageously,
it is 950mcg/L or less, 900mcg/L or less, 850mcg/L or
less, or 800mcg/L or less. In the foregoing aspects of
the invention, the dosage of steroid which does not
exert any apparent pharmacological effect in the
animal model of COPD is advantageously below 0.5mg/kg,
preferably between 0.1 and 0.4mg/kg, most preferably
between 0.1 and 0.3 mg/kg. Advantageously, the dose of
steroid is 0.1mg/kg or less. There is moreover
provided a method for the treatment of a chronic
respiratory disease selected from the group consisting
of chronic obstructive pulmonary disease (COPD),
cystic fibrosis, steroid resistant asthma, severe
asthma and paediatric asthma, comprising administering
to a human patient in need thereof a composition
according to the foregoing aspects of the invention.
The effectiveness of the treatment may be assayed, in
accordance with the invention, by any technique
capable of assessing inflammation. In a preferred
embodiment, the treatment of the respiratory disease
is assessed by counting cells recovered by
bronchoalveolar lavage (BAL). Inflammation can also be
assessed in sputum or in bronchial epithelial biopsies
(Rutgers et al. Eur Respir J. 2000, 15(1): 109-15).
Non invasive assessment of pulmonary inflammation can
also be assessed using positron emission tomography
and 18F-fluorodeoxyglucose uptake (Jones et al. Eur
Respir J, 2003, 21: 567-573).Advantageously, the
pulmonary cells are selected from the group consisting
of 



macrophages, neutrophils and lymphocytes. The
invention is capable of substantially reducing
inflammation in respiratory diseases. Advantageously
the cell count is reduced by 40% or more upon
administration of a methylxanthine compound and a
steroid, preferably 44%, 50%, 60% or more. At the same
time, the individual doses of a methylxanthine
compound and the steroid can advantageously reduce
cell numbers by a total, when added together, of 31%
or less, preferably 30% or less, and ideally by 20% or
less. Where the synergistic reduction of cell count on
administration of a methylxanthine compound and a
steroid is 40% r more, preferably 44% and
advantageously 50% or more, the additive effect of the
individual agents is preferably 31% or less,
advantageously 20% or less.Brief Description of the
Figures Figure 1 Effect of Theophylline, Dexamethasone
or their combination, administered orally or
intra-nasally, on total cell numbers recovered in the
BAL 24 hr post final exposure. Figure 2 Plasma levels
of Theophylline at 1 hr post administration when
administered in combination with Dexamethasone by
either the oral or intranasal route in TS exposed
mice. Figure 3 Effect of Theophylline, Dexamethasone
or their combination, administered orally or
intra-nasally, on macrophage numbers recovered in the
BAL 24 hr post final exposure. Figure 4 Effect of
Theophylline, Dexamethasone or their combination,
administered orally or intra-nasally, on neutrophil
numbers recovered in the BAL 24 hr post final
exposure. Figure 5 Effect of Theophylline,
Dexamethasone or their combination, administered
orally or intra-nasally, on lymphocyte numbers
recovered in the BAL 24 hr post final exposure.
Detailed Description of the Invention The present
invention employs standard techniques of pharmacology
and biochemistry, as described in more detail below.
In the context of the invention, certain terms have
specific meanings, as follows. The invention describes
the administration of theophylline and steroid drugs
in combination, and contrasts the combined
administration with individual administration of said
drugs in isolation. "In isolation" accordingly refers
to the administration of theophylline without a
steroid, or vice versa, irrespective of whether the
steroid is administered before, concomitantly with or
after the theophylline. The intention is to
differentiate between the theophylline and the steroid
being administered such that they can exert their
pharmacological activities in the target organism
contemporaneously or separately."Combined use" or
"combination" within the meaning of the present
invention is to be understood as meaning that the
individual components can be administered
simultaneously (in the form of a combination
medicament), separately but substantially
simultaneously (for example in separate doses) or
sequentially (directly in succession or after a
suitable time interval, provided that both agents are
active in the subject at the same time). "Effective",
referring to treatment of inflammatory conditions
and/or respiratory disease, refers to obtaining a
response in an assay which measures inflammation in
respiratory disease. The preferred assay is
bronchoalveolar lavage (BAL) followed by cell
counting, wherein the presence of cells indicates
inflammation of the lung. In human patients, BAL,
induced sputum and bronchial biopsy are preferred
methods of 



assessing inflammation. Inflammation may be induced by
any desired means, such as tobacco smoke inhalation,
administration of irritants such as LPS, and the like.
Tobacco smoke inhalation is preferred since, as shown
previously in UK patent application 0417481.9, the use
of LPS does not faithfully reproduce an inflammatory
response that is steroid resistant as is seen in COPD.
In the context of the BAL/cell counting assay,
"effective" preferably encompasses a reduction in cell
numbers by 30%, 35%, 40%, 45%, 50%, 60%, 65%, 70% or
more compared to a control in which the agent is not
administered. "Not effective" means, in the same
assay, a much lower level of response. Preferably, in
the BAL/cell counting assay, "not effective" means
that the reduction in cell numbers is 30% or below,
advantageously 28%, 27%, 26%, 25%, 24%, 23% 22% or 21%
or below, and preferably 20% or below. In some
instances, "not effective" can encompass an increase
in inflammation, seen for example as an increase in
cell numbers. "Synergistic" means that the
effectiveness of two agents is more than would be
expected by summing their respective individual
effectiveness in a given assay. For example, if
theophylline and a steroid reduce cell numbers in the
BAL assay by 10% and 20% respectively when
administered in isolation, a synergistic response
would be seen if the reduction in cell numbers were
above 30%, preferably above 35%, 40%, 50% or more, in
a combined administration of the same agents at the
same dose."Administered" refers to the administration
of the entire dose of the agent, such as in a bolus
dose, to the intended subject. In the context of the
present invention, dosage is preferably expressed in
terms of plasma levels achieved (<5mg/L; 6-9mg/L; 10-
20mg/L) with plasma levels preferably less than 5mg/L,
and most preferably less than l mg/L. A "dose" is an
amount of agent administered as described above. "Unit
dosage" form is a preparation of a pharmaceutical
composition in one or more packaged amounts, each of
which contains a single dosage in accordance with the
invention. Methylxanthines and Steroids Theophylline
and aminophylline Theophylline has the structure shown
below: (D and is available commercially under a
variety of brand names, including Accurbron, Aerobin,
Aerolate, Afonilum, Aquaphyllin, Armophylline,
Asmalix, Austyn, Bilordyl, Bronchoretard, Bronkodyl,
Cetraphylline, Constant T, Duraphyllin, Diffumal,
Elixomin, Elixophyllin, Etheophyl, Euphyllin,
Euphylong, LaBID, Lanophyllin, Lasma, Nuelin, Physpan,
Pro-Vent, PulmiDur, Pulmo-Timelets, Quibron,
Respid,Slo-Bid, Slo-Phyllin, Solosin, Sustaire,
Talotren, Teosona, Theobid, Theoclear, Theochron,
Theo-Dur, Theolair, Theon, Theophyl, Theograd,
Theo-Sav, Theospan, Theostat, Theovent, T-Phyl,
Unifyl, Uniphyl, Uniphyllin, and Xanthium. The
chemical name of Theophylline is
3,7-dihydro-l,3-dimethyl-lH-purine-2,6-dione or
1,3-Dimethylxanthine and its general chemical formula
is C7HgN4O . Aminophylline A theophylline derivative,
this is synonymous with theophylline ethylenediamine.
Aminophylline is a derivative of theophylline; both
are methylxanthines and are derived from Xanthines.
The drug aminophylline differs somewhat in its
structure from theophylline in that it contains
ethylenediamine, as well as more molecules of water.
Aminophylline tends to be less potent and shorter
acting than theophylline. Its structure is shown
below: 



(p) Since a significant portion of the inhaled dose
may be swallowed, it is important to note that
theophylline is well absorbed from the
gastrointestinal tract with up to 90- 100 per cent
bioavailability. Peak levels are achieved within 1-2
hours following ingestion, but this is slowed by the
presence of food. Theophylline is approximately 60 per
cent plasma protein bound and has a mean volume of
distribution of 0.51/kg. Plasma protein binding is
reduced in infants and in patients with liver
cirrhosis. The mean plasma half-life of theophylline
is about 8 hours in adults although there is large
intra- and inter-individual variation, and also varies
greatly with age being approximately 30 hours in
premature neonates, 12 hours within the first 6
months, 5hours up to the first year of life and
approximately 3.5 hours up to the age of 20 gradually
increasing again thereafter. Theophylline is mainly
metabolised in the liver by demethylation or oxidation
using the cytochrome P450 system. Only small amounts
are excreted by the kidney unchanged, and dosage
adjustments in renal failure are unnecessary. However,
caution needs to be exercised when using other drugs
that are also metabolised by the cytochrome system
when dosage adjustments need to be made in conjunction
with the measurement of plasma levels. Many drugs may
interfere with the metabolism of theophylline. Special
care should be taken with certain antibiotics as
patients with acute infective exacerbations of their
airways obstruction may be inadvertently put on them
without consideration of the effects on theophylline
metabolism. These include the macrolide (e.g.
erythromycin) and quinolone (e.g. ciprofloxacin)
families of antibiotics which both reduce theophylline
clearance to varying degrees. Other drugs that reduce
theophylline clearance include cimetidine, allopurinol
and propanolol (although this would be a rather
unusual therapeutic combination). Drugs that increase
theophylline metabolism include rifampicin,
phenobarbitone and particularly phenytoin and
carbamazepine but not the oral contraceptive pill. The
rate of metabolism of theophylline is increased
substantially in cigarette smokers (the half life can
be halved), although may not be significant in those
who smoke less than 10/day. Smoking marijuana has a
similar effect as can eating a high protein diet.
Hepatic dysfunction, heart failure and cor pulmonale
all reduce the elimination of theophylline, and low
albumin states reduce the amount of protein bound drug
in the blood, so results of plasma levels need to be
interpreted with caution. Therefore, as the clinical
state of the patient with heart failure or respiratory
failure with cor pulmonale improves, the clearance of
theophylline alters, and dosage adjustments may be
necessary. Administering the methylxanthine by the
inhaled route for pulmonary delivery is not only
desirable to maximise the locally mediated pulmonary
anti-inflammatory synergy with the inhaled steroid,
but also to administer the methylxanthine at lower
doses (<25 mg) resulting in minimal systemic exposure
(< lmg/L). Very low methylxanthine plasma levels may
significantly reduce the incidence of the systemic
side effects of standard oral methylxanthine therapy
described above.Methylxanthines Methylxanthine
compounds, which include theophylline and
aminophylline, have the general formula Wherein X
represents hydrogen, an aliphatic hydrocarbon radical
or -CO-NR 3R4; R1, R2 and R3 represent aliphatic
hydrocarbon radicals; R4 represents hydrogen or an
aliphatic hydrocarbon radical and R3 and R4 together
with the nitrogen atom may also represent an alkylene
imino radical with 5 to 6 ring 



members or the morpholino radical; and R5 represents
hydrogen or an aliphatic hydrocarbon radical. All such
compounds are within the scope of the present
invention; however, theophylline itself is especially
preferred. Steroids Steroid drugs in general are
suitable for use in the present invention. Particular
steroids are set forth below. Common inhaled steroids
include:  Pulmicort(r) (budesonide)  Flovent(r)
(fluticasone) Asmanex(r) (mometasone)  Alvesco(r)
(cilcesonide)  Aerobid(r) (flunisolide)  Azmacort(r)
(triamcinolone)  Qvar(r) (beclomethasone HFA)
Steroids may also be administered in the form of
combinations with long acting bronchodilators with a
range of mechanisms including beta 2 adrenergic
agonists (such as formoterol or salmeterol) and/or
muscarinic antagonists such as ipratropium and
tiotropium. The bronchodilator included in the steroid
combination can have beta 2 adrenergic agonist and
muscarinic antagonist activity in the same molecule.
Advair(r) (Flovent(r) and Serevent(r)) Note:
Serevent(r) is the long acting betaagonist salmeterol.
Symbicort(r) (Pulmicort(r) and Oxis(r)) Note: Oxis is
the long acting betaagonist formoterol.  Other steroid
/ B2 agonist combinations are in clinical development
such as Ciclesonide and formoterol, and fluticasone
and formoterol (Flutiform). These products may also
benefit from combination therapy with inhaled
theophylline. Common steroid pills and syrups include:
Deltasone(r) (prednisone)  Medrol(r)
(methylprednisolone)  Orapred(r), Prelone(r),
Pediapred(r) (prednisolone)Budesonide Chemical name:
C25H34O6: 430.54 (+) - [ (RS) - 16a, 17a -
Butylidenedioxy - lib, 2 1 - dihydroxy - 1, 4 -
pregnadiene - 3, 20 - dione] CAS Registry Number :
51333-22-3 Budesonide was originally synthesised from
16a-hydroxyprednisolone. The unique structure of the
molecule is the key to its combination of high topical
antiinflammatory potency with relatively low potential
for systemic side-effects. In addition, budesonide is
both sufficiently water soluble for easy dissolution
in mucosal fluids and lipid soluble for rapid uptake
by mucosal membranes. Because the acetal group is
asymmetrical, budesonide exists as a 1:1 mixture of
two epimers, known as 22R and 22S.
FluticasoneBRAND_NAMES: Cutivate, Flixonase,
Flixotide, Flonase, Flovent, Flunase CHEMICAL_NAME:
(6(,ll(,16(,17()-6,9-difluoro-ll-hydroxy-16-methyl-3-o
xo-17-(loxopropoxy) androsta-l,4-diene-17-carbothioic
acid S-(fluoromethyl) ester CHEMICAL_FORMULA : C25H3
1F3O5S CAS_NUMBER : 80474-14-2 



Ciclesonide BRAND_NAMES: Alvesco CHEMICAL_NAME: (R)-I
lbeta,16alpha,17,21-Tetrahydroxypregna-l,4-diene-3,20-
dione, cyclic 16,17- acetal with
cyclohexanecarboxaldehyde, 21-isobutyrate
CHEMICAL_FORMULA : C32-H44-O7 CAS NUMBER :
141845-82-1Beclomethasone CHEMICAL_NAME
(11(,16()-9-chloro- 11,17,2
1-trihydroxy-16-methylpregna- 1,4-diene-3,20-dione
CHEMICAL FORMULA CAS_NUMBER 4419-39-0 BRAND NAMES
(VARIANT) Aerobec (beclomethasone dipropionate),
Aldecin (beclomethasone dipropionate), Anceron
(beclomethasone dipropionate), Andion (beclomethasone
dipropionate), Beclacin (beclomethasone dipropionate),
Becloforte (beclomethasone dipropionate), Beclomet
(beclomethasone dipropionate), Beclorhinol
(beclomethasone dipropionate), Becloval
(beclomethasone dipropionate), Beclovent
(beclomethasone dipropionate), Becodisks
(beclomethasone dipropionate), Beconase
(beclomethasone dipropionate), Beconasol
(beclomethasone dipropionate), Becotide
(beclomethasone dipropionate), Clenil-A
(beclomethasone dipropionate), Entyderma
(beclomethasone dipropionate), Inalone (beclomethasone
dipropionate), Korbutone (beclomethasone
dipropionate), Propaderm (beclomethasone
dipropionate), Qvar (beclomethasone dipropionate),
Rino-Clenil (beclomethasone dipropionate), Sanasthmax
(beclomethasone dipropionate), Sanasthmyl
(beclomethasone dipropionate), Vancenase
(beclomethasone dipropionate), Vanceril
(beclomethasone dipropionate), Viarex (beclomethasone
dipropionate), and Viarox (beclomethasone
dipropionate).Triamcinolone BRAND_NAMES Aristocort,
Aristospan, Azmacort, Kenalog Nasacort CHEMICAL_NAME
(11(,16()-9-fluoro-11,2
1-dihydroxy-16,17-[1-methylethylidenebis(oxy)]pregna-1
,4- diene-3,20-dione CHEMICAL_FORMULA C24H3 1FO6 CAS
NUMBER 76-25-5 Salmeterol/ Advair BRAND_NAMES
*l-hydroxy-2-naphthoate *l-hydroxy-2-naphthoate:
Arial, Salmetedur, Serevent CHEMICAL_NAME
(()-4-hydroxy-('-[[[6-(4-phenylbutoxy)hexyl]amino]meth
yl]-l,3-benzenedimethanol CHEMICAL_FORMULA C25H37NO4
CAS_NUMBER 89365-50-4PRINTING SCREENS The present
invention relates to a printing screen, often
alternatively referred to as a printing stencil, for
use in printing printing media, in particular a
conductive epoxy, onto a workpiece, in particular a
leadframe or substrate. 



Semiconductor dies are usually attached to leadframes
using a conductive epoxy, typically a silver-loaded
epoxy, which provides both for electrical contact to
the base of the die and good thermal contact between
the die and the leadframe. In order to establish such
electrical and thermal contact, it is important to
ensure that there are no air pockets in the bond
between the die and the leadframe, thus requiring all
air to be expelled from between the die and the
leadframe. Many techniques are currently employed to
deposit conductive epoxy onto leadframes. These
techniques include the use of an applicator to
pressuredispense blobs of epoxy onto a leadframe, the
use of a stamp to transfer a thin layer of epoxy onto
a leadframe, the screen printing of a thin layer of
epoxy onto a leadframe using a conventional printing
screen, and the screen printing of blobs of epoxy onto
a leadframe using a PumpPrint printing screen
(PumpPrint is a trade mark of DEK International GmbH,
Zurich, Switzerland). These techniques, whilst
effective, do suffer from a number of drawbacks.
Techniques which utilize applicators or stamps are
relatively slow, as such applicators and stamps
usually only allow for a single deposit of epoxy to be
deposited in each operation, and leadframes usually
require the attachment of a plurality of dies, thereby
requiring repeated operation of the applicators or
stamps. Screen printing using a conventional thin,
metal printing screen is capable of depositing a large
number of deposits of epoxy in a single printing
operation,but it is not possible to use such a
conventional printing screen where the leadframe
already includes previously-mounted components, as
will usually be the case. Screen printing using a
PumpPrint printing screen does allow for printing in
the presence of previously-mounted components, but, in
order to achieve the very small deposits required, the
printing apertures in the PumpPrint printing screen
have to be very small, which leads to the problem of
blockage of the printing apertures by the conductive,
metal flakes in the epoxy, typically silver flakes in
a silver-loaded epoxy. It is thus an aim of the
present invention to provide an improved means of
depositing deposits of printing media, in particular a
loaded epoxy, onto a workpiece, in particular a
leadframe or substrate, where the workpiece can
include previously-mounted components. In one aspect
the present invention provides a printing screen which
allows for deposits of printing media, in particular
very small deposits of a loaded epoxy, to be deposited
onto a workpiece, in particular a leadframe or
substrate. I n another aspect the present invention
provides a printing screen for use in screen printing
at least one deposit of a printing medium onto a
workpiece, the printing screen comprising: a first,
facing sheet which includes at least one printing
aperture through which a deposit of a printing medium
is to be printed onto a workpiece, and at least one
clearance aperture which is configured to receive a
feature on the workpiece; and a second, backing sheet
which is disposed to a rear surface of the facing
sheet, the backing sheet including at least one
reservoir aperture which is located in correspondence
with the at least one printing aperture in the facing
sheet for containing a volume of the printing medium
to a rear of the at least one printing aperture in the
facing sheet, and at least one blind recess which is
located in correspondence with theat least one
clearance aperture in the facing sheet such as to
define a cavity for 



enclosing the feature on the workpiece. Preferably,
the at least one printing aperture comprises a
plurality of slots. More preferably, the at least one
printing aperture comprises a plurality of outer slots
which extend outwardly from a central section thereof.
Yet more preferably, the outer slots are elongate
slots. I n one embodiment the outer slots have a
substantially uniform width. Preferably, the outer
slots flare outwardly relative t o one another.
Preferably, the at least one printing aperture
comprises an inner slot at the central section
thereof. More preferably, the inner slot is an
elongate slot. I n one embodiment the inner slot has a
substantially uniform width. Preferably, the outer
slots comprise first and second pairs of outer slots
which extend outwardly from respective ones of
opposite ends of the inner slot. More preferably, each
of the first and second pairs of outer slots defines a
V shape. In one embodiment the outer slots comprise a
third pair of outer slots which extend in
substantially opposite directions from substantially a
mid-point of the inner slot.I n one embodiment the
outer slots comprise a fourth pair of outer slots
which extend in substantially opposite directions from
respective ones of the opposite ends of the inner
slot. Preferably, the inner and outer slots are
separated from one another. Preferably, the facing
sheet has a thickness in the range of from about 25 mm
to about 200 mm. More preferably, the facing sheet has
a thickness of about 100 mm. Preferably, the facing
sheet comprises a metal sheet. Preferably, the at
least one reservoir aperture in the backing sheet has
a lateral extent just greater than a lateral extent of
the at least one printing aperture in the printing
sheet. Preferably, the backing sheet has a thickness
in the range of from about 1 mm to about 8 mm. More
preferably, the backing sheet has a thickness of about
3 mm. Preferably, the facing and backing sheets are
bonded together. More preferably, the facing and
backing sheets are bonded together by hot-roll
lamination. Preferably, the facing sheet includes a
plurality of printing apertures and the backing sheet
includes a plurality of reservoir apertures which are
located in correspondence with respective ones of the
printing apertures in the facing sheet.Preferably, the
facing sheet includes a plurality of clearance
apertures and the backing sheet includes a plurality
of blind recesses which are located in correspondence
with respective ones of the clearance apertures in the
facing sheet. In one embodiment the printing medium
comprises a conductive epoxy. In a further aspect the
present invention provides a printing screen for use
in screen printing at least one deposit of a printing
medium onto a workpiece, the printing screen
comprising: at least one printing region which
comprises a sheet which includes a printing aperture
through which a deposit of a printing medium is to be
printed onto a workpiece, and at least one reservoir
which is located to a rear of the printing aperture
for containing a volume of the printing 



medium; and at least one enclosure region which
comprises a blind recess which is configured to
enclose a feature on the workpiece. Preferably, the
printing screen comprises: a plurality of printing
regions. Preferably, the printing screen comprises: a
plurality of enclosure regions. Preferably, the
printing aperture comprises a plurality of slots. More
preferably, the printing aperture comprises a
plurality of outer slots which extend outwardly from a
central section thereof. Yet more preferably, the
outer slots are elongate slots. In one embodiment the
outer slots have a substantially uniform width.
Preferably, the outer slots flare outwardly relative
to one another.Preferably, the printing aperture
comprises an inner slot at the central section
thereof. More preferably, the inner slot is an
elongate slot. In one embodiment the inner slot has a
substantially uniform width. Preferably, the outer
slots comprise first and second pairs of outer slots
which extend outwardly from respective ones of
opposite ends of the inner slot. More preferably, each
of the first and second pairs of outer slots defines a
V shape. In one embodiment the outer slots comprise a
third pair of outer slots which extend in
substantially opposite directions from substantially a
mid-point of the inner slot. I n one embodiment the
outer slots comprise a fourth pair of outer slots
which extend in substantially opposite directions from
respective ones of the opposite ends of the inner
slot. Preferably, the inner and outer slots are
separated from one another. In a still further aspect
the present invention provides a printing screen for
use in screen printing at least one deposit of a
printing medium onto a workpiece, the printing screen
comprising a sheet which includes at least one
printing aperture through which a deposit of a
printing medium is to be printed onto a workpiece,
wherein the at least one printing aperture comprises a
plurality of outer slots which extend outwardly from a
central section thereof. Preferably, the outer slots
are elongate slots.In one embodiment the outer slots
have a substantially uniform width. Preferably, the
outer slots flare outwardly relative to one another.
Preferably, the at least one printing aperture
comprises an inner slot at the central section
thereof. More preferably, the inner slot is an
elongate slot. I n one embodiment the inner slot has a
substantially uniform width. Preferably, the outer
slots comprise first and second pairs of outer slots
which extend outwardly from respective ones of
opposite ends of the inner slot. More preferably, each
of the first and second pairs of outer slots defines a
V shape. In one embodiment the outer slots comprise a
third pair of outer slots which extend in
substantially opposite directions from substantially a
mid-point of the inner slot. In one embodiment the
outer slots comprise a fourth pair of outer slots
which extend in substantially opposite directions from
respective ones of the opposite ends of the inner
slot. Preferably, the inner and outer slots are
separated from one another. Preferably, the sheet
includes a plurality of printing apertures. 



In a yet further aspect the present invention provides
a method of manufacturing a workpiece assembly,
comprising the steps of: disposing the above-described
printing screen at a surface of a workpiece onto which
at leastone deposit of a printing medium is to be
printed; driving a print head over a rear surface of
the printing screen to force printing medium into the
at least one printing aperture of the printing screen
and into contact with an upper surface of the
workpiece; and separating the printing screen and the
workpiece such as to provide at least one deposit of
the printing medium on the workpiece. Preferably, the
method further comprises the step of: pressing at
least one object onto the at least one deposit such as
to mount the at least one object on the at least one
deposit. I n one embodiment the printing medium is a
conductive epoxy. I n one embodiment the workpiece is
a leadframe or substrate. Preferred embodiments of the
present invention will now be described hereinbelow by
way of example only with reference to the accompanying
drawings, in which: Figure 1 illustrates a fragmentary
perspective view of a printing screen in accordance
with a preferred embodiment of the present invention;
Figure 2 illustrates an exploded perspective view of
the printing screen of Figure 1; Figure 3 illustrates
a vertical sectional view (section I-I) of the
printing screen of Figure 1; Figure 4(a) illustrates
the printing screen of Figure 1 where located on a
workpiece prior to a printing operation;Figure 4(b)
illustrates the printing screen of Figure 1, following
operation of the print head of a screen printing
machine thereover; Figure 4(c) illustrates the
printing screen of Figure 1, following separation from
the printed workpiece; Figure 4(d) illustrates the
printed workpiece of Figure 4(c) where having an
object mounted thereto at the printed deposit; Figure
5 illustrates a fragmentary plan view of a printing
screen as one modification of the printing screen of
Figure 1; and Figure 6 illustrates a fragmentary plan
view of a printing screen as another modification of
the printing screen of Figure 1. Figure 1 illustrates
a printing screen in accordance with a preferred
embodiment of the present invention. The printing
screen comprises a first, facing sheet 3, in this
embodiment a thin, stiff sheet, which includes a
plurality of printing apertures 5 through which
deposits of a printing medium, in this embodiment a
conductive epoxy, are to be printed onto a workpiece,
in this embodiment a leadframe or substrate, where the
positions of the deposits correspond to the positions
of objects, in this embodiment semiconductor dies,
which are to be mounted to the workpiece, and a
plurality of clearance apertures 7 which are located
in correspondence with features, in this embodiment
electronic components, which are located on the
workpiece. For ease of illustration, only a fragment
of the printing screen, which includes one such
printing aperture 5 and clearance aperture 7, is
illustrated.In this embodiment the facing sheet 3
comprises a metal sheet, such as a stainless steel
sheet, but could be formed of another material, such
as a synthetic material, for example, a plastic, where
having the necessary rigidity. 



In this embodiment the printing and clearance
apertures 5, 7 are formed by cutting, here laser
cutting, but could be formed by any other known
technique, such as chemical etching, or indeed the
facing sheet 3 could be formed by electroforming. In
this embodiment the facing sheet 3 has a thickness of
about 100 mm. In a preferred embodiment the facing
sheet 3 has a thickness in the range of from about 25
mm to about 200 mm. The printing apertures 5 each
comprise a plurality of elongate slots 17a-e which
together define the pattern of the deposit which is to
be printed on the workpiece, with the printed deposit
comprising a plurality of elongate elements in an
arrangement corresponding to the slots 17a-e. In this
embodiment the slots 17a-e are each substantially
linear, and each have a substantially uniform width.
In this embodiment the slots 17a-e have a width of
about 100 mm. As will be described in more detail
hereinbelow, the width of the slots 17a-e determines
the height, and hence amount, of the printed deposit.
In this embodiment the slots 17a-e are separated from
one another, such as not to be interconnected. In an
alternative embodiment at least ones of the slots
17a-e could be interconnected. In this embodiment each
of the printing apertures 5 comprises five elongate
slots 17a-e which are arranged in the form of an
extended cross, with a first, central slot 17a
defining a central section of the printing aperture 5,
and first and second pairs of outer slots 17b, c, 17d,
e extending outwardly from thecentral section. In this
embodiment the first and second pairs of outer slots
17b, c, 17d, e extend outwardly from respective ones
of the distal ends of the central slot 17a. In simple
geometric terms, the slots 17a-e define a shape which
can be represented by a Y shape whose tail adjoins the
base of a V shape. In this embodiment the outer slots
17b-e flare outwardly relative to one another, such as
to provide that the deposited elements from each of
the adjacent ones of the outer slots 17b-e each
enclose a space which is of progressively increasing
size in an outward direction. With this arrangement,
the flow of the printing medium in the outward
direction is such as to prevent the entrapment of air
pockets. The printing screen further comprises a
second, backing sheet 19, in this embodiment a
relatively-thick sheet as compared to the facing sheet
3, which is fixed to the rear surface of the facing
sheet 3. The backing sheet 19 includes a plurality of
reservoir apertures 21 which extend through the
backing sheet 19 and are Ideated so as to correspond
in position to the printing apertures 5 in the facing
sheet 3, and a plurality of blind recesses 23 in the
lower surface of the backing sheet 19 which are
located so as to correspond in position to the
clearance apertures 7 in the facing sheet 3. Again,
for ease of illustration, only one such reservoir
aperture 21 and blind recess 23, which are
counterparts to the printing aperture 5 and the
clearance aperture 7 in the facing sheet 3, are
illustrated. I n this embodiment the backing sheet 19
is formed of a synthetic material, here a plastics
material. In this embodiment the backing sheet 19 has
a thickness of about 3 mm. In a preferred embodiment
the backing sheet 19 has a thickness in the range of 



from about 1 mm to about 8 mm.I n this embodiment the
reservoir apertures 21, which are here substantially
rectangular in shape, have a lateral extent just
slightly greater than the lateral extent of the
respective printing apertures 5 in the facing sheet 3,
and define reservoirs for retaining a volume of a
printing medium to the rear of the respective printing
apertures 5. In this embodiment the facing and backing
sheets 3, 19 are laminated together using a hot-roll
lamination machine, where an "uncured" aqueous polymer
is provided between the sheets 3, 19, which polymer,
following lamination, is cured and provides a
lamination layer 31 which bonds the sheets 3, 19
together. It has been established that this bonding of
the facing and backing sheets 3, 19 is able to
withstand normal aqueous cleaner tests and the more
aggressive hot hydroxide baths. Use of the printing
screen will now be described hereinbelow with
reference to Figures 4(a) to (d) of the accompanying
drawings. As illustrated in Figure 4(a), the printing
screen is first located over a workpiece W which in
this embodiment includes a plurality of features F
thereon, in this embodiment electronic components,
with the clearance apertures 7 in the facing sheet 3
being located over the respective features F, such as
to be enclosed within the blind recesses 23 in the
backing sheet 19. For ease of illustration, Figures
4(a) to (d) illustrate the workpiece W as including
only one such feature F. As illustrated in Figure
4(b), a print head of a screen printing machine (not
illustrated) is then driven over the upper surface of
the printing screen, such as to force printing medium
Pfrom the reservoir apertures 2 1 in the backing sheet
19 into the slots 17a-e of the respective printing
apertures 5 and into contact with the upper surface of
the workpiece W.As illustrated in Figure 4(c), the
printing screen and the workpiece W are then separated
from one another. As a result of the adhesion force
between the workpiece W and the printing medium P at
the slots 17a-e of each of the printing apertures 5,
in separating the printing screen and the workpiece W,
printing medium P at the slots 17a-e of the printing
apertures 5 is retained on the workpiece W, such as to
provide deposits D on the workpiece W, with each of
the deposits D comprising a plurality of elements in
an arrangement corresponding t o the slots 17a-e of
the printing apertures 5. By virtue of the
configuration of the printing apertures 5, the
printing of very small deposits D can be achieved,
with the height, and hence amount, of the deposits D
being determined by the width of the slots 17a-e of
the printing apertures 5, where slots 17a-e of greater
width allow for greater evacuation of the printing
medium P in the reservoir apertures 21 in the backing
sheet 19. As illustrated in Figure 4(d), objects O, in
this embodiment semiconductor dies, are then mounted
on the workpiece W by pressing the objects O onto the
respective deposits D. In pressing an object O
downwardly onto the workpiece W, the printing medium P
flows in the outward direction, and this flow, by
virtue of the configuration of the printed deposit D,
is such as to prevent the entrapment of air pockets
beneath the workpiece W. Figure 5 illustrates a
fragmentary view of a printing screen as one
modification of the printing screen of the
above-described embodiment. The printing screen of
this embodiment differs from that of the printing
screen of the above-described embodiment in that the
printing apertures 5 in the 



facing sheet 3 comprise seven elongate slots 17a-g,
with a first, central slot 17a defining a central
section of the printing aperture 5, and first to third
pairs of outer slots 17b, c, 17d, e, 17f, g flaring
outwardly from the central section. In this embodiment
the first and second pairs of outer slots 17b, c, 17d,
e extend outwardly from respective ones of the distal
ends of the central slot 17a, and the third pair of
outer slots 17f, g extend orthogonally
fromsubstantially a mid-point of the central slot 17a.
In simple geometric terms, the slots 17a-g define a
shape which can be represented by a + shape, and first
and second V shapes whose tails adjoin the opposite
distal ends of one of the cross members of the +
shape. Figure 6 illustrates a fragmentary view of a
printing screen as another modification of the
printing screen of the above-described embodiment. The
printing screen of this embodiment differs from that
of the printing screen of the above-described
embodiment in that the printing apertures 5 in the
facing sheet 3 comprise nine elongate slots 17a-i,
with a first, central slot 17a defining a central
section of the printing aperture 5, and first to
fourth pairs of outer slots 17b, c, 17d, e, 17f, g,
17h, i flaring outwardly from the central section. In
this embodiment the first to third pairs of outer
slots 17b, c, 17d, e, 17f, g extend outwardly from
respective ones of the distal ends of the central slot
17a, and the fourth pair of outer slots 17h, i extend
orthogonally from substantially a mid-point of the
central slot 17a. I n simple geometric terms, the
slots 17a-i define a shape which can be represented by
a + shape, first and second V shapes whose tails
adjoin the opposite distal ends of one of the cross
members of the + shape, and first and second I shapes
which adjoin the same opposite distal ends of the one
of the cross members of the + shape. Finally, it will
be understood that the present invention has been
described in relation to its preferred embodiment and
can be modified in many different ways without
departing from the scope of the invention as defined
by the appended claims. For example, in another
embodiment, where printing onto a planar workpiece W,
the printing screen could comprise only the facing
sheet 3.Also, use of the embodied printing screen is
described in relation to an oncontact printing
technique, but in an alternative embodiment the
printing screen could be used in an off-contact
printing technique.CLAIMS 1. A printing screen for use
in screen printing at least one deposit of a printing
medium onto a workpiece, the printing screen
comprising: a first, facing sheet which includes at
least one printing aperture through which a deposit of
a printing medium is to be printed onto a workpiece,
and at least one clearance aperture which is
configured to receive a feature on the workpiece; and
a second, backing sheet which is disposed to a rear
surface of the facing sheet, the backing sheet
including at least one reservoir aperture which is
located in correspondence with the at least one
printing aperture in the facing sheet for containing a
volume of the printing medium to a rear of the at
least one printing aperture in the facing sheet, and
at least one blind recess which is located in
correspondence with the at least one clearance
aperture in the facing sheet such as to define a
cavity for enclosing the feature on the workpiece. 2.
The printing screen of claim 1, wherein the at least
one printing aperture comprises a plurality of slots. 



3. The printing screen of claim 2, wherein the at
least one printing aperture comprises a plurality of
outer slots which extend outwardly from a central
section thereof. 4 . The printing screen of claim 3,
wherein the outer slots are elongate slots. 5. The
printing screen of claim 3 or 4, wherein the outer
slots have a substantially uniform width. 6. The
printing screen of any of claims 3 to 5, wherein the
outer slots flare outwardly relative to one another.7.
The printing screen of any of claims 3 to 6, wherein
the at least one printing aperture comprises an inner
slot at the central section thereof. 8. The printing
screen of claim 7, wherein the inner slot is an
elongate slot. 9. The printing screen of claim 7 or 8,
wherein the inner slot has a substantially uniform
width. 10. The printing screen of any of claims 7 to
9, wherein the outer slots comprise first and second
pairs of outer slots which extend outwardly from
respective ones of opposite ends of the inner slot.
11. The printing screen of claim 10, wherein each of
the first and second pairs of outer slots defines a V
shape. 12. The printing screen of claim 10 or 11,
wherein the outer slots comprise a third pair of outer
slots which extend in substantially opposite
directions from substantially a mid-point of the inner
slot. 13. The printing screen of claim 12, wherein the
outer slots comprise a fourth pair of outer slots
which extend in substantially opposite directions from
respective ones of the opposite ends of the inner
slot. 14. The printing screen of any of claims 7 to
13, wherein the inner and outer slots are separated
from one another. 15. The printing screen of any of
claims 1 to 14, wherein the facing sheet has a
thickness in the range of from about 25 mm to about
200 mm. 16. The printing screen of claim 15, wherein
the facing sheet has a thickness of about 100 mm.17.
The printing screen of any of claims 1 to 16, wherein
the facing sheet comprises a metal sheet. 18. The
printing screen of any of claims 1 to 17, wherein the
at least one reservoir aperture in the backing sheet
has a lateral extent just greater than a lateral
extent of the at least one printing aperture in the
printing sheet. 19. The printing screen of any of
claims 1 to 18, wherein the backing sheet has a
thickness in the range of from about 1 mm to about 8
mm. 20. The printing screen of claim 19, wherein the
backing sheet has a thickness of about 3 mm. 21. The
printing screen of any of claims 1 t o 20, wherein the
facing and backing sheets are bonded together. 22. The
printing screen of claim 21, wherein the facing and
backing sheets are bonded together by hot-roll
lamination. 23. The printing screen of any of claims 1
to 22, wherein the facing sheet includes a plurality
of printing apertures and the backing sheet includes a
plurality of reservoir apertures which are located in
correspondence with respective ones of the printing
apertures in the facing sheet. 24. The printing screen
of any of claims 1 to 23, wherein the facing sheet
includes a plurality of clearance apertures and the
backing sheet includes 



a plurality of blind recesses which are located in
correspondence with respective ones of the clearance
apertures in the facing sheet. 25. The printing screen
of any of claims 1 to 24, wherein the printing medium
comprises a conductive epoxy.26. A printing screen for
use in screen printing at least one deposit of a
printing medium onto a workpiece, the printing screen
comprising: at least one printing region which
comprises a sheet which includes a printing aperture
through which a deposit of a printing medium is to be
printed onto a workpiece, and at least one reservoir
which is located to a rear of the printing aperture
for containing a volume of the printing medium; and at
least one enclosure region which comprises a blind
recess which is configured to enclose a feature on the
workpiece. 27. The printing screen of claim 26,
comprising: a plurality of printing regions. 28. The
printing screen of claim 26 or 27, comprising: a
plurality of enclosure regions. 29. The printing
screen of any of claims 26 to 28, wherein the printing
aperture comprises a plurality of slots. 30. The
printing screen of claim 29, wherein the printing
aperture comprises a plurality of outer slots which
extend outwardly from a central section thereof. 31.
The printing screen of claim 30, wherein the outer
slots are elongate slots. 32. The printing screen of
claim 30 or 31, wherein the outer slots have a
substantially uniform width. 33. The printing screen
of any of claims 30 to 32, wherein the outer slots
flare outwardly relative to one another.34. The
printing screen of any of claims 30 to 33, wherein the
printing aperture comprises an inner slot at the
central section thereof. 35. The printing screen of
claim 34, wherein the inner slot is an elongate slot.
36. The printing screen of claim 34 or 35, wherein the
inner slot has a substantially uniform width. 37. The
printing screen of any of claims 34 to 36, wherein the
outer slots comprise first and second pairs of outer
slots which extend outwardly from respective ones of
opposite ends of the inner slot. 38. The printing
screen of claim 37, wherein each of the first and
second pairs of outer slots defines a V shape. 39. The
printing screen of claim 37 or 38, wherein the outer
slots comprise a third pair of outer slots which
extend in substantially opposite directions from
substantially a mid-point of the inner slot. 40. The
printing screen of claim 39, wherein the outer slots
comprise a fourth pair of outer slots which extend in
substantially opposite directions from respective ones
of the opposite ends of the inner slot. 41. The
printing screen of any of claims 34 to 40, wherein the
inner and outer slots are separated from one another.
42. A printing screen for use in screen printing at
least one deposit of a printing medium onto a
workpiece, the printing screen comprising a sheet
which includes at least one printing aperture through
which a 



deposit of a printing medium is to be printed onto a
workpiece, whereinthe at least one printing aperture
comprises a plurality of outer slots which extend
outwardly from a central section thereof. 43. The
printing screen of claim 42, wherein the outer slots
are elongate slots. 44. The printing screen of claim
42 or 43, wherein the outer slots have a substantially
uniform width. 45. The printing screen of any of
claims 42 to 44, wherein the outer slots flare
outwardly relative to one another. 46. The printing
screen of any of claims 42 to 45, wherein the at least
one printing aperture comprises an inner slot at the
central section thereof. 47. The printing screen of
claim 46, wherein the inner slot is an elongate slot.
48. The printing screen of claim 46 or 47, wherein the
inner slot has a substantially uniform width. 49. The
printing screen of any of claims 46 to 48, wherein the
outer slots comprise first and second pairs of outer
slots which extend outwardly from respective ones of
opposite ends of the inner slot. 50. The printing
screen of claim 49, wherein each of the first and
second pairs of outer slots defines a V shape. 51. The
printing screen of claim 49 or 50, wherein the outer
slots comprise a third pair of outer slots which
extend in substantially opposite directions from
substantially a mid-point of the inner slot.52. The
printing screen of claim 51, wherein the outer slots
comprise a fourth pair of outer slots which extend in
substantially opposite directions from respective ones
of the opposite ends of the inner slot. 53. The
printing screen of any of claims 46 to 52, wherein the
inner and outer slots are separated from one another.
54. The printing screen of any of claims 42 to 53,
wherein the sheet includes a plurality of printing
apertures. 55. A method of manufacturing a workpiece
assembly, comprising the steps of: disposing the
printing screen of any of claims 1 to 54 at a surface
of a workpiece onto which at least one deposit of a
printing medium is to be printed; driving a print head
over a rear surface of the printing screen to force
printing medium into the at least one printing
aperture of the printing screen and into contact with
an upper surface of the workpiece; and separating the
printing screen and the workpiece such as to provide
at least one deposit of the printing medium on the
workpiece. 56. The method of claim 55, further
comprising the step of: pressing at least one object
onto the at least one deposit such as to mount the at
least one object on the at least one deposit. 57. The
method of claim 55 or 56, wherein the printing medium
is a conductive epoxy. 58. The method of any of claims
55 to 57, wherein the workpiece is a leadframe or
substrate. 


