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invention is generally related to processing of
biological sequences. BACKGROUND ART For both
surveillance and diagnostic applications, fine-scale
pathogen identification and near-neighbor
discrimination is important; therefore, an assay that
monitors at this very specific level is desirable in
clinical environments (1-3). To successfully use any
method based on DNA or RNA detection, these assays
must be coupled with large databases of nucleic acid
sequence information for assay design to ensure that
the desired information is provided and for the
interpretation of raw data. Several well established
techniques, such as real time PCR, use short, unique
stretches of sequenced genomes to provide good
specificity (4). These techniques are capable of
providing fine-scale identification of several
genetically close organisms by selecting a sufficient
number of segments. However, these selected segments,
which in the initial selection process were specific,
are often later found to be less specific as more
organisms are sequenced. This is particularly a
problem for pathogens belonging to a family with high
mutation rate and also for pathogens that have
relatively few neighboring pathogens identified. In
addition, real time PCR is not capable of detecting
the presence of new significant mutations nor can it
resolve base sequence details. Similarly, advances in
other detection techniques have provided methods of
obtaining pathogen identification but suffer from some
or all of the problems of using PCR (5-8). High
density resequencing microarrays can produce variable
length segments, 102-105 base pairs (bp), of direct
sequence information. They have been successfully used
to detect single nucleotide polymorphism (SNP) and
genetic variants from viral, bacterial, and eukaryotic
genomes (9-16). Their use for SNP detection has
clearly established their ability to provide reliable
quality sequence information. In most cases, the
microarrays were designed to study a limited number of
genetically similar target pathogens, and for many
cases, the detection methods relied only on
recognizing hybridization patterns for identification
(12,14,15,17,18). Taking advantage of sequential base
resolution capability of resequencing microarrays that
was required for SNP detection, resequencing has
recently been successfully adapted using a different
approach for pathogen identification of multiple
bacterial and viral pathogens while allowing for fine
detailed discrimination of closely related pathogens
and tracking mutations within the targeted pathogen
(19-21). The new methodology differed from earlier
work by using the resolved bases as the query of a
similarity search of DNA databases to identify the
most likely species and variants that match the base
calls from the hybridization observed. The system was
capable of testing for 26 pathogens simultaneously and
could detect the presence of multiple pathogens. A
software program, REsequencing Pathogen Identifier
(REPI), was used to simplify data analysis by
performing similarity searches of a genetic database
using Basic Local Alignment Search Tool (BLAST) (22).
The REPI program used BLAST default settings and
wouldonly return sequences that might represent the
hybridization if the expect value, a quantity
calculated by the BLAST program that indicates the
likelihood that the sequence match found would have
occurred by random chance in the database, was less
than 10-9. This screened out all cases that had
insufficient signal; however, the final determination 



of what rathogen(s) was detected and to what degree
discrimination was possible required manual
examination of the returned results. This method
successfully allowed fine discrimination of various
adenoviruses and strain identifications of Flu A and B
samples in agreement with conventional sampling
results (19,20). Two important advantages of this
approach were that the information was always
recovered at the most detailed level possible and that
it was capable of still recognizing organisms with
recent mutations. This approach also maintained
specificity well, as it was not dependent on the
uniqueness of short sequences, which are constantly
encroached upon as more organisms are sequenced.
Although this analysis method has utility, there are
several shortcomings: it is time consuming, not
optimized to maximize sensitivity, has complicated
results, is suitable only for an expert, and contains
redundant or duplicate information. The process was
time consuming because only the initial screening was
handled automatically while the remaining steps
required manual interpretation before the detection
analysis was complete. Because a simple criterion
(expect value cutoff of 10 9) and non-optimized BLAST
parameters were used to consider a pathogen detected,
the REPI algorithm provided a list of candidate
organisms but did not make a final simple conclusion
nor could it relate the results of one prototype
sequence to another. Instead, a manual process was
used to make the final determination, but because the
REPI program provided all similar results and the use
of public nucleic acid databases containing redundant
entries, a large amount of data was presented to a
user that was not useful. In addition, with a manual
process it was not possible to establish that the
algorithm developed was generally applicable for any
organism where nucleic acid base resolved sequence
information has been provided. DISCLOSURE OF THE
INVENTION One method of the invention comprises:
submitting a plurality of reference sequences in
queries to a taxonomic database to produce a plurality
of taxonomic results; and reporting a taxonomic
identification based on the taxonomic results. The
reference sequences are the output of genetic database
queries that return a score for each reference
sequence. Another method of the invention for
processing a biological sequence obtained from an
assay comprises: converting base calls located in a
predetermined list of positions within the biological
sequence to N; and determining the ratio of single
nucleotide polymorphisms in the biological sequence
relative to a reference sequence. Each entry in the
predetermined list of positions represents the
capability of a substance hybridizing to a microarray
used to generate the biological sequence. The
substance is not the nucleic acid of a target
pathogen. BRIEF DESCRIPTION OF THE DRAWINGS A more
complete appreciation of the invention will be readily
obtained by reference to the following Description of
the Example Embodiments and the accompanying drawings.
Fig. 1 is a schematic of an algorithm representing the
relationship of three main tasks and logic of subtasks
associated with tasks. Task I carries out filtering
and subsequence selection, and then determines what
database records prototype sequences are most similar
to. Task II figures whether prototype sequence
identifications support a common organism
identification. Task III does final examination and
decisions of the detected organism from the microarray
data. ProSeq: prototype sequence; SubSeq:
subsequences; HybSeq: hybridized sequence.Fig. 2 is a
detailed schematic of the filtering subtask of Task 1.
For each ProSeq, primers region were masked as N
(ambiguous) calls, then UniRate, was calculated from
the HybSeq. For ProSeqs which passed the UniRate
requirement, a revised sliding window algorithm
attempted to grow a SubSeq that could be used as a
query to BLAST. The identity (start location in the
ProSeq and length) of a successfully grown SubSeq was
placed in a file for batch querying via BLAST. Fig. 3
is a detailed schematic of the subtask of Task 1
responsible for organism identification for an 



individual SubSeq. Each SubSeq sent to BLAST returned
a list of possible matches contained in a Return array
that was sorted through to find best bit score/expect
value pair (MaxScore). If the MaxScore was greater
than MIN (10 6), all returns that had this best Score
were sorted into a new array Rankl . The detailed
decision process described in the method section then
the organism of the SubSeq was identified. Fig. 4. is
a schematic of the subtask of Task 1, which determines
the organism, determined for a ProSeq based on the
results found for its SubSeq. All of the SubSeq of a
particular ProSeq are compared between to determine
the two best scoring SubSeq. When there was a single
SubSeq or one scored much better than the other, the
ProSeq inherited the properties of that SubSeq.
Otherwise the common taxonomic class was determined as
described in the patent text. Fig. 5. Alignment of the
influenza A NAl ProSeq and A/Weiss/43,
A/PuertoRico/8/34 strains. Raw and filtered
hybridization chip results of A/puertoRico/8/34 also
shown. * indicate perfectly matched sequences. MODES
FOR CARRYING OUT THE INVENTION In the following
description, for purposes of explanation and not
limitation, specific details are set forth in order to
provide a thorough understanding of the present
invention. However, it will be apparent to one skilled
in the art that the present invention may be practiced
in other embodiments that depart from these specific
details. In other instances, detailed descriptions of
well-known methods and devices are omitted so as to
not obscure the description of the present invention
with unnecessary detail. As used herein, the term
"sequence" refers to a nucleic acid sequence, such as
DNA or RNA, or a protein sequence. As used herein,
"base" and "base call" can refer to either nucleotide
bases or amino acids. As used herein the term
"taxonomic" can refer to any level or class of
identification of a pathogen, including but not
limited to, genus, species, strain, and substrain. As
used herein the term "reporting" can include
transmitting a signal from one system to another and
producing a human-readable report of any form. All
disclosed methods may be computerimplemented on
apparatus having the means for performing the methods.
Disclosed is a new software expert system,
Computer-Implemented Biological Sequence Identifier
system 2.0 (CIBSI 2.0), that can successfully use
resolved base sequence information from custom
designed Affymetrix resequencing microarrays to
provide a simple list of organisms that are detected.
This algorithm addresses a shortcoming of previous
methods by incorporating new features to completely
automate pathogen identification. The single program
is capable of making correct decisions for all 26
pathogens contained on the RPM vl microarray
(19,20,23), whether detected alone or in combinations,
with improved sensitivity. Although the program is
currently applied to resequencing microarrays, the
methodologies developed remain generally applicable as
only the first portion of the algorithm handles issues
specific to microarrays while the remainder deals with
sequences that are suitable for use as a query by the
BLAST algorithm. In developing the general
identification algorithm, issues specific to
resequencing microarrays that complicate their use
were identified and resolved. Because the entire
decision process for what is detected has been
automated, it is straightforward to test whether
therules used to make identifications are rigorous and
applicable to any pathogen. With this efficient
program, resequencing based assays can provide a
competitive method to test simultaneously for many
possible pathogens, providing output that can be
interpreted by a non-expert. Amplification,
Hybridization, and Sequencing determination The
details of the RPM vl microarray design and the
experimental methods have been discussed in previous
work (19,20,23). The experimental microarray data used
in the present analysis were obtained using a variety
of purified templates and clinical samples using
random and multiplexed amplification schemes. GCOS
software vl.3 (Affymetrix Inc., Santa Clara, CA) was
used to align and scan hybridized microarrays to
determine the 



intensity of each probe in every probe set. Base calls
were made based on the intensity data of each probe
set using GDAS v3.0.2.8 software (Affymetrix Inc.,
Santa Clara, CA) which used an implementation of the
ABACUS algorithm ( 11). The sequences were represented
in FASTA format for later analysis steps. A
resequencing microarray (RPM v.l) was previously
designed for detection and sequence typing of 20
common respiratory and 6 CDC category A biothreat
pathogens known to cause febrile respiratory illness
based on ProSeqs without relying on predetermined
hybridization patterns (19,20,23). Approximately 4000
RPM v.l experiments, performed using different
amplification schemes, single and multiple pathogen
targets, purified nucleic acids and clinical samples,
were examined in order to develop the pathogen
identification algorithm. Results using this algorithm
with clinical samples, identified pathogens and
purified nucleic acids are discussed in detail in
other work (19,20,23). In all cases, the algorithm
correctly identified the organism at a species or
strain level, depending on the length of the ProSeqs
represented on the RPM v.l. Some specific examples
will be discussed to illustrate how the algorithm
performs under a variety of conditions. The CIBSI 2.0
program handled a hierarchy of three tasks (Fig. 1):
(I) determine to which database records the detected
organisms are most similar to, (II) determinate
whether the identifications from separate targets
support a common organism identification, and (III)
determinate whether detected organisms belong to the
target set that the assay was designed to detect or
are related to close genetic near neighbors. Target
pathogens are the organisms the assay was specifically
designed to detect. As used herein, the sets of probes
that represent reference sequence selected from target
pathogen genomes are referred to as a Prototype
Sequence or "ProSeq" for brevity. The set of resolved
bases that result from hybridization of genomic
material to a ProSeq is referred to as the hybridized
sequence or "HybSeq". The HybSeq is split into
possible subsequences or "SubSeqs". One portion of the
algorithm deals with ProSeq-based organism
identification and is handled in three steps: initial
filtering of individual HybSeqs into SubSeqs suitable
for sequence similarity comparisons, database querying
of individual SubSeqs, and taxonomic comparison of
BLAST returns for each SubSeq. At the next level,
ProSeqs were compared to determine if they supported
the same identified organism. In the final step,
detected organisms were compared to the list of target
pathogens the assay was designed for in order to
determine if any were positively detected. The level
of discrimination that a particular sample supported
was automatically determined. Filtering An initial
filtering algorithm, REsequencing Pathogen Identifier
(REPI), was developed previously (20) and the general
concepts with revisions were incorporated into the
current (automated detection) algorithm used in the
CBBSI 2.0 program. Filtering and subsequence selection
were used to remove potential biasing caused by
reference sequence choice, and by other sources
(primers) as well as separate a HybSeq into fragments
ofsignificance for faster searching This was the first
subtask of Task I in Fig. 1 and is shown schematically
in detail in Figure 2. When PCR amplification was
used, microarrays were hybridized in the presence of
only primers to determine locations where they
resulted in hybridization. Any portions of the ProSeqs
that hybridized with the primers were masked as N
calls so that the HybSeq did not contain biased
information. For each ProSeq, the ratio of SNPs to the
total number of unique base calls, UniRate, was
calculated from the HybSeq. To eliminate HybSeqs with
insufficient hybridization if the UniRate was >20 %
(the SNP threshold), the ProSeq was considered
negative for target organism detection. A UniRate of
20% indicated that on average there were 5 SNP per 25
bp. It is unrealistic to expect significant specific
hybridization of 25 bp probes with this frequency of
differences between an organism similar to the target
pathogen and the reference sequence that the ProSeq is
based on. This would end the filtering subtask and
return to the Task I loop, which would examine the
next ProSeq. For ProSeqs with a ratio < 20 %, a more
detailed examination was performed. At each location
of the HybSeq, a revised sliding window algorithm 



(20) attempted to grow a SubSeq that could be used as
a query to BLAST. Initially, the first 20 bases
(initial length) after a location were examined. If
less than 60% of those bases were ambiguous, N, the
SubSeq entered the extension stage. The SubSeq was
extended one base at a time until the total content of
unique base calls fell below 40% (unique-base
threshold) or if a sliding window containing the last
2 1 bases had fewer than 4 unique base calls. This was
different from the REPI algorithm in which only the
sliding window of 20 bases was used and growth of a
SubSeq stopped when less than 40 % of the windows
content was unique base calls. At this point, the
SubSeq was examined and trailing N calls were removed.
At least one location having 7 contiguous unique base
calls was required to meet the word size parameter of
BLAST and to keep the SubSeq for further analysis.
SubSeqs longer than 100 bases were accepted. For
acceptance, SubSeqs <30 bases required at least 95 %
unique base calls (not "N"). For SubSeqs with 30 to
100 bases, subsequence acceptance required at least
VARI (("SubSeq length"- 30)*0.2857 + 70) % unique
bases. For SubSeqs >80 bases, The BLAST word size
parameter was changed to 11 if it contained at least
11 contiguous bases. The identity (start location in
the ProSeq and length) of a successfully grown SubSeq
was placed in an entry in the SubSeq array that
retained information associated with each SubSeq. This
identity and the SubSeq were placed in a file for
batch querying via BLAST. This procedure was repeated,
by continuing from the end of the previous successful
SubSeq, or in the case of failure, by continuing from
the point the window was initially grown from until
the end of the HybSeq. Upon completion, the algorithm
returned to the Task I loop and performed the BLAST
subtask. Database query The BLAST subtask performed a
batch similarity search of a database using SubSeq as
the queries. The BLAST program used was the NCBI
Blastall - p blastn version 2.12 with a defined set of
parameters. The masking of low complex regions was
performed for the seeding phase to speed up the query;
however, low complexity repeats were included in the
actual scoring. The entire nucleotide database from
NCBI acquired on Feb. 7, 2006 was used as the
reference database. (Note that earlier images of the
database were used during development but all
experiments were rerun with the algorithm as described
with the image of the database obtained on this date.)
The default gap penalty and nucleotide match score
were used. The nucleotide mismatch penalty, -q,
parameter was set to - 1 rather than the default. The
results of any BLAST query with an expect value <
0.0001 were returned in tabular format from the
blastall program. The information about each return
(bit score, expect value, mismatches, length of match)
was placed in the Return {hash key} {info} hash using
the SubSeq identity as the hash key for further
analysis.Taxonomy-base Pathogen Identification for
ProSeqs from SubSeqs The next subtask of Task I
carried out was the determination of SubSeqO states
and is shown in Fig. 3. In order to present simple
data and to ease the decision process, the information
about every SubSeq was summarized by two parameters.
The "identified organism" represented the taxonomic
class of the organism and the "organism uniqueness"
indicated the quality of the organism identification.
The elements in the Return hash were examined and
ranked by score array for each separate SubSeqO of a
ProSeq. The Score array contained a pair of
parameters, the bit score and the expect value, that
had a fixed relationship for a given database. It was
sometimes appropriate to use a ranking score mat
either accounted for the size of the database (expect
value) or not (bit score). Elements in the Return hash
could have the same scores so all the elements with
the highest bit score/ lowest expect value (MaxScore)
were retained in a separate array Rankl. The full
taxonomic classifications of every element in Rankl
were retrieved from the NCBI taxonomy database also
obtained on Feb. 7, 2006 (See earlier note). If
MaxScore expect values were greater than MAX
(currently 10 6), the SubSeq() had its identified
organism and organism uniqueness information both
updated to null. When MaxScore was sufficiently small,
the returns placed in 



Rankl were examined. When Rankl contained a single
element, the SubSeq was assigned an organism
uniqueness of SeqUniqu. When Rankl contained multiple
elements, the SubSeq was assigned an organism
uniqueness of TaxUnique if all returns belonged to the
same taxonomy class; otherwise, the SubSeq's organism
state was set to TaxAmbig. The tasks outlined in Fig.
3 were applied to each SubSeqO of the ProSeq. In all
cases, an identified organism was assigned to each
SubSeq(), which represented the taxonomic class that
was the common parent of all the elements within Rankl
. After each SubSeq was examined, the algorithm moved
to the next task, which was to determine the
identified organism of the ProSeq from the SubSeq
(Fig. 4). If all the elements of SubSeq had an
identified organism value of Null, then the ProSeq was
negative and the next ProSeq was examined. When there
was only a single element in SubSeq for a ProSeq or
all the elements in SubSeq had the same identified
organism, then a Resultl entry was created for the
identified organism and its organism uniqueness was
either TaxUnique if there were multiple SubSeq entries
or it inherited the state of the single SubSeq entry.
When there are many entries in SubSeq that had
different identified organisms further analysis was
performed. The SubSeqs were then re-sorted by MaxScore
(bit score) so that elements with the highest two best
Scores were SubSeq(l) and SubSeq(2). If SubSeq(l) had
a Score that was > 30% (score ratio threshold) than
SubSeq(2)'s Score, then the ProSeq inherited
SubSeq(l)'s organism uniqueness and identified
organism. Otherwise the ProSeq's organism state was
TaxAmbig and the identified organism was the common
parent taxonomic class of all the subsequences. If all
subsequences were contained in only two taxonomic
classes that were direct child and parent, the
identified organism was the organism of the
subsequences in the child class. The subtask covered
in Fig. 4 was completed and the Task I loop continued.
A list of ProSeq that had detected organisms was built
up in the Resultl array. Overall pathogen
identification and positive calls After Task I was
completed, Task II (see Fig. 1) was used to examine
the identified organism values listed in Resultl and
grouped them together if they identified the same
taxonomic class. Each entry in Resultl was examined
and a new entry was created in Result2 if the
identified organism did not appear in this list. In
most cases, the entries of Result2 represented the
individual organisms that were detected, but might
still contain redundant information. Entries in
Result2 with identified organisms where one was the
taxonomic parent of the other mightactually represent
thesame pathogen. The same identification might not
have occurred because the genomic target did not
hybridize well to both ProSeq for a variety of
possible reasons. Alternatively, two different but
closely related organisms might both hybridize to the
microarray. Although it was difficult to relate
results from separate ProSeqs to each other, Task III
handled the final examination and decisions as
currently implemented. The previous tasks were
specifically implemented so that information about
what a ProSeq was intended to detect was not
considered. This allowed these lower cases to be
capable of recognizing not just positive and negative
but also cases that were indeterminate. In the final
task, the algorithm considered whether the ProSeqs
identified the organisms that they were designed to
detect. Clear negative ProSeqs and ProSeqs that were
indeterminate were considered negative for a target
pathogen. The grouping of the ProSeqs for this was
based upon the grouping already performed in task II.
The entries of Result2 were looped over. The ProSeq of
an entry was used to look up the pathogen in a table
that it was targeted for. If the identified organism
of the Result2 entry was the same as or a child of
target pathogen taxonomic class, then the Pathogen()
array was updated with a positive entry for that
targeted pathogen. If the Pathogen() array was null
for that pathogen, the pathogen level identified
organism was that of the Result2() entry. If an entry
was already placed in the pathogen, then further
comparison was required. The Result2() and Pathogen
entries were compared. If they had a direct child
parent relationship, the identified organism of the
Pathogen was the taxonomic class of the child. 



Otherwise the common parent taxonomic class was
reported as the positively identified organism. In
most cases where all the ProSeqs for a pathogen
hybridized well, a fine level discrimination was
reported. But if one or more ProSeqs hybridized less
well, the reported positive target pathogen was only
identified at the genus or species level. The results
of all 3 tasks were reported so that manual
re-examination was possible. Note that organisms
identified in Task II that did not belong to target
pathogens were reported as a non-target positive
return. The details of what was identified in these
cases required examination of Task II level results.
Pathogen Identification Chlamydia pneumoniae samples
with 10 to 1000 genome copes (via ref. 2 1 methods)
were chosen to illustrate how pathogen detection and
identification was done when multiple ProSeq were
targeted for the same pathogen (21). RPM v.l has three
highly conserved ProSeqs selected from the genes
encoding for the major outer membrane proteins VD2 and
VD4, and the DNA-directed RNA polymerase (rpoB) gene.
The HybSeqs from the different samples differed only
in how many unique base calls as shown in Table 1. The
percentage of the ProSeq called varied from 80 to 100%
except for one case at a concentration of 10 that had
only 11% of the rpoB ProSeq producing unique calls
indicating that the detection limits of the assay have
been reached is above this concentration. Table 1
listed the determinations made for the SubSeq and at
the end of each Task for the various samples. The
ProSeq from the different cases produced the same
number of SubSeq. These SubSeq from different samples
reported different bit scores for the same top ranked
returns from BLAST. In fact VD2 and VD4 produced
exactly the same results. The NCBI taxonomy database
classified the returns into four distinct groups,
which represented the C. pneumoniae taxonomic group
and three child strain groups. AE001652, AE002167,
AE017159, and BA000008 appeared in the returns of all
the ProSeq for each sample, since they represented
database entries of completely sequenced genomes. One
rpoB SubSeq produced for its organism uniqueness,
SeqUniqu. All other SubSeq were TaxAmbig as multiple
returns from different taxonomic classes were
returned. Since the VD2 and VD4 ProSeq each have a
single SubSeq, Task I assigned the ProSeq the state of
the SubSeq. For the rpoB ProSeq, the bit score of one
SubSeq was large enough that the algorithm assigned
that SubSeq's identification to the ProSeq.Task II of
the algorithm groupedall three ProSeqs together since
they all had the same identified organism and TaxAmbig
was assigned. The result of task III was positive for
target pathogen C. pneumoniae and this decision was
straightforward as all the ProSeqs agreed with each
other and belonged to the same target pathogen
taxonomic class. Although the rpoB ProSeq was
SeqUniqu, this was not the final conclusion for Task
II as the ProSeq that was SeqUniqu was not the child
taxonomic group and other ProSeq were TaxAmbig. The
three recognized substrains scored the same, which
indicated that the sequence selected for the ProSeqs
was very conserved and would not allow discrimination
between the strains. Table 1- Algorithm decisions for
C. pneumoniae at several concentrations for SubSeq,
Task I, II, and III. (Gl) J138 (BA000008), AR39
(AE002167)5Tw-183 (AE017159),Cpne
(M69230,AF131889,AY555078,M64064,AF131229,AF131230)
(G2) Cpne (S83995) (G3) J138 (BA000008),AR39
(AE002167),Tw-183 (AE017159) SU abbreviation for
SeqUniqu TA abbreviation for TaxAmbig Influenza and
Human Adenovirus (HAdV) were the only pathogens that
had ProSeq selected that would permit detailed strain
level discrimination as discussed in previous work
(19,20,21). This previous work using manual analysis
found that the microarray results were in excellent
agreement with the conventional sequencing 



results for clinical samples. The results of running
the CIBSI 2.0 program using the updated NCBI database
on the raw microarray results were compared to the
previous findings (Table T). The identified organisms
were not identical to the original findings due to the
difference in database used. In fact, the conventional
sequencing results that were submitted to NCBI from
that work were found for every sample to be among the
returns with the best Score. For 8 of 13 Influenza A
and 3 of 12 Influenza B cases, the results of Task I
and II found that the conventional sequencing was the
single best return and hence the identified organism.
Due to the large number of isolate sequences in the
database for the hemagglutinin gene it was not
surprising that in some cases a single unique entrywas
not found. In each of the remaining 5 Influenza A
samples, the other sequences returned differed by less
than 0.2% from the conventional sequence. The fewer
samples with unique isolate identifications for
Influenza B were due to using an older reference
sequence for the ProSeq, which allowed less
hybridization to occur (19). This also meant that when
multiple sequences were returned for a sample they
represented greater genetic variation, up to 2%. This
comparison represented only the algorithm analysis at
the Task I level for the hemagglutinin (HA) ProSeq,
which was the only region conventionally sequenced.
There can be no comparison for Task III results, as
the previous work did not attempt to obtain a
consensus from multiple ProSeq. As a result of the
current method of making Task III level
identification, the organism reported at this level
was less specific (H3N2 or Flu B) for every sample
(Supplemental Table IA and IB). For HAdV samples, the
algorithm also reproduced the finer scale
discriminations that had been made previously by
manual methods (not shown). * Multiple returns tied
with this return s HybSeq was split into multiple
SubSeq The next example of detection for the
Mycoplasma pneumoniae pathogen demonstrated a case
where there was only a single ProSeq for the target
pathogen, which meant that the identified organism for
Task I of the algorithm was automatically the result
of Task II and was the only ProSeq considered in Task
III for this targeted pathogen. This ProSeq was also
not optimal for fine discrimination because it was
selected from a highly conserved region (345 bp) of
the cytadhesin Pl gene. 40 microarrays were tested
with the same purified nucleic acid stock andin every
case M. pneumonide or itsone recognized substrain
taxonomic database entries tied for MaxScore. To
better understand these returns, the database
sequences were examined and subdivided into three
groups of sequences, A, B, and C, based on how well
they matched the reference sequence used to make the
ProSeq. The placement of the database entries into the
three groups was determined from a CLUSTAL alignment
of the sequences of this gene. This alignment
confirmed that the database entries differed
significantly more from each other in regions not
represented by the ProSeq and contained sufficient
variability that would have allowed finer
discrimination. Members of Group A exactly matched the
ProSeq and could not be distinguished between on the
microarray. Similarly, members of group B matched the
ProSeq except at the 199 ' position where the base
called was C rather than T. Group C sequences
contained a few database entries that were more
variable and might be distinguished from other entries
within the ProSeq. For the 40 experimental tests ofM.
pneumoniae, as much as 95% of the ProSeq hybridized,
yet only 65% of the results had an unambiguous base
call at the 199th position. When it was unambiguous,
it always matched group B sequences. In the cases
where an N base call was made at the 199th location,
both groups A and B sequences were returned with the
same score. Regardless of this, the target pathogen
positively identified was M.pneumoniae for every
sample tested. These examples showed how decisions
were made independent of whether single or multiple
ProSeqs were dedicated to a target pathogen. They also
illustrated that the level of discrimination possible
was strongly determined by the quality of the selected
ProSeq. It is possible that for some pathogens fine
level discrimination is not required and the currently
tested selections on RPM vl would provide satisfactory
information. The CIBSI 2.0 algorithm demonstrated its
capability to automatically report the maximum level
of discrimination that could be 



supported by the HybSeq information. Genetic Near
Neighbors To demonstrate how the algorithm handled
closely related genetic species, a sample of a
non-targeted pathogen was considered. For Variola
major virus, one of the biothreat pathogens on the RPM
v.1, the validation runs demonstrated that Variola
major virus DNA templates were always positively
identified when detected. The array has two ProSeqs
from hemagglutinin (VMVHA, -500 bp) and cytokine
response modifier B (VMVcrmB, -300 bp) genes for
Variola major virus detection. Table 3 shows the
results for each ProSeq of 18 runs where a close
neighbor, Vaccinia virus, was spiked into nasal wash
at various concentrations. The percentage of the
ProSeq that hybridizes is sufficient that if
hybridization patterns were only considered one might
assume that this tile is identifying the presence of
its target. This would indicate that reference
sequence selected was not the best choice. However,
when the algorithm was applied none of the samples are
in fact identified as Variola major or minor virus.
Vaccinia was always one of the Orthopoxvirus species
listed with the highest scores for VMVcrmB ProSeq, but
in only 7 cases was it uniquely as the probable
species detected. In 3 samples with the lowest
concentration and fraction of VMVcrmB hybridizing,
this ProSeq identified Variola major virus as one
among many Orthopoxvirus species that could be the
cause of the hybridization. The lower limit of
detection for the amplification method used was
between this concentration and the one above it. The
VMVHA ProSeq made identifications of the Orthopoxvirus
species in only two experiments and Variola major
virus was listed as one of the tied best scoring
returns. In both cases, VMVcrmB ProSeq specifically
identified Vaccinia virus as the best match. The
percentage of the hybridized ProSeq correlated with
concentration of the sample.* - only neighbor species
within Orthopoxvirus and not Variola major or Variola
minor viruses CFU - colony forming units Filtering
This example demonstrated the importance of the
filtering portion of the algorithm by considering the
HybSeqs of the ProSeqs for the HlNl neuraminidase
(NAl) and matrix genes from human Influenza A/Puerto
Rico/8/34 (HlNl) strain. Filtering was necessary
because sending the HybSeq of a ProSeq to BLAST in a
single query can bias the scores against strains that
have insertions or deletions relative to the ProSeq,
especially when using BLAST parameters that maximized
the use of base calls. The sliding window test was the
portion of the algorithm that controlled filtering. If
filtering were turned off, the entire HybSeq would be
used in a single subsequence for two influenza ProSeqs
that showed significant hybridization. A/Weiss/43
(HlNl) strain was identified as the most likely strain
from the HybSeq of the NAl ProSeq while the HybSeq of
the matrix ProSeq correctly identified A/Puerto
Rico/8/34. To better understand the source of biasing,
CLUSTAL alignment of the NAl gene of the two strains
and the reference sequence used to make the ProSeq are
shown in Fig. 5. The two strains showed 95% identity
(67 mismatches in 1362 aligned bases); however, mere
was a stretch of 45 bases inserted in both A/Weiss/43
(SEQ ID NO.2) and the NAl ProSeq (SEQ ID NO.l)
compared to A/Puerto Rico/8/34 (SEQ ID NO.3). With the
default filtering on, the NAl ProSeq was split into
five SubSeqs as the algorithm encountered large
stretches of no calls. In Task I, the algorithm
determined that three of the SubSeqs, which were
shorter, had an identified organism of HlNl as several
isolates including A/Puerto Rico/8/34 tied with the
best score, while the two other SubSeqs had an
identified organism of only the A/Puerto Rico/8/34
strain as being the closest match. The organism
identified by the NAl ProSeq was A/Puerto Rico/8/34
because one of the SubSeqs had a much higher score.
This ProSeq supported the same strain identification
made in the matrix ProSeq. The organism identified was
A/Puerto Rico/8/34 because two ProSeqs detected only
that organism. The correct target pathogen was
detected with filtering while without filtering the
target pathogen level of identification would havebeen
Influenza A (H1N1 subtype) because two organisms were
detected, A/Puerto Rico/8/34 and A/Weiss/43. 



Splitting the HybSeq into SubSeqs to remove biasing
may reduce the level of identification as occurred for
the three of the five SubSeqs in this case. The
previous example for Vaccinia was another instance
where the wrong species (Camel Pox or Callithrix
jacchus) identification would occur if the filtering
was not used. Clinical samples in Table 2 showed that
HybSeqs split into multiple SubSeqs were capable of
very specific identification. As a minor point, when
multiplex strategies rather than generic were used for
amplification, it was necessary to perform additional
filtering to remove potential biasing from the
specific primers as described in the methods. Fig. 5
has the raw (SEQ ID NO.4) and mask filtered (SEQ ID
NO.5) results for the hybridization of A/Puerto
Rico/8/34 to show an example of this interference.
There is in addition to the problem with biasing for
the reasons described before a sequence of 18 bases
present in the raw result that after filtering have
been made N since they are in a location that
interacts with the primers. If these base calls were
included in the subsequences constructed, the query
for the ProSeq would favor an incorrect strain. The
algorithm successfully provided pathogen
identification to the maximum level of detail possible
(species or strain) depending on the quality of each
ProSeq. This identification capability requires
minimal input on the identity of the pathogens making
non-expert use feasible. The crucial feature
incorporated that allowed complete automation was the
use of taxonomic databases, which classify organisms
into ordered groups and provide relationships between
organism entries, allowing removal of redundancies,
comparison of different related prototype sequences,
and simplification of data presentation. This allows
databases, i.e. NCBI, that are redundant and subject
to minimal curation but which constantly receive
updated and new sequence information to be used with
great success. Although this has been demonstrated
using only the NCBI databases, other databases or
custom made ones could have easily been used, which
might improve performance. The algorithm is capable of
providing accurate identifications at all analysis
levels for pathogens that are less variable or are
represented by highly conserved ProSeqs. For more
variable or rapidly mutating pathogens, e.g. Influenza
A virus, Tasks I and II still provided accurate
detailed identifications, but Task III was unable to
report fine scale discrimination. The comparison of
the conventionally sequenced Influenza virus gene
sequences illustrated that the algorithm is capable of
automatically adjusting for updates in databases. The
algorithm demonstrated its capability to properly
distinguish hybridizations on a ProSeq caused by the
specified pathogen from those caused by genetically
close (near neighbor) strains and did not make
incorrect identifications, eliminating one potential
cause of false positives. Filtering the raw
hybridization results served to reduce the computation
time, accounted for potential primer interference, and
more importantly reduced potential biasing. This
simple integrated algorithm provided sufficient and
accurate identification, so that immediate use of the
RPM v.l or similar resequencing arrays and assay is
possible. Besides demonstrating the success of the
CIBSI 2.0 program, the work involved in developing the
algorithm allowed insight into the importance of
proper ProSeq selection. The RPM v.l was the first
resequencing array designed specifically for multiple
pathogen detection using database similarity searching
and served as a prototype for this application. It has
been demonstrated that a single ProSeq with as few as
100 bp, when designed correctly, can be sufficient to
unambiguously identify an organism. However, it is
clearly indicated that several longer ProSeqs provide
better confirmation and more detailed information of a
pathogen. The emphasis of the design to this point has
been on capabilities that are generally applicable to
any pathogen. Improving on performance of Task III may
require more information about an individual pathogen
and may have to be developed for each specific
pathogen or class of pathogens. This information also
may be required for the algorithm to identify which
differences between a sample and database entries
represent significant mutations. The hierarchal design
ofthe data analysis can make it easy to incorporate
analysis that build upon the analysis already
performed. The use of properly designed resequencing
microarrays and this automated detection algorithm can
provide a way forward to 



developing assays that can test for multiple organisms
simultaneously while providing fine strain level
discrimination giving access to information about
detailed strain recognition, antibiotic resistance
markers and pathogenicity. This will allow the
analysis of partial sequence information from multiple
organisms for applications such as differential
diagnostics for illnesses with multiple potential
causes (i.e. febrile respiratory illness), tracking of
emergent pathogens, distinction of biological threats
from harmless near genetic neighbors in surveillance
applications, and for tracking the impact of
co-infections or super infections. The concept of
categorizing and reporting different degrees of
identification depending on the quality of samples and
set of target sequences is not limited to resequencing
microarrays but is more generally applicable to any
platform that is capable of returning sequence level
calls that can be used to query a reference DNA
database. As the trend for assays that test for
multiple pathogens increases, automated analysis
tools, such as this one, become more crucial for rapid
identification in simple formats useful to the
non-expert on a day to day basis. Source code Below is
a PERL source code listing of an embodiment of the
disclosed methods. The "overclinical" program is the
top-level program that runs the other program,
"fstorepi" performs the filtering, subsequence
preparation, and query file preparation. This program
uses in input file "primerhyb.dat" containing the
predetermined list of positions to be changed to N.
"runblast" performs the BLAST query, "dbparse"
performs the taxonomic analysis. This program uses an
input file "chiplpathogengroups" containing a list of
target pathogens for each ProSeq. overcl ini calCHAIN
REACTION FOR GENETIC SEQUENCE ANALYSIS This
application claims priority to US Provisional Patent
Application Nos. 60/691,768, filed on 16 Jun 2005;
60/735,876 filed on 14 Nov 2005; 60/735,824 filed on
14 Nov 2005; and 60/743,639, filed on 22 Mar 2006, and
to US Patent Application Nos. 11/422,425, filed on 06
Jun 2006 and 11/422,43 1, filed on 06 Jun 2006. This
application is a continuation-in-part application of
US Patent Application Nos. 11/177,647, filed 02 JuI
2005; 11/177,646, filed 02 JuI 2005; and 11/268,373,
filed on 07 Nov 2005. These nonprovisional
applications claim priority to US Provisional Patent
Application Nos. 60/590,931, filed on 02 JuI 2004;
60/609,918, filed on 15 Sep 2004; 60/626,500, filed on
05 Nov 2004; 60/631,437, filed on 29 Nov 2004; and
60/631,460, filed on 29 Nov 2004. TECHNICAL FIELD The
invention relates generally to amplification methods
of multiple genetic targets and analysis of amplified
products using microarrays. BACKGROUND ART Accurate
and rapid identification of infectious pathogens
causing acute respiratory infections (ARI) in humans
can be a critical factor in the successful treatment
of respiratory illness, the application of appropriate
outbreak control measures, and the efficient use of
precious antibiotics and antiviral drugs. However,
clinical differential diagnosis of ARI is challenging
due to the similarity of the symptoms caused by
different pathogens and the number and biological
diversity of those agents. Currently, the most widely
used methods for respiratory pathogen identification
are culture, immunoassay, and RT-PCR/PCR assays.
Culture and immunoassay techniques are generally
specific to a particular pathogen, and as such are
limited to detecting a single suspected agent at the
species and sometimes serotype levels. In contrast,
nucleic acid based techniques such as RT-PCR/PCR are
versatile, offering high sensitivity in the detection
of all pathogens, including fastidious or otherwise
difficult-to-culture organisms. Because of the
versatile nature of PCR, the technique can be applied
simultaneously to multiple agents, increasing the
chances of establishing specific etiology (McDonough
et al., "A multiplex PCR for detection of 



Mycoplasma pneumoniae, Chlamydophila pneumoniae,
Legionella pneumophila, and Bordetella pertussis in
clinical specimens" MoI. Cell Probes, 19, 314-322
(2005)) and allowing accurate detection of
simultaneous infections involving more than one
pathogen (Grondahl et al., "Rapid identification of
nine microorganisms causing acute respiratory tract
infections by single-tube multiplex reverse
transcription-PCR: feasibility study" . Clin.
Microbiol, 37, 1-7 (1999)). Detection of several
organisms within one reaction by multiplex approaches
is desirable since ARI agents can be symptomologically
nonspecific. Thus, assaying for one pathogen at a time
is inefficient and does not produce information
regarding possible co-infections. Several multiplex
RT-PCR/PCR tests have been developed to address this
(McDonough; Grondahl; Puppe et al., "Evaluation of a
multiplex reverse transcriptase PCR ELISA for the
detection of nine respiratory tract pathogens" J.
Clin. Virol., 30, 165-174 (2004); Bellau-Pujol et al.,
"Development of three multiplex RT-PCR assays for the
detection of 12 respiratory RNA viruses" J. Virol.
Methods, 126, 53-63 (2005); Miyashita et al.,
"Multiplex PCR for the simultaneous detection of
Chlamydia pneumoniae, Mycoplasma pneumoniae and
Legionella pneumophila in community-acquired
pneumonia" Respir. Med., 98, 542-550 (2004); Osiowy,
"Direct detection of respiratory syncytial virus,
parainfluenza virus, and adenovirus in clinical
respiratory specimens by a multiplex reverse
transcription-PCR assay" J. Clin. Microbiol., 36,
3149-3154 (1998); Verstrepen etal?, "R pi Mtl d te iv
is NA in cerebrospinal fluid specimens with a novel
single-tube real-time reverse transcription-PCR assay"
J. Clin. Microbiol, 39, 4093-4096 (2001); Coiras et
al., "Simultaneous detection of fourteen respiratory
viruses in clinical specimens by two multiplex reverse
transcription nested-PCR assays" J. Med. Virol, 72,
484-495 (2004); Coiras et al., "Oligonucleotide array
for simultaneous detection of respiratory viruses
using a reverse-line blot hybridization assay" J. Med.
Virol, 76, 256-264 (2005); Gruteke et al., "Practical
implementation of a multiplex PCR for acute
respiratory tract infections in children" J. Clin.
Microbiol, 42, 5596- 5603 (2004)) but the approach is
limited by the discriminating power of current
amplicon detection methods. Gelbased analysis
approaches tend to be restricted to a limited number
of pathogens whose products can be discriminated by
size alone while fluorescent reporter systems like
real-time PCR are limited by the number of the
fluorescent peaks that can be unequivocally resolved -
no more than three or four. Thus, there is a need for
diagnostic assays that allow rapid differentiation and
identification of the pathogens responsible for
disease syndromes with many potential causes, such as
ARI. A few technologies have been developed that allow
more pathogens to be detected simultaneously by
RT-PCR/PCR methods. Multiplex identification of up to
22 respiratory pathogens has been achieved by the
MASSCODE(tm) multiplex RT-PCR system (Briese et al.,
"Diagnostic system for rapid and sensitive
differential detection of pathogens" Emerg. Infect.
Dis., 11, 310-313 (2005)). Spotted (especially
long-oligonucleotide) microarrays have also been used
with some success as a multiplex PCR analysis tool
(Roth et al., "Use of an oligonucleotide array for
laboratory diagnosis of bacteria responsible for acute
upper respiratory infections" J. Clin. Microbiol, 42,
4268-4274 (2004); Chizhikov et al., "Microarray
analysis of microbial virulence factors" Appl.
Environ. Microbiol, 67, 3258-3263 (2001); Chizhikov et
al., "Detection and genotyping of human group A
rotaviruses by oligonucleotide microarray
hybridization" J. CHn. Microbiol, 40, 2398-2407
(2002); Wang et al., "Microarray-based detection and
genotyping of viral pathogens" Proc. Natl. Acad. Sci.
USA, 99, 15687-15692 (2002); Wang et al., "Viral
discovery and sequence recovery using DNA microarrays"
PLoS Biol, 1, E2 (2003); Wilson et al., "High-density
microarray of small-subunit ribosomal DNA probes" Appl
Environ. Microbiol, 68, 2535-2541 (2002); Wilson et
al., "Sequence-specific identification of 18
pathogenic microorganisms using microarray technology"
MoI Cell Probes, 16, 119-127 (2002); Call et al.,
"Identifying antimicrobial resistance genes with DNA
microarrays" Antimicrob. Agents Chemother., 47,
3290-3295 (2003); Call et al., "Mixed-genome 



microarrays reveal multiple serotype and
lineage-specific differences among strains of Listeria
monocytogenes" J. Clin. Microbiol, 41, 632-639 (2003).
The primary limitation of these systems is the
inability to discriminate closely related strains of
the same organism because the detected hybridization
events may be insensitive to partial sequence
divergence. For instance, spotted microarray probes
may cross-hybridize nonspecifically with sequences
that vary by as much as 25% - an unfortunate event
considering the fact that this invisible variation
carries enough information to allow a high degree of
strain differentiation if the polymorphisms could be
specifically defined. Strain-level identification can
be critical in cases where closely related organisms
can have very different clinical consequences and
epidemiological patterns. In such cases, strains must
be discriminated to allow proper treatment and
control. The clinically relevant Bordetella pertussis
and its sister species, the clinically irrelevant B.
parapertussis, offer a classic example. Another
example is influenza viruses, for which discrimination
of vaccinesensitive and -insensitive strains, as well
as circulating human isolates and possible zoonotic
strains (e.g. avian H5N1) is of immediate and obvious
value.DISCLOSURE OF THE INVENTION The invention
comprises a method comprising: providing a biological
sample suspected of containing one or more pathogen
nucleic acids from a predefined set of pathogens;
adding to the sample a plurality of PCR primers
corresponding to genes found in the predefined set of
pathogens; and performing a polymerase chain reaction
on the sample to amplify a subset of the nucleic acids
that correspond to the genes. The primers include at
least one primer pair for each pathogen, and the
primers comprise a tail sequence that is not
homologous any pathogen DNA or to any background DNA
in the sample. The concentration of at least one
primer in the polymerase chain reaction is no more
than about 100 nM. MODES FOR CARRYING OUT THE
INVENTION In the following description, for purposes
of explanation and not limitation, specific details
are set forth in order to provide a thorough
understanding of the present invention. However, it
will be apparent to one skilled in the art that the
present invention may be practiced in other
embodiments that depart from these specific details.
In other instances, detailed descriptions of
well-known methods and devices are omitted so as to
not obscure the description of the present invention
with unnecessary detail. Clinical syndromes are seldom
specific to single pathogens, so assays that allow
testing for, and discriminating among, a large number
of candidate pathogens will undoubtedly be beneficial
to public health efforts. The work presented here
demonstrates the clinical diagnostic and
epidemiological surveillance potentials of a
resequencing array (RA) approach that combines
multiplex RT-PCR/PCR, RA, and automated sequence
similarity searching and pathogen identification-the
RPM v.1 system, for 20 common respiratory pathogens,
as well as 6 biothreat agents under a broad spectrum
of conditions. By combining the sensitivity of
multiplex PCR amplification with the specificity of a
RA, the trade-off between specificity and sensitivity
that is often seen when evaluating diagnostic assays
may be averted. This was demonstrated using control
samples whether in extraction buffer or together as
complex mixtures spiked into healthy patient clinical
samples. The data also shows that the system offers
equivalent sensitivity to accepted RT-PCR/PCR- and
culture-based methods for both HAdV and influenza A
virus, using 101 throat-swab samples from patients
with influenza-like illness. Short-oligonucleotide
resequencing arrays (RA) may simultaneously provide
both species-level and strain-level identification of
PCR amplicons from ARI pathogens. Strain-specific
information, including unique polymorphisms from
previously unrecognized variants, is provided by the
RA's ability to reveal sequence differences that
distinguish the hybridized target from the prototype
sequences (ProSeqs, see US Patent Application No. 11/
, to Malanoski et al., entitled "Computer-Implemented
Biological Sequence Identifier System and 



Method", and filed on the same day as the present
application) tiled on the array. Prior studies
combined a custom designed Respiratory Pathogen
Microarray (RPM v.l) with methods for microbial
nucleic acid enrichment, random nucleic acid
amplification and automated sequence similarity
searching to achieve broad-spectrum respiratory tract
pathogen identification at both species and strain
levels with unambiguous statistical interpretation
(Lin et al., "Broad-spectrum respiratory tract
pathogen identification using resequencing DNA
microarrays" Genome Res., 16(4), 527-535 (2006); Wang
et al., "Rapid, Broad-spectrum Identification of
Influenza Viruses by Resequencing Microarrays" Emerg.
Infect. Dis., 12(4), 638-646 (2006)). However, generic
amplification methods had limited success when dealing
with clinical samples that have lower titer of
pathogens. Disclosed herein is an improved multiplex
PCR amplification strategy that mitigates the
sensitivity issue related to random target
amplification. Successful proof-of-concept
experiments, utilizing clinical samples obtained from
patients presentingAKI, demonstra  e 'that 'gh "sp ec
es-level concordance with standard reference assays
(e.g. culture, College of American Pathologist
[CAP]-certified PCR) can be achieved while still
producing correct species and strain-level
identification via direct sequence reads in an
improved assay time (8.5 hours). The results suggest
that this approach is amenable to a straightforward
automation and miniaturization process and thus could
lead to a microarray-based platform for both
diagnostics and surveillance purposes. The polymerase
chain reaction (PCR) is well known in the art. The
present method uses a biological sample that may
contain pathogen nucleic acids. The method does not
require the presence of the pathogen nucleic acids, as
the method may be performed on, for a example, a
specimen from a healthy individual. As a preliminary
step, the pathogen nucleic acids may be extracted from
a clinical sample such as, but not limited to, a nasal
wash, a throat swab, sputum, blood, or an an
environmental sample. The clinical sample may be
obtained from an organism of any species including,
but are not limited to, humans. Any type of pathogen
may be tested for including, but not limited to,
respiratory pathogens, enteric pathogens, and
biothreat agents such as anthrax spores. The set of
pathogens may be defined at, for example, the species
level or the strain level. The method involves PCR
primers that correspond to genes that may be found in
the pathogens. PCR primers are well known in the art.
There is at least one primer pair for each pathogen.
The primers used in the method have a tail sequence
that is not homologous to the DNA of any of the
pathogens or to any background DNA in the sample. The
background DNA may be the DNA of the species from
which a clinical sample was obtained. Potential tail
sequences may be randomly or otherwise generated and
may be evaluated by, for example, comparison to a
database of genetic sequences, such as GenBank. The
tail sequence generally does not itself bind to the
pathogen DNA and may reduce the formation of
primer-dimers in the PCR, as the tail is not
complementary to any other primer. Suitable tails for
use with a specimen obtained from humans include, but
are not limited to, CGATACGACGGGCGTACTAGCG (Primer L,
SEQ ID NO.l) and CGATACGACGGGCGTACTAGCGNNNNNNNNN
(Primer LN, SEQ ID NO.2). The set of primers in single
PCR may include, for example, at least 30, 40, 50, 60,
70, 80, 90, or 100 different primers. Primers
corresponding to genes of varying lengths may be used
in the same PCR. For example, amplified nucleic acids
of lengths less than 50, 100, or 200 and more than
3000 or 2000 nucleotides may be produced in a single
PCR. A PCR using these primers may include other
components or use equipment as generally known in the
field of PCR and as disclosed herein. Low
concentrations of primers may be used in the reaction.
From one to all of the primers may be present at a
concentration of no more than about 100 nM. Lower
concentrations such as 40-50 nM may be used. The
biological sample may be divided into a plurality of
aliquots and a separate PCR using different 



primers performed on each aliquot. The aliquots may
then be recombined after the PCR. This may be done
when a large number of primers is used. The more
primers that are used in a PCR, the more likely is the
formation of primer-dimers. The PCR may be better
optimized with multiple aliquots with different primer
mixes. After the PCR, an identification of the
pathogen may be performed. This may be done by
contacting the sample to a microarray comprising a
plurality of nucleic acid sequences that are
complementary to at least portions of the amplified
nucleic acids, and allowing the amplified nucleic
acids to hybridize to complementary nucleic acids.
Such methods are described in US Patent Application
No. 11/177,646. The complementary nucleic acids may
be, but are not limited to, from 25- to 29-mers. The
use of such short complementary nucleic acids reduces
the possibility that any mismatches will hybridize to
the microarray. The complementary nucleic acids may
include a""plrfecf fE p be af IeII 8rie(tm)Sf and up
to all of the amplified nucleic acids and three
different single nucleotide polymorphisms of the
center position of each perfect match probe. This
arrangement allows for the entire sequence of the gene
to be determined, which can allow for identification
of the strain of the pathogen. After hybridization,
known methods, such as fluorescence, may be used to to
detect which complementary nucleic acids have
hybridized amplified nucleic acids. The pathogen may
then be identified based on which amplified nucleic
acids are detected. This may be done by a pattern
recognition algorithm, where the pathogen is
identified based on which genes are hybridized to the
array. It may also be done based on sequencing of the
hybridized genes, as described above. Molecular
diagnostic techniques enable rapid and sensitive
identification of etiological agents. Current methods,
such as PCR, RT-PCR, and spotted microarray etc., are
vulnerable to misidentification due to false positive
and false negative test results, and tend to suffer
from a direct tradeoff between sensitivity and
specificity^ Samples consist of a large and diverse
group of background organisms which may also contain
regions of similarity to the target sequence used for
diagnostic PCR amplification. The genetic complexity
of non-target DNA (especially human DNA) may cause the
amplification of a "false positive" product due to
cross reactivity. In addition, viruses evolve through
mutation and recombination events at a very fast rate,
making particularly sensitive tests subject to a state
of constant redesign or almost immediate obsolescence.
Genetic variations are also clinically relevant, as
they may correlate to antigenic variations which have
potential implications for persistence of infection
and the response to treatment and/or vaccination. To
study genetic variation with current PCR methods,
additional sequencing steps are always required. The
RPM v.1 method not only detects infectious agents at
the species and strain levels, but can also identify
subtle genomic differences without further experiment.
This approach is also shown to be an effective means
for detecting up to 7 pathogens simultaneously with
high sensitivity and specificity, and allow
unambiguous and reproducible sequence-based strain
identification for pathogens with appropriately
selected prototype sequence on the microarray
(ProSeqs). This may be useful for enhancing clinical
management and epidemic outbreak responses by
permitting accurate fingerprinting, antibiotic
resistance profiling, genetic drift/shift analysis,
forensics, and many other parameters of each pathogen.
This capability may be invaluable for rapid detection
of emerging diseases, such as avian H5N1 influenza
virus, and biological terrorism events. Having
described the invention, the following examples are
given to illustrate specific applications of the
invention. These specific examples are not intended to
limit the scope of the invention described in this
application. Example 1 RPM v.l chip design - The RPM
v.l (Respiratory Pathogen Microarray) chip design,
included 57 tiled regions allowing resequencing of
29.7 kb of sequences from 27 respiratory pathogens and
biowarfare agents, and was described in detail in a
previous study (Lin et al., "Broad-spectrum
respiratory tract pathogen identification using
resequencing DNA microarrays" Genome Res., 16(4),
527-535 (2006)). Briefly, RPM arrays consist of 



sequential 25-mer perfect match probes representing
(and centered on) each base in a sequence chosen from
the genome of the target organisms. Furthermore, for
each perfect match probe, three mismatch probes
representing the three possible single nucleotide
polymorphisms (SNPs) of the center position were also
tiled on the array. Thus hybridization to a series of
perfect matches provides redundant presence/absence
information, while hybridization to mismatched probes
reveals strain-specific SNP data. On this chip, two
pathogens, HAdV and influenza A were given more probe
representation than others. These were selected based
upon clinical relevance for the population of
immediate interest (United States military recruit in
training). For HAdV, partial sequences from the ElA,
hexon,regions of serotypes 4, 5, and 7 were tiled for
the detection of all ARIassociated HAdVs. Similarly,
tiled regions for influenza A virus detection were
comprised of partial sequences from the hemagglutinin
(subtypes Hl, H3, and H5), the neuraminidase (subtypes
Nl and N2), and the matrix genes. In addition to 3
HAdVs and 3 influenza A viruses, the current RPM
design permits discrimination of 15 other common
respiratory pathogens, and 6 Centers for Disease
Control and Prevention category A bio-terrorism
pathogens (Table 1) known to cause ARI, i.e.
"flu-like" symptoms at early stages of infection.
AUcontrol and field strains used to test the
sensitivity and specificity of RPM v.l and their
sources are listed in Table 1. Table 1: Analytic
sensitivity of microarray-based detection for
prototype control strains. Note: (r): plaque purified;
*: the lowest detection limit tested; : target genes
were constructed and cloned intopUCl  rBy le  ero -B
dteclm tdgy (Bothell, WA). Example 2 Clinical samples
- Archived throat swabs were collected from patients
with ARI symptoms at various military recruit training
centers, US/Mexico border sites, and on deployed naval
ships from 1999-2005. These were immediately placed in
2 mL cryogenic vials containing 1.5 mL of viral
transport medium (VTM), frozen and stored at or below
-800C to maintain the viral particles during
transport. Samples were then shipped to the Naval
Health Research Center (NHRC, San Diego, CA), thawed
and aliquoted, and tested for HAdV and influenza using
CAPcertified diagnostic RT-PCR/PCR and culture tests.
Frozen aliquots were then submitted for
microarray-based detection in a blinded fashion.
Example 3 Nucleic acid extraction - Nucleic acid was
extracted from clinical samples using either the
MASTERPURE(tm) DNA purification kit (Epicentre
Technologies, Madison, WI), omitting RNase digestion,
or the MagNA Pure Compact Nucleic Acid Isolation Kit I
(Roche Applied Science, Indianapolis, IN) following
the manufacturer's recommended protocols. Example 4
Internal controls - Two Arabidopsis thaliana genes,
corresponding to NACl and triosphosphate isomerase
(TIM), were chosen as internal controls for reverse
transcription (RT) and PCR reactions as they would be
unlikely to occur naturally in clinical samples. Two
plasmids, pSP64poly(A)-NACl and pSP64poly(A)-TIM,
containing ~ 500 bp of the two genes were kindly
provided by Dr. Norman H. Lee at The Institute for
Genome Research (Rockville, MD). NACl was amplified by
PCR with SP6 and M13R primers, and the PCR products
were purified using QIAquick PCR Purification Kit
(Qiagen, Valencia, CA). To generate RNA
frompSP64poly(A)-TIM, the plasmids were linearized
with EcoRI and in vitro transcribed from the SP6
promoter using the MEGASCRIPT (r) High Yield
Transciption Kit (Ambion, Austin, TX). 60 fg each of
NACl and TDVI were used as internal controls for
checking the amplification efficiency and the presence
of inhibitors in the specimens. Example 5 Primer
design and Multiplex RT-PCR amplification - Dividing
the primers into two independent reactions simplified
primer design and optimization. Fine-tuning
adjustments to both mixtures (swapping primers 



that amplified poorly for new ones) were carried out
to ensure all target genes from the 26 targeted
pathogens (West Nile Virus is included on the array
but not in this amplification scheme) would amplify
sufficiently to allow hybridization. The gene-specific
primer pairs for all targets on the RPM v.l chip
(listed Tables 2(a) and 2(b)) were designed to ensure
good amplification efficiency for multiplex PCR. All
primers were designed to have a similar annealing
temperature, and checked to ensure uniqueness using a
full search of the GenBank database with the BLAST
program for known sequences. AUprimers were checked
for potential hybridization to other primers to reduce
the potential of primer-dimer formation. In addition,
we adapted a method developed by Shuber et al., "A
simplified procedure for developing multiplex PCRs"
Genome Res., 5, 488-493 (1995) and Brownie et al.,
"The elimination of primer-dimer accumulation in PCR"
Nucleic Acids Res., 25, 3235-3241 (1997) to further
suppress primer-dimer formation by adding a linker
sequence of 22 bp (primer L) to the 5'-end of primers
used in this study. Reverse transcription (RT)
reactions were performed in 20 ml volumes containing
50 mM Tris-HCl (pH 8.3), 75 mM'KC1,"3 patvT gd ';
SOCTm l eac 'oFclATP, dCTP, dGTP, dTTP, 40 U of
RNaseOUT(tm), 10 mM DTT, 2 mM primer LN, 200 U of
Superscript III (Invitrogen Life Technologies,
Carlsbad, CA), 60 fg each of two internal controls
(NACl and TIM), and 5-8 ml of extracted clinical
specimen or laboratory control. Reactions were carried
out in a Peltier Thermal Cycler- PTC240 DNA Engine
Tetrad 2 (MJ Research Inc., Reno, NV) using the
manufacturer's recommended protocol.Table 2(b): List
of PCR primers in primer mix B used for multiplex
PCRPHARMACEUTICAL FORMULATIONS FOR MINIMIZING
DRUG-DRUG INTERACTIONS CROSS REFERENCE TO RELATED
APPLICATION This application claims the benefit of U.
S. Provisional Application No. 60/690,322, filed June
14, 2005. TECHNICAL FIELD [001] The present invention
generally relates to the minimization of drug-drug
interactions. More specifically, a pharmaceutical
combination for overcoming pharmacokinetic drug-drug
interactions is provided. BACKGROUND [002] A drug-drug
interaction occurs when a drug which has been
administered to the body induces interaction with and
alters the effects of another administered drug, and
when both drugs concurrently reside in the body.
During a drug-drug interaction, one of the drugs
exhibits an increase or decrease in therapeutic
response upon interaction with the other drug. [003]
Drug-drug interactions are categorized as either
pharmacodynamic or pharmacokinetic. Pharmacodynamic
drug-drug interactions generally occur when a drug
enhances or decreases the effect of another drug at
its action site without a change in drug concentration
in the body. Pharmacodynamic interactions generally
involve two or more drugs having similar or
antagonizing actions, which influence a patient's
sensitivity to each medication. Pharmacokinetic
drug-drug interactions occur when a drug enhances or
interferes with the absorption, distribution,
excretion, or metabolism of another drug concurrently
residing in the body. Pharmacokinetic drug-drug
interactions generally result in a change in drug
kinetics.[004] When enhancing or interfering with
absorption of a drug from the gastrointestinal tract,
the presence of another drug concurrently residing in
the body generally increases or decreases the
bioavailability of the drug by (1) altering
gastrointestinal motility, gastrointestinal pH, or
gastrointestinal bacterial flora; (2) forming poorly
or easily absorbable chelates or complexes; (3)
inducing gastrointestinal mucosal damage, or (4)
initiating a binding reaction that 



alters the physiochemical properties of the object
drug. One method for overcoming absorption
complications includes staggering the respective
administration times of the drugs. [005] When
interfering with distribution of a drug, another drug
concurrently residing in the body generally displaces
the drug from plasma protein or tissue binding sites.
More specifically, the drugs compete for protein or
tissue binding sites. One of the drugs, having a
higher affinity for the binding site, displaces the
other drug from the binding site. [006] When enhancing
or interfering with excretion of a drug, another drug
concurrently residing in the body competes with the
drug for anionic and cationic carriers, which causes
changes in glomerular filtration rate, active tubular
secretion, urine pH, passive tubular reabsorption, and
other such renal parameters. [007] When enhancing or
interfering with the metabolism of a drag, the
presence of another drug generally alters the rate of
metabolism of the drug residing in the
reticuloendothelial system (RES) organs and tissue
including the liver, spleen, and marrow. The RES
system is alternatively referred to as the monocyte
phagocytic system (MPS). [008 ] One approach for
overcoming absorption, distribution, excretion, and
metabolic complications is described in Swada et al.,
U.S. Patent No. 6,761,895. The '895 patent describes a
system for averting undesirable interaction between a
drug and a concomitant drug by timedrelease control of
the drag or control of the site of release of the drag
to the digestive tract. In purporting to overcome
metabolic complications, this patent proposes a
time-release control or control of the site of release
from the digestive tract which is said to cause one of
the drags to reach the liver at a specific time after
the concomitant drag has been absorbed in the liver.
Therefore, the '895 patent proposes a system for
overcoming metabolic complications without directly
altering the rate of metabolism of any drug. [009] In
view of the foregoing, it is an aspect or object of
this disclosure to provide pharmaceutical combinations
for overcoming pharmacokinetic drug-drag interactions
including a pharmaceutical combination having a first
pharmaceutical component having a
particularpharmacokinetic profile in a mammal and a
second pharmaceutical component formulated for
parenteral administration having a modified
pharmacokinetic profile. It is intended that, due to
the modified formulation of the second pharmaceutical
component in a modified drug delivery vehicle, the
respective pharmacokinetic profiles of the respective
pharmaceutical components do not substantially affect
each other or at least the interaction between the
respective profiles is substantially reduced compared
to not formulating the second pharmaceutical component
according to the invention. [0010] Terms such as
"first" and "second" are used herein to provide a
convenient reference and are not intended to imply a
requirement for a specific order, timing, combination
or grouping of administration. The term
"pharmaceutical combination" is intended to be broadly
construed and intended to imply a combination of
pharmaceutical components in various forms so long as
each component at some point resides in a mammal
concomitantly. [0011] A pharmaceutical combination may
include pharmaceutical components that are formulated
to be administered separately and in different
compositions. As such, a pharmaceutical component is
administered to a mammal in one composition after a
separate administration of another pharmaceutical
component in a different composition. For example, a 



first pharmaceutical composition is provided in one
vial (or some other administration unit), and a second
pharmaceutical composition is provided in another vial
(or some other administration unit), and these first
and second compositions are administered separately.
Such separate administration can be at different times
and/or by different means of administration.
Alternatively, a pharmaceutical combination may
include pharmaceutical components that are formulated
to be administered together. For example, a first
component and second component can be administered
together from a single vial (or some other
administration unit) having a mixture of such
components. In any of these approaches, the first and
second components are understood to be administered
concomitantly. SUMMARY OF THE INVENTION [0012] In view
of the desired goals of the invention claimed herein,
pharmaceutical combinations for minimizing
pharmacokinetic drug-drug interaction are provided
including a first pharmaceutical component having a
particular pharmacokinetic profile in a mammal and a
second pharmaceutical component formulated for
parenteral administration having a
modifiedpharmacokinetic profile. Typically, the drug
delivery vehicle of the second pharmaceutical
component is modified and its pharmacokinetic profile
is different from what it would be in an unmodified
formulation. Due to the modified formulation of the
second pharmaceutical component in a modified drug
delivery vehicle, the respective pharmacokinetic
profiles of the pharmaceutical components do not
substantially affect each other, or at least the
interaction between the respective profiles is
substantially reduced compared to not formulating the
second pharmaceutical component according to the
modified formulation approach, hi another aspect of
this embodiment, the pharmacokinetic profile may be
that of concentration variation over time. As a
consequence of its formulation in a modified drug
delivery vehicle, the pharmacokinetic profile of
concentration variation over time for the second
pharmaceutical component i s different from the
pharmacokinetic profile of the same component in its
unmodified form. The term "modified drug delivery
vehicle" in this disclosure refers to the different
forms in which the second pharmaceutical component can
be maintained other than a conventional liquid
solution. Examples of these forms are disclosed below.
[0013] In yet another aspect of the disclosure, a
method for minimizing pharmacokinetic drug-drug
interaction in a mammal is provided including the
steps of administering a first pharmaceutical
component having a particular pharmacokinetic profile
in a mammal; providing a second pharmaceutical
component, the second component in a given formulation
having a particular pharmacokinetic profile in the
mammal, wherein the particular pharmacokinetic profile
of the second pharmaceutical component in the given
formulation substantially affects the pharmacokinetic
profile of the first pharmaceutical component when the
first and second pharmaceutical components
concurrently reside within the mammal; formulating the
second pharmaceutical component into a modified
formulation, wherein the modified formulation alters
the particular pharmacokinetic profile of the second
pharmaceutical component; and administering the
modified formulation of the second pharmaceutical
component to the mammal parenterally. Accordingly, the
altered pharmacokinetic profile of the second
component does not substantially affect the
pharmacokinetic profile of the first pharmaceutical
component when the first pharmaceutical component and
the second pharmaceutical component concurrently
reside 



within the mammal. The second pharmaceutical component
may be administered after the first pharmaceutical
component and/or, the order of administration may be
reversed, or the two pharmaceutical components may be
administered concurrently.[0014] In yet another
embodiment, a pharmaceutical combination for
minimizing drugdrug interactions in a mammal is
disclosed including a first pharmaceutical component
that is metabolized by a particular drug-metabolizing
mechanism according to a specific metabolic timing and
a second pharmaceutical component that is initially
phagocytized in the RES or MPS. The second
pharmaceutical component is subsequently metabolized
by a similar drugmetabolizing mechanism as the first
pharmaceutical component, wherein phagocytosis of the
second pharmaceutical component results in a metabolic
timing which is different from the metabolic timing of
the second pharmaceutical component in the absence of
phagocytosis. Accordingly, the pharmaceutical
component formulation according to the disclosure
results in different metabolic timing or timings that
minimize pharmacokinetic drug-drug interaction between
the first and second pharmaceutical components when
the first and second pharmaceutical components
concurrently reside within the mammal. [0015] In this
context, metabolic timing is defined as the
concentration profile of the pharmaceutical component
over time in the cells containing the drug
metabolizing mechanism. In some situations, a
plurality of pharmaceutical components may be present
such that the total concentration of these components
may exceed the capacity of (i.e. saturate) the
dragmetabolizing enzymes, inhibiting metabolism of the
components. In one aspect of this embodiment, the
formulation of one or more of the components in a
modified drag delivery vehicle reduces the sum of the
concentrations of the components, so as to reduce the
likelihood that the enzyme(s) will become saturated.
[0016] In yet another aspect, a method for minimizing
pharmacokinetic drug-drug interaction in a mammal is
provided including the steps of administering to the
mammal a first pharmaceutical component that is
metabolized by a particular drug-metabolizing
mechanism according to a specific metabolic timing;
providing a second pharmaceutical component, the
second component in a given formulation, when
administered to the mammal, is metabolized by a
similar drag-metabolizing mechanism and according to a
similar metabolic timing as the first pharmaceutical
component; modifying the formulation of the second
pharmaceutical component, wherein the modified
formulation, when administered to the mammal, causes
the second pharmaceutical component to be phagocytized
in the RES or MPS; and administering the modified
formulation of the second pharmaceutical component to
the mammal parenterally. In this embodiment,
phagocytosis of the modified formulation of the second
pharmaceuticalcomponent results in a metabolic timing
which is different from the metabolic timing of what
it would be in the absence of phagocytosis, such that
the common metabolizing enzymes of the two
pharmaceutical components are not saturated.
Accordingly, the different metabolic timings minimize
pharmacokinetic drug-drug interaction between the
first pharmaceutical component and the second
pharmaceutical component when the first pharmaceutical
component and the second pharmaceutical component
concurrently reside within the mammal. Alternatively,
the first pharmaceutical component may be administered
after the second pharmaceutical component. [0017] It
should be understood that the present invention
includes a number of different 



aspects or features which may have utility alone
and/or in combination with other aspects or features.
Accordingly, this summary is not an exhaustive
identification of each such aspect or feature that is
now or may hereafter be claimed, but represents an
overview of certain aspects of the present invention
to assist in understanding the more detailed
description that follows. The scope of the invention
is not limited to the specific embodiments described
below, but is set forth in the claims now or hereafter
filed. BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE
DRAWINGS [0018] Throughout this description, reference
has been and will be made to the accompanying views of
the drawing wherein like subject matter has like
reference numerals, and wherein: [0019] FIG. l is a
diagrammatic representation of a method of producing a
nanoparticulate pharmaceutical component having a
modulated pharmacokinetic profile in accordance with
an embodiment of the present disclosure; [0020] FIG. 2
is a diagrammatic representation of another method of
producing a nanoparticulate pharmaceutical component
having a modulated pharmacokinetic profile in
accordance with an embodiment of the present
disclosure; and [0021] FIG. 3 is a graphical
representation that illustrates the intravenous
pharmacokinetic profiles of concentration variation
over time for itraconazole in nanosuspension form as
compared to a solution formulation of
itraconazole.DETAILED DESCRIPTION OF THE MULTIPLE
EMBODIMENTS [0022] Traditional pharmaceutical
combinations may comprise a number of pharmaceutical
components, which may exhibit drag-drug interaction.
In traditional drag delivery, two or more
pharmaceutical components may be metabolized by
similar dragmetabolizing mechanisms, for example via
similar species of drag-metabolizing enzymes.
Therefore, if they concurrently reside within a
mammal, these pharmaceutical components will compete
for the same species of drag-metabolizing enzymes,
thereby causing undesirable dragdrug interaction.
[0023] For example, it is often found that
pharmaceutical components are metabolized by the CYP
enzyme system (e.g., the cytokine P-450 enzymes
located in the liver microsomes). There are a limited
number of enzyme molecules comprising this system;
therefore, generally the capacity of any one of the
enzyme molecules is limited. If drags which reside
concurrently are metabolized by the same enzyme
molecules, one drag will interfere with and affect the
other drag's plasma concentration. This occurs because
the enzymes are saturable, and o not have infinite
capacity to metabolize all compounds simultaneously.
[0024] Serious side effects have resulted from the
coadministration of drags which interfere with the
metabolism of other drags. For example, the
coadministration of ketoconazole and terfenadine has
caused potentially life-threatening ventricular
arrhythmias. Furthermore, the coadministration of
sorivudine and flurouracil has resulted in fatal
toxicity, hi such cases, where a drag causes a reduced
metabolism of another drug in the liver microsomes,
excessively high plasma concentration of that first
drag levels result in high levels of toxicity. [0025]
In one aspect of this disclosure, a pharmaceutical
combination is provided having a first pharmaceutical
component having a particular pharmacokinetic profile
in a mammal and a 



second pharmaceutical component in a modified
formulation. Due to its formulation in a modified drag
delivery vehicle, the pharmacokinetic profile of the
second pharmaceutical component is changed compared to
its unformulated state, and the modified second
pharmaceutical component does not substantially affect
the pharmacokinetic profile of the first
pharmaceutical component or the effects are reduced.
[0026] In another aspect of this disclosure, an
individual receives the same total effective dose of
the second pharmaceutical component in the formulated
state as would occur in the unformulated state, but as
a consequence of the formulation the plasma
concentration levels ofthe second pharmaceutical
component are reduced compared to those in the
unformulated state. The reduced plasma concentration
levels of the second pharmaceutical component in the
formulated state result in a reduction of the
inhibition of the drug metabolizing system compared to
the unformulated state because there is less
competition by the second pharmaceutical component
with the first pharmaceutical component for the
drug-metabolizing enzymes. The second component is
reformulated such that the plasma concentration levels
are reduced relative to the unmodified state, so as to
cause less inhibition of the common enzyme system.
This is accomplished by prolonging the plasma
half-life for the reformulated pharmaceutical
component relative to its unformulated state.
Therefore, in accordance with an aspect of the
invention, a method is provided wherein the
unformulated second pharmaceutical component exhibits
a given average plasma concentration over a certain
period of time when administered to a mammal at a
selected dose, and wherein the reformulated second
pharmaceutical component exhibits a lower average
plasma concentration over a longer period of time when
administered to the mammal at the same selected dose.
[0027] In yet another embodiment, a second
pharmaceutical component is provided which is
metabolized by a similar species of drug-metabolizing
enzyme as the first pharmaceutical component. In order
to minimize drug-drug interaction, the second
pharmaceutical component is formulated for parenteral
administration such that it is initially phagocytized
by the RES or MPS. More specifically, upon parenteral
administration, the second pharmaceutical component is
generally not readily soluble in the blood, and is
recognized as being a foreign body requiring
elimination from systemic circulation. Accordingly,
the second pharmaceutical component is sequestered by
fixed macrophages in the RES or MPS via phagocytosis.
The organs or tissues generally associated with
phagocytosis are the liver, spleen, and marrow.
Enveloped in the fixed macrophages, the pharmaceutical
component dissolves therefrom, enabling it to migrate
out of the phagolysozomes and then to the
extracellular milieu. In this context, dissolution
refers to the process where the phagolysozome changes
the form of the pharmaceutical component such that it
is able to egress out of the MPS to the extracellular
milieu. Although not wishing to be bound by theory,
this egression may involve a passive diffusion of a
solubilized molecule of the pharmaceutical component
through a biological membrane or removal through the
exocytotic pathway. Alternatively, the macrophages
containing the second pharmaceutical component may die
and other macrophages may scavengethe second
pharmaceutical component and repeat the process.
Alternatively, other mechanisms may also operate.
[0028] In this way, the phagocytosis, dissolution and
transport from the fixed macrophages causes the second
pharmaceutical component to have a metabolic timing
which is 



different from the metabolic timing of the first
pharmaceutical component. Accordingly, the different
metabolic timings minimize pharmacokinetic drug-drug
interaction between the first and second
pharmaceutical components when the first and second
pharmaceutical components concurrently reside within
the mammal. [0029] While the invention is susceptible
of embodiment in many different forms and in various
combinations, particular focus will be on the multiple
embodiments of the invention described herein with the
understanding that such embodiments are to be
considered exemplifications of the principles of the
invention and are not intended to limit the broad
aspect of the invention. [0030] For example, in
accordance with the teachings of the present
disclosure, the subject pharmaceutical combination
generally includes a first pharmaceutical component
having a particular pharmacokinetic profile and second
pharmaceutical component present in a formulation that
alters the pharmacokinetic profile of the second
pharmaceutical component compared to the unformulated
state. [0031] The first pharmaceutical component may
be administered by a number of routes including, but
not limited to, parenteral, oral, buccal, periodontal,
rectal, nasal, pulmonary, topical, transdermal,
intravenous, intramuscular, subcutaneous, intradermal,
intraoccular, intracerebral, intralymphatic,
pulmonary, intraarcticular, intrathecal and
intraperitoneal administration. Moreover, a liquid
dispersion form of the submicron particles of the
pharmaceutical component may be prepared including,
but not limited to, injectable formulations,
solutions, delayed release formulations, controlled
release formulations, extended release formulations,
pulsatile release formulations and immediate release
formulations. [0032] A solid dosage of the first
pharmaceutical component may further be prepared in
the form of tablets, coated tablets, capsules,
ampoules, suppositories, lyophilized formulations,
delayed release formulations, controlled release
formulations, extended release formulations, pulsatile
release formulations, immediate release and controlled
release formulationsadministered through patches,
powder preparations which can be inhaled, suspensions,
creams, ointments, and other such solid dosage
administration means. [0033] The second pharmaceutical
components having a modulated pharmacokinetic profile
are generally poorly soluble drugs having an aqueous
solubility of not greater than about 10 mg/ml. Such
drugs further provide challenges to delivering them in
an injectable form such as through parenteral
administration. In order to facilitate their delivery,
poorly soluble or insoluble drugs and/or their drug
delivery vehicles have been modified under the
approaches as discussed herein. [0034] Methods for
modification of the drug itself in an attempt to
render it more suitable for the administration avenue
chosen include altering the formulation or molecular
structure of the drug. Methods for drug delivery
vehicle modification of poorly soluble or insoluble
drugs include the use of salt formation, solid carrier
systems, co-solvent/solubilization, micellization,
lipid vesicle, oil-water partitioning, liposomes,
microemulsions, emulsions, and complexation. [0035]
Yet another method for vehicle modification includes
nanoparticles in a solid particle suspension. Drugs
that are insoluble in water can provide the
significant benefit of stability when formulated as a
stable suspension of sub-micron particles in an
aqueous medium. 



Accurate control of particle size is essential for
safe and efficacious use of these formulations.
Particles should not be greater than seven microns in
diameter to safely pass through capillaries without
causing emboli (Allen et al., 1987; Davis and Taube,
1978; Schroeder et al., 1978; Yokel etal., 1981).
[0036] Accordingly, in order to minimize drug-drug
interactions among a number of pharmaceutical
components within a pharmaceutical combination in
accordance with the teachings of the present
disclosure, the pharmaceutical combination may include
at least one pharmaceutical component having a
modulated pharmacokinetic profile achieved through
drug delivery vehicle modification of the component.
Modulating the pharmacokinetic profile through
nanoparticles, nanosuspensions, microemulsions,
emulsions, micelles, and liposomes are explained in
detail hereinafter for exemplary purposes only.
Further, nanoparticles, nanosuspensions, emulsions,
micelles, and liposomes each have different rates of
phagocytosis and dissolution within the RES or MPS.
Accordingly, the rate of dissolution and release by
the macrophages within the RES or MPS and, in effect,
the drug-drug interaction betweenpharmaceutical
components within a pharmaceutical combination may be
controlled using varying methods of delivery.
NANOPARTICLES [0037] In order to minimize drug-drug
interactions among a number of pharmaceutical
components within a pharmaceutical combination in
accordance with the teachings of the present
disclosure, the pharmaceutical combination may include
at least one pharmaceutical component having a
modulated pharmacokinetic profile achieved through
forming a nanoparticle of the component. [0038]
Nanoparticles of poorly soluble pharmaceutical
components, in accordance with the teachings of the
present disclosure, may be prepared in a number of
different ways. These methods of preparing
nanoparticles include, but are not limited to,
preparation of solvent-free suspension, replacement of
excipients, lyophilization, emulsion precipitation,
solvent antisolvent precipitation, phase inversion
precipitation, pH shift precipitation, infusion
precipitation, temperature shift precipitation,
solvent evaporation precipitation, reaction
precipitation, compressed fluid precipitation,
mechanical grinding of an active agent, or any other
method for producing suspensions of poorly soluble
submicron particles as described in U.S. Patent Nos.
6,607,784; 5,560,932; 5,662,883; 5,665,331; 5,145,684;
5,510,118; 5,518,187; 5,534,270; 5,718,388; and
5,862,999; in U.S. Patent Application Publication Nos.
2005/0037083; 2004/0245662; 2004/0164194;
2004/0173696; 2004-0022862; 2003/0100568;
2003/0096013; 2003/0077329; 2003/0072807;
2003/0059472; 2003/0044433; 2003/0031719; 2002/176935;
2002/0127278; and 2002/0168402, and in commonly
assigned and co-pending U.S. Patent Applications
Serial Nos. 60/258,160 and 60/347,548. These patents,
patent publications, patent applications and all other
patents, patent publications, patent applications,
articles, or other references mentioned herein are
hereby incorporated herein by reference and made a
part hereof. I . Nanosuspensions [0039] One approach
for delivering a poorly soluble drug using a solid
particle suspension is providing what are commonly
referred to as nanosuspensions. Nanosuspensions
generally include aqueous suspensions of nanoparticles
of relatively insoluble drug agents. 



Nanoparticles also generally are coated with one or
more surfactants or other excipients of a particulate
in order to prevent agglomeration or flocculation of
the nanoparticles. Surfactants generally used for such
coating preferably include, but are not limited to,
ionic surfactants,nonionic surfactants, zwitterionic
surfactants, phospholipids, biologically derived
surfactants or amino acids and their derivatives.
[0040] One approach to preparing a nanosuspension is
described in Kipp et al. U.S. Patent No. 6,607,784.
The '784 patent discloses a method for preparing
submicron sized particles of an organic compound,
wherein the solubility of the organic compound is
greater in a water-miscible selected solvent than in
another solvent which is aqueous. The process
described in the '784 patent generally includes the
steps of (i) dissolving the organic compound in the
water-miscible selected solvent to form a solution,
(ii) mixing the solution with another solvent to
define a pre-suspension; and (iii) adding energy to
the pre-suspension to form particles which can be of
submicron size. The particles range in particle size
from about 10 nm to about 10 microns, but preferably
from about 100 nm to about 1000 nm or 1 micron. Often,
the average effective particle size can range between
about 400 nm or below, extending into low micron size,
and typically no greater than about 2 microns. [0041]
The multiple nanosuspension embodiments as described
in detail herein refer and/or relate to the
preparation of nanosuspensions including nanoparticles
of poorly soluble pharmaceuticals using an energy
addition method. The entire class of poorly soluble
pharmaceutical components, analogs of pharmaceutical
components, and other equivalent methods for preparing
nanosuspensions may be produced in submicron form
without deviating from the spirit of the present
invention. Energy addition methods and equipment for
preparing particle suspensions of the present
invention are disclosed in the commonly assigned '784
patent. A general procedure for preparing the
suspension useful in the practice of this
nanosuspension aspect of the invention follows. [0042]
The processes of this type can be separated into three
general categories. Each of the categories of
processes share the steps of: (i) dissolving the
organic compound in a watermiscible selected solvent
to form a solution, (ii) mixing the solution with
another solvent to define a pre-suspension; and (iii)
adding energy to the pre-suspension to form particles
having an average effective particle size as discussed
herein. A. First Process Category for Nanosuspension
Preparation [0043] The methods of the first process
category for nanosuspension preparations generally
include dissolving a pharmaceutical component to have
the modulatedpharmacokinetic profile in a water
miscible selected solvent to form a solution. This
resulting solution including the pharmaceutical
component can be in an amorphous form, a
semicrystalline form or a super-cooled liquid form.
The selected solvent according to this nanosuspension
aspect is a solvent or mixture of solvents in which
the organic compound of interest is relatively soluble
and which is miscible with the other solvent. Such
solvents include, but are not limited to,
water-miscible protic compounds, in which a hydrogen
atom in the molecule is bound to an electronegative
atom such as oxygen, nitrogen, or other Group V A,
Group VI A and Group VII elements A in the Periodic
Table of Elements. Examples of such solvents include,
but are not limited to, alcohols, amines (primary or
secondary), oximes, hydroxamic acids, carboxylic
acids, sulfonic acids, phosphonic acids, phosphoric
acids, amides 



and ureas. [0044] Other examples of the selected
solvent also include aprotic organic solvents. Some of
these aprotic solvents can form hydrogen bonds with
water, but can only act as proton acceptors because
they lack effective proton donating groups. One class
of aprotic solvents is a dipolar aprotic solvent, as
defined by the International Union of Pure and Applied
Chemistry (IUPAC Compendium of Chemical Terminology,
2nd Ed., 1997): A solvent with a comparatively high
relative permittivity (or dielectric constant),
greater than ca. 15, and a sizable permanent dipole
moment, that cannot donate suitably labile hydrogen
atoms to form strong hydrogen bonds, e.g. dimethyl
sulfoxide. [0045] Dipolar aprotic solvents can be
selected from the group consisting of: amides (fully
substituted, with nitrogen lacking attached hydrogen
atoms), ureas (fully substituted, with no hydrogen
atoms attached to nitrogen), ethers, cyclic ethers,
nitriles, ketones, sulfones, sulfoxides, fully
substituted phosphates, phosphonate esters,
phosphoramides, nitro compounds, and the like.
Dimethylsulfoxide (DMSO), N-methyl-2-pyrrolidinone
(NMP), 2-pyrrolidinone, 1,3-dimethylimidazolidinone
(DMI), dimethylacetamide (DMA), dimethylformamide
(DMF), dioxane, acetone, tetrahydrofuran (THF),
tetramethylenesulfone (sulfolane), acetonitrile, and
hexamethylphosphoramide (HMPA), nitromethane, among
others, are members of this class. [0046] Solvents
also may be chosen that are generally
water-immiscible, but have sufficient water solubility
at low volumes (not greater than 10%) to act as a
water-miscible first solvent at these reduced volumes.
Examples include aromatic hydrocarbons, alkenes,
alkanes,and halogenated aromatics, halogenated alkenes
and halogenated alkanes. Aromatics include, but are
not limited to, benzene (substituted or
unsubstituted), and monocyclic or polycyclic arenes.
Examples of substituted benzenes include, but are not
limited to, xylenes (ortho, meta, or para), and
toluene. Examples of alkanes include but are not
limited to hexane, neopentane, heptane, isooctane, and
cyclohexane. Examples of halogenated aromatics
include, but are not restricted to, chlorobenzene,
bromobenzene, and chlorotoluene. Examples of
halogenated alkanes and alkenes include, but are not
restricted to, trichloroethane, methylene chloride,
ethylenedichloride (EDC), and the like. [0047]
Examples of the all of the above solvent classes
include but are not limited to:Nmethyl-
2-pyrrolidinone (N-methyl-2-pyrrolidone),
2-pyrrolidinone (2-pyrrolidone), 1,3-
dimethyl-2-imidazolidinone (DMI), dimethylsulfoxide,
dimethylacetamide, carboxylic acids (such as acetic
acid and lactic acid), aliphatic alcohols (such as
methanol, ethanol, isopropanol, 3-pentanol, and
n-propanol), benzyl alcohol, glycerol, butylene glycol
(1,2-butanediol, 1,3- butanediol, 1,4-butanediol, and
2,3-butanediol), ethylene glycol, propylene glycol,
mono- and diacylated glycerides, dimethyl isosorbide,
acetone, dimethylsulfone, dimethylformamide, 1,4-
dioxane, tetrarnethylenesulfone (sulfolane),
acetonitrile, nitromethane, tetramethylurea,
hexamethylphosphoramide (HMPA), tetrahydrofuran (THF),
dietihylether, tert-butylmethyl ether (TBME), aromatic
hydrocarbons, alkenes, alkanes, halogenated aromatics,
halogenated alkenes, halogenated alkanes, xylene,
toluene, benzene, substituted benzene, ethyl acetate,
methyl acetate, butyl acetate, chlorobenzene,
bromobenzene, chlorotoluene, trichloroethane,
methylene chloride, ethylenedichloride (EDC), hexane,
neopentane, heptane, isooctane, cyclohexane,
polyethylene 



glycol (PEG), PEG esters, PEG-4, PEG-8, PEG-9, PEG-12,
PEG-14, PEG-16, PEG-120, PEG- 75, PEG-150,
polyethylene glycol esters, PEG-4 dilaurate, PEG-20
dilaurate, PEG-6 isostearate, PEG-8 palmitostearate,
PEG- 150 palmitostearate, polyethylene glycol
sorbitans, PEG-20 sorbitan isostearate, polyethylene
glycol monoalkyl ethers, PEG-3 dimethyl ether, PEG-4
dimethyl ether, polypropylene glycol (PPG),
polypropylene alginate, PPG-IO butanediol, PPG- 10
methyl glucose ether, PPG-20 methyl glucose ether,
PPG- 15 stearyl ether, propylene glycol
dicaprylate/dicaprate, propylene glycol laurate, and
glycofurol (tetrahydrofurfuryl alcohol polyethylene
glycol ether). [0048] A preferred selected solvent is
N-methyl-2-pyrrolidinone (NMP). Another preferred
selected solvent is lactic acid.B. Second Process
Category for Nanosuspension Preparation [0049] The
second process category for nanosuspension preparation
involves mixing the solution of the first process
category with another solvent to precipitate the
pharmaceutical component to define a pre-suspension.
In this process category, the pre-suspension of the
pharmaceutical component becomes crystalline in form.
After the first two process steps, the pharmaceutical
component in the pre-suspension is in a friable form
having an average effective particle size (e.g., such
as slender needles and thin plates), thereby ensuring
the particles of the presuspension are in a friable
state, a state wherein the organic compound is
fragile. Compounds in the friable state can also more
easily and more quickly be prepared into a particle
within the desired size ranges when compared to
processing an organic compound where approaches have
not been taken to render it in a friable form. [0050]
This other solvent used in the second process category
is generally an aqueous solvent. This aqueous solvent
may be water by itself. This solvent may also contain
buffers, salts, surfactant(s), water-soluble polymers,
and combinations of these excipients. C. Third Process
Category for Nanosuspension Preparation [0051] The
third process category for nanosuspension preparation
involves adding energy to the pre-suspension which
results in a breaking up and coating of the friable
particles. The energy-addition step can be carried out
in any fashion wherein the pre-suspension is exposed
to cavitation, shearing or impact forces. In one
preferred form of the invention, the energyaddition
step is an annealing step. Annealing is defined in
this disclosure as the process of converting matter
that is thermodynamically unstable into a more stable
form by single or repeated application of energy
(direct heat or mechanical stress), followed by
thermal relaxation. This lowering of energy may be
achieved by conversion of the solid form from a less
ordered to form a more ordered lattice structure.
Alternatively, this stabilization may occur by a
reordering of the surfactant molecules at the
solid-liquid interface. 1. Method A for Nanosuspension
Preparation [0052] As illustrated in Figure 1, in
Method A for nanosuspension preparation, the
pharmaceutical component to have the modulated
pharmacokinetic profile is first dissolved in
aselected solvent to create a first solution. The
first solution may be heated from about 30C to about
1000C to ensure total dissolution of the
pharmaceutical component in the selected solvent.
[0053] Another aqueous solution is provided with one
or more surfactants added thereto. The surfactant or
surfactants can be selected from an ionic surfactant,
a nonionic surfactant, a cationic surfactant, a
zwitterionic surfactant, a phospholipid, or a
biologically derived surfactant. 



Suitable surfactants for coating the particles in the
present invention can be selected from ionic
surfactants, nonionic surfactants, zwitterionic
surfactants, phospholipids, biologically derived
surfactants or amino acids and their derivatives.
Ionic surfactants can be anionic or cationic. The
surfactants are present in the components in an amount
of from about 0.01% to 10% w/v, and preferably from
about 0.05% to about 5% w/v. 10054 ] Suitable anionic
surfactants include but are not limited to: alkyl
sulfonates, aryl sulfonates, alkyl phosphates, alkyl
phosphonates, potassium laurate, sodium lauryl
sulfate, sodium dodecylsulfate, alkyl polyoxyethylene
sulfates, sodium alginate, dioctyl sodium
sulfosuccinate, phosphatide acid and their salts,
sodium carboxymethylcellulose, bile acids and their
salts, cholic acid, deoxycholic acid, glycocholic
acid, taurocholic acid, and glycodesxycholic acid, and
calcium carboxymethylcellulose, stearic acid and its
salts, (e.g. calcium stearate), phosphates, sodium
dodecylsulfate, carboxymethylcellulose calcium,
carboxymethylcellulose sodium, dioctylsulfosuccinate,
dialkylesters of sodium sulfosuccinic acid, sodium
lauryl sulfate and phospholipids. [0055] Suitable
cationic surfactants include but are not limited to:
quaternary ammonium compounds, benzalkonium chloride,
cetyltrimethylammonium bromide, chitosans,
lauryldimethylbenzylammonium chloride, acyl carnitine
hydrochlorides, alkyl pyridinium halides, cetyl
pyridinium chloride, cationic lipids,
polymethylmethacrylate trimethylammonium bromide,
sulfonium compounds,
polyvinylpyrrolidone-2-dimethylaminoethyl methacrylate
dimethyl sulfate, hexadecyltrimethyl ammonium bromide,
phosphonium compounds, quaternary ammonium compounds,
benzyl-di(2-chloroethyl)ethylammonium bromide, coconut
trimethyl ammonium chloride, coconut trimethyl
ammonium bromide, coconut methyl dihydroxyethyl
ammonium chloride, coconut methyl dihydroxyethyl
ammonium bromide, decyl triethyl ammonium chloride,
decyl dimethyl hydroxyethyl ammonium chloride, decyl
dimethyl hydroxyethyl ammonium chloride bromide,
C12-15-dimethyl hydroxyethyl ammonium chloride,
C12-15-dimethyl hydroxyethyl ammonium chloride
bromide, coconut dimethyl hydroxyethylammonium
chloride, coconut dimethyl hydroxyethyl ammonium
bromide, myristyl trimethyl ammonium methyl sulfate,
lauryl dimethyl benzyl ammonium chloride, lauryl
dimethyl benzyl ammonium bromide, lauryl dimethyl
(ethenoxy)4 ammonium chloride, lauryl dimethyl
(ethenoxy)4 ammonium bromide, N-alkyl
(C12-18)dimethylbenzyl ammonium chloride, N-alkyl
(C14-18)dimethyl-benzyl ammonium cliloride,
N-tetradecylidmethylbenzyl ammonium chloride
monohydrate, dimethyl didecyl ammonium chloride,
N-alkyl and (C1 - ) dimethyl 1- napthylmethyl ammonium
chloride, trimethylammonium halide
alkyl-trimethylammonium salts,
dialkyl-dimethylammonium salts, lauryl trimethyl
ammonium chloride, ethoxylated
alkyamidoalkyldialkylammonium salts, ethoxylated
trialkyl ammonium salts, dialkylbenzene
dialkylammonium chloride, N-didecyldimethyl ammonium
chloride, N-tetradecyldimethylbenzyl ammonium chloride
monohydrate, N-alkyl(C 12-14) dimethyl
1-naphthylmethyl ammonium chloride,
dodecyldimethylbenzyl ammonium chloride, dialkyl
benzenealkyl ammonium chloride, lauryl trimethyl
ammonium chloride, alkylbenzyl methyl ammonium
chloride, alkyl benzyl dimethyl ammonium bromide, C12
trimethyl ammonium bromides, C15 trimethyl ammonium
bromides, C17 trimethyl ammonium bromides,
dodecylbenzyl triethyl ammonium chloride,
polydiallyldimethylammonium chloride (DADMAC),
dimethyl ammonium chlorides, 



alkyldimethylammonium halogenides, tricetyl methyl
ammonium chloride, decyltrimethylammonium bromide,
dodecyltriethylammonium bromide,
tetradecyltrimethylammonium bromide, methyl
trioctylammonium chloride, "POLYQUAT 10" (a mixture of
polymeric quarternary ammonium compounds),
tetrabutylammonium bromide, benzyl trimethylammonium
bromide, choline esters, benzalkonium chloride,
stearalkonium chloride, cetyl pyridinium bromide,
cetyl pyridinium chloride, halide salts of quaternized
polyoxyethylalkylamines, "MIRAPOL" (rolyquaternium-2)
"ALKAQUAT", alkyl pyridinium salts, amines, amine
salts, imide azolinium salts, protonated quaternary
acrylamides, methylated quaternary polymers, and
cationic guar gum, benzalkonium chloride, dodecyl
trimethyl ammonium bromide, triemanolamine, and
poloxamines. [0056] Suitable nonionic surfactants
include but are not limited to: polyoxyethylene fatty
alcohol ethers, polyoxyethylene sorbitan fatty acid
esters, polyoxyethylene fatty acid esters, sorbitan
esters, glyceryl esters, glycerol monostearate,
polyethylene glycols, polypropylene glycols,
polypropylene glycol esters, cetyl alcohol,
cetostearyl alcohol, stearyl alcohol, aryl alkyl
polyether alcohols, polyoxyethylene-polyoxypropylene
copolymers, poloxamers, poloxamines,methylcellulose,
hydroxycellulose, hydroxymethylcellulose,
hydroxypropylcellulose, hydroxypropylmethylcellulose,
noncrystalline cellulose, polysaccharides, starch,
starch derivatives, hydroxyethylstarch, polyvinyl
alcohol, polyvinylpyrrolidone, triethanolamine
stearate, amine oxides, dextran, glycerol, gum acacia,
cholesterol, tragacanth, glycerol monostearate,
cetostearyl alcohol, cetomacrogol emulsifying wax,
sorbitan esters, polyoxyethylene alkyl ethers,
polyoxyethylene castor oil derivatives,
polyoxyethylene sorbitan fatty acid esters,
polyethylene glycols, polyoxyethylene stearates,
hydroxypropyl celluloses, hydroxypropyl
methylcellulose, methylcellulose,
hydroxyethylcellulose, hydroxypropylmethylcellulose
phthalate, noncrystalline cellulose, polyvinyl
alcohol, polyvinylpyrrolidone,
4-(l,l,3,3-tetramethylbutyl)phenol polymer with
ethylene oxide and formaldehyde, poloxamers, alkyl
aryl polyether sulfonates, mixtures of sucrose
stearate and sucrose distearate, C18H37CH2C(O)N(CH3)
CH2(CHOH) 4(CH2OH)2 pisononylphenoxypoly( glycidol),
decanoyl-N-methylglucamide,
n-decyl-b-D-glucopyranoside, ndecyl
-b-D-maltopyranoside, n-dodecyl -b-D-glucopyranoside,
n-dodecyl- b-D-maltoside, heptanoyl-N-methylglucamide,
n-heptyl-b-D-glucopy- ranoside, n-heptyl-
b-D-thioglucoside, nhexyl- b-D-glucopyranoside;
nonanoyl-N-methylglucamide,
n-nonyl-b-D-glucopyranoside,
octanoyl-N-methylglucamide,
n-octyl-b-D-glucopyranoside,
octyl-b-D-thioglucopyranoside, PEG-cholesterol,
PEG-cholesterol derivatives, PEG-vitamin A,
PEG-vitamin E, and random copolymers of vinyl acetate
and vinyl pyrrolidone. [0057] Zwitterionic surfactants
are electrically neutral but possess local positive
and negative charges within the same molecule.
Suitable zwitterionic surfactants include but are not
limited to zwitterionic phospholipids. Suitable
phospholipids include phosphatidylcholine,
phosphatidylethanolamine,
diacyl-glycero-phosphoethanolamine (such as
dimyristoyl-glycerophosphoethanolamine (DMPE),
dipalmitoyl-glycero-phosphoethanolamine (DPPE),
distearoylglycero- phosphoethanolamine (DSPE), and
dioleolyl-glycero-phosphoethanolamine (DOPE)).
Mixtures of phospholipids that include anionic and
zwitterionic phospholipids may be employed in this
invention. Such mixtures include but are not limited
to lysophospholipids, egg or soybean 



phospholipid or any combination thereof. [0058]
Suitable biologically derived surfactants include, but
are not limited to: lipoproteins, gelatin, casein,
lysozyme, albumin, casein, heparin, hirudin, or other
proteins. The preferred surfactant is a combination of
an ionic surfactant (e.g., deoxycholic acid) and
anonionic surfactant (e.g.,
polyoxyethylene-polypropylene block copolymers such as
Poloxamer 188). Another preferred surfactant is a
combination of phospholipids such as Lipoid E80 and
[0059] It may also be desirable to add a pH adjusting
agent to the aqueous surfactant solution such as
sodium hydroxide, hydrochloric acid, an amino acid
such as glycine, tris buffer or citrate, acetate,
lactate, meglumine, or the like. The aqueous
surfactant solution preferably has a pH within the
range of from about 2 to about 12. Suitable pH
adjusting agents include, but are not limited to,
sodium hydroxide, hydrochloric acid, tris buffer,
mono-, di-, tricarboxylic acids and their salts,
citrate buffer, phosphate, glycerol- 1-phosphate,
glycercol-2-phosphate, acetate, lactate,
tris(hydroxymethyl)aminomethane, aminosaccharides,
mono-, di- and trialkylated amines, meglumine
(N-methylglucosamine), and amino acids. [0060] The
aqueous surfactant solution may additionally include
an osmotic pressure adjusting agent, such as but not
limited to glycerin, a monosaccharide such as
dextrose, a disaccharide such as sucrose, trehalose
and maltose, a trisaccharide such as raffinose, and
sugar alcohols such as mannitol and sorbitol. [0061]
The aqueous surfactant solution of the particle
suspension component may further be removed to form
dry particles. The method to remove the aqueous medium
can be any method known in the art. One example is
evaporation. Another example is freeze-drying or
lyophilization. The dry particles may then be
formulated into any acceptable physical form
including, but not limited to, solutions, tablets,
capsules, suspensions, creams, lotions, emulsions,
aerosols, powders, incorporation into reservoir or
matrix devices for sustained release (such as implants
or transdermal patches), and the like. The aqueous
suspension of the present invention may also be frozen
to improve stability upon storage. Freezing of an
aqueous suspension to improve stability is disclosed
in the commonly assigned and co-pending U.S Patent
Application Publication No. 2003/0077329. [0062] The
pharmaceutical component solution and aqueous
surfactant solution are then combined. Preferably, the
pharmaceutical component solution is added to trie
aqueous surfactant solution at a controlled rate. The
addition rate is dependent on the batch size, and
precipitation kinetics for the pharmaceutical
component. During the addition, the solutions should
be under constant agitation. It has been observed
using light microscopy that amorphous particles,
semicrystalline solids, or a super-cooled liquid are
formed to create a pre-suspension. The methodfurther
includes the step of subjecting the pre-suspension to
an annealing step to convert the amorphous particles,
super-cooled liquid or semi-crystalline solid to a
crystalline more stable solid state. The resulting
particles will have an average effective particle size
as measured by dynamic light scattering methods (e.g.,
photocorrelation spectroscopy, laser diffraction,
lowangle laser light scattering (LALLS)5medium-angle
laser light scattering (MALLS)), light obscuration
methods (Coulter method, for example), rheology, or
microscopy (light or electron) within the ranges set
forth above. [0063] The energy-addition step for
producing nanosuspensions involves adding energy
through sonication, homogenization, counter-current
flow homogenization (e.g., the Mini 



DeBEE 2000 homogenizer, available from BEE
Incorporated, NC, in which a jet of fluid is directed
along a first path, and a structure is interposed in
the first path to cause the fluid to be redirected in
a controlled flow path along a new path to cause
emulsification or mixing of the fluid),
microfluidization, or other methods of providing
impact, shear or cavitation forces, including other
homogenization approaches. The sample may be cooled or
heated during this stage. In one preferred form of
this aspect the invention, the annealing step is
effected by homogenization. In another preferred form
of this aspect of the invention, the annealing may be
accomplished by ultrasonication. In yet another
preferred form, the annealing may be accomplished by
use of an emulsification apparatus as described in
U.S. Patent No. 5,720,551 . [0064] Depending upon the
rate of annealing, it may be desirable to adjust the
temperature of the processed sample to within the
range of from approximately O0C to 30C. Alternatively,
in order to effect a desired phase change in the
processed solid, it may also be necessary to adjust
the temperature of the pre-suspension to a temperature
within the range of from about -30C to about 100C
during the annealing step. 2. Method B for
Nanosuspension Preparation [0065] As illustrated in
Figure 2, Method B for preparing nanosuspensions
includes the addition of a surfactant or combination
of surfactants to the first solution. The surfactants
may be selected from ionic surfactants, nonionic
surfactants, cationic surfactants, zwitterionic
surfactants, phospholipids, or biologically derived as
set forth above. A drug suspension resulting from
application of the processes described in this
invention may be administered directly as an
injectable solution, provided that an appropriate
means for solution sterilization isapplied. Method B
for preparing nanosuspensions also typically includes
further procedures such as preparation of solvent-free
suspension, replacement of excipients, lyophilization,
solvent anti-solvent precipitation, phase inversion
precipitation, pH shift precipitation, infusion
precipitation, temperature shift precipitation,
solvent evaporation precipitation, reaction
precipitation, and compressed fluid precipitation.
Preparation of Solvent-free Suspension [0066]
Nanosuspension preparation optionally can include a
solvent-free suspension, which may be produced by
solvent removal after precipitation. This can be
accomplished by centrifugation, dialysis,
diafiltration, force-field fractionation,
high-pressure filtration or other separation
techniques well known in the art, such as the
following. Complete removal o f lactic acid or
N-methyl-2-pyrrolidinone, for example, is typically
carried out by one to three successive centrifugation
runs; after each centrifugation the supernatant is
decanted and discarded. A fresh volume of the
suspension vehicle without the organic solvent is
added to the remaining solids and the mixture was
dispersed by homogenization. It will be recognized by
others skilled in the art that other high-shear mixing
techniques could be applied in this reconstitution
step. Replacement of Excipients [0067] Furthermore,
any undesired excipients such as surfactants may be
replaced by a more desirable excipient by use of the
separation methods described in the above paragraph.
The solvent and first excipient may be discarded with
the supernatant after centrifugation or filtration. A
fresh volume of the suspension vehicle without the
solvent and without the first excipient may then be
added. Alternatively, a new surfactant may be added.
For example, a suspension 



consisting of drug, N-methyl-2-pyrrolidinone
(solvent), Poloxamer 188 (first excipient), sodium
deoxycholate, glycerol and water may be replaced with
phospholipids (new surfactant), glycerol and water
after centrifugation and removal of the supernatant.
Lyophilization [0068] The suspension may be dried by
lyophilization (freeze-drying) to form a lyophilized
suspension for reconstitution into a suspension
suitable for administration . For the purpose of
preparing a stabilized, dry solid, bulking agent such
as mannitol, sorbitol, sucrose,starch, lactose,
trehalose or raffnose may be added prior to
lyophilization. The suspension may be lyophilized
using any applicable program for lyophilization, for
example: loading at +25C;cooling down to -45 0C in 1
hour; holding time at -450C for 3.5 hours; mean drying
for 33 hours with continual increase of temperature to
+150C at a pressure of 0.4 mbar; final drying for 10
hours at +20 0C at a pressure of 0.03 mbar; and cryo
protectant: mannitol. [0069] In addition to the
microprecipitation methods described above, any other
known precipitation methods for preparing particles of
active agent (and more preferably, nanoparticles) in
the art can be used in conjunction with this Method B
nanosuspension aspect of the present invention. The
following is a description of examples of other
precipitation methods. The examples are for
illustration purposes, and are not intended to limit
the scope of the present invention. Solvent
Anti-Solvent Precipitation [0070] Another
precipitation technique is solvent anti-solvent
precipitation. Suitable solvent anti-solvent
precipitation technique is described in U.S. Pat. Nos.
5,1 18,528 and 5,100,591. The process includes the
steps of: (1) preparing a liquid phase of a
biologically active substance in a solvent or a
mixture of solvents to which may be added one or more
surfactants; (2) preparing a second liquid phase of a
non-solvent or a mixture of non-solvents, the
nonsolvent is miscible with the solvent or mixture of
solvents for the substance; (3) adding together the
solutions of (1) and (2) with stirring; and (4)
removing of unwanted solvents to produce a colloidal
suspension of nanoparticles. The '528 Patent describes
that it produces particles of the substance smaller
than 500 nm without the supply of energy. Phase
Inversion Precipitation [0071] Another precipitation
technique is phase inversion precipitation. One
suitable phase inversion precipitation is described in
U.S. Pat. Nos. 6,235,224, 6,143,21 1 and U.S.
published patent application No. 2001/0042932. Phase
inversion is a term used to describe the physical
phenomena by which a polymer dissolved in a continuous
phase solvent system inverts into a solid
macromolecular network in which the polymer is the
continuous phase. One method to induce phase inversion
is by the addition of a nonsolvent to the continuous
phase. The polymer undergoes a transition from a
single phase to an unstable two phase mixture:
polymerrich and polymer poor fractions. Micellar
droplets of nonsolvent in the polymer rich phase serve
as nucleation sites and become coated with polymer.
The '224 patent describes that phase inversion of
polymer solutions under certain conditions can bring
about spontaneous formation of discrete
microparticles, including nanoparticles. The '224
patent describes dissolving or dispersing a polymer in
a solvent. A pharmaceutical agent is also dissolved or
dispersed in the solvent. For the crystal seeding step
to be effective in this process it is desirable the
agent is dissolved in the solvent. The polymer, the
agent and the solvent together form a mixture having a



continuous phase, wherein the solvent is the
continuous phase. The mixture is then introduced into
at least tenfold excess of a miscible nonsolvent to
cause the spontaneous formation of the
microencapsulated microparticles of the agent having
an average particle size of between 10 nm and 10 mm.
The particle size is influenced by the
solventnonsolvent volume ratio, polymer concentration,
the viscosity of the polymer-solvent solution, the
molecular weight of the polymer, and the
characteristics of the solvent-nonsolvent pair. The
process eliminates the step of creating microdroplets,
such as by forming an emulsion, of the solvent. The
process also avoids agitation and/or shear forces. pH
Shift Precipitation [0072] Another precipitation
technique is pH shift precipitation. pH shift
precipitation techniques typically include a step of
dissolving a drug in a solution having a pH where the
drug is soluble, followed by the step of changing the
pH to a point where the drug is no longer soluble. The
pH can be acidic or basic, depending on the particular
pharmaceutical compound. The solution is then
neutralized to form a presuspension of submicron sized
particles of the pharmaceutically active compound. One
suitable pH shifting precipitation process is
described in U.S. Pat. No. 5,665,331. The process
includes the step of dissolving the pharmaceutical
agent together with a crystal growth modifier (CGM) in
an alkaline solution and then neutralizing the
solution with an acid in the presence of suitable
surface-modifying surface-active agent or agents to
form a fine particle dispersion of the pharmaceutical
agent. The precipitation step can be followed by steps
of diafiltration clean-up of the dispersion and then
adjusting the concentration of the dispersion to a
desired level. This process reportedly leads to
microcrystalline particles of Z-average diameters
smaller than 400 nm as measured by photon correlation
spectroscopy. Other examples of pH shifting
precipitation methods are described in U.S. Pat. Nos.
5,716,642; 5,662,883; 5,560,932; and
4,608,278.Infusion Precipitation Method [0073] Another
precipitation technique is infusion precipitation.
Suitable infusion precipitation techniques are
described in the U.S. Pat. Nos. 4,997,454 and
4,826,689. First, a suitable solid compound is
dissolved in a suitable organic solvent to form a
solvent mixture. Then, a precipitating nonsolvent
miscible with the organic solvent is infused into the
solvent mixture at a temperature between about -1O0C
and about 1000C and at an infusion rate of from about
0.01 ml per minute to about 1000 ml per minute per
volume of 50 ml to produce a suspension of
precipitated non-aggregated solid particles of the
compound with a substantially uniform mean diameter of
not greater than 10 mm. Agitation (e.g., by stirring)
of the solution being infused with the precipitating
nonsolvent is preferred. The nonsolvent may contain a
surfactant to stabilize the particles against
aggregation. The particles are then separated from the
solvent. Depending on the solid compound and the
desired particle size, the parameters of temperature,
ratio of nonsolvent to solvent, infusion rate, stir
rate, and volume can be varied according to the
invention. The particle size is proportional to the
ratio of nonsolvent: solvent volumes and the
temperature of infusion and is inversely proportional
to the infusion rate and the stirring rate. The
precipitating nonsolvent may be aqueous or
non-aqueous, depending upon the relative solubility of
the compound and the desired suspending vehicle.
Temperature Shift Precipitation 



[0074] Another precipitation technique is temperature
shift precipitation. Temperature shift precipitation
technique, also known as the hot-melt technique, is
described in U.S. Pat. No. 5,188,837 to Domb. In an
embodiment of the invention, lipospheres are prepared
by the steps of: (1) melting or dissolving a substance
such as a drug to be delivered in a molten vehicle to
form a liquid of the substance to be delivered; (2)
adding a phospholipid along with an aqueous medium to
the melted substance or vehicle at a temperature
higher than the melting temperature of the substance
or vehicle; (3) mixing the suspension at a temperature
above the melting temperature of the vehicle until a
homogenous fine preparation is obtained; and then (4)
rapidly cooling the preparation to room temperature or
below. Solvent Evaporation Precipitation[0075] Another
precipitation technique is solvent evaporation
precipitation. Solvent evaporation precipitation
techniques are described in U.S. Pat. No. 4,973,465.
The '465 Patent describes methods for preparing
microcrystals including the steps of: (1) providing a
solution of a pharmaceutical component and a
phospholipid dissolved in a common organic solvent or
combination of solvents, (2) evaporating the solvent
or solvents and (3) suspending the film obtained by
evaporation of the solvent or solvents in an aqueous
solution by vigorous stirring. The solvent can be
removed by adding energy to the solution to evaporate
a sufficient quantity of the solvent to cause
precipitation of the compound. The solvent can also be
removed by other well known techniques such as
applying a vacuum to the solution or blowing nitrogen
over the solution. Reaction Precipitation [0076]
Another precipitation technique is reaction
precipitation. Reaction precipitation includes the
steps of dissolving the pharmaceutical compound in a
suitable solvent to form a solution. The compound
should be added in an amount at or below the
saturation point of the compound in the solvent. The
compound is modified by reacting with a chemical agent
or by modification in response to adding energy such
as heat or UV light or the like to such that the
modified compound has a lower solubility in the
solvent and precipitates from the solution. Compressed
Fluid Precipitation [0077] Another precipitation
technique is compressed fluid precipitation. A
suitable technique for precipitating by compressed
fluid is described in United States Patent No.
6,576,264. The method includes the steps of dissolving
a water-insoluble drug in a solvent to form a
solution. The solution is then sprayed into a
compressed fluid, which can be a gas, liquid or
supercritical fluid. The addition of the compressed
fluid to a solution of a solute in a solvent causes
the solute to attain or approach supersaturated state
and to precipitate out as fine particles. In this
case, the compressed fluid acts as an anti-solvent
which lowers the cohesive energy density of the
solvent in which the drug is dissolved. [0078]
Alternatively, the drug can be dissolved in the
compressed fluid which is then sprayed into an aqueous
phase. The rapid expansion of the compressed fluid
reduces the solvent power of the fluid, which in turn
causes the solute to precipitate out as fine particles
in the aqueous phase. In this case, the compressed
fluid acts as a solvent.II. Other Approaches for
Particle Preparation [0079] In addition to approaches
such as nanosuspension preparation, the particles of
the present disclosure can also be prepared by
mechanical grinding of the active agent. Mechanical 



grinding includes such techniques as jet milling,
pearl milling, ball milling, hammer milling, fluid
energy milling or wet grinding techniques such as
those described in U.S. Pat. No. 5,145,684. [0080]
Another method to prepare the particles is by
suspending an active agent. In this method, particles
of the active agent are dispersed in an aqueous medium
by adding the particles directly into the aqueous
medium to derive a pre-suspension. The particles are
normally coated with a surface modifier to inhibit the
aggregation of the particles. One or more other
excipients can be added either to the active agent or
to the aqueous medium. III. Nanoparticles for
Minimizing Drug-Drug Interaction [0081] Generally, a
pharmaceutical component in nanoparticle form will be
sequestered by fixed macrophages within the RES or
MPS, whereas a pharmaceutical component in solution
form is absorbed and distributed systemically. More
specifically, upon parenteral administration, a
pharmaceutical component in nanoparticle form is
generally not readily soluble in the blood, and is
recognized as being a foreign body requiring
elimination from systemic circulation. Accordingly,
the pharmaceutical component in nanoparticle form is
sequestered by fixed macrophages in the RES or MPS via
phagocytosis. Enveloped in the fixed macrophages, the
pharmaceutical component in nanoparticle form
dissolves therefrom, enabling it to migrate out of the
phagolysozomes and then to the extracellular milieu.
[0082] In this way, the phagocytosis and dissolution
from the fixed macrophages causes the pharmaceutical
component in nanoparticles form to have a metabolic
timing which is different from the metabolic timing of
the pharmaceutical component in solution form.
Accordingly, the rate of dissolution and release by
the macrophages within the RES or MPS and, in effect,
the drug-drug interaction between pharmaceutical
components may be controlled by administering a
pharmaceutical component in the form of a nanoparticle
(e.g., in nanosuspension form) with a pharmaceutical
component in the form of a solution, in order to
minimize drug-drug interaction between the
components.[0083] Generally, pharmaceutical components
in nanoparticle form include molecules that are
aggregated as a crystal or in an amorphous state. Such
aggregation must be disassembled ("dissolved") in the
MPS before the molecules are capable of exiting to the
extracellular milieu. In order to enhance the
likelihood of phagocytosis ensuing, it is typically
preferable that the nanoparticles in a nanosuspension
have a crystalline form or characteristics.
Specifically, nanoparticles associated with a
crystalline lattice are more likely to resist
solubilization and, therefore, systemic absorption and
distribution, than are nanoparticles or other
materials in an amorphous form. Nanoparticles in an
amorphous form are typically less capable of resisting
solubilization. As such, amorphous forms of
nanoparticles are often absorbed and distributed
systemically. However, in some cases, amorphous
nanoparticles may be taken up by the RES or MPS. In
some situations, amorphous forms of nanoparticles may
be reformulated into crystalline form. MICROEMULSIONS
[0084] The pharmaceutical component having a modulated
pharmacokinetic profile may also be provided in the
form of microemulsions. Microemulsions are modified
vehicles of delivering pharmaceutical components
comprised generally of water, oil and surfactant(s),
which 



constitute a single optically isotropic and
thermodynamically stable liquid solution. The size of
microemulsion droplets ranges from about 10-100 nm.
Microemulsions have the capacity to solubilize both
water-soluble and oil-soluble compounds. Accordingly,
for delivery, microemulsions can be comprised of oil
droplets in an aqueous continuum, water in an oil
continuum, or a bicontinuous structure, referred to as
cubosomes. [0085] The diffusion and release of
hydrophobic drugs is slower than that of watersoluble
drugs for oil-in-water microemulsions, whereas the
opposite is true for water-in-oil microemulsions.
Therefore, for minimizing drug-drug interaction, the
absorption and distribution of microemulsions may be
altered by adjusting the oil/water partitioning.
[0086] Because of the presence of oil, microemulsions
are not readily soluble in the blood, and are
recognized as being a foreign body requiring
elimination from systemic circulation. Accordingly,
microemulsions are sequestered by fixed macrophages in
the RES or MPS via phagocytosis. Enveloped in the
fixed macrophages, microemulsions dissolvetherefrom,
enabling the pharmaceutical component to migrate out
of the phagolysozomes and then to the extracellular
milieu. [0087] Due to the sequestration by and egress
from the MPS system, the pharmacokinetic profile of a
pharmaceutical component in a microemulsion form is
altered from the pharmacokinetic profile of the
component in a non-microemulsion form. Accordingly, a
drugdrug interaction may be reduced through modulating
the pharmacokinetic profile of pharmaceutical
component by formulating the component into a
microemulsion. [0088] In preparing an emulsion
formulation having a modulated pharmacokinetic
profile, one suitable emulsion precipitation technique
is described in the co-pending and commonly assigned
U.S. Patent Application Publication No. 2005/0037083.
In this approach, the process includes the steps of:
(1) providing a multiphase system having an organic
phase and an aqueous phase, the organic phase having a
pharmaceutically effective compound therein; and (2)
sonicating the system to evaporate a portion of the
organic phase to cause precipitation of the compound
in the aqueous phase and having an average effective
particle size of not greater than about 2 mm. The step
of providing a multiphase system includes the steps
of: (1) mixing a water immiscible solvent with the
pharmaceutically effective compound to define an
organic solution, (2) preparing an aqueous based
solution with one or more surface active compounds,
and (3) mixing the organic solution with the aqueous
solution to form the multiphase system. The step of
mixing the organic phase and the aqueous phase can
include the use of piston gap homogenizers, colloidal
mills, high speed stirring equipment, extrusion
equipment, manual agitation or shaking equipment,
microfluidizer, or other equipment or techniques for
providing high shear conditions. The crude emulsion
will have oil droplets in the water of a size of
approximately not greater than 1 mm in diameter. The
crude emulsion is sonicated to define a microemulsion
and eventually to define a submicron sized particle
suspension. [0089] Another approach to preparing an
emulsion having submicron-sized particles is disclosed
in co-pending and commonly assigned U.S. Patent
Application Publication No. 2003/0059472. The process
includes the steps of: (1) providing a crude
dispersion of a multiphase system having an organic
phase and an aqueous phase, the organic phase having a
pharmaceutical compound therein; (2) providing energy
to the crude dispersion to form a fine 



dispersion; (3) freezing the fine dispersion; and (4)
lyophilizing the fine dispersion to obtain submicron
sized particles of the pharmaceutical compound. The
step of providing a multiphasesystem includes the
steps of: (1) mixing a water immiscible solvent with
the pharmaceutically effective compound to define an
organic solution; (2) preparing an aqueous based
solution with one or more surface active compounds;
and (3) mixing the organic solution with the aqueous
solution to form the multiphase system. The step of
mixing the organic phase and the aqueous phase
includes the use of piston gap homogenizers, colloidal
mills, high speed stirring equipment, extrusion
equipment, manual agitation or shaking equipment,
microfluidizer, or other equipment or techniques for
providing high shear conditions. [0090] Generally, a
pharmaceutical component in microemulsion form has a
faster rate of dissolution within the RES or MPS than
a pharmaceutical component in nanoparticle form. The
faster rate is because a pharmaceutical component in
microemulsion form is phagocytized by the MPS but the
molecules of the pharmaceutical component in the
microemulsion are not in an aggregated, and hence
less-soluble form. In contrast, the pharmaceutical
component in nanoparticle form contains molecules that
are aggregated as a crystal or in an amorphous state,
and such aggregation must be disassembled
("dissolved") in the MPS before exiting to the
extracellular milieu. In further contrast, a
pharmaceutical component in a conventional solution
form is rapidly distributed systemically. Accordingly,
the rate of dissolution and release by the macrophages
within the RES or MPS and, in effect, the drug-drug
interaction between pharmaceutical components may be
controlled using varying the vehicles of delivery. For
example, a pharmaceutical component in the form of a
microemulsion may be administered with another
pharmaceutical component in the form of nanoparticles
to provide a pharmaceutical combination having reduced
drug-drug interaction. Alternatively, a pharmaceutical
microemulsion may be administered with another
pharmaceutical component in the form of a solution, in
order to minimize drug-drug interaction between the
components. EMULSIONS [0091] The pharmaceutical
component having a modulated pharmacokinetic profile
may also be provided in the form of emulsions.
Emulsions comprise droplets which are relatively large
in size as compared to microemulsions. In contrast to
microemulsions which form spontaneously, emulsions
must be prepared with the input of energy. Formation
of emulsions includes high pressure homogenization for
producing emulsion droplets (ranging in size from
about lOOnm-lOmm) and generating a new surface
thereon. Emulsions may be water-in-oil oroil-in-water
based on surfactants, oil and water volume fraction,
temperature, salt concentration, and the presence of
cosurfactants and other cosolutes. Multiple emulsions
comprising a waterin- oil-in-water or
oil-in-water-in-oil may further be formed via a double
homogenization process. 100 92 ] Due to the relatively
large size of the oil droplets, an oil-in-water type
emulsion has a relatively large hydrophobic volume in
comparison to the oil-in-water surface area. This
relationship allows for large amounts of hydrophobic
active ingredients to be incorporated in oilin- water
emulsions. Moreover, because, the surface area is not
large, the amount of surfactant required for
generating and stabilizing emulsions is comparatively
low, and nontoxic surfactants, such as phospholipids
and other polar lipids, can be used as stabilizers.
[0093] The emulsion droplets may be formulated so as
not to be readily soluble in the blood, and allow time
to be recognized as being a foreign body requiring
elimination from 



systemic circulation. For example, emulsions typically
degrade within an hour after injection. Longer lived
emulsions that can be phagocytized could be prepared
however. Accordingly, this modified formulation of
emulsions is sequestered by fixed macrophages in the
RES or MPS via phagocytosis. Enveloped hi the fixed
macrophages, emulsions dissolve therefrom, enabling
the drug molecules to migrate out of the
phagolysozomes and then to the extracellular milieu.
[0094] In this way, the phagocytosis and dissolution
from the fixed macrophages causes emulsions to have a
metabolic timing which is different from the metabolic
timing of the pharmaceutical component in solution
form hi yet another embodiment, drug-drug interaction
may be reduced through modulating the pharmacokinetic
profile of pharmaceutical components by incorporating
them into emulsions by manipulating the component of
the emulsion and the surface modifiers thereon. [0095]
Generally, a pharmaceutical component in emulsion form
has a faster rate of dissolution within the RES or MPS
than a pharmaceutical component in nanoparticle form.
The faster rate is because a pharmaceutical component
in emulsion form is phagocytized by the MPS but the
molecules of the pharmaceutical component in the
emulsion are not in an aggegrated form. In contrast,
the pharmaceutical component in the nanoparticle form
contains molecules that are aggregated as a crystal or
in an amorphous state, and such aggregation must be
disassembled before the molecules exit to the
extracellular milieu. In further contrast,
apharmaceutical component in solution form is absorbed
and distributed systemically. Accordingly, the rate of
dissolution and release by the macrophages within the
RES or MPS and, in effect, the drug-drug interaction
between pharmaceutical components may be controlled by
varying the vehicles of delivery. For example, a
pharmaceutical component in the form of an emulsion
may be administered with another pharmaceutical
component in the form of nanoparticles to provide a
pharmaceutical combination having reduced drug-drug
interaction. Alternatively, a pharmaceutical emulsion
may be administered with another pharmaceutical
component in the form of a solution, in order to
minimize drug-drug interaction between the components.
MICELLES [0096] The pharmaceutical component having a
modulated pharmacokinetic profile may also be provided
in the form of micelles. Micelles are modified
vehicles of delivering pharmaceutical components
comprising a conglomeration of surfactant molecules.
Formation of micelles is generally dictated by the
interaction between the hydrophobic parts of the
surfactant molecules. Interactions opposing
micellization include electrostatic repulsive
interactions between charged head groups of ionic
surfactants, repulsive osmotic interactions between
chainlike polar head groups such as oligo chains, or
steric interactions between bulky head groups. In
maintaining the balance between the opposing forces,
micelle formation is dependent on size of the
hydrophobic moiety, the nature of the polar head
group, the nature of the counterion (charged
surfactants, salt concentration), pH, temperature, and
presence of cosolutes. For example, an increase in
size of the hydrophobic domain causes increased
hydrophobic interaction, thereby causing
micellization. [0097] Micelles form highly dynamic
structures whereupon the molecules therein remain in a
generally non-aggregated state. Furthermore, in
solution, surfactant molecules freely 



exchange among individual micelles. Solubility of a
hydrophobic drug is dependent on the number and
aggregation of micelles. Accordingly, larger micelles
are generally more efficient solubilizers of
hydrophobic drugs than smaller micelles. Micelles
comprising low molecular weight surfactants may
disassociate rapidly after parenteral administration.
On the other hand, micelles comprising high molecular
weight surfactants, a higher concentration of
surfactant, andmicelles formed in block copolymer form
may delay disassociation, permitting time for them to
be recognized as foreign and thus be phagocytized.
[0098] Thus micelles may be formulated so as to be not
readily soluble in the blood and are recognized as
being a foreign body requiring elimination from
systemic circulation. Accordingly, micelles are
sequestered by fixed macrophages in the RES or MPS via
phagocytosis. Enveloped in the fixed macrophages,
micelles dissolve therefrom, enabling the
pharmaceutical component to migrate out of the
phagolysozomes and then to the extracellular milieu.
In this way, the phagocytosis and dissolution from the
fixed macrophages causes micelles to have a metabolic
timing which is different from the metabolic timing of
the pharmaceutical component in solution form.
Accordingly, drug-drug interaction may be reduced
through modulating the pharmacokinetic profile of
micelles by manipulating the structure of the
micellular structures. LIPOSOMES [0099] The
pharmaceutical component having a modulated
pharmacokinetic profile may also be provided in the
form of liposomes. Liposomes are modified vehicles of
delivering pharmaceutical components comprising a
conglomeration of surfactant molecules and sometimes
block polymers having one or several bilayer
structures, normally comprising lipid. Liposomes
possess the capability to incorporate both
water-soluble and oil-soluble substances. [00100] Drug
release in liposomes generally involves the
manipulating the permeability of the lipid bilayers by
(1) altering the component (s)of the lipid bilayers,
(2) altering pH, (3) removing bilayer components, and
(4) introducing a complement component. Nevertheless,
liposomes are not readily absorbed and distributed
while residing in systemic circulation after initial
administration. [00101] More specifically, liposomes
are not readily soluble in the blood, and are
recognized as being a foreign bodies requiring
elimination from systemic circulation. Accordingly,
liposomes are sequestered by fixed macrophages in the
RES or MPS via phagocytosis. Enveloped in the fixed
macrophages, liposomes dissolve therefrom, enabling
thepharmaceutical component to migrate out of the
phagolysozomes and then to the extracellular milieu.
[00102] In this way, the phagocytosis and dissolution
from the fixed macrophages causes liposomes to have a
metabolic timing which is different from the metabolic
timing of the pharmaceutical component in solution
form. Accordingly, drug-drug interaction may be
reduced through modulating the pharmacokinetic profile
of liposomes by manipulating their component. [00103]
Generally, a pharmaceutical component in the form of
liposomes has a faster rate of dissolution within the
RES or MPS than a pharmaceutical component in
nanoparticle form which is subject to phagocytosis.
The faster rate is because the pharmaceutical
component is incorporated into the liposomes in the
molecularly dissolved state whereas the pharmaceutical
component in nanoparticle form contains molecules in
an aggregated form and requires an initial 



dissolution step in the MPS. In further contrast, a
pharmaceutical component in solution form avoids
phagocytosis and is distributed systemically.
Accordingly, the pharmacokinetic profile and, in
effect, the drug-drug interaction between
pharmaceutical components may be controlled using
varying the vehicles of delivery. For example, a
pharmaceutical component in the form of a liposome may
be administered with a pharmaceutical component in the
form of a nanoparticle, alternatively in the form of a
sized micelle, or alternatively in the form of a
solution, in order to minimize drug-drug interaction
between the components. COMBINING THE USE OF MULTIPLE
MODIFIED DRUG DELIVERY VEHICLES [00104] Pharmaceutical
components having different modified drag delivery
vehicles may be used for achieving minimization of
drag-drug interaction between such components. In one
aspect of the invention, multiple drug delivery
vehicles may be used to niinimize drug-drug
interaction between a plurality of pharmaceutical
components. In this case, a first pharmaceutical
component is provided having a particular
pharmacokinetic profile based in part by its drag
delivery state. For example, the first pharmaceutical
component may be delivered in the form of a
nanoparticle, nanosuspension, microemulsion, emulsion,
micelle, or liposome. The first pharmaceutical
component may further be delivered in solution form
when the second pharmaceutical component is not in
solution form. A second pharmaceutical component is
further provided having another pharmaceutical profile
based in part by its drug delivery state.The second
pharmaceutical component may be delivered in the form
of a nanoparticle, nanosuspension, microemulsion,
emulsion, micelle, or liposome. The second
pharmaceutical component may further be delivered in
solution form when the first pharmaceutical component
is not in solution form. The drug delivery vehicles
are selected such that the first and second
pharmaceutical components do not substantially affect
each other or at least the interaction between their
respective profiles is substantially reduced compared
to unmodified formulation states of the component of
the combination that is in the modified delivery
state. [00105] For example, generally,
nanosuspensions, microemulsions, emulsions, micelles,
and liposomes have varying rates of dissolution and
release by the macrophages within the RES or MPS. In
one more specific example, the rate of dissolution of
the liposomes is generally faster than
nanosuspensions, which provides a longer release time
for the pharmaceutical component in nanosuspension
form. Therefore, a pharmaceutical combination may be
provided including at least one pharmaceutical
component formulated in nanosuspension form having a
certain modulated pharmacokinetic profile of
concentration variation over time. A second
pharmaceutical component formulated in liposomal form
having a different modulated pharmacokinetic profile
of concentration variation over time may further be
provided. When administering this pharmaceutical
combination to a mammal either at about the same time
or at staggered times or in the same or separate
delivery compositions, the rate of dissolution of
liposomes in the MPS/RES is faster than the rate of
dissolution of nanosuspensions. Accordingly, one or
more of the pharmaceutical components is formulated to
have an altered pharmacokinetic profile, and these
components are administered in this manner so as to
reduce drug-drug interactions that would occur when
administering compositions having only unmodified
formulated states. EXAMPLE 1 



[00106] Figure 3 illustrates a modulated
pharmacokinetic profile resulting in minimization of
drug-drug interaction with an itraconazole
nanosuspension. This plots the release of a
nanosuspension itraconazole, designated at 10, as
compared to liquid injectable itraconazole, designated
at 12. The itraconazole formulation illustrated in
Figure 3 is the Sporanox(r) brand intravenous
injection solution manufactured by Janssen
Pharmaceutica Products, L.P. For each of the
nanosuspension itraconazole component 10 and the
liquid injectable Sporanox(r) itraconazole component
12, lOmg/mL are administered. The initial decline of
the plot supportsan observation that the liquid
injectable Sporanox(r) itraconazole component 12 is
rapidly removed from systemic circulation. Further
data along the plot supports an observation that the
nanosuspension itraconazole component 10 is also
rapidly removed from systemic circulation due to
phagocytosis by the RES or MPS. [00107] Plot 10 of
Figure 3 also is consistent with observations that the
nanosuspension itraconazole component 10 is
sequestered and enveloped by the fixed macrophages of
the RES or MPS as depicted by a decrease of
nanosuspension concentration. The reported increase in
nanosuspension concentration thereafter supports a
conclusion that the nanosuspension itraconazole then
dissolves therefrom, enabling it to migrate out of the
phagolysozomes and then to the extracellular milieu. A
second slower decline in nanosuspension concentration
is consistent with a gradual metabolism of the
nanosuspension. Overall, the data of Figure 3 supports
the conclusion that nanosuspension phagocytosis takes
place. See "Long-Circulating and Target-Specific
Nanoparticles: Theory to Practice," S. Moein Moghimi
et al., Pharmacological Reviews, Vol. 53, No. 2 (2001)
and "Nanosuspensions in Drug Delivery," Barrett E.
Rabinow, Nature Vol. 3, (September 2004). [00108] The
itraconazole in a nanosuspension formulation
effectively causes the pharmacokinetic profile of
plasma concentration variation over time to be
modified compared to Sporanox(r) itraconazole. For
example, there is a decrease in peak plasma
concentration level (Qnax) for the nanosuspension
formulation as compared to the solution form. Also,
the peak plasma concentration level (Cmax) occurs at
different points over the same time period for both
formulations. More specifically, the Cmax in the
plasma curve of the nanosuspension occurs not
immediately after injection as it does with liquid
injectable forms, but several hours later following
the phagocytosis and release of the nanoparticles from
the macrophages of the RES or MPS. [00109] Therefore,
a pharmaceutical combination may be provided including
itraconazole in nanosuspension form having a certain
modulated rate of release and altered pharmacokinetic
profile. The pharmaceutical combination of may further
include another pharmaceutical component in liquid
injectable form. In this way, the potential drug-drug
interaction between the itraconazole formulation and
the other pharmaceutical component is minimized by
providing the itraconazole formulation in
nanosuspension form thereby altering the rate of
dissolution or release of this itraconazole
formulation by the RES or MPS.[00110] Equation 1
illustrates a mathematical representation of drug
metabolic inhibition factors (R). R = 1 + fu * Cmax,I
L / Ki Equation 1 [00111] Drug metabolic inhibition
factors (R) indicate the factor by which the
concentration of drug may be increased by a
co-administered drug that interferes with the 



metabolism of the first drug. [00112] In Equation 1,
fu represents the fraction of inhibitor drug unbound
in plasma, wherein the unbound drug is free to
equilibrate out of the blood compartment across
membranes into the tissues. K represents the
inhibition constant of the inhibitor for the drug
whose concentration is being affected. C X I L
represents the liver Cmax of the inhibitor after
administration. C x L is typically calculated by
multiplying Cmax of the inhibitor in plasma determined
in a pharmacokinetic study (Cmac,i,p), by the
liver/plasma concentration ratio, determined in a
tissue distribution study. [00113] An example for
comparison of drug inhibition factors calculated for
Sporanox(r) itraconazole component as a solution
versus an itraconazole nanosuspension formulation is
as follows using midazolam as the second, affected
drug [00114] For humans, the Sporanox(r) itraconazole
component as a solution has a Cmax,L p = 3748 ng/ml.
The liver/plasma concentration ratio (PL) is 3.5.
Therefore, Cm XLL 13118ng/ml. For a 200mg dose of
itraconazole, fu = 0.035. For midazolam, the Kj=
0.275mM. [00115] For dogs, the Sporanox(r)
itraconazole component as a solution has a CmaXL p
3mg/ml. For the nanosuspension formulation of the
itraconazole component, the Cmax in the plasma curve
occurs not immediately after injection as it does with
solution dosage forms, but several hours later
following the phagocytosis and release from the
macrophages of the liver, as discussed in detail with
regard to Figure 3. Accordingly, the Cm I P = 0.3 l
mg/ml for the nanosuspension formulation, which
includes the hydroxy-itraconazole metabolite in
addition to the itraconazole. With these values in
mind, Sporanox(r) itraconazole has a plasma Cmac,i, L
of 10.5mg/ml, whereas the nanosuspension formulation
of itraconazole has a Cm_x,L p of 1.085mg/ml for both
parent and metabolite. Accordingly, the drug metabolic
inhibition factor for Sporanox(r) is (R) = 1 + 0.035
(10.5/.275) = 2.35. The inhibition constant R for the
nanosuspension formulation of itraconazole upon
midazolam is given as: R= 1+0.035(1.085/.27S)= 1.14.
From this mathematical representation, Sporanox(r)
will increase the concentration of midazolam by
asignificant factor (2.35) compared with the
negligible increase caused by the nanosuspension
formulation of itraconazole ( 1.14). Thus, the
concentration of itraconazole in a nanosuspension form
may be increased to increase efficacy, without concern
for increasing drug-drug interaction. EXAMPLE 2
[00116] This Example illustrates reducing drug-drug
interaction with itraconazole in a modified drug
delivery formulation. When concomitantly administered
with various other drugs and not according to the
invention, Sporanox(r) itraconazole increases plasma
concentrations of certain drugs. These drugs include
antiarrhythmics (e.g., digoxin, dofetilide, quinidine,
disopyramide), anticonvulsants (e.g, carbamazepine),
antimycobacterials (e.g., rifabutin), antineoplastics
(e.g., busulfan, docetaxel, vinca alkaloids),
antipsychotics (e.g., pimozide), benzodidiazepines
(e.g., alprazolam, diazepam, midazolam, or triazolam),
calcium channel blockers (e.g., dihydropyridines,
verapamil), gastrointestinal motility agents (e.g.,
cisapride), HMG co-a-reductase inhibitors (e.g.,
atorvastatin, cerivastatin, lovastatin, simvastatin),
immunosuppressants (e.g., cyclosporine, tacrolimus,
sirolimus), oral hypoglycemics, protease inhibitors
(idinavir, ritonavir, saquinavir), levacetylmethadol
(levomethadyl), ergot alkaloids, halofantrins,
alfentanil, buspirone, methylprednisolone, budesonide,
dexamethsone, trimetrexate, 



warfarin, cilostazol, and cletripan. The side-effects
associated with this drag-drug interaction include,
among other reactions, serious cardiovascular events,
prolonged hypnotic and sedative effects, and cerebral
ischemia. Therefore, in accordance with the teachings
of this invention, the formulation of Sporanox(r)
itraconazole is modified in order to minimize
drug-drug interaction with the above-listed drugs.
[00117] More specifically, the pharmacokinetic profile
and, in effect, the drag-drug interaction between
Sporanox(r) itraconazole and each of the above-listed
drugs is reduced by using varying modified vehicles
for delivering itraconazole. In this Example,
itraconazole in the form of a nanosuspension is
concomitantly administered with digoxin in order to
reduce drugdrag interaction. Other concomitant
administrations are with itraconazole nanosuspension
and each of the other drugs listed above. [00118]
Alternatively, itraconazole in the form of
nanoparticles, nanosuspensions, emulsions, micelles,
and liposomes each have varying rates of dissolution
or release within the RES or MPS. Accordingly,
itraconazole is administered in the form of any one of
an emulsion,microemulsion liposome, or micelle,
concomitantly administered with the above-listed drags
in order to reduce drug-drug interaction (e.g.,
digoxin + microemulsion, emulsion, liposome, or
micelle forms of itraconazole). EXAMPLE 3 [00119] This
Example concerns reduction of drug-drug interaction
between Sporanox(r) itraconazole and a pharmaceutical
component in a modified drug delivery formulation.
When concomitantly administered, not according to the
invention, certain drugs increase plasma
concentrations of itraconzaole. These drugs include
macrolide antibiotics (e.g., clarithromycin,
erythromycin) and protease inhibitors (indinavir,
ritonavir), i accordance with the teachings of this
disclosure, the formulation of these drugs is modified
in order to reduce drag-drug interaction with
Sporanox(r) itraconazole. More specifically, the
pharmacokinetic profile is altered by using varying
vehicles for delivering the above-listed drugs. In
effect, the drag-drag interaction between Sporanox(r)
itraconazole and each of the above-listed drugs in a
modified delivery form is reduced. [00120] A
nanosuspension of clarithromycin is concomitantly
administered with Sporanox(r) itraconazole (in
solution form) to reduce drag-drug interaction
therebetween when compared with clarithromycin in an
unmodified delivery form. Alternatively, an
above-listed drag in the form of emulsions, micelles,
or liposomes is concomitantly administered with
Sporanox(r) itraconazole in order to reduce drag-drag
interaction. [00121] While this invention has been
described with reference to certain illustrative
aspects, it will be understood that this description
shall not be construed in a limiting sense. Rather,
various changes and modifications can be made to the
illustrative embodiments, including various
combinations of specific aspects thereof, without
departing from the true spirit, central
characteristics and scope of the invention, including
those combinations of features that are individually
disclosed or claimed herein. Furthermore, it will be
appreciated that any such changes and modifications
will be recognized by those skilled in the art as an
equivalent to one or more elements of the following
claims, and shall be covered by such claims to the
fullest extent permitted by law.CLAIMS 



1. A pharmaceutical combination for minimizing
pharmacokinetic drug-drug interaction within a mammal,
the pharmaceutical combination comprising: a first
pharmaceutical component having a particular
pharmacokinetic profile in the mammal; and a second
pharmaceutical component formulated for parenteral
administration, said second pharmaceutical component
being formulated such that the pharmacokinetic profile
of said second pharmaceutical component is altered
from its unaltered pharmacokinetic profile, which
unaltered profile substantially affects said
particular pharmacokinetic profile of the first
pharmaceutical component, so that said altered
pharmacokinetic profile of said second pharmaceutical
component does not substantially affect the
pharmacokinetic profile of said first pharmaceutical
component. 2. The pharmaceutical combination for
minimizing pharmacokinetic drug-drug interaction of
claim 1, wherein the second pharmaceutical component
is insoluble. 3. The pharmaceutical combination for
minimizing pharmacokinetic drug-drug interaction of
claim 2, wherein the second pharmaceutical component
is administered with a drug delivery vehicle
modification. 4. The pharmaceutical combination for
minimizing pharmacokinetic drug-drug interaction of
claim 3, wherein the drug delivery vehicle
modification is selected from the group consisting of
nanoparticles, salt formation, solid carrier systems,
co-solvent/solubilization, micellization, lipid
vesicle, oil-water partitioning, liposomes,
microemulsions, emulsions, and complexation. 5. The
pharmaceutical combination for minimizing
pharmacokinetic drug-drug interaction of claim 1,
wherein the second pharmaceutical component is
phagocytized in the MPS of the mammal. 6. The
pharmaceutical combination for minimizing
pharmacokinetic drug-drug interaction of claim 1,
wherein the second pharmaceutical component is
administered with a micelle drugdelivery vehicle
modification, wherein the pharmacokinetic profile of
the second pharmaceutical component is altered by its
association with the micelle. 7. The pharmaceutical
combination for minimizing pharmacokinetic drug-drug
interaction of claim I wherein the second
pharmaceutical component is administered with a
microemulsion drug delivery vehicle modification, said
microemulsion comprising an oil/water partition
wherein the pharmacokinetic profile of the second
pharmaceutical component is altered by its formulation
as a microemulsion with the oil/water partition. 8.
The pharmaceutical combination for minimizing
pharmacokinetic drug-drug interaction of claim I
5wherein the second pharmaceutical component is
administered with an emulsion drug delivery vehicle
modification, said emulsion comprising an oil/water
partition wherein the pharmacokinetic profile of the
second pharmaceutical component is altered by its
formulation as an emulsion. 9. The pharmaceutical
combination for minimizing pharmacokinetic drug-drug
interaction of claim 3, wherein the drug delivery
vehicle modification further comprises surface
modifiers and the pharmacokinetic profile of the
second pharmaceutical component is altered by its
association with surface modifiers. 10. The
pharmaceutical combination for minimizing
pharmacokinetic drug-drug interaction 



of claim 3, wherein the drug delivery vehicle
modification is a nanosuspension of crystalline
nanoparticles. 11. The pharmaceutical combination for
minimizing pharmacokinetic drug-drug interaction of
claim 3, wherein the drug delivery vehicle
modification is a nanosuspension of amorphous
nanoparticles. 12. The pharmaceutical combination for
minimizing pharmacokinetic drug-drug interaction of
claim 105wherein the second pharmaceutical component
is itraconazole. -13. The pharmaceutical combination
for minimizing pharmacokinetic drug-drug interaction
of claim I 5wherein the pharmacokinetic profiles of
the first and second pharmaceutical components are
measured by plasma concentration variation over time;
and the modified formulated second pharmaceutical
component, when administered to the mammal, has a
pharmacokinetic profile of plasma concentration
variation over time different from the pharmacokinetic
profile of the second pharmaceutical component in an
unmodified formulated state over the same time period,
wherein the different plasma concentration variation
minimizes pharmacokinetic drug-drug interaction
between the first and second pharmaceutical components
when said first and second pharmaceutical components
concurrently reside within the mammal. 14. The
pharmaceutical combination for minimizing
pharmacokinetic drug-drug interaction of claim 13,
wherein the unaltered second pharmaceutical component
has a peak plasma concentration at a certain point
over a period of time and the altered second
pharmaceutical component has a peak plasma
concentration occurring at a different point over the
same period of time due to its modified formulation.
15. The pharmaceutical combination for minimizing
pharmacokinetic drug-drug interaction of claim 13,
wherein the unaltered second pharmaceutical component
has a peak plasma concentration, and the altered
second pharmaceutical component has a peak plasma
concentration which is lower than the peak plasma
concentration of the unaltered second pharmaceutical
component. 16. The pharmaceutical combination for
minimizing pharmacokinetic drug-drug interaction of
claim 13, wherein the pharmacokinetic profile of
concentration variation over time of said second
pharmaceutical component is associated with the
phagocytosis of the second pharmaceutical component by
macrophages in the MPS after administration to the
mammal. 17. The pharmaceutical combination for
minimizing pharmacokinetic drug-drug interaction of
claim 13, wherein the first pharmaceutical component
has a plasma concentration at any given point in time
and the second pharmaceutical component in the
modified formulation has a lowerplasma concentration,
than it would have in an unmodified formulated state,
so as to reduce the total concentration of
pharmaceutical components at said given point in time.
18. The pharmaceutical combination for minimizing
pharmacokinetic drug-drug interaction of claim 13,
wherein the given formulation of the second
pharmaceutical component exhibits a given average
plasma concentration over a certain period of time
when administered at a selected dose, and wherein the
modified second pharmaceutical component exhibits a
lower average plasma concentration over a longer
period of time when administered at the same selected
dose. 19. A method for minimizing drug-drug
interaction in a mammal comprising: administering a
first pharmaceutical component having a particular
pharmacokinetic profile in the mammal; 



providing a second pharmaceutical component, the
second component in a given formulation having a
particular pharmacokinetic profile in the mammal,
wherein the particular pharmacokinetic profile of the
second pharmaceutical component in the given
formulation substantially affects the pharmacokinetic
profile of the first pharmaceutical component when the
first and second pharmaceutical components
concurrently reside within the mammal; formulating the
second pharmaceutical component into a modified
formulation, wherein the modified formulation changes
the particular pharmacokinetic profile of the second
pharmaceutical component into an altered
pharmacokinetic profile; and administering the
modified formulation of the second pharmaceutical
component to the mammal parenterally, wherein the
altered pharmacokinetic profile of the second
component has a substantially reduced effect, compared
to the effect of the second pharmaceutical component
given formulation, on the pharmacokinetic profile of
the first pharmaceutical component when the first
pharmaceutical component and the second pharmaceutical
component concurrently reside within the mammal. 20.
The method for minimizing drug-drug interaction in a
mammal of claim 19, wherein the altered
pharmacokinetic profile of the second component does
not substantially affect the pharmacokinetic profile
of the first pharmaceutical component.21. The method
for minimizing drag-drug interaction in a mammal of
claim 19, wherein the second pharmaceutical component
is insoluble. 22. The method for minimizing drug-drug
interaction in a mammal of claim 20, wherein the
formulation of the second pharmaceutical component is
modified via a drug delivery vehicle modification. 23.
The method for minimizing drag-drug interaction in a
mammal of claim 22, wherein the drug delivery vehicle
modification is selected from the group consisting of
nanoparticles, salt formation, solid carrier systems,
co-solvent/solubilization, micellization, lipid
vesicle, oil-water partitioning, liposomes,
microemulsions, emulsions, and complexation. 24. The
method for minimizing drug-drag interaction in a
mammal of claim 19, wherein the first pharmaceutical
component, when administered to the mammal, has a
particular pharmacokinetic profile as measured by
plasma concentration variation over time; and the
second pharmaceutical component in the modified
formulation, when administered to the mammal, has a
pharmacokinetic profile of as measured by plasma
concentration variation over time different from that
of the second pharmaceutical component in the
unmodified formulation over the same time period,
wherein the different plasma concentration variation
minimizes pharmacokinetic drag-drug interaction
between the first and second pharmaceutical components
when said first and second pharmaceutical components
concurrently reside within the mammal. 25. The method
for minimizing drug-drag interaction in a mammal of
claim 24, wherein the first pharmaceutical component
has a plasma concentration at any given point in time
and the second pharmaceutical component in the
modified formulation has a lower plasma concentration,
than it would have in an unmodified formulated state,
so as to reduce the total concentration of
pharmaceutical components at said given point in time.
26. The method for minimizing drag-drag interaction in
a mammal of claim 25, wherein the given formulation of
the second pharmaceutical component exhibits a given
average plasma 



concentration over a certain period of time when
administered at a selected dose, and wherein
themodified second pharmaceutical component exhibits a
lower average plasma concentration over a longer
period of time when administered at the same selected
dose. 27. The method for minimizing drug-drug
interaction in a mammal of claim 25, wherein the
second pharmaceutical component in the unmodified
formulation has a peak plasma concentration, and the
second pharmaceutical component in the modified
formulation has a peak plasma concentration which is
lower than the peak plasma concentration of the second
pharmaceutical component in the unmodified
formulation. 28. The method for minimizing drug-drug
interaction in a mammal of claim 25, wherein the
pharmacokinetic profile of concentration variation
over time of said second pharmaceutical component in
the modified formulation is associated with the
phagocytosis of the second pharmaceutical component in
the modified formulation by macrophages in the MPS
after administration to the mammal. 29. A method for
minimizing drug-drug interaction in a mammal
comprising: providing a first pharmaceutical component
having a particular pharmacokinetic profile in the
mammal; providing a second pharmaceutical component,
the second component in a given formulation having a
particular pharmacokinetic profile in the mammal,
wherein the particular pharmacokinetic profile of the
second pharmaceutical component substantially affects
the pharmacokinetic profile of the first
pharmaceutical component when the first and second
pharmaceutical components concurrently reside within
the mammal; formulating the second pharmaceutical
component into a modified formulation, wherein the
modified formulation changes the particular
pharmacokinetic profile of the second pharmaceutical
component into an altered pharmacokinetic profile;
administering the modified second pharmaceutical
component to the mammal parenterally; and
administering the first pharmaceutical component to
the mammal, wherein the pharmacokinetic profile of the
modified formulation of the second pharmaceutical
component substantially minimizes the effect on the
pharmacokinetic profile of the first
pharmaceuticalcomponent when the first pharmaceutical
component and the second pharmaceutical component
concurrently reside within the mammal. 30. The method
for minimizing drug-drug interaction in a mammal of
claim 29, wherein the altered pharmacokinetic profile
of the second component does not substantially affect
the pharmacokinetic profile of the first
pharmaceutical component. 31. The method for
minimizing drug-drug interaction in a mammal of claim
30, wherein the second pharmaceutical component is
insoluble. 32. The method for minimizing drug-drug
interaction in a mammal of claim 31, wherein the
formulation of the second pharmaceutical component is
modified via a drug delivery vehicle modification. 33.
The method for minimizing drug-drug interaction in a
mammal of claim 32, wherein the drug delivery vehicle
modification is selected from the group consisting of
nanoparticles, salt formation, solid carrier systems,
co-solvent/solubilization, micellization, lipid
vesicle, oil-water partitioning, liposomes,
microemulsions, emulsions, and complexation. 



34. The method for minimizing drug-drug interaction in
a mammal of claim 30, wherein the second
pharmaceutical component in the unmodified
formulation, when administered to the mammal, has a
particular pharmacokinetic profile as measured
byplasma concentration variation over time; and the
second pharmaceutical component in the modified
formulation, when administered to the mammal, has a
pharmacokinetic profile as measured by plasma
concentration variation over time different from the
second pharmaceutical component in the unmodified
formulation over the same time period, wherein the
different plasma concentration variation rmnirnizes
pharmacokinetic drug-drug interaction between the
first and second pharmaceutical components when said
first and second pharmaceutical components
concurrently reside within the mammal.35. The method
for minimizing drug-drug interaction in a mammal of
claim 34, wherein the second pharmaceutical component
in the unmodified formulation has a peak plasma
concentration at a certain point over a period of time
and the second pharmaceutical component in the
modified formulation has a peak plasma concentration
occurring at a different point over the same period of
time. 36. The method for minimizing drug-drug
interaction in a mammal of claim 35, wherein the
second pharmaceutical component in the unmodified
formulation has a peak plasma concentration, and the
second pharmaceutical component in the modified
formulation has a peak plasma concentration which is
lower than the peak plasma concentration of the second
pharmaceutical component in the unmodified
formulation. 37. The method for minimizing drug-drug
interaction in a mammal of claim 34, wherein the
pharmacokinetic profile of concentration variation
over time of said second pharmaceutical component in
the modified formulation is associated with the
phagocytosis of the second pharmaceutical component in
the modified formulation by macrophages in the MPS
after administration to the mammal. 38. A
pharmaceutical combination for minimizing
pharmacokinetic drug-drug interaction within a mammal,
the pharmaceutical combination comprising: a first
pharmaceutical component that is metabolized by a
particular drug-metabolizing mechanism according to a
specific metabolic timing, and a second pharmaceutical
component that is phagocytized in the MPS, said second
pharmaceutical component being metabolized by a
similar drug-metabolizing mechanism as the first
pharmaceutical component, wherein phagocytosis of the
second pharmaceutical component results in a metabolic
timing which is different from the metabolic timing of
the first pharmaceutical component, said different
metabolic timings minimizing pharmacokinetic drugdrug
interaction between said first and second
pharmaceutical components when said first and second
pharmaceutical components concurrently reside within
the mammal.39. The pharmaceutical combination for
minimizing pharmacokinetic drug-drug interaction of
claim 38, wherein the second pharmaceutical component
is insoluble. 40. The pharmaceutical combination for
minimizing pharmacokinetic drug-drug interaction of
claim 39, wherein the second pharmaceutical component
is administered with a drug delivery vehicle
modification. 41. The pharmaceutical combination for
minimizing pharmacokinetic drug-drug interaction of
claim 40, wherein the drug delivery vehicle
modification is selected from the group consisting 



of nanoparticles, salt formation, solid carrier
systems, co-solvent/solubilization, micellization,
lipid vesicle, oil-water partitioning, liposomes,
microemulsions, emulsions, and complexation. 42. The
pharmaceutical combination for minimizing
pharmacokinetic drug-drug interaction of claim 38,
wherein the drug-metabolizing mechanism is an
interaction with a particular species of
drug-metabolizing enzymes. 43. The pharmaceutical
combination for minimizing pharmacokinetic drug-drug
interaction of claim 38, wherein the second
pharmaceutical component is administered with a
microemulsion drug delivery vehicle modification,
wherein the pharmacokinetic profile of the second
pharmaceutical component is altered by its association
with the microemulsion. 44. The pharmaceutical
combination for minimizing pharmacokinetic drug-drug
interaction of claim 38, wherein the second
pharmaceutical component is administered with an
emulsion drug delivery vehicle modification, wherein
the pharmacokinetic profile of the second
pharmaceutical component is altered by its association
with the emulsion. 45. The pharmaceutical combination
for minimizing pharmacokinetic drug-drug interaction
of claim 40, wherein the drag delivery vehicle
modification further comprises surface modifiers and
the pharmacokinetic profile of the second
pharmaceutical component is altered by its association
with surface modifiers.46. The pharmaceutical
combination for minimizing pharmacokinetic drug-drug
interaction of claim 39, wherein the drug delivery
vehicle modification is a nanosuspension of
nanoparticles. 47. The pharmaceutical combination for
minimizing pharmacokinetic drug-drug interaction of
claim 37, wherein the second pharmaceutical component
is itraconazole. 48. A method for minimizing
pharmacokinetic drug-drug interaction in a mammal,
comprising: administering to the mammal a first
pharmaceutical component that is metabolized by a
particular drug-metabolizing mechanism according to a
specific metabolic timing; providing a second
pharmaceutical component, the second component in a
given formulation, when administered to the mammal, is
metabolized by a similar drug-metabolizing mechanism
and according to a similar metabolic timing as the
first pharmaceutical component; modifying the
formulation of the second pharmaceutical component,
wherein the modified formulation, when administered to
the mammal, causes the second pharmaceutical component
to be phagocytized in the MPS; and administering the
modified formulation of the second pharmaceutical
component to the mammal parenterally, wherein
phagocytosis of the modified formulation of the second
pharmaceutical component results in a metabolic timing
which is different from the metabolic timing of the
second pharmaceutical component in the unmodified
formulated state, said different metabolic timings
minimizing pharmacokinetic drug-drug interaction
between the first pharmaceutical component and the
second pharmaceutical component when the first
pharmaceutical component and the second pharmaceutical
components concurrently reside within the mammal. 49.
The method for minimizing drug-drug interaction in a
mammal of claim 48, wherein the second pharmaceutical
component is insoluble. 50. The method for minimizing
drug-drug interaction in a mammal of claim 49, wherein
the 



formulation of the second pharmaceutical component is
modified via a drug delivery vehicle modification.51.
The method for minimizing drag-drag interaction in a
mammal of claim 50, wherein the drug delivery vehicle
modification is selected from the group consisting of
nanoparticles, salt formation, solid carrier systems,
co-solvent/solubilization, micellization, lipid
vesicle, oil-water partitioning, liposomes,
microemulsions, emulsions, and complexation. 52. A
method for minimizing pharmacokinetic drag-drag
interaction in a mammal, comprising: providing a first
pharmaceutical component that is metabolized by a
particular drugmetabolizing mechanism according to a
specific metabolic timing; providing a second
pharmaceutical component, the second component in a
given formulation, when administered to the mammal, is
metabolized by a similar drag-metabolizing mechanism
and according to a similar metabolic timing as the
first pharmaceutical component; modifying the
formulation of the second pharmaceutical component,
wherein the modified formulation, when administered to
the mammal, causes the second pharmaceutical component
to be phagocytized in the MPS; administering the
modified formulation of the second pharmaceutical
component to the mammal parenterally; and
administering to the mammal the first pharmaceutical
component, wherein phagocytosis of the modified
formulation of the second pharmaceutical component
results in a metabolic timing which is different from
the metabolic timing of the second pharmaceutical
component in the unmodified state, said different
metabolic timings minimizing pharmacokinetic drug-drug
interaction between the first pharmaceutical component
and the second pharmaceutical components when the
first and the second pharmaceutical components
concurrently reside within the mammal. 53. The method
for minimizing drag-drag interaction in a mammal of
claim 52, wherein the second pharmaceutical component
is insoluble.54. The method for minimizing drag-drug
interaction in a mammal of claim 53, wherein the
formulation of the second pharmaceutical component is
modified via a drug delivery vehicle modification. 55.
The method for minimizing drug-drag interaction in a
mammal of claim 54, wherein the drag delivery vehicle
modification is selected from the group consisting of
nanoparticles, salt formation, solid carrier systems,
co-solvent/solubilization, micellization, lipid
vesicle, oil-water partitioning, liposomes,
microemulsions, emulsions, and complexation. 56. A
pharmaceutical combination for minimizing
pharmacokinetic drag-drag interaction within a mammal,
the pharmaceutical combination comprising: a first
pharmaceutical component selected from a group
consisting of antiarrhythmics, anticonvulsants,
antimycobacterials, antineoplastics, antipsychotics,
benzodidiazepines, calcium channel blockers,
gastrointestinal motility agents, HMG coAreductase
inhibitors, immunosuppressants, oral hypoglycemics,
protease inhibitors, levacetylmethadol, ergot
alkaloids, halofantrins, alfentanil, buspirone,
methylprednisolone, budesonide, dexamethsone,
trimetrexate, warfarin, cilostazol, and cletripan,
wherein said first pharmaceutical component has a
particular pharmacokinetic profile in the mammal; and 



a second pharmaceutical component of itraconazole
formulated for parenteral administration, said second
pharmaceutical component of itraconazole being
formulated such that the pharmacokinetic profile of
said second pharmaceutical component of itraconazole
is altered from its unaltered pharmacokinetic profile,
which unaltered profile substantially affects said
particular pharmacokinetic profile of the first
pharmaceutical component, so that said altered
pharmacokinetic profile of said second pharmaceutical
component of itraconazole does not substantially
affect the pharmacokinetic profile of said first
pharmaceutical component. 57. The pharmaceutical
combination for minimizing drug-drag interaction in a
mammal of claim 56, wherein said second pharmaceutical
component of itraconazole is administered with a drag
delivery vehicle modification.58. The pharmaceutical
combination for minimizing pharmacokinetic drug-drug
interaction of claim 57, wherein the drug delivery
vehicle modification is selected from the group
consisting of nanoparticles, salt formation, solid
carrier systems, co-solvent/solubilization,
micellization, lipid vesicle, oil-water partitioning,
liposomes, microemulsions, emulsions, and
complexation. 59. A pharmaceutical combination for
minimizing pharmacokinetic drug-drug interaction
within a mammal, the pharmaceutical combination
comprising: a first pharmaceutical component of
itraconazole in solution form, wherein said first
pharmaceutical component of itraconazole has a
particular pharmacokinetic profile in the mammal; and
a second pharmaceutical component selected from the
group consisting of macrolide antibiotics and protease
inhibitors formulated for parenteral administration
said second pharmaceutical component being formulated
such that the pharmacokinetic profile of said second
pharmaceutical component is altered from its unaltered
pharmacokinetic profile, which unaltered profile
substantially affects said particular pharmacokinetic
profile of the first pharmaceutical component of
itraconazole, so that said altered pharmacokinetic
profile of said second pharmaceutical component does
not substantially affect the pharmacokinetic profile
of said first pharmaceutical component of
itraconazole. 60. The pharmaceutical combination for
minimizing drug-drug interaction in a mammal of claim
59, wherein said second pharmaceutical component is
administered with a drug delivery vehicle
modification. 61. The pharmaceutical combination for
minimizing pharmacokinetic drug-drug interaction of
claim 60, wherein the drug delivery vehicle
modification is selected from the group consisting of
nanoparticles, salt formation, solid carrier systems,
co-solvent/solubilization, micellization, lipid
vesicle, oil-water partitioning, liposomes,
microemulsions, emulsions, and complexation. 


