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ABSTRACT

Oral absorption depends on many physiological, iplchemical and formulation factors.
Two important properties that govern oral absorpteoein vitro permeability and solubility,
which are commonly used as indicators of humansimal absorption. Despite this, the
nature and exact characteristics of the relatignsl@tween these parameters are not well
understood. In this study a large dataset of humtastinal absorption was collated along
with in vitro permeability, aqueous solubility, melting poimidamaximum dose for the same
compounds. The dataset allowed a permeability hioidsto be established objectively to
predict high or low intestinal absorption. Usingstipermeability threshold, classification
decision trees incorporating a solubility-relatedgmeter such as experimental or predicted
solubility, or the melting point based absorptiostgmtial (MPbAP), along with structural
molecular descriptors were developed and validategredict oral absorption class. The
decision trees were able to determine the individokes of permeability and solubility in
oral absorption process. Poorly permeable compoumidls high solubility show low
intestinal absorption, whereas poorly water sola@ol@pounds with high or low permeability
may have high intestinal absorption provided thatthave certain molecular characteristics

such as a small polar surface or specific topology.
KEYWORDS
Intestinal absorption, permeability, solubility,cion trees, QSAR

ABBREVIATIONSUSED

%HIA, percentage human intestinal absorption; BBiSpharmaceutics Classification
System; CART, Classification and regression tr€a&0-2, Human colon adenocarcinoma
cell line; FN, false negative; FP, false positi&GSE, general solubility equation; MDCK,
Madin-Darby Canine Kidney; MPbAP, melting point bdsabsorption potential; QSAR,
Quantitative Structure-Activity Relationship; SEnsitivity; SP, specificity; TN, true

negative; TP, true positive
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1. INTRODUCTION

The assessment of pharmacokinetic properties, edlgegbsorption, is now well established
in early drug discovery. The need to determine gdtkmm of new chemical entities is
essential for successful orally administered compgsuas well as efficacy, toxicity and other
ADME (absorption, distribution, metabolism, excoef) properties [1]. The prediction of oral
absorption can be carried out with experimentahyssnd/or the use oh silico models.
These experimental and computer models can be asedn indication of intestinal
absorption in humans, which is carried out laterimrdrug development. By testing drug
compounds using these models, compounds with uadhsiproperties can be removed

earlier, therefore improving cost effectiveness3J,

Intestinal absorption depends on many physiologigdlysiochemical and formulation
factors. Two important properties that govern atasorption are permeability and solubility
as utilised by the Biopharmaceutics ClassificatBystem (BCS)[4]. For a drug to be
absorbed it must firstly dissolve in the gastrastiteal fluid in order to then permeate the
intestinal membrane. The relationship between tipegperties is closely, usually inversely,
related [5, 6]. As an increasing number of new dbementities (NCE) have high
lipophilicity and low solubility, predicting absdipn of NCEs is problematic. Inadequate
agueous solubility can lead to poor, erratic, \@eabsorption, so it is important to consider

the effects of solubility for the prediction of @stinal absorption [7] .

The importance of solubility on oral absorptiorhighlighted in the literature, but there are
few studies that incorporate both experimental bty and permeability values within a
model, in order to see the effect these two pragetave on oral absorption [8, 9]. Early oral
absorption models are too small to effectively espnt all the different biological processes
of absorption and the physiochemical propertiesuting solubility [10, 11]. Most studies
have removed compounds with solubility issues wherdelling oral absorption [12, 13],
which is not ideal due to the increasing numbepabrly soluble drugs being developed.
Zhao and co-workers demonstrated that predictin® BXass 11 compounds (low solubility
and high permeability) resulted in an overestimmatbfraction absorbed by their model [12].
Solubility itself is a complex parameter and imtalependent on numerous factors, therefore
it is important to investigate what multiple elerteersuch as those calculated from the

molecular structure may improve understanding isf pnoperty in relation to absorption.
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Molecular descriptors that describe the processobibilisation of the drug such as crystal
lattice energy, solvent cavity formation energy asulvation energy are utilised in the
prediction of solubility [14, 15]. The general sbility equation (GSE) is a simple method
that predicts agueous solubility using only two gmaeters, logP and melting point [16].
Other methods may employ more specific moleculacdptors to improve the prediction
accuracy [17, 18]. GSE and its variants have beex for the estimation of oral absorption-
related parameters termed absorption potential 209, Recently a melting point based
absorption potential (MPbAP) has been proposed twiic derived from the GSE and
includes maximum dose, to give an indication of at@sorption. In general, it was found that
the lower the melting point the higher the tendeti®ycompound had to be highly-absorbed
andvice versa, and it was also found that for higher melting pgiabsorption was limited by
dose [21].

Permeability in drug discovery is routinely measuusingin vitro cell based assays to give
an indication of permeability of drug compoundsthe intestine, blood brain barrier, nasal
cavity and skin [22]. Apparent permeability ,(f is the rate of permeation across cell
monolayers and is usually measured in €m/Ehe ideal permeability model for the small
intestine mimics the physical and biochemical psses of intestinal absorption [1]. There
are many different cell lines that can be used w®asare permeability. Human colon
adenocarcinoma (Caco-2) is a commonly used cell[28-25]which displays biological and
characteristic properties of the enterocytes ofsthall intestine such as the brush border and
tight junctions [1, 25-27]. These cells can exprasgariety of transporters and metabolic
enzymes, allowing other transport and metabolisnchaeisms to be investigated [28].
Drawbacks of this particular cell line are intebdaatory differences, variable transporter
expression, long culture time, tighter junctionsnpared within vivo situation and lack of
mucus secreting goblet cells [1, 29, 30]. Soménes¢ problems have been resolved by other
cell lines such as 2/4/A1, a rat intestinal epitietell line, which has leakier tight junctions
[31, 32} also, the cell line HT29-MTX is a co-culture of @a2 cells with mucus secreting
goblet cells to study the effects of mucus on gitsmm [33]. Another cell line that has been
gaining popularity is MDCK II (Madin-Darby Canineidfey strain 1l) cells, due to shorter
culture time (of 3-5 days), leakier tight junctiomsd low expression of transporters
compared with Caco-2, making it an ideal cell lioe passive permeability assessment even

with species and tissue differences [22, 34-36kr&hare many similarities and differences
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between Caco-2 and MDCK cell lines. Despite thexd¢his a linear relationship between the

two shown using small compound sets [22, 34, 35].

The relationship between permeability and fractsorption in humans can be determined
numerically or categorically. From a classificatiperspective a permeability threshold
indicates high or low intestinal absorption (absiorp class). The permeability thresholds
defined in the literature vary greatly and the migjoof studies appear to set the permeability
threshold subjectively from a visual inspectiontbé graphical fit, rather than using an
objective method [13, 37-40]. For example, Artussbral [37], using a dataset of 20
compounds, defined that a compound would have aatmphbsorption if it had a
permeability > 1 x18 cm/s. More recent studies have indicated higher permigabil
thresholds than 1 x10to define a high absorption compound [8, 38, 4f].a recent
investigation, Varmaet al [36], used Receiver Operating Characteristic (R@@3lysis to
objectively define the best permeability threshimidfraction absorbed based on a dataset of
82 compounds with permeability measured in a lcangporter expression MDCK Il cell
line. The threshold defined was > 5 x®1€m/s for> 80% or> 90% fraction absorbed.
Additionally, the FDA has recommended a set of ragld low permeability standards with
known fraction absorbed [42]. These standard comgewan be measured alongside NCEs
which are then considered as highly or poorly peates depending on whether the
permeability is greater or lower than the standatbis can then be related to fraction
absorbed based on these FDA standards. Potenthleprs with this are the choice of
standard. For example, the high permeability statslapropranolol, verapamil and
metoprolol have differences in their permeabilithiehh could result in potential incorrect

prediction depending which standard is used whstingealongside NCEs.

In order to see the effects of solubility and peahbikity on fraction absorbed, a large dataset
is needed. Therefore, the first aim of this workswa expand the permeability dataset by
combining data from Caco-2 and MDCK cell lines. Bydying the relationship and the
effect of different absorption mechanisms betwdentivo cell lines and from the differences
already known between the two cell lines, the figstiion of combining the datasets can be
shown. Secondly, the determination of a permegltititeshold to predict fraction absorbed
class using an objective decision tree methodstedeon an external validation set of the
permeability dataset collected. Using this permiggbihreshold, decision trees using
experimental and predicted solubility and relatempprties such as dose number and melting

point were included along with structural molecuascriptors to build classification models

5
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to predict fraction absorbed class. Therefore,QBAR endpoint is the categorical variable
indicating the ‘high’ or ‘low’ fraction absorbedads. Based on this work, one can obtain an
increased understanding around the relationshiwemat two popular cell based assays and
how they can be used to predict absorption clasg @ objective permeability threshold. In
addition, the effect of solubility and related peojies on the prediction of fraction absorbed

models is explored.
2. METHODSAND MATERIALS

2.1 Datasets

With an extensive search in the literature, mudtightasets were collated consisting of data
for human intestinal absorption, transport routerngeability, solubility, dose number,
aqueous solubility and melting point. For each couma the name, property value, CAS
number, references and additional comments fronatiieors relating to the data is included
and can be found in th&upporting Information |I. Whenever possible, the original
literature was consulted to evaluate data qudlitysome cases data from secondary sources

was included when original literature could notdeated.

2.1.1 Human Intestinal absorption

Intestinal absorption can be assessed and calduleden different types of data such as
bioavailability, and urinary and faecal excretiorss balance studies. We used the same
principles to calculate and evaluate the religbitif fraction absorbed value as defined by
other works [12, 43]. Intestinal absorption valuwesre initially obtained from the published
datasets of Hoet al [13] and Varmaet al [43]; this data was scrutinised by checking the
original publications. An exhaustive search of titerature was then carried out and
additional compounds were also added from the drtgymation obtained from the FDA
Drugs@FDA database (accessed from June 2012 to2@48) [44]. Where there was no
numerical value defined in the literature, catecmrivalues for fraction absorbed were also
included for this dataset. At the end, the datas®isisted of 913 numerical and 19

categorical fraction absorption values creatinmal fdataset of 932 compounds.
2.1.2 Permeability

Apparent permeability ¢B) data measured in criffsvas collected for compounds with

known fraction absorption. The dataset containsaegg permeability data for the two
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different cell lines Caco-2 and MDCK obtained frdne literature. The dataset contains 386
Caco-2and 246 MDCK B, values for drug and drug-like compounds. For 18&mounds
the permeability was found for both cell lines, ah@é dataset was used to investigate the
relationship between the two cell lines. Where éhsere multiple permeability values for a
single compound these results were averaged utilegswvere very different, in which case
comparison of MDCK and Caco-2 permeability was iedrrout (if available) or careful
examination of the experimental conditions of tpecsfic value was performed in order to

justify inclusion.

For Caco-2 permeability, the published dataset bgnirTheet al [45] was used as the
starting point from which an exhaustive literatisearch was carried out. For MDCK
permeability, permeability data from two studies bgrma and co-workers [36, 46] were
used as a starting point. As there are differematirst of this cell line, it was important to
reference what strain (if known) was used in thegt In addition, it was decided not to just
isolate data collection on one strain, but maket rmvhich would aid in interpretation at a
later stage. The main two types of MDCK strainseméd were MDCK Il and MDCK-
MDR1. A preliminary statistical paired t test ob#e two main strains showed no significant
difference between these two strains in this datgse> 0.05), therefore all the data for

MDCK was used together for comparison with Caco-2.
2.1.3 I dentification of absorption mechanisms

The knowledge about absorption mechanism will étp interpretation of models and give
us a better understanding of the influence of frarter systems on absorption as this is
increasingly important in the prediction of drugsafption. For each compound the
absorption route was assessed using literature iataw articles and transporter databases.
It was recorded if compounds underwent any absmrpthechanism other than passive
transcellular route. This included carrier mediat®gtems, such as efflux and influx
transporters, and paracellular absorption. A tofaR01 (out of 932) were identified to be
absorbed via routes other than passive transcelllilanust be noted that, firstly, if no
information or evidence was found to suggest adtitve absorption mechanisms, this does
not necessarily mean it is not a substrate of @sparter or transported via the paracellular
route; it may not have been tested and/or resalt® mot been published in the literature.
Therefore, in the future we anticipate that thisnber could increase further when more

research is carried out. Secondly, although a comgds identified as a substrate for a
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carrier mediated system, this does not mean thattrdmsport system is the dominating

process [47].
2.1.4 Aqueous solubility

Aqueous solubility for 483 compounds in mg/mL wabtaned primarily from the
AQUASOL dATAbASE (8" Editon) and SRC (PHYSPROP) databases

(http://esc.srcinc.com/fatepointer/search.asp) tedliterature. Solubility was converted to

log molar units (M) and log mg/mL units in this WwolFor the AQUASOL data, those values
that had the highest evaluation codes as definethéydatabase were selected, and those

compounds with more than one value were averaged.

In addition to these values, predicted solubiligfues were also utilised and compared with
experimental in the modelling section of this woBalubility was calculated by the revised
general solubility equation (GSE) using experimentalting point and calculated logP.[16]

(Equation 1 below).
Log Sol (GSE) = 0.5 — 0.01 (MP — 25) — logP Q)
2.1.5 Dose number

Dose number is a dimensionless number used tondieerhigh or low solubility in the
Biopharmaceutical Classification System (BCS) [#]s calculated using the solubility and

maximum strength dos&gquation 2).
Do=(Mo/Vo) 'S 2

Where 0 is dose number, Ms the highest dose strength, ¥ 250ml and S is the aqueous
solubility (mg/ml). The maximum strength dose wdsamed for the compounds in this
dataset from the British National Formulary (2038)] FDA electronic orange book 2012
(accessed December 2012-January 2013) and Masii@a09) [49]. Where there were still
missing values, an extensive literature searchoaased out and the values presented are the
authors’ best recommendation based on an evaluafighe literature data. Where doses
were based on bodyweight, a body weight of 70kg wssl to calculate the maximum dose
for human.
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2.1.6 Mélting point

Experimental melting point (iiC) was obtained from the AQUASOL dATAbASE, SRC
(Physprop), the Hazardous substances data bank BH$MItp://toxnet.nIm.nih.gov/cgi-

bin/sis/htmlgen?HSDB) and the literature. The agerwas taken if a melting point range

was stated.
2.1.7 Melting point based absorption potential

The melting point based absorption potential (MPpARs derived from the GSE but
utilising maximum dose as well as melting point][24s shown byEquation 3 below.

MPbAP = 0.5 — 0.01 (MP — 25) —log(4 * Max Dose) (3
2.2 Calculated molecular descriptors

Calculated molecular descriptors were calculatechfstructures using the software packages
TSAR 3D v3.3 (Accelrys Inc.), MDL QSAR (Accelrysdn, MOE v2010.10 (Chemical
Computing Group Inc.) and Advanced Chemistry Depwlent ACD Laboratories/LogD
Suite v12. Including the seven descriptors of pedoiliy, solubility and related parameters,

a total of 220 molecular descriptors were utilif@danalysis.
2.3 Training and validation sets

Using the combined permeability data from the twb kines yielded an initial dataset of 447
compounds. Compounds with MDCK and Caco-2 permigaldhta that differed by more
than one log unit and one compound that did nothawumerical value for HIA were
removed (14 compounds in total). This resulted idataset of 433 compounds. The 433
compounds were split into a training set and adadilbn set. To ensure a similar distribution
of fraction absorbed in these two sets, compourete worted according to ascending %HIA
and then logP values. From each group of six catseccompounds, five were assigned to
the training set, and one compound was allocatetetoralidation set randomly. The initial

training set consisted of 356 compounds and thdat&bn set consisted of 78 compounds.

For models used to determine the influence of sitlpland related parameters, compounds
that had missing values for solubility, melting mioand dose number were removed from the
initial training and validation sets. The final cpound numbers for decision tree analysis are

shown inTable 1.
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<<INSERT TABLE 1 HERE>>
2.4 Classification and regression trees (CARTYS)

STATISTICA v11 (StatSoft Ltd.) software was used permeability threshold determination
and classification of compounds using CART analySiARTs (called C&RT in the
STATISTICA software) use decision trees to solvgression and classification problems
developed by Breinmaet al [50]. Hence, in this work the QSAR models are repreed as
decision trees (a type of graph). According to thserved %HIA values in the data set,
compounds were placed into either the “high” cli@$éHIA was equal to or greater than a
specified HIA cut-off (e.g.50%) or the “low” clasé %HIA was less than this specified
%HIA cutoff. In this work binary classification ¢fow or high HIA) was carried out using
calculated molecular descriptors from the chematalicture, permeability and solubility
related parameters. The QSAR models (in the formeafsion trees) used in this work were
validated by measuring the predictive accuracy odfleh predictions (prediction of “High” or
“Low” oral absorption class) for the compounds Ie tvalidation set, as described earlier

(section 2.3 — training and validation sets).

Preliminary results indicated that permeability arad solubility was the dominant property

selected statistically by CART. Therefore in ortielgauge the relative importance of these
two parameters, the decision trees were built m plvases. The first phase forced CART to
select a suitable permeability threshold for déf@rHIA class definitions. The second phase
involved forcing CART to choose thresholds for $dlity and related parameters for the

second split of the decision tree. After this, CARas allowed to build the remainder of the

tree automatically using structural molecular diggors. These trees were compared with a
CART tree developed using the parameters selectadmatically by the tree from

permeability or solubility parameters or the molacuescriptors provided.

2.5 Permeability threshold determination using CART

The permeability threshold is the numerical valhesen by CART that best predicts HIA
class. In this work several different analyses wperformed where high absorption
compounds were defined as those having HIA val@iebove 30, 50, 70, 80 or 90%. Using
the training set of 356 compounds, HIA class wasduas the dependent variable and

permeability as the independent variable. The CARalysis was restricted to only one split

10
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to give the permeability threshold. This threshalds tested using a validation set of 78
compounds. Due to the class imbalance, where #wereanany more highly-absorbed than
poorly-absorbed compounds, higher misclassificatiosts were applied to false positives to
overcome this bias. Based on previous works theofisaisclassification costs has shown
improved model accuracy [51]. The misclassificataost values applied depended on the
class distribution of the dataset. For instanceswthe “high absorption” class is defined as
having %HIA> 30%, the cost of a false positive was consideirattimes the cost of a false

negative due to roughly five times more highly absd compounds in the data set.
Misclassification costs of 5, 4, 3, 2.5 and 2 wapplied to false positives in the analyses
where the high HIA class had been defined as thosgounds having %HIA values equal
or above 30, 50, 70, 80 and 90%, respectively.

2.6 Permeability and solubility related model analysis for oral absorption class
deter mination

In this section, models were built using HIA class the dependent variable where high
absorption was defined as HIA 80% and molecular descriptors were utilised as the
independent variables for model building. The Hllass definition of> 80% was selected
based on preliminary work, where when using lowéA ldlass definition such as 30-70%
due to the lower number of poorly absorbed compswmdy poor models could be achieved.
Using a higher threshold of 90% resulted in poaregrall accuracy (based on preliminary
analysis), and this threshold is too high to priedial absorption class effectively with a high

number of false negatives.

In this work permeability was set as the first sphriable and two alternative approaches
were used to choose the remaining split variabieshe first one, the CART tree was
allowed to grow automatically. In the second oneche of the solubility and related
parameters (dose number and melting point) wereuaignchosen as then second split
variable (note that CART still chooses the cutymdfnt automatically) and then the tree was
allowed to grow automatically. Stopping factors evarsed to prevent overfitting of the
CART trees and was the minimum number of compododsplitting. This was set at 11 for

the permeability only CART trees and eight for peatility and solubility trees.

2.7 Statistical significance of the models

11
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To determine the relationship between Caco-2 andCKDpermeability, MINITAB
Statistical Software (version 16.1.1.0) and PriSSinaphPad Software, Inc) v.5.02 were used
to carry out linear regression, identify outliensdaperform statistical significance testing
between the different absorption mechanisms. IReali regression the parameter reported to
assess the fit of the two variables was the squepetblation coefficient,’forced through
the origin. For correlation analysis the Pears@ogelation coefficient and the Spearman’s
ranking correlation coefficientdrwere calculated. It must be emphasised hererthzsed

on the regression line forced through the origimés comparable to?rvalues where the
regression line is not forced through the origir2][5The statistical significance of the
correlations and regression lines and comparisorthef regression lines for different
absorption mechanisms (using the intercept andldpe values) was depicted by p values. P

values <0.05 indicated significance.

The predictive performance of the classificationdels built using CART in this work was
measured using sensitivity (SE), specificity (SRYl &P x SE. Sensitivity is the ratio of
correct classifications for the highly absorbed poomd class (SE = TP/(TP + FN)), where
TP is the number of true positives and FN is thenlmer of false negatives. Specificity is the
ratio of correct classifications of poorly absorbmmmpounds (SP = TN/(TN + FP)), where
TN is the number of true negatives and FP is theaber of false positives. In this work
overall accuracy is defined by specificity multgai by sensitivity (SP x SE). This measure
represents the overall predictive performance dhbagh and low class prediction. In
addition, this measure will not be overly influedcby the classification accuracy of the

majority high absorption class, and it has beew irs@revious investigations [51, 53].

3. RESULTSAND DISCUSSIONS

In this work in order to investigate the effectgpermeability and solubility a large dataset of
human intestinal absorption was gathered from tiginal literature and then for the same
compounds Caco-2 and MDCK permabilities, soluhilitgelting point and dose were
gathered from the original literaturEable 2 shows the collated data which is available in the
supporting information I, where n denotes the number of compounds for paaperty.
This data was used in order to develop models rfedipting high/low oral absorption and to
explore suitability of different solubility and peeability measures from different sources as

descriptors of intestinal absorption.

12



361

362
363
364
365
366
367
368
369

370
371

372
373
374
375
376
377
378

379

380
381
382
383
384
385
386
387
388
389
390

<<INSERT TABLE 2 HERE>>

In terms of permeability, we have gathered perni#ghineasured in both Caco-2 and
MDCK cell lines In vitro permeability through different cell lines is commho used as a
high throughput measure of effective intestinaloapson in early drug discovery. Other cell
lines such as MDCK, 2/4/A1 and HT29-MTX have alseei used to assess compound
permeability. There have been a few studies, wisttbw the linear relationship between
these cell lines. For example, Braeinal [22] studied the relationship between Caco-2 and
MDCK cell lines and from 14 compounds achieved’uf 0.86. However, Adveetdt al [35]
achieved a’rof 0.90 using a dataset of 79 compounds.

3.1 Comparison of Caco-2 and MDCK apparent permeability as indicators of intestinal
absor ption

For 185 compounds, tha vitro apparent permeability from both Caco-2 and MDCH ce
lines was obtained from the literature. By an estiga literature search transport routes
were identified for all these compounds. Plottihng permeability of these two cell lines on a
log scale a linear relationship is showigure 1) where the transport routes have also been
highlighted. Out of 185 compounds in this figuré, @mpounds were found to be substrates
of a transporter system and 11 compounds havesegested to be absorbed to some extent

via paracellular route.
<<INSERT FIGURE 1 HERE>>

It can be seen in the plot that Caco-2 and MDCKmeability of majority of compounds
regardless of their absorption routes correlatel with each other. However, there are
compounds that deviate significantly from this liaed removal of 9 outlier compounds
(compound names shown in tRegure 1) improves the correlation significantlyf gble 3).
Details of the outlier compounds and a descriptbmeasons can be found Supporting
Information 11. A better linear relationship between the two tias is also achieved when
only compounds undergoing passive transcellulaorgtion are plottedTable 3). It may be
noted inTable 3 that the correlation between the cell lines artebafter the removal of 9
outliers than after the removal of all the compawdth a transporter effect. It is also
noteworthy that not all the outliers were subssat a transporter; examples are

phenazopyridine and glipizide where no transpostesy other than passive-transcellular has

13
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been identified. Both these drugs have poor sotigsl (dissolution limiting solubility) and

classed in Class Il of Biopharmaceutics classitocasystem (BCS) [54, 55].

Similar conclusions can be made from the resultprefvious studies where transporter
mediated effects could not be identified by cotietathe permeability through different cell
lines. Irvineet al [34] compared the apparently permeability of 5:hpounds using MDCK
and Caco-2 cells. This study achievedaaf10.79. Irvine identified 12 compounds that were
substrates for carrier mediated systems. We crossedenced the remaining compounds
used by Irvine with our database and identifiedadditional 18 compounds to be substrates
for carrier mediated systems. Therefore over halhis original dataset has now been found
to be affected by a carrier mediated route. Thecd&pounds highlighted as undergoing
carrier systems in most cases were within the tirfgaof Irvine’s, with only a few
exceptions. The explanation by Irvine of why knoRagp substrates were not identified in
comparing the two cell lines is not suitable. Far P-gp substrates highlighted in the work, it
was stated the reason they could not be identiftad due to saturation of the transport
mechanism in the assay. Brawh al [22] used the same compounds but at lower
concentrations, and they were still unable to ifdgkhown P-gp substrates. It was concluded
that using the relationship between MDCK and Caam@ld not identify P-gp substrates.
From this work the correlation between MDCK and &acpermeability does indicate the
same result that compounds with carrier mediatedhardsms do not deviate from the
correlation between Caco-2 and MDCK permeabiliti€his is despite the fact that the

transporters have different abundance levels isetieo cell lines.

<<INSERT TABLE 3HERE>>

We have complied a table that compares the celissamall intestine in terms of species
origin, tightness of the cell junctions and alse ttansporter and enzyme expressidrab(e

S1 in Supporting Information 111). One thing to note is the lack of informationféamce in
the literature for transporter and enzyme expressipecially for the specific strains of the
MDCK cell line, which is less well studied. For tlemnall intestine the expression of
transporters and enzyme systems can vary fromhifee tsections of the small intestine, as
compounds are not just absorbed from one sectiertried to accommodate an overview of
expression from the human small intestine [56¢alh be seen fromable S1 that the main
differences between MDCK and Caco-2 cell lineseneayal are that MDCK does not express

some transporter types and that MDCK has a lowemddnce of some of the other
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transporters compared to Caco-2 cell lines. Howéwvenust be noted that expression of
transporters or enzymes does not necessarily ateralith their functionality for affecting

the absorption of the compounds across differemhlomane/cell lines [57, 58], and as it was
shown earlier, most substrates of different trartsp® do not deviate from the correlation

between Caco-2 and MDCK permeabilities.

The different expression levels of metabolisingyemes in the different cell lines could also
potentially affect the permeability of compound$ieTexpression and activity of CYP3A4
enzymes in Caco-2 cells are either not presenenr weak [30, 59]. A recent investigation
has found no evidence of CYP3A4 expression in MOCeells [60]. Unfortunately the lack
of information regarding enzymatic activity in theell lines makes it difficult to
comprehensively compare and contrast the suitalafithesein vitro tools as indicators of

intestinal absorption.

Cell based assays, particularly Caco-2, have atagpn for variability. The differences can
arise from the experimental conditions, which imntgan affect the monolayer, those that
affect the analysis of samples and also the phigeimical properties of the compound [61].
A good example is solubility, which depending onpesmental conditions can cause
variation particularly for compounds with low soiliy such as the outlier compounds

phenazopyridine and glipizide [54, 5%Jigure 1).

The prime purpose atell based assays such as Caco-2 and MDCK is tly she rate of
passive permeability rather than other transpomte® involving influx and efflux
transporters. In this dataset, out of the 185 camgs, 96 were identified as undergoing
transport routes other than passive. In some casese than one route was identified as

being involved for the transport of the compolfihdble 4).

<<INSERT TABLE 4 HERE>>

FromTable 4, there are a higher number of compounds identdedarrier mediated efflux
substrates compared to influx substrates. The ihajoff compounds that were identified as
efflux substrates are substrates of the P-gp toatesp which is always tested due to the great

influence this transporter has on reducing absampdf many compounds.

We compared the permeability values obtained frameoc2 and MDCK cell lines for all

compounds and subgroups of compounds showing gpeaiftes of absorption as described
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in Table 4. Two statistical methods were employed; 1) paisaatdent t-test to compare
MDCK and Caco-2 permeability values of a subgroigampounds, and 2) comparison of
the coefficients of the correlation lines of suhgre of compounds, e.g. efflux substrates and
compounds with passive transcellular absorptiore Tésults for subgroups indicated that
permeabilities through MDCK and Caco-2 cell lings aorrelated with similar slopes and
intercepts for compounds with different absorptinachanismsKigures S1-S7 and Table

S2 in the Supporting Information I11). The only significant difference between the
correlation lines was the difference between comgdsuundergoing transcellular and
paracellular absorption routes (p value 0.0023)weieer, despite the different tightness of
the Caco-2 and MDCK cell lines, the observed déifere may be due to the narrow range of
permeability values of the compounds with paratailabsorption route resulting in a non-
significant correlation between MDCK and Caco-2ubdlty of this subgroupKigure Sl in
Supporting Information I11). This hypothesis is supported by the results phiged student

t test between the permeability values of the tedblmes for the 11 compounds undergoing
paracellular absorption (as a main or shared t@hspute) showed no significant difference
between Caco-2 and MDCK permeabilities (p > 0.06).addition paired t tests for all
different absorption mechanism groups and no saamf differences between the two cell
lines for these absorption groups were found. These we can conclude that in general
there are no statistically significant differenclestween the two cell lines even when
considering separately the compounds with diffeedsgorption mechanisms. Therefore, the
data from both these cell lines can be combinedl anlarger permeability dataset for use in

further modelling.
3.2 Deter mining per meability threshold for an effective oral absor ption

In this work we use the large dataset of combinadoe2 and MDCK permeability and a
statistical method (CART) to identify statisticalalid permeability threshold for high/low
oral absorption. Using CART analysis, a permeabiliteshold value was obtained to predict
the high or low intestinal absorption (HIA clasjing a training set of 356 compounds.
Several different analyses were performed where alisorption compounds were defined as
those having HIA values of above 30, 50, 70, 8@@¥. In order to optimise the threshold
selection, various CART models using different dassification cost ratios for false
positives: false negatives (FP:FN) were generafdd $3]. The results below show the
permeability threshold selected by the CART analyaad the accuracy, specificity and

sensitivity of the class predictioi &ble 5).
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<<INSERT TABLE 5 HERE>>

It can be seen ifable 5 that using high ratios of (FP:FN) misclassificaticosts results in
improved accuracy of the permeability thresholddiassification of compounds into high or
low absorption groups for all definitions of HIA agds. For example using equal
misclassification costs to find permeability threhfor dividing compounds inte 30% or <
30% HIA is not successful at aM(del 1 Table 5) but increasing the cost of false positives
to five times that of the false negatives resuttsaihigh accuracy of classification and a
robust threshold of -5.98 (in log units) (model &).must be noted here that different
high/low definitions of HIA result in different pportions of compounds in “high” or “low”
absorption classes, and hence the choice of mssiitagion cost ratios to reflect the ratios of
highly absorbed to poorly absorbed compounds [R], Bherefore by applying higher
misclassification costs to reduce false posititieis, has shifted the permeability threshold in
order to reduce the number of false positives duthé¢ under representation of the poorly
absorbed clasg-{gure 2). The one exception to this is the 80% HIA clas8rition, where
applying misclassification costs had no effecttmmpermeability threshold. In practice, when
using the permeability threshold to classify high/l absorption compounds, the suitable
threshold suggested by models 6-10 can be usedlforclass definition. The permeability
thresholds determined by CART when applying highésclassification costs fromable 5
can be shown belowr{gure 2) when plotting fraction absorbed against permdégkfibr the

training and validation sets.
<<INSERT FIGURE 2 HERE>>

As can be seen Iiyigure 2 there is a correlation between fraction absorbetpermeability.
It is common in the literature to assume a signfititb the relationship between HIA and
permeability [32, 36, 62]. However, there are tew fpoints at the lower plateau region to
justify fitting a sigmoidal fit from statistical it of view; in spite of this we found & of
0.435 for a sigmoid fit to the whole 433 compounte collection of more data in the O-

50% region may resolve this problem.

From Figure 2, there are compounds that are highly absorbed dg permeability values
below the threshold andce versa. The most pronounced outliers have been showhen t
figure (Figure 2) using boxes A and B. Compounds with low perméghiut high fraction
absorbed (Region A oirigure 2) have been identified as mainly highly soluble and

substrates for influx carrier mediated transportétgsamples of these are ribavirin and
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lamivudine [63, 64]. Due to the lower levels of shetransporters, particularly PEPT
vitro, the cell permeability underestimates the perggntbsorbed of this set of compounds.
On the other hand, compounds with high permealility low fraction absorbed tend to be
those that are susceptible to gut metabolism awdypsoluble from this dataset (Region B
on Figure 2). Examples of compounds in this outlier grouplax@statin and tacrolimus [65,
66].

Although the liver is the main metabolising orgagut metabolism can contribute
significantly to overall metabolism and should lbasidered [67]. Compounds susceptible to
gut metabolism, specifically CYP3A4 substrates,raghly permeablén vitro but are poorly
absorbedn vivo. However there are other CYP3A4 substrates in tatasgt which do not
appear to undergo extensive gut metabolism so ath highly absorbed and highly
permeable. Reasons for why some compounds arepildedo gut metabolism and others
are not even though they are both CYP3A4 substratedd be due to the different
biotransformation rate by this enzyme, solubilitlifsolution rate, permeation rate, dose
amount and substrate affinity [67-69]. A list ofele compounds in regions A and B in

Figure 2 can be found in th8upporting I nformation I1.
3.3 Oral absor ption prediction using solubility, dose number and melting point

From Figure 2, we have identified potential outliers in the ri&laship between oral
absorption and permeability. Using the models bwilth permeability and solubility
parameters and molecular descriptors, these mssietasions could be classified correctly
due to the influence of solubility and other rethtparameters on oral absorption. For
example, false positives are highly permeable camgs with poor oral absorption. These

compounds maybe poorly soluble compounds or thodengoing gut metabolism.

CART classification models to predict highly abssdbor poorly absorbed class of
compounds (HIA> 80 or < 80%) were built using the training setsadibed in the material
and methods section. The permeability$d80% absorption (at -5.15 log scale according to
Table 5) was used to develop the models. The 80% clagsititafi was chosen as when
using lower HIA% values to define high or low algan led to very low number of poorly
absorbed compounds, compared with highly absorleedpounds which would seriously
reduce significance of models. The HIA 90% cutwoif class definition, although used in
some previous work, was not chosen in this workbased on our preliminary analysis) that

definition resulted in poor overall accuracy in ffreduced models, and the 90% threshold is

18



550
551
552
553
554
555
556
557
558
559
560
561
562
563

564

565
566
567
568
569
570
571
572
573
574
575
576

577
578
579
580
581

too high to predict oral absorption class effedyivéelected CART models produced for the
prediction of HIA class (HIA> 0£80%) using permeability and solubility related paeders
and molecular descriptors are showriliable 6. Note that for all models permeability was
always used as the first split variable and thdetaives the variables used for the second
splits. After the second splits, CART picks the msgnificant parameter out of all the
molecular descriptors and physicochemical propediailable. InTable 6, in model 1 after
permeability as the first split variable, CART autatically builds the rest of the tree by
selecting the most significant property/moleculasatiptor. For models 2-4, solubility;
calculated solubility (GSE method or melting pobdased absorption potential (MPbAP))
were used on both (high and low permeability) siolethe tree for the second split, and after
this CART automatically built the rest of the tréddodels 5-10 were built using different
combinations of solubility and related parameterseither the high or low permeability side
of the trees. Finally, models 11-12 were combimeti@f the molecular descriptors and

solubility related parameters in high or low periigty sides of the trees.

<<INSERT TABLE 6 HEERE>>

From Table 6 it is interesting to note which properties wereedigo build the selected
models. Note that many combinations of melting palnse and solubility related parameters
were tested andlable 6 is a selection of the best models based on acc(®&ke X SP). Using
melting point did not yield high prediction modé@ata not shown). It was thought that due
to the relationship between melting point and sititybthis parameter might be a useful
alternative to solubility, as these two propert#sre similar functions such as enthalpy
energies which must be overcome in order to sofgibr melt. Additionally, dose number
was useful only for splitting the high permeabilitpmpounds and the combination with
MPDAP vyielded for a good prediction model (Modeh6T able 6). Dose number is used to
define high and low solubility for the BCS syste#n 42]. By definition, increasing the dose
or a low solubility will result in a high dose nuetband this is expected to lead to poor oral

absorption of highly permeable compounds.

The majority of the selected modelsTiable 6 incorporate solubility and predicted solubility
especially for highly permeable compounds. UnlikeEGsolubility which was used on both
sides of the CART trees, MPbAP only yielded gooddet® when used for splitting on the
high permeability compounds. Experimental solupilit two units, mg/ml or molar, have

been used in models. Solubility in M, which taketiaccount the molecular weight and is
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smaller for high molecular weight compounds, wadisetl for splitting of the low

permeability compounds (Models 8, 9 and 10).

In terms of the role of solubility in the absorptiprocess, one would expect poor absorption
of poorly soluble compounds, due to solubility lgethe rate limiting factor in absorption.
However, this is not the picture presented by thssification trees 1-12S¢e Supporting
Information I11). According to the classification tree models, line permeability and high
solubility compounds always have low intestinalapsion (< 80%). This is probably due to
the highly polar nature of such compounds. On tkieerohand, poorly water soluble
compounds of low permeability may be highly absdrivem the small intestine if they have
small polar surface area (models 3-7) or a smail siabsolute atomic partial charge, ABSQ
(models 2, 8, 9, 10), which also indicates polaofymolecules. The absorption limiting
effect of poor aqueous solubility is not seen faghly permeable compounds either. Here,
highly permeable compounds with poor aqueous Sdalufaire still highly absorbable from
Gl, with the exception of compounds with high potarnface area, low dipole moment
(models 2, 5, 9) or small Balaban Topological inddych is an indicator of molecular shape
(models 3, 4, 10, 11). The reason for not obsentirg limiting effect of poor agueous
solubility here could be firstly the lack of enougdpresentation of these solubility limiting
compounds in the dataset and secondly the effefdrofulation of oral dosage forms with
measures taken for improved dissolution rate (ésotp, particles size, etc) which could

mask previous solubility limiting effects of sucbnespounds.

The top molecular descriptors used in models 1r1Pable 6 are polar surface area (PSA)
and Balaban topological index. Both of these desars are related to both absorption and
solubility prediction models [70, 71]. PS#the area of the van der Waals surface thatsarise
from oxygen and nitrogen atoms or hydrogen atommtdo these atoms [70]. The Balaban
topological index,)J, is the average-distance sum connectivity ande®glo the shape of the
molecule [72]. The next popular descriptors are sfimbsolute charges on each atom of the
molecule (ABSQ) and lowest unoccupied moleculaitartenergy (LUMO) calculated by
VAMP [73].

3.4 Selected CART models
In order to generally compare models 1-12 froable 6, the compound datasets used to
build the resulting models should be taken intooact. The degree of difficulty of the

classification model will change depending on tlenpounds in the dataset. When the
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dataset is large, e.g. in the case of model lether more compounds that maybe harder to
classify in the dataset. The model with the higl83tx SE for the validation set is model 8,
with a value of 0.697; however this is based oraming set of only 197 and a validation set
of 40 compounds due to the missing experimentallsidly or melting point values. On the
other hand, model 12 has a slightly lower SP x EB.@82 for the validation set, but it was
built using a training set of 257 and assessedguairvalidation set of 51 compounds;
therefore it may be more suitable for generalizatibility for new compounds, as it covers a
wider chemical space compared with model 8. Moredke only experimental parameter
used in this model is melting point that is used tlee calculation of MPbAP. We also
selected model 7, which has used calculated sdajubihd MPbAP, and model 3 which has
used only the calculated solubility to indicate tbkes of solubility and absorption potential.
The CART models are presentedFigures 3-5. Brief description of molecular descriptors

has been presented$apporting Information 111 (Table S3).

<<INSERT FIGURE 3HERE>>

In Figure 3, Model 3, permeability is used as the first CARflitsvariable and then
calculated solubility from GSE equation on botlesiadf the tree was used as the second split
variable. Polar surface area and Balaban index \paneed automatically by the CART
analysis. The model shows that highly permeabletaghly soluble compounds have high
intestinal absorption (node 7). Moreover, compouwith low predicted solubility {-4.74)
can still be classed as highly absorbed if the lgaiandex is > 1.57. Compounds with a low
Balaban index will be poorly absorbed and such etesninclude mebendazole and
ketoconazole. In spite of this there are misclasgibns in this node 8 in Figure 3;
ziprasidone and tiagabine are misclassified aslypatsorbed when in fact they have HtA
80%. Balaban topological index, J, a highly disenamt topological descriptor, gives an
indication of shape including branching and cytficof a molecule. A high index can
indicate a high number of branches, close proximitthe position of these branches, as well
as increased number of double bonds on a mole&ul®y index can indicate a low level of
branching as well as a larger number of cyclic geofr2]. The relationship between Balaban
index and solubility with reference to melting poimas been shown previously in the
literature [15]. In spite of this there is not mudliference between the calculated GSE

solubilities between the two nodes although therea isignificant difference betwee the
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average melting points (222C compared with 193C in nodes 8 and 9 respectively),

suggesting a possible effect of melting point osoaption.

Poorly permeable compounds are highly absorbed émycompounds with predicted
solubility < -1.12 if the PSA is low. This is a higher solutyilvalue than the threshold seen in
splitting of node 3, and is not expected to linhie tintestinal absorption. There are some
misclassified compounds in this group, which areiaty poorly absorbed despite having a
low PSA, therefore classified as highly-absorbedosting to this tree. The reasons for
misclassifications is mostly due to efflux mechamsreducing the absorption of compounds
and examples include nadolol and norfloxacin whidth have low PSA and classed as
highly absorbed but are observed to have pooradrsbrption due to transporter effects [31,
74]. Unlike nadolol which is classed as highly &ty norfloxacin is considered as a poorly
soluble compound in class IV of the BCS system.e @ray speculate that presence of more
such compounds in this dataset, may have led tbeusplit of this node based on solubility

to class compounds with extremely low aqueous ddlubs poorly soluble.
<<INSERT FIGURE 4 HERE>>

Model 7 was built using GSE solubility for the sedosplit of the poorly permeable
compounds (node 2) and MPbAP for the second splitighly permeable compounds in
node 3. This model was chosen due to high validaBB x SE using a larger training and
validation set. The descriptors used in this tree the same as iffigure 3. Model 3,

however, using the split based on MPbAP appeaspltbmore compounds into node 6 to be
classed by Balaban topological index. In this teeéower threshold of 1.54 for Balaban
Topological index increases the number of correcthssified poorly absorbed compounds
when permeability is high examples of this typecofmpounds include the BCS class I

compounds spironolactone and ketoconazole.
<<INSERT FIGURE 5 HERE>>

FromFigure 5 classification of highly permeable compounds ide@ is the same as Figure
4. Poorly permeable compounds with a high numberyairogen bonding donors (SHHBd
>6.61) will be poorly absorbed, which is confirmegthe literature such as Lipinski’s rule of
five, where compounds are likely to be poorly absdrif two or more of the following rules
are broken: more than > 5 hydrogen bond donors) hytirogen bond acceptors, logP > 5

and molecular weight > 500Da [75]. Compounds cammligclassified as poorly absorbed
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based on a higher number of hydrogen bond donampgronainly due to being highly
absorbed due to substrate specificity for influansporters. Examples of misclassified

compounds include ribavirin and folinic acid.

A poorly permeable compound will still be highlysaiobed if HOMO energy is greater than -
8.76. A comparison of the molecular structureshis hode indicates that these compounds
have more aromatic rings compared with compounds lwer HOMO energy (node 1D 8)
where the average number of aromatic rings is émeddition it was also found that a
number of low HOMO compounds had a permanent guatgrammonium or ionisable

centre such as trospium and neostigmine.

Even if a poorly permeable compound has a low HO8t@rgy it can still be classed as
highly absorbed if the compound has few methyl gso(SsCH3< 3.509) or log P > 1.239.
Compounds with logP < 1.24 are classified as poablyorbed, but there are false negatives
such as orally administered cephradine and baclefbich are both highly absorbed but are
predicted as poorly absorbed by having a low logRe reason for some of the false
negatives in this node is that some of these comgmuware substrates for influx carrier

mediated systems.
3.5 Discussion of related literature
3.5.1 Subjective definition of a permeability threshold for oral absor ption prediction

Permeability fromin vitro cell based assays has been utilised frequentipenliterature.
These thresholds are then used to give an indicatio potential oral absorption from
permeability data. A summary of a few permeabithyesholds defined by other works is

shown inTable 7.
<<INSERT TABLE 7 HERE>>

Early permeability thresholds defined by workshg titerature are based on small compound
datasets. Artussod al [37] set a permeability threshold of > 1 x1@m/s for complete
absorption based on 20 compounds. Based on othdeswo the literature this value is too
low to predict complete absorption, where other ksohave permeability thresholds one
order of magnitude higher. For example, frd@ble 7, Yeeet al [41] has stated > 10 x 0
cm/s permeability is related to absorption > 70%aiMs apparent is the difference between

permeability thresholds from different sources, ahhis dependent on the small number of
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compounds tested and inter and intra laboratorjemifices [13]. In comparison, our

permeability thresholds are statistically defineg KART rather than a subjective

determination; the thresholds picked by CART ameilar to those in the literature, especially
when high absorption was set at either as > 70980% or > 90%, indicating that high

absorption is related to permeability > 7 x°tin/s. The permeability threshold determined
by Houet al [13] of 6 x 10° cm/s is based on data from numerous sources amayisimilar

to our 70 - 90% class permeability thresholds.

Di et al (2011) [40] used MDCK II cells with low efflux endenous transporter expression
(MDCK-LE) to define a threshold of 3 x f@&m/s to distinguish between low/medium
absorbed compounds (< 80% HIA) and highly absodmedpounds. A dataset published by
Varmaet al (2012) [36] using the MDCK-LE cell line shows tlthe permeability threshold

defined ROC analysis using this cell lire%.0 x 10° cm/s) is similar to Caco-2 thresholds in
the literature, and this value is in agreement W&RT permeability thresholds in this work.
The threshold similarity between Caco-2 and MDCH! Gees is expected by the linear

relationship between these two cell lines showthiis work.

Finally more recently Pham-Thet al (2013) [62] established a rank order relationship
between Caco-2 permeability and oral absorptior8&#% compounds. The thresholds defined
were based on standard compounds from the FDA kmithivn fraction absorbed values. For
example, for a compound to be considered highlyorddesi, it must have an apparent
permeability greater than metoprolol, a FDA staddeompound with known HIA. In this
case Caco-2 permeability greater than 16 X &f/s, which is 0.8 times the metoprolol
permeability was used to take into account the taWlé threshold of 85% used. For the low
absorption threshold an average value of 0.7 X @@/s, based on the permeability of
mannitol was used. In this study this threshold veadefine compounds with HIA < 30%
however mannitol has a reported HIA of ~18% theaeefthe use of this permeability

threshold may increase the number of false negative
3.5.2 Theinfluence of permeability and solubility on oral absor ption modelling

Permeability and solubility are two important fastamportant for oral absorption. Therefore
the effect these two properties have on oral abieor@nd in turn how they influence oral
absorption prediction is important to establistorfrrthe literature there is a lot of focus on
permeability and as shown in this work there isuakrorder relationship between HIA and

permeability. On the other hand, solubility seentt to be regarded as important as
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permeability in relation to oral absorption, butagactor that can lead to poor (solubility
limited) absorption in addition to other limitingadtors such as transporter and enzyme
effects. Furthermore, the relative importance ddlsitity could be dependent on the research
organization and the mechanistic importance oflsbity in regards to oral absorption may
not be considered [6]. In spite of this the maiasans for poor oral absorption have been

shown to be either poor permeability or poor sditybor both [76].

The results of this work indicate that permeabilisy the most important parameter
influencing oral absorption prediction. Permeapiias always picked as top molecular
descriptor when building CART models. In contrasi|ubility and the related parameters
were never picked as the top descriptor or eveheansecond split, unless selected manually
at this second level in order to examine if the@svany influence of solubility on oral

absorption prediction.

It is apparent that solubility can be a rate-lingtistep in oral absorption [4, 12, 77]. This is
based on the principle that a drug must be disdoirghe gastrointestinal fluid in order to
then permeate the membrane to be absorbed. Ho@weulation development strategies
can overcome this problem, for example by employsotubilising agents, pH control, or

complexation [78].

In any case, the results obtained here do notttirealicate the poor absorption of poorly
soluble compounds and the effects of poor solytiitlimiting absorption. According to this
study, in general compounds that are highly perheedit have low solubility can be
predicted as highly or poorly absorbed dependingtlom other molecular properties.
Moreover, poorly permeable but highly soluble compids are classed as poorly absorbed,
although there are exceptions to this i.e. theefalsgatives. One important consideration in
analysing these results is the threshold of satybih the models. For example, poorly
permeable compounds with poor solubility may haig loral absorption (see models 3 and
7 for example). However, it must be noted here guadr solubility has been defined as <-
1.12 in log unit, which is quite high when comparinith the threshold values suggested in
the literature for BCS classes Il and IV [4]. Ather observation from the models could be
the poor representation of very poorly soluble compls in the dataset i.e. those having
solubility-limited absorption. As a result, it mapt be statistically advantageous to further
split the classification tree to allocate these pounds into a separate terminal node. For

example in a large dataset of fraction absorbedy@# highlighted to have solubility issues
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out of 648 compounds[13]. Besides this the formaattechniques may improve the
dissolution rate of these compounds and overcoméotl solubility issues of compounds in

the fraction absorbed dataset used in this work.

It is difficult to directly compare other models ihe literature with this work, as different
data sets and methods have been used. Early aratpslon models which use a diverse
dataset are too small to represent all the difteo@iogical processes of absorption and other
factors such as solubility. The majority of oralsafption models in the literature do not
include compounds which have solubility issues [29)], Therefore, these and other models
may only be useful for predicting absorption formpmunds with no solubility issues. In
addition, some of these studies also removed congsowith transporter effects or
compounds with a permanent charge [13, 80]. Thispkiies the resulting models by
removing those compounds with these rate-limitirggps. However, the main issue with this
is the potential impact on the generalizability tbé resulting models which will fail to
predict the oral absorption of these excluded camdalasses despite the increased need in
current drug discovery projects for prediction béarption of the increasingly poorly-soluble

compounds.

In studies by Zhao and co-workers, data with stityband dose dependency was defined
and not used in the majority of the initial modeldowever upon inclusion of these
compounds with solubility issues the resulting miedad higher error [81]. It was also noted
however that the more insoluble a compound the fidve resulting absorption. In a later
study compounds identified with no solubility issugere used to built models and some of
these resulting models were then used to predsbrabon for the compounds with dose-
limiting and dose dependency effects. Overall mtah of absorption of these excluded
compounds was in agreement with observed valugbeomodels tended to overestimate
absorption [12]. Our oral absorption models aree @bl predict oral absorption class even
with poor solubility for majority of compounds bydorporating molecular descriptors in
addition to permeability and solubility into the deds. From the list of 27 compounds with
solubility and related problems defined by Zhaiaal (2001) [12], 14 were utilised in this
work with experimental permeability and solubiliyalues present. Using the best models
chosen, 11 out of 14 compounds were predicted cttyrby model 3, 12 out of 14 correct

predictions by model 7 and all 14 compounds weeglipted correctly using model 12.

26



803
804
805
806
807
808
809
810

811
812
813
814
815
816
817
818
819
820
821
822
823

824

825
826
827
828
829

830
831
832
833

With the extended use of BCS classification in diisgovery, the influence of solubility and
permeability is of great interest [82]. In work Bjxam-The et al (2013), oral absorption was
predicted, taking into account solubility, whichdsgeneral aim of the BCS. In this study,
Pham-The, using a rank order relationship, notedl tie relationship between permeability
and oral absorption is less certain for poorly abbsd compounds which is a similar
observation to our results. They also found varioastour plots that incorporating solubility
improves classification of HIA based on permeapitiata by about 10%; therefore showing

that potentially using solubility in models is adi@geous for oral absorption prediction.

From the literature examples as well as this whekibfluence of solubility could be included
to help predict oral absorption. However the masue is the lack of experimental solubility
for drug compounds to be used in oral absorptiordetlimg. The use of experimental
solubility data in the prediction of oral absorpti@longside permeability yields good
accuracy to predict oral absorption however thé lalc experimental solubility limits the
application for the prediction of new compounds.efitfiore, according to our results,
predicted solubility such as GSE solubility and gmaeters such as MPbAP can be used
successfully instead of experimental solubility.e$é are based on simple properties of
lipophilicity, melting point and dose. Despite thiselting point alone was not successful in
providing an adequate alternative to experimerdhilslity, even though partition coefficient
was also available to be used concurrently in tni@es model. Due to the complexity of
solubility it is difficult to find one molecular deriptor to adequately describe all the

solubility processes.
4. CONCLUSION

The two main properties influencing oral absorptawa permeability and solubility. In order
to establish the relationship of these two propentiith oral absorption classification, firstly,
a larger dataset was established from differentcesu This was made possible through
combining Caco-2 and MDCK permeability after conipgra linear relationship between

these two cell lines, even for compounds with défe absorption mechanisms.

Secondly, using the combined permeability datasepermeability threshold for various
levels of oral absorption was investigated usingRCAanalysis. Due to the larger number of
highly absorbed compounds, misclassification casie applied and improved the threshold

definition statistically. The thresholds obtained the objective CART analysis are similar

27



834
835

836
837
838
839
840
841
842
843
844
845
846
847
848
849
850

851
852
853
854
855
856
857
858
859
860

861

862
863

to some of those in the literature using mainlyjsctive methods to determine permeability
thresholds.

Finally the permeability thresholds were then useduild decision trees with the CART
method, incorporating solubility and related partere as well as the calculated molecular
descriptors to predict oral absorption class. Melpoint is not a useful parameter to predict
absorption when used stand-alone. However, wheringepoint is utilised to calculate
combined parameters such as predicted (GSE) sojuild melting point-based absorption
potential, it yielded high accuracy models compamgti experimental solubility. This is due
to the possibility of using more data for the tragnof the models when calculated or more
easily accessible experimental parameters are U$enlefore, models built using predicted
values of solubility and melting point-based absorpgave rise to better predictive models.
Molecular descriptors utilised in the models, suab those describing size, shape,
polarizability and hydrogen bonding, can be rela®doth permeability and solubility and
therefore oral absorption. These molecular desmsgpivere shown to be necessary for oral
absorption models to correctly classify the commisuwith solubility-limited absorption. The
models built in this work are useful for a betteeahanistic understanding of the effect of

these properties and how they contribute to overall absorption.
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Supporting information | contains the dataset o %®mpounds with HIA%, Caco-2

permeability, MDCK permeability, aqueous solubilimelting point and the references.
Supporting information Il contains compound listelanformation regarding the outliers in
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Table 1. Compound numbers used in the training and validation sets for decision tree

analysis
Property Total number of Training set Validation set
compounds
n n

Permeability 433 356 77

Solubility 296 242 54

GSE solubility 315 262 53

Dose number 292 239 53

Melting point 315 262 53

MPbAP 308 257 51




Table 2. Data sets collated from the literature

Property n

Human intestinal absorption 932

Caco-2 permeability 386
MDCK permeability 246
Aqueous solubility 482
Dose number 465

Melting point 609




Table 3. Statistical parameters for the linear relationship between MDCK and Caco-2
permeability measured using PRISM

Datasets r? (with intercept)  r? (non-intercept) Rp Rs

All compounds (185) 0.63 0.60 0.79 0.79

Passive transced lular (83) 0.71 0.69 0.84 0.74
OUTLIERS Removed (9 removed)

All compounds (176) 0.73 0.72 0.86 0.84

Passive transcedl lular (81) 0.75 0.75 0.87 0.76




Table 4. The different identified absor ption mechanism of the 185 compounds

Transport route Number of Examples

compounds
Passive transcellular (A) 83 sumatriptan, valsartan
Passive paracellular (B) 6 lucifer yellow, mannitol
Efflux (C) 62 vinblastine, saquinavir
Efflux and paracellular (D) 2 famotidine, cimetidine
Influx (E) 15 amoxicillin, tolbutamide
Influx and paracellular (F) 2 soltalol, atenolol
Efflux and influx (G) 14 talinolol, acebutolol
Influx, efflux and paracellular (H) 1 ranitidine




Table 5. The permeability thresholds selected by CART and HIA class prediction with equal and higher misclassification costs applied to false
positives when high HIA defined as higher than 30, 50, 70, 80 and 90%

Model detHelrﬁ*niCrLZfison Misclassification ~ Accuracy  Sensitivity Specificity LogPerm Thfgnold

al;glv: V\(/)r Costs (FP:FN) (SP X SE) (SE) (SP) Threshold (cm/s x10%)
Low Lom o moam e o
W L om omooomum Lp o
s we L w omoom o e
4 80% \t/ 11 82;2 8;3? 8228 -5.15 7.08
- -
o L m pm o oom oM e i
. o0 o  oms O 22
8 70% : 31 g:ggg 8:;2? g:ggg 515 7.08
9 80% : 251 g:ggg 8:;2? g:ggg 515 7.08
. . osa  ome  orp 5% 100

t: training set; v: validation set



Table 6. The results of CART analysis for the best permeability and solubility related trees using permeability threshold for > 80% or < 80%
HIA asthefirst split

Parameter used for second Misclassification cost ratios
split (FP:FN) A ell)is Specificit
ccuracy sitivity ecificity
Model High Low High Low Dataset N (PxSE) (S (SP)

permeability permeability permeability permeability
compounds compounds compounds compounds

1 Molecular Molecular 31 61 t 356 0.72 0.754 0.955

Descriptors®  Descriptors® ) ) v 77 0.519 0.593 0.875

2 Solubility Solubility 21 10:1 t 241 0.723 0.823 0.879

(mg/ml) (mg/ml) : . v 54 0.618 0.674 0.917

3 GSE GSE 21 11 t 261 0.695 0.891 0.779

solubility solubility ) ’ v 53 0.638 0.829 0.769

. . t 249 0.753 0.876 0.859

4 MPbAP MPbAP 11 11 v 8 0631 0.757 0.833

5 Solubility GSE 21 101 t 200 0.754 0.820 0.920

(mg/ml) solubility ) ) v 40 0.583 0.667 0.875

, ] t 196 0.758 0.791 0.958

6 Dose number MPbAP 2:1 10:1 v 0 0.636 0636 1.000

GSE . . t 256 0.723 0.884 0.818

! MPOAP solubility 21 tl v 51 0.667 0.800 0833

Solubility . . t 197 0.776 0.866 0.896

8 MPbAP M) 21 L1 v 40 0.697 0.697 1.000

9 Solubility Solubility 21 10:1 t 241 0.754 0.766 0.985

(mg/ml) (M) ' ’ \% 54 0.533 0.581 0.917

10 GSE Solubility 21 11 t 201 0.722 0.881 0.820

sol ubility (M) : . v 40 0.663 0.758 0.875

11 GSE Molecular 21 11 t 262 0.717 0.887 0.809

solubility Descriptors® ) ’ % 53 0.650 0.780 0.833

Molecular . . t 257 0.746 0.880 0.848

12 MPOAP  besriptors® 21 Ll v 51 0.688 0.750 0.917

#These are the molecular descriptors statistically selected by CART out of all the molecular descriptors and solubility parameters.

FP: false positive; FN: false negative; GSE: General solubility equation; MPbAP: melting point based absorption potential



Table 7. Examples of permeability thresholds determined by the literature

Study Céll line Papp threshold Oral absorption Number of
(x 10 cm/s) class (%) compounds
Artusson (1991) [37] Caco-2 >1 100 20
<01 <1
Y ee (1997) [41] Caco-2 <1 0-20 35
1-10 20-70
>10 70-100
Bergstrom (2003) [9] Caco-2 <02 <20 27
>16 >80
Hou (2007) [13] Caco-2 >6.0 High 69
(>80)
Di (2011) [40] MDCK 11 ~3 Low/medium (<80) 19
High (>80)
Varma (2012) [36] MDCKII* >50 > 80/90 97
Pham-The (2013) [62]  Caco-2 ~07 <30 324
>16.0 >85

*MDCKII strain (MDCK-LE) cell line with isolated low endogenous efflux transporter expression
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HIGHLIGHTS

* A large dataset of solubility, permeability and oral absorption was collated

» A permeability threshold was defined to predict oral absorption using decision tree

* Predictive decision trees were devel oped and the molecular descriptors explained

» Poorly permeable compounds with high solubility show low intestinal absorption

» Poorly water soluble compounds with high or low permeability have high absorption



SUPPORTING INFORMATION
Complete set of compound names, CAS
numbers, pharmacokinetic data, references
and comment from authors.

Fraction
FA
# Name # CAS SMILES Absorbed FA Reference
Comments
- FA (%)

1 Olsalazine 15722-48-2 Oclccc(N=N 8 Cao, D., Wang, J., Zhou, R. «
2 Lincomycin 154-21-2 s(c)caoc(c( 28 Cao, D., Wang, J., Zhou, R. ¢
3  Cefuroxime 55268-75-2 S1C2N(C(=0.  44.5 Cao, D., Wang, J., Zhou, R. «
4  Penicillin_V 87-08-1 O=C(O)[C@¢ 59 Cao, D., Wang, J., Zhou, R. ¢
5 Loperamide_Hydrochloride 53179-11-6 Clclcec(ccl) 76 Therapeutic di EF

6 Mitoxantrone 65271-80-9 Oclc2c(C(=C  Poor  Cao, D., Wang, J., Zhou, R. ¢
7  Bretylium 59-41-6 BrclccccclC 23 Cao, D., Wang, J., Zhou, R. «
8 Amoxicillin 26787-78-0 S1C2N(C(C(C 92 Cao, D., Wang, J., Zhou, R. ¢
9 Zolmitriptan 139264-17-8 0=Cl10C[C@ 91.5 Varma, M. V. S., Obach, R. !
10 Acyclovir 59277-89-3 O=CINC(=Nc 23 Cao, D., Wang, J., Zhou, R. «
11 Sotalol 3930-20-9 S(=0)(=0)(Ni 95 Cao, D., Wang, J., Zhou, R. ¢
12 Lamivudine 134678-17-4  S1CC(0OcC1CC 86 Cao, D., Wang, J., Zhou, R. «
13 Sulpiride 15676-16-1 S(=0)(=0)(N; 40 Cao, D., Wang, J., Zhou, R. ¢
14  Lisinopril 76547-98-3 OC(=0O)CIN({ 27 Cao, D., Wang, J., Zhou, R. «
15 Oseltamivir 196618-13-0  O(C(CC)CC)C 75 Cao, D., Wang, J., Zhou, R. ¢
16 Gabapentin 60142-96-3 OC(=0)Cc1(c¢ 74 Stewart BH, Ki Originally w:
17 Saquinavir 127779-20-8  OC(C(NC(=0 30 Cao, D., Wang, J., Zhou, R. ¢
18 Telithromycin 191114-48-4  0O1C(CC)C2(C 90 Cao, D., Wang, J., Zhou, R. «
19 Ganciclovir 82410-32-0 0=C2/N=C(\ 4 Cao, D., Wang, J., Zhou, R. ¢
20 Sulfasalazine 599-79-1 S(=0)(=0)(Ni 13 Cao, D., Wang, J., Zhou, R. ¢
21 Valsartan 137862-53-4  OC(=0O)C(N(( 55 Cao, D., Wang, J., Zhou, R. «
22 Cimetidine 51481-61-9 S(Cclnc[nH] 100 Cao, D., Wang Variable reu
23 Sumatriptan 103628-46-2  S(=0)(=0)(Nt 67 Cao, D., Wang, J., Zhou, R. «
24 Neostigmine 59-99-4 O(C(=0)N(C) 2 Cao, D., Wang, J., Zhou, R. ¢
25 Ranitidine 66357-35-5 S(Ccloc(ccl) 57 Cao, D., Wang, J., Zhou, R. «
26 Azithromycin 83905-01-5 o1c(cc)c(o) 60 Varma, M. V. S., Obach, R. !
27 Famotidine 76824-35-6 slcc(ncl\N= 45 Cao, D., Wang, J., Zhou, R. «
28 Cycloserine 68-41-7 O1NC(=0)C(l 72 Cao, D., Wang, J., Zhou, R. ¢
29 Tetracycline 60-54-8 C[C@]1(c2cc 80 Cao, D., Wang, J., Zhou, R. «
30 Chlorothiazide 58-94-6 Clclcc2N=CP 60 Cao, D., Wang, J., Zhou, R. «
31 Lucifer_Yellow Numerous for d S(0)(=0)(=0! 0 Cao, D., Wang, J., Zhou, R. ¢
32 Rosuvastatin 287714-41-4  0=S(=0)(N(c 50 Varma, M. V. S., Obach, R. !
33 Erythromycin 114-07-8 o1c(cc)c(o) 35 Cao, D., Wang, J., Zhou, R. ¢
34 Baclofen 1134-47-0 Clclcec(ccl) 95 Cao, D., Wang, J., Zhou, R. «
35 Furosemide 54-31-9 Clclcc(NCc2 61 Cao, D., Wang, J., Zhou, R. ¢
36 Talinolol 38649-73-9 O=C(NC1cC(C 65 Varma, M. V. S., Obach, R. !
37 Loracarbef 76470-66-1 CIC=1CCC2N 100 Cao, D., Wang, J., Zhou, R. «
38 Hydrochlorothiazide 58-93-5 Clc1cc2NCN! 68 Cao, D., Wang, J., Zhou, R. «
39 Mannitol 69-65-8 OC(C(0)c(0) 19 Cao, D., Wang, J., Zhou, R. ¢
40 Vinblastine 865-21-4 O=C(0Q)[Ca 5 Varma, M. V. S., Obach, R. !
41 Terbutaline 23031-25-6 Oclcc(cc(O) 63 Cao, D., Wang, J., Zhou, R. «
42 Amisulpride 71675-85-9 0=S(=0)(clc 100 Varma, M. V.S., Obach, R. !
43 Atenolol 29122-68-7 O(CC(O)CNC 50 Cao, D., Wang, J., Zhou, R. «
44  Methyldopa 555-30-6 Oclcc(ccclC 50 Cao, D., Wang, J., Zhou, R. ¢
45 Carvedilol 72956-09-3 O(CCNCc(0oc 80 Cao, D., Wang, J., Zhou, R. «
46 Practolol 6673-35-4 OC(CNC(C)C) 95 Cao, D., Wang, J., Zhou, R. ¢
47 Methotrexate 59-05-2 O=C(O)[C@¢ 70 Varma, M. V. S., Obach, R. !
48 Ciprofloxacin 85721-33-1 Fclcc2c(ncll 69 Cao, D., Wang, J., Zhou, R. «
49 Netivudine 84558-93-0 oi1c(co)c(o 28 Cao, D., Wang, J., Zhou, R. ¢
50 Doxorubicin 23214-92-8 01c(c)c(o)c 5 Cao, D., Wang, J., Zhou, R. «
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Nadolol
Digoxin
Acebutolol
Losartan
Doxycycline
Domperidone

Sertraline hydrochloride

Dicloxacillin
Etoposide
Acrivastine
Disopyramide
Amprenavir
Enalapril
Levofloxacin
Cetirizine
Minoxidil
Dipyridamole
Chloramphenicol
Flecainide
Amitriptyline
Bosentan
Nelfinavir
Amiloride
Cephalexin
Crizotinib
Ketoconazole
Ofloxacin
Chloroquine
Ritonavir
Fluoxetine
Rifabutin
Prednisolone
Norethindrone
Zidovudine
Tacrolimus
Atropine
Ethinyl_Estradiol
Clozapine
Cisapride
Ascorbic_Acid
Fluconazole
Trimethoprim
Ziprasidone
Terfenadine
Lovastatin
Prazosin
Haloperidol
Felodipine
Quinidine
Glipizide
Prednisone
Fluvastatin
Citalopram

Methylprednisolone

Propafenone
Hydroxyzine
Scopolamine
Theophylline
Metoclopramide

42200-33-9
20830-75-5
37517-30-9
114798-26-4
564-25-0
57808-66-9
79559-97-0
3116-76-5
33419-42-0
87848-99-5
3737-09-5
161814-49-9
75847-73-3
100986-85-4
83881-51-0
38304-91-5
58-32-2
56-75-7
54143-55-4
50-48-6
147536-97-8
159989-64-7
2016-88-8
15686-71-2
877399-52-5
65277-42-1
82419-36-1
54-05-7
155213-67-5
54910-89-3
72559-06-9
50-24-8
68-22-4
30516-87-1
104987-11-3
51-55-8
57-63-6
5786-21-0
81098-60-4
50-81-7
86386-73-4
738-70-5
146939-27-7
50679-08-8
75330-75-5
19216-56-9
52-86-8
72509-76-3
56-54-2
29094-61-9
53-03-2
93957-54-1
59729-33-8
83-43-2
54063-53-5
68-88-2
51-34-3
58-55-9
364-62-5
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, - Comments e.g Maximum  Maximum Maximum Maximum
Experimental  Solubility L.
. conditio -pH, Strength Strength  Strength Strength
Solubility mg/ml Reference o
(temp in ° C) Dose Dose UNITS Reference Comments
0.0000115 AQUASOL dATAbASI 25 1000 mg British Natior Tablet (AS SOD
I 500 mg FDA Orange [ Capsule (AS HY
I 1500 mg British Natior Solution (IV INI
0.24 Hazardous Substanc pH1.8 500 mg British Natior Tablet as potas
I 8 mg British Natior Capsule (AS HY
I 2 mg/ml British Natior Solution (AS H)
>0.0622 Pubchem (AID 1996 pH 7.4 (22.5-24.5)1 50 mg/ml Benet LZ, Bro Solution (IV AS
4 AQUASOL dATAbASE 6th edition 1000 mg British Natior Tablet
I 2.5 mg British Natior Tablet
1.817 AQUASOL dATAbASI 25 800 mg British Natior Tablet
320 mg British Natior Tablet (AS HYD
70 AQUASOL dATAbASIRT 300 mg British Natior Tablet
(strain not stated) 400 mg British Natior Tablet
97 The Merck Index: 12th edition 1996 80 mg British Natior Tablet (AS DIHY
(strain not stated) 75 mg British Natior Capsule (AS PH
not stated) 800 mg British Natior Tablet
0.055 AQUASOL dATADbASI mesylate (25) 1000 mg British Natior Tablet (AS MES
800 mg British Natior Tablet
3.37 AQUASOL dATAbASI 25 500 mg British Natior Solution (IV INI
0.01 AQUASOL dATADASE 6th edition 2000 mg FDA Orange [ Tablet
0.08499 AQUASOL dATAbASI 25 320 mg British Natior Tablet
9.3 AQUASOL dATADbASI Intrinsic (25) 800 mg British Natior Tablet
101 Balaguer-Fernandez succinate salt (20) 100 mg British Natior Tablet (AS SUCI
1000 AQUASOL dATADASE 6th edition 25 mg/ml British Natior Solution (IV IN/
550 Kortejarvi, H., YlipelpH 1-7.4, Hydrochl 300 mg British Natior Tablet (AS HYD
<0.003 Oh YK, Nix DE, Straubinger RM., Antimic 1000 mg British Natior Tablet (AS MOI
0.0011 AQUASOL dATAbASI 25 40 mg British Natior Tablet
500 mg British Natior Capsule
0.44 AQUASOL dATAbASI 25 500 mg British Natior Tablet (Coated
0.2827 AQUASOL dATAbASI 25 500 mg FDA Orange [ Tablet
K (strain not stated)
(strain not stated) 40 mg British Natior Tablet (AS CAL
0.528 AQUASOL dATADbASI dihydrate (30) 500 mg British Natior Tablet
4.549 AQUASOL dATAbASI 25 20 mg British Natior Tablet
0.0062 AQUASOL dATAbASI 25 80 mg FDA Orange t Tablet
0.02 Ghai D, Sinha VR., Nanomedicine. 2012. 100 mg Krueger M, A Tablet
not stated) 400 mg Martindale, 1 Capsule
0.605 AQUASOL dATAbASI 25 50 mg British Natior Tablet (Coadm
209.2 AQUASOL dATADASE 6th edition 40 mg FDA Orange [ Powder (inhala
I 1 mg/ml British Natior Solution (IV IN/
90 Reverchon E, Della Porta G., Int J Pharm 5 mg British Natior Tablet (AS SULI
(strain not stated) 400 mg British Natior Tablet
0.0135 AQUASOL dATADbASI Intrinsic (25) 100 mg British Natior Tablet
10 AQUASOL dATAbASI 25 500 mg British Natior Tablet (anhydr:
0.00045 AQUASOL dATAbASI22.5 50 mg British Natior Tablet
[I/ MDCK (strain not stated) 400 mg Hunt D, McR: Tablet
11/ MDCKII 30 mg British Natior Tablet
0.086 AQUASOL dATAbASI 25 750 mg British Natior Tablet (AS HYD
not stated) 200 mg Fillastre JP, G Tablet
I 50 mg British Natior Powder (IV INJI



8.3
0.0464
0.711

1087
0.0171
4.24

0.1145
0.7
0.00617
0.04
21

[I/MDCKII
2.2
0.00346
3.19
(strain not stated)
0.0097
not stated)
4.5
659
4.62

AQUASOL dATAbASI 25
AQUASOL dATAbASI 25
Hopfinger AJ, Esposi Intrinsic

AQUASOL dATAbASI 25
AQUASOL dATAbASI pH 6.5 (22)
Dedk K, Takacs-Novak K, Tihanyi K, et al.

AQUASOL dATAbASI 25

Gu X, Li H, Macnair I pH 6.8, 25
AQUASOL dATAbASI22.5

Cao, D., Wang, J., Zh 25
AQUASOL dATAbASI Maleate (25)

SRC PHYSPROP
Hopfinger AJ, Esposi Intrinsic
AQUASOL dATAbASI 25

SRC PHYSPROP 24

AQUASOL dATAbASE 6th edition
AQUASOL dATAbASI 25
AQUASOL dATAbASI 25

ferent concentration, MDCK wild type used

0.01
2.75
50
0.01
14
0.19
0.212
0.00633
20.1
0.00122
3.322
0.0113
0.1889
0.009319
249
1
0.403
0.0004336
0.0000001
0.0004
0.0032
0.002058
0.00453
0.14
0.00145
0.115

(strain not stated)
0.539
0.0007599

100
7.55
0.2

AQUASOL dATAbASI ambient temp
Ross, DL., Riley, CM. Intrinsic (25)
http://www.sigmaa Diphosphate salt in
AQUASOL dATAbBASE 6th edition
http://www.accessc Hydrochloride salt
AQUASOL dATAbASE 6th edition
AQUASOL dATAbASI 25

AQUASOL dATAbASI 25

SRC PHYSPROP 25

AQUASOL dATAbASI 25

AQUASOL dATAbASI 25

SRC PHYSPROP

Hopfinger AJ, Esposi Intrinsic
AQUASOL dATAbASI pH 8.2 (25)
AQUASOL dATAbASI 25

AQUASOL dATAbASE 6th edition
AQUASOL dATAbASI 25

Alelyunas YW, Liu R, pH7.4

AQUASOL dATAbASI 25

Hazardous Substances Data Bank (HSDB
AQUASOL dATAbASI22.5

AQUASOL dATAbASI22.5

AQUASOL dATAbASI 22

AQUASOL dATAbASI 25

Llinas A, Glen RC, GcIntrinsic (25)
AQUASOL dATAbASI 25

AQUASOL dATAbASI 25
AQUASOL dATAbASI22.5

AQUASOL dATAbASE 6th edition
AQUASOL dATAbASI 25
SRC PHYSPROP 25

240
0.25
400
150
200
20
50
500
200

300
600
40
500
10
50
150
1750
200
200
250
1250
10
750
250
400
400
310
600
60
600

300
0.10
0.6
0.5
200
40
2000
800
200
80
120
80

20
10
400
15
20
40
40
100
300
25
0.3
500
20

mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
%
mg/ml
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg

British Natior Tablet

British Natior Tablet

British Natior Capsule as hyd
British Natior Tablet (AS POT
British Natior Capsule (AS HY
British Natior Tablet (AS MAL
Martindale, 1Tablet (AS HYD
FDA Orange I Capsule (AS SO
British Natior Capsule 1.9m*
British Natior Capsule

British Natior Capsule
http://www.; Capsule

British Natior Tablet (AS MAL
British Natior Tablet

FDA Orange  Tablet (AS HYD
British Natior Tablet

British Natior Tablet

British Natior Capsule (25mg,
British Natior Tablet (AS ACE
British Natior Tablet (AS HYD
British Natior Tablet (AS MOI
British Natior Tablet (AS MES
British Natior Tablet (AS HYD
FDA Orange t Capsule
http://www.: Capsule

British Natior Tablet

British Natior Tablet

British Natior Tablet as base
British Natior Tablet

British Natior Capsule (AS HY
British Natior Capsule

FDA Orange [ Tablet

FDA Orange [ Tablet (AS ACE’
British Natior Capsule

British Natior Topical (AS MC
British Natior Solution (IV INJ
FDA Orange [ Tablet

British Natior Tablet

FDA Orange [ Tablet

Levine GN, Fr Tablet

British Natior Capsule

British Natior Tablet

FDA Orange [ Capsule
Martindale, 1Tablet

FDA Orange [ Tablet

British Natior Tablet (AS HYD
British Natior Tablet

British Natior Tablet

FDA Orange [ Tablet (AS SULI
British Natior Tablet

British Natior Tablet

British Natior Capsule (AS SO
British Natior Tablet (AS HYD
British Natior Tablet

British Natior Tablet (AS HYD
British Natior Tablet (AS HYD
British Natior Tablet (Chewal
British Natior Tablet (Modifie
British Natior Tablet


http://www.accessdata.fda.gov/drugsatfda_docs/label/2005/021007s017lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2013/202570s004lbl.pdf
http://www.sigmaaldrich.com/etc/medialib/docs/Sigma/Product_Information_Sheet/c6628pis.Par.0001.File.tmp/c6628pis.pdf

0.01823
0.321
0.345
0.117

0.00207
0.127

0.0985
0.0137
52.3

0.04474

<0.01
0.0035

43
0.054
0.0388

(strain not stated)
0.051
3.488
0.01
0.031
0.0325
0.17
0.0159

0.0025500
0.08999
142.9
0.014
0.007
11.05

0.33
21.6
0.0061860
0.125

AQUASOL dATADbASI 24
AQUASOL dATAbASI pH 5.8 (30)
AQUASOL dATAbASI 25

SRC PHYSPROP 25
AQUASOL dATAbBASE 6th edition
Hopfinger AJ, Esposi Intrinsic
AQUASOL dATAbASI 25

Llinas A, Glen RC, Gc¢ 25
AQUASOL dATAbASI 25
AQUASOL dATADbASI 25
AQUASOL dATAbASI Tartrate (25)
AQUASOL dATAbASI 32

AQUASOL dATAbASI tartrate (25)
AQUASOL dATAbASE 6th edition
AQUASOL dATADbASI 25 (different polym

AQUASOL dATAbASI 25

AQUASOL dATAbASI citrate

Janssens F, Leenaerts J, Diels G., et al., J
AQUASOL dATAbASI 25

AQUASOL dATAbASI 25

Benet LZ, Broccatelli F, Oprea Tl., AAPS |
AQUASOL dATAbASI 25

SRC PHYSPROP 24

AQUASOL dATAbASI 25

AQUASOL dATAbASI hydrochloride salt
AQUASOL dATAbASI pH 1-7 (25)
DeGoey DA, Grampovnik DJ, Flosi WJ., e
AQUASOL dATAbASI Maleate (37.5)

AQUASOL dATAbASI 25
AQUASOL dATAbAS| 25
AQUASOL dATAbASI pH 2 (24.9)
AQUASOL dATAbAS| 24

I, MDCKII, MDCK-MDR1 (strain not stated)

0.03
14.475
0.0138
0.0468
0.004
0.51
0.07
(strain not stated)
I
2.119
0.01564
5.496
0.92
0.08099
0.017
0.3669
0.41
0.15
0.414
0.7205
0.054
182.767
ed

AQUASOL dATAbASI ambient temp
AQUASOL dATAbASI 25

AQUASOL dATADbASI 25

AQUASOL dATAbASI 25

AQUASOL dATADbASI37

AQUASOL dATADbASI hydrochloride salt (
AQUASOL dATAbASI ambient temp

Skold C, Winiwarter Intrinsic
AQUASOL dATADbASI 24

AQUASOL dATADbASI37.5

Lee J, Park TG, Choi Hydrochloride
AQUASOL dATADbASI 25

SRC PHYSPROP 20

AQUASOL dATADbASI 22.5

Hopfinger AJ, EsposiIntrinsic (25)
AQUASOL dATAbASI 25

Llinas A, Glen RC, GcIntrinsic (25)
Bergstrom CA, Luthman K, Artursson P.,
AQUASOL dATADbASI 24

Bergstrom CA, Wass hydrochloride salt

150
10
50

400
4.8

400

200

10
50
60
200
2.5
100
10
100
100
10
10
100

500
100

20
300
800
45.3
160

20
200
500

2000

10

0.5
1000
800
15
1200
300
500

150
100
25

40
160
10
200
50
400

240

0.075
30

mg
mg
mg
mg
mg
mg
mg
mg
mg/ml
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg/ml
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg/ml
mg
mg/ml
mg
mg

British Natior Tablet (S HYDR
Lefebvre RA, Tablet

British Natior Tablet (AS SULI
British Natior Tablet (AS HYD
http://www.; Capsule (AS Ml
British Natior Tablet (AS HYD
British Natior Tablet

FDA Orange [ Tablet (co-adm
British Natior Solution (IM)
British Natior Tablet

British Natior Tablet (AS TAR
British Natior Tablet (AS SOD
British Natior Capsule

British Natior Tablet (AS TAR
British Natior Tablet

British Natior Tablet (chewak
British Natior Tablet (AS HYD
British Natior Capsule

British Natior Tablet (AS CITR
British Natior Tablet
Martindale, 1Tablet

British Natior Tablet

Oda M, Koteg Tablet

British Natior Tablet

British Natior Tablet (AS HYD
British Natior Tablet

British Natior Capsule (AS HY
British Natior Capsule (AS SO
British Natior Tablet (WITH R
http://www.I Tablet

British Natior Tablet (AS HYD
British Natior Tablet

FDA Orange [ Tablet

FDA Orange [ Tablet

British Natior Tablet

British Natior Tablet (AS HYD
FDA Orange [ Tablet

British Natior Tablet

British Natior Tablet

British Natior Tablet

FDA Orange [ Tablet

British Natior Capsule (modif
British Natior Tablet

British Natior Solution (IV AS
British Natior Tablet (AS HYD
British Natior Capsule

British Natior Tablet (AS HYD
British Natior Tablet (AS MAL
FDA Orange [ Capsule

British Natior Tablet (AS HYD
British Natior Tablet (AS SOD
Benet LZ, Bro Tablet

British Natior Capsule

British Natior Tablet

British Natior Solution (1V)
British Natior Tablet (AS HYD
British Natior Solution (IV AS
British Natior Tablet (AS HYD
British Natior Tablet (AS MAL


http://www.medicines.org.au/files/swpavilt.pdf

0.0586
637
0.033
11
I
I
3.85
0.084
0.1
0.0058
0.17
0.035208
0.0279
78.7
0.2405
0.0089
3.79
12
85
85
0.119
85
229.8
0.005
85
85
13
0.75
2.76
85
>100
85
85
500
0.5135
142
85
0.8
0.7112
27.3
764
141
'6-81
0.0029
16
85
13.9
0.004
85
0.04
167
85
85
85

SRC PHYSPROP 24
AQUASOL dATAbASI 25
AQUASOL dATADbASI 22.5
Hazardous Substanc Acetate (25)

AQUASOL dATAbASI 25

AQUASOL dATAbASI 25

Gao S, Singh J., J. Control Release, 1998,
AQUASOL dATADbASI 25
http://www.accessc 25

Alelyunas YW, LiuR,pH 7.4

AQUASOL dATAbASI 25

Alelyunas YW, Empfield JR, McCarthy D.
AQUASOL dATAbAS| 37

AQUASOL dATAbASI 25

AQUASOL dATADbASI 25

SRC PHYSPROP 20

www.toku-e.com/ConvertHtmIToPdf.ax

AQUASOL dATAbASI 25
US Patent 2006/0073200 A1, Serial num

AQUASOL dATADbASI 25
AQUASOL dATADbASI 28
Thomas S, Brightma pH 7.4, Hydrochlori

Hazardous Substanc 20

http://www.accessc Chloride
AQUASOL dATAbASE 6th edition
Hazardous Substanc 25

SRC PHYSPROP 25
AQUASOL dATAbASI 25
AQUASOL dATAbASI 25
SRC PHYSPROP 30
French, DL., Mauger 37

AQUASOL dATAbASI30

Kurochkina VB, Skly: For propylene glycc

AQUASOL dATAbASI 25
AQUASOL dATAbASE 6th edition

AQUASOL dATAbASI 25
SRC PHYSPROP

300
500
15
32
20
40
100
20
80
20
100

40
150

100
200
70
2000

1600
25
40000
24

20
2000

24
100
40

200
4000
20
20
187.4
600
200
10
500
400
20000
4800
400

20
2000
500
500
50
1000
12
400
1000
1500
20
300
2000

mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg

mg
mg
mg
mg

mg

mg

mg
mg/ml

mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg/ml
mg
mg
mg
mg
mg
mg
mg
mg

mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg

FDA Orange [ Tablet (AS HYD
Benet LZ, Bra Tablet

British Natior Tablet
Martindale, TTablet
Martindale, TTablet

British Natior Capsule (AS HY
British Natior Solution (IV INJ
British Natior Tablet

British Natior Tablet (AS CITR
British Natior Capsule

British Natior Tablet

British Natior Tablet (AS HYD
British Natior Capsule (AS UN
British Natior Tablet

British Natior Capsule (Micro
British Natior Capsule (Co ad
British Natior Tablet (AS SOD
British Natior Powder (IV INF

British Natior Capsule (AS SO
FDA Orange [ Tablet (AS CAL!
FDA Orange [ Powder (IV INJI
British Natior Solution (IV INI

British Natior Tablet (AS HYD
Ko H, Cathcai Solution (IV AS
Evans HC, Pe Powder (SC)
Martindale, TTablet
Martindale, TPowder (IV INJI
http://www.; Tablet (AS HYD
Dudenhauser Tablet
Martindale, 1 Capsule

British Natior Solution (IV INI
FDA Orange  Tablet (AS SULF
British Natior Tablet (AS CHL
FDA Orange I Solution (1V)
British Natior Tablet

Bastain W, B«Tablet

British Natior Tablet (AS HYD
British Natior Tablet/Capsule
British Natior Capsule (granu
FDA Orange [ Powder (ORAL,
British Natior Tablet

FDA Orange [ Tablet

British Natior Tablet

British Natior Solution (IV INJ
FDA Orange [ Powder (IV INJI
Mastrandrea Capsule
Martindale, 1Tablet (AS HYD
British Natior Capsule

FDA Orange [ Tablet

FDA Orange t Capsule

British Natior Capsule

British Natior Tablet

FDA Orange I Tablet (AS BRO
British Natior Powder (IV AS |
British Natior Solution (IV AS


http://www.accessdata.fda.gov/drugsatfda_docs/label/2012/019851s044lbl.pdf

85
56

80.1
321
4.5

85
0.1083

0.529
>50
10
2.675

0.0016

<0.01
0.00532

213

0.00025
174

0.19
0.0339

4.46
0.0428

0.09948
1.03
>harmR.pdf
2.792

0.01
0.183
94.6
0.457
85

SharmR.pdf
0.0603
BioPharmr.pdf
0.383
0.007

1g;370(2):124-30

0.01
0.74

0.533
0.0721

AQUASOL dATAbASI 16
US Patent 2005/0171,203 Serial numbel
http://www.accessc 24

AQUASOL dATAbASI 25

AQUASOL dATAbASI 20

He H, Tran P, Yin H., Unpublished result:
AQUASOL dATAbASE 6th edition
AQUASOL dATAbASI 25

AQUASOL dATADbASI 25

AQUASOL dATADbASIRT

Kumar, N., Jain, AK., Hydrochloride (27)
AQUASOL dATAbASE 6th edition

Chen XQ, Cho SJ, Li Y., et al., J Pharm Sci

Hazardous Substances Data Bank (HSDB
http://www.fda.gov Hydrochloride

AQUASOL dATAbASI 25
Pubchem (AID 1996 pH 7.4 (22.5-24.5)

AQUASOL dATADbASI 25 (different forms
Skold C, Winiwarter S, Wernevik J., et al

AQUASOL dATAbASI EFG (20)
Ross, DL., Riley, CM. Intrinsic (25)

AQUASOL dATAbASI pH 7.5 (RT)
AQUASOL dATAbASE 6th edition
AQUASOL dATAbASI32
http://www.fda.gov/downloads/Drugs/
Llinas A, Glen RC, GcIntrinsic (25)
AQUASOL dATAbASI24.8

AQUASOL dATAbASI 25

Ross, DL., Riley, CM. Intrinsic (25)
AQUASOL dATAbASI37

AQUASOL dATAbASE 6th edition

British Natior Tablet
British Natior Tablet (AS CAL(

British Natior Tablet

British Natior Tablet

http://www.accessdata.fda.
British Natior Tablet

British Natior Tablet (AS HYD
Benet LZ, Brao Tablet (Co-admr
FDA Orange [ Tablet (active n
FDA Orange t Tablet

British Natior Tablet

British Natior Capsule (AS M(
British Natior Powder (IV INJI
British Natior Powder (IV INJI
British Natior Tablet (AS SOD
British Natior Tablet

British Natior Solution (IV AS
British Natior Tablet (AS MAL
British Natior Tablet (AS HYD
FDA Orange [ Tablet (AS HYD

FDA Orange [ Capsule

British Natior Powder for IV r
FDA Orange t Solution (IV INJ
British Natior Tablet (AS HYD
British Natior Tablet

British Natior Powder for inh.
British Natior Tablet

Ballerini R, C: Capsule

Smith, PC., M Tablet (AS dihy
British Natior Tablet

British Natior Tablet

FDA Orange t Solution (IV INJ
British Natior Tablet

FDA Orange [ Tablet

British Natior Tablet

FDA Orange [ Capsule
Kanamitsu S| Tablet

FDA Orange [ Tablet

British Natior Tablet

British Natior Tablet

FDA Orange t Solution (IV INF
British Natior Capsule
Welker HA., ] Tablet

British Natior Tablet (AS HYD
British Natior Tablet

British Natior Tablet (AS HYD
FDA Orange [ Tablet

British Natior Tablet
http://www.; Tablet (AS SOD
http://www.: Tablet

Harrison A, Betts A, Fenner K, et al, Drug Metab Dispos, 2004, 32,197-204.

Tolle-Sander S, Grill pH 7.5
AQUASOL dATAbASI 25

here ph gradient (6 to 7.4 from A-B sides taken)

71

300 mg
666 mg
200 mg
300 mg
400 mg
200 mg
850 mg
10 mg
10 mg
1000 mg
50 mg
500 mg
2400 mg
4000 mg
40 mg
5 mg
0.5 mg/ml
10 mg
250 mg
20 mg
500 mg
3000 mg
10000 mg
60 mg
1000 mg
0.024 mg
400 mg
200 mg
100 mg
900 mg
0.2 mg
10000 mg
500 mg
400 mg
1000 mg
300 mg
150 mg
15 mg
10 mg
5 mg
1000 mg
40 mg
250 mg
25 mg
5 mg
90 mg
400 mg
200 mg
0.8 mg
400 mg
600 mg
200 mg
1000 mg
0.004 mg

British Natior Tablet
Roy P, Jakate Tablet
British Natior Tablet

FDA Orange [ Capsule


http://www.accessdata.fda.gov/drugsatfda_docs/label/2012/021567s028lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2012/021567s028lbl.pdf
http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/DevelopmentResources/ucm072485.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2001/20740S19lbl.pdf

:372-80
0.0306
0.08468
0.02

0.02153
~0.0015

0.034
0.001801
0.0176
0.15
0.1

0.35
0.292
0.0213
85

12
0.4383
2.18
0.007
0.0048
280
85
119.0
0.691
transporters.
0.0000055
85
85
0.16
>0.0281
0.012
0.02
85

450.5
>harmR.pdf
0.000101
27
22,pp 177-186
2.7
0.265
<0.005
0.04
0.009
1000
0.0619
0.025
0.197
85

AQUASOL dATAbASI 22.5
AQUASOL dATAbASI 25
AQUASOL dATAbASI37

AQUASOL dATAbASE 6th edition
http://www.accessdata.fda.gov/drugsat

AQUASOL dATAbASI 25

AQUASOL dATAbASI22.5

Srivijaya,R., Vishweshwar, P., Sreekanth,
AQUASOL dATAbASI pH 7.4 (25)
AQUASOL dATAbASI37

http://www.accessc pH 7 (37)
AQUASOL dATAbASI37
AQUASOL dATADbASI 25

AQUASOL dATAbASI 25
AQUASOL dATAbASI 25
AQUASOL dATADbASI 25
AQUASOL dATAbASI22.5

Llinas A, Glen RC, GcIntrinsic (25)

AQUASOL dATADbASE 6th edition
Ross, DL., Riley, CM. Intrinsic (25)

AQUASOL dATAbASI 100

AQUASOL dATAbASI ambient temp
Pubchem (AID 1996 pH 7.4 (22.5-24.5)
AQUASOL dATADbASI 25

SRC PHYSPROP 30

AQUASOL dATAbASI 25

Patel, SG., and Rajpt 37
AQUASOL dATADbASI 25

http://www.accessdata.fda.gov/drugsat
AQUASOL dATAbASI 25

Cao, D., Wang, J., Zhou, R. et al, ] Chem
AQUASOL dATAbASI37

AQUASOL dATAbASI 25

SRC PHYSPROP

AQUASOL dATAbASI 32

Grbic S, Parojcic J, Ik pH 4.37

McGuirk PR, Jefson pH 7.2

il was calculated from the total concentrations of temocapril

>harmR.pdf
2.7

http://www.ema.eu pH 1.2

20
10
4
600
1000
100
3
800
1
200
100
6
100
600
300
320
1000
200
750
300
200
2
150
2000

tive metabolite

400
50
300
10
50
400
0.5
10
500
80
20
75
15
500
12
15
100
0.3
100
500
0.075
25
1000
150
600
50

20
160
800
100

10

10
400

mg
mg
mg
mg
mg
mg
mg
mg
mg/ml
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg

mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg/ml
mg
mg
mg
mg
mg
mg/ml
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg

British Natior Tablet

British Natior Tablet (AS HYD
British Natior Tablet

FDA Orange [ Tablet

British Natior Capsule

FDA Orange [ Tablet (AS HYD
Benet LZ, Bro Capsule

British Natior Capsules
British Natior OPHTHALMIC (
FDA Orange [ Tablet/Capsule
British Natior Tablet (AS HYD
FDA Orange t Tablet

British Natior Tablet

British Natior Tablet (AS CAL(
British Natior Tablet

FDA Orange [ Tablet
Martindale, 1Tablet

British Natior Tablet
Massarella J\V Capsule

British Natior Tablet (AS BISL
FDA Orange t Tablet (AS MES
British Natior Tablet (AS DIHY
FDA Orange [ Tablet (AS CITR
FDA Orange [ Tablet

British Natior Capsules
British Natior Tablet (AS HYD
FDA Orange [ Tablet

Sloan TP, Ma Tablet (AS SULF
British Natior Tablet

Naber KG, Th Tablet

FDA Orange [ Capsule

British Natior Tablet

FDA Orange [ Capsule

British Natior Tablet

British Natior Emulson (IV IN.
Park GB, Kers Capsule no long
British Natior Tablet

British Natior Tablet

FDA Orange [ Tablet (AS MAL
British Natior Tablet

FDA Orange I Solution (1V)
British Natior Inhalation pow
British Natior Tablet
Martindale, T Tablet
Martindale, 1Tablet (co-adm
FDA Orange [ Tablet

FDA Orange [ Tablet

British Natior Tablet

British Natior Tablets

FDA Orange [ Tablet

FDA Orange I INHALANT CAR
British Natior Tablet

British Natior Tablet
Martindale, 1Tablet

British Natior Capsule (AS HY
Plchler K, Sie Tablet

FDA Orange [ Tablet

British Natior Tablet


http://www.accessdata.fda.gov/drugsatfda_docs/nda/2011/202258orig1s000clinpharmr.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2007/021158s007lbl.pdf

85

85

85

85

85

85

ed

0.05
9.705

0.1708
0.0123
>0.0736
0.002
0.5497
<0.5

0.03733
50.3
0.01

<0.002

0.15
38.6

0.4

~200
1.65

0.0767
218
>0.0254
0.1
2.494
10.69

1.204
>0.0406

0.035

649
0.0026
6.213

0.049
0.0000017
52
20
0.124

(strain not stated)
(strain not stated)

250
>10

0.004
0.0030546

Hazardous Substanc 20
AQUASOL dATAbASE 6th edition

AQUASOL dATAbASIpH 7

SRC PHYSPROP 25

Pubchem (AID 1996 pH 7.4 (22.5-24.5)
http://www.accessdata.fda.gov/drugsat
AQUASOL dATAbASI hydrochloride (25)
AQUASOL dATAbASIRT

AQUASOL dATAbASI37.5
AQUASOL dATAbASI 25
SRC PHYSPROP 25

US Patent 2008/0171,013 A1l Serial num

AQUASOL dATAbASI 25
http://www.accessc pH 6.99

AQUASOL dATAbASE 6th edition

Hazardous Substances Data Bank (HSDB
AQUASOL dATAbASE 6th edition

Nayak, AM., and Pai RT

AQUASOL dATAbASI 25

Pubchem (AID 1996 pH 7.4 (22.5-24.5)
Pilbrant, A., Cederberg, C., Scand J Gastr
AQUASOL dATAbASI 25

AQUASOL dATAbASI 25

AQUASOL dATADbASI Intrinsic (25)
Pubchem (AID 1996 pH 7.4 (22.5-24.5)

AQUASOL dATAbAS| 22

Becker C, Dressman dihydrochloride sal
Pubchem (AID 1996 25
Kwon JW, Armbrust KL., Bull Environ Co

Hazardous Substanc Mesylate pH 7.4
AQUASOL dATADbASI 32

AQUASOL dATAbASI 25

Harnden MR, Jarvest RL, Boyd MR., et al
AQUASOL dATAbASI 25

US Patent 2009/014 Mesylate
US Patent 2010/008 pH 7.4

Ghazal, H. S.; Dyas, /pH 1
Yu, J., He, H,, Tang, X., J. Pharm. Pharma

500
200
2000
400
200

160
600
60
30
600
300
40

1000
40
10

300

200

200
20
20

2400
60

60
500
120
120

15
750

60

10

60

10
50
10

50
400
7000
400

60
120
400
600
100
750
100
250

0.7

20

200
60

mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg

mg
mg/ml
mg
mg
mg
mg
mg
mg
mg
mg

mg
mg
mg
mg
mg/ml
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg/ml
mg
mg

FDA Orange [ Powder (IV)
British Natior Tablet

British Natior Tablet

British Natior Tablet

FDA Orange [ Tablet

British Natior Tablet
http://www.; Capsule

British Natior Tablet (AS SULF
British Natior Tablet (AS HYD
Ferrillo F, Bal Tablet
Martindale, TCapsule (AS HY
Benet LZ, Bra Tablet
Martindale, 1Tablet

FDA Orange [ Tablet

British Natior Suspension
FDA Orange t Tablet (AS SULF
Martindale, TTablet
Martindale, 1Tablet

The Treatmei Tablet

British Natior Tablet (AS HYD
Benet LZ, Bra Tablet (AS HYD
FDA Orange [ Tablet
Martindale, TTablet

FDA Orange [ Tablet

British Natior Tablet (AS SEM
Coates PE, M Capsule (AS SO
British Natior Capsule

FDA Orange t Solution

FDA Orange [ Tablet

British Natior Capsule
Merkel U, Sig Capsule

British Natior Tablet (AS PHO
Benet LZ, Bro Tablet (AS HYD
British Natior Tablet

British Natior Tablet
Greenblatt D. Tablet

British Natior Tablet (AS HYD
British Natior Tablet

FDA Orange [ Capsule (AS HY
British Natior Tablet 200mg/
British Natior Tablet (AS HYD
British Natior Tablet

British Natior Tablet (AS HYD
British Natior Tablet (AS BRO
British Natior Tablet (AS MES
British Natior Tablet (AS SULI
British Natior Tablet

British Natior Tablet

British Natior Tablet

British Natior Tablet (AS HYD
British Natior Tablet (AS MES
British Natior Tablet (AS MES
British Natior Tablet
Martindale, T Tablet

FDA Orange [ Solution (IV AS
British Natior Capsule (enclos
British Natior Tablet


http://www.accessdata.fda.gov/drugsatfda_docs/nda/2012/203415Orig1s000ClinPharmR.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2013/203415s001lbl.pdf

31
27.8

10.3
(strain not stated)
(strain not stated)
<0.1
122.8
2.37
0.0037
(strain not stated)
(strain not stated)
190
133
(strain not stated)
(strain not stated)
0.8
(strain not stated)
(strain not stated)
0.02828
0.1
14.869
0.21
0.025

0.8
(strain not stated)
Il
(strain not stated)
0.043
>0.5
0.0048

0.0008334
1.13
0.03157
I
I
0.001055

500
0.1

0.00939
5.84
0.25

0.525

http://www.janssen HBr salt
Cao, D., Wang, J., Zh hydrochloride salt

AQUASOL dATAbASI 25

AQUASOL dATAbASIRT

AQUASOL dATAbASI 25
http://www.medicir Fumarate salt
AQUASOL dATAbASI hydrochloride, intri

AQUASOL dATAbAS| pH 3-7.9 (25)
http://www.accessc Hydrochloride

http://www.accessdata.fda.gov/drugsat

AQUASOL dATAbASI 24

SRC PHYSPROP 25

Henry TB, Kwon JW, 22
http://www.ema.europa.eu/docs/en_G
Llinas A, Glen RC, Gc¢Intrinsic (25)

Miyamoto, E; Kawas pH 6

AQUASOL dATAbASI30
AQUASOL dATAbASE 6th edition
Llinas A, Glen RC, GcIntrinsic (25)

AQUASOL dATAbASI22.5
AQUASOL dATAbASI 25
AQUASOL dATAbASI 25

AQUASOL dATAbASI22.5

Hazardous Substanc Dihydrochloride sal
AQUASOL dATADbASI 23

Hazardous Substanc 20-25
AQUASOL dATAbASI 25
AQUASOL dATADASI EFG, pH 6.5 (25)

AQUASOL dATAbASI 25

12
120

500
20
15

187.5

100

400

100

12.5
45

750

50
200
10
50

150

100

300
150
10
10
600
75
100
20
75
180
100
0.3
60
30
10
30
900

200

3500
500
250

75
10
30
17.5
0.001
50
300
200
12.5
25

mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg/ml
mg
mg
mg
mg/ml
mg
mg
mg
mg
mg

mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg

British Natior Tablet (AS HYD
British Natior Capsule (AS HY
British Natior Tablet (AS MAL
British Natior Tablet

British Natior Tablet

British Natior Tablet (AS HYD
British Natior Tablet (AS HYD
British Natior Tablet

British Natior Tablet (AS FUN
FDA Orange [ Tablet (AS NAP
http://www.: Tablet (AS SOD
British Natior Tablet

British Natior Capsule

British Natior Tablet (AS HYD
British Natior Tablet (AS HYD
British Natior Tablet (AS HYD
FDA Orange [ Capsule

FDA Orange t Tablet (AS BITA
British Natior Tablet

British Natior Tablet

British Natior Tablet

British Natior Tablet (AS MAL
FDA Orange t Tablet

British Natior Tablet (AS HYD
FDA Orange t Tablet

British Natior Tablet (AS HYD
British Natior Tablet

FDA Orange [ Capsule (AS HY
British Natior Tablet

British Natior Tablet

British Natior Tablet

British Natior Capsule (AS M/
Amery WK, HTablet

British Natior Solution (IV INJ
FDA Orange [ Tablet (AS HYD
British Natior Tablet

British Natior Capsule (AS HY
British Natior Solution (IV INJ
Dayer P, Bala Tablet

British Natior Tablet (AS HYD
British Natior Tablet (AS HYD
British Natior Capsule (AS HY
British Natior Suspension

British Natior Tablet

British Natior Tablet
Buchanan,N., Capsule, Based
Benet LZ, Bro Tablet

British Natior Tablet

British Natior Tablet

British Natior Tablet (AS DIPI"
Fleishaker JC Tablet (AS mes
Diefenbach C Solution (IV 0.2
British Natior Capsule
Depierre A, L Tablet

British Natior Tablet
Stavchansky : Capsule (AS BIS
British Natior Tablet (AS HYD
http://www.accessdata.fda.g


http://www.janssen.com.au/files/Products/Reminyl_PI.pdf

185

0.7164
0.59

0.0344
0.0012
0.5

<0.0001

0.13

50

>0.042

7.43

>0.0543

0.257

>0.0547
0.1015
0.1

26

14.85

4
0.00511

0.16
164.41

0.4

0.0229
793
>0.0456
2

AQUASOL dATAbBASI pH 10.4 (25)

AQUASOL dATAbASI 25
AQUASOL dATAbASI 25

Pubchem (AID 1996 pH 7.4 (22.5-24.5),
US Patent 2004/6,8: pH 4-8 (25)
Cao, D., Wang, J., Zhou, R. et al, ] Chem

Charman WN, Porter CJ, Mithani S., et a

AQUASOL dATAbASI 25

http://www.sigmaa Sodium salt

Pubchem (AID 1996 pH 7.4 (22.5-24.5)

AQUASOL dATAbASI37

Pubchem (AID 1996 pH 7.4 (22.5-24.5)

AQUASOL dATAbASI 25

Pubchem (AID 1996 pH 7.4 (22.5-24.5)
AQUASOL dATAbASI 25
http://www.ema.europa.eu/docs/en_G

Cao, D., Wang, J., Zh 20

Harrap KR., Cancer Treat Rev. 1985 Sep;

SRC PHYSPROP 25
Llinas A, Glen RC, GcIntrinsic (25)

Koup JR, Dubach UC pH 5-6
Auda SH, Mrestani Y Di sodium salt

Khan F, Katara R, Ramteke S., AAPS Phat

AQUASOL dATAbAS| 20
AQUASOL dATAbASI RT
Pubchem (AID 1996 pH 7.4 (22.5-24.5)
AQUASOL dATAbAS| RT

525
500
200
200
150
150
2.5

200
1000
10

100
0.457
150
5000
80
20
50
100
100
200
16

200

50

0.10

300

(2}

20
300
200

2800
1000
20
10
1000

7.7
150

10

515
1000
3000
2000
2000

200
4000

500

400

500

10
50
400

mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg/ml
mg
mg
mg/ml
mg
mg
mg
mg
mg
mg
mg
mg
mg

mg
mg
mg

%
mg
mg
mg

mg/ml
mg
mg
mg
mg
mg
mg
mg

mg/ml
mg
mg
mg
mg

mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg

British Natior Solution (IV/IM
Thompson T/ Tablet

British Natior Tablet (AS HYD
Hart J, Hill HF Capsule (AS SO
Nakashima I Tablet

Benet LZ, Bro Tablet

British Natior Capsule (AS HY
British Natior Tablets

Sato,R, Tanig Powder (IV/IM
British Natior Tablet (with Pr
British Natior Solution (IV INJ
Hillas JL, Som Tablet (AS MAL
http://www.: Tablet

Benet LZ, Bra Solution (AS HY
Corey AE, Agi Capsule

Ellis CJ, Gedd Powder (IV INJI
Suh, O.K., Kin Tablet

British Natior Tablet (AS HYD
Keller GA, Czi Tablet (Co-admr
Uchida S, Shii Tablet
Chasseaud LF Tablet

Taguchi M, FiTablet

British Natior Tablet (AS DIHY

British Natior Tablet (modifie
Shigemitsu T, Tablet (AS HYD
Benet LZ, Bro Tablet

Martindale, TOphthalmic (AS
Yang LL, Yuar Capsule (AS HY
Tseng CH, Tai Tablet (AS HYD
British Natior Tablet

British Natior Solution (IV AS
British Natior Tablet

Tytgat GN., C Tablet
http://www.; Tablet
Northridge D Capsule
http://www.; Tablet based o1
FDA Orange t Solution (AS SU
British Natior Tablet

British Natior Solution (1V)
Wilkinson PJ, Tablet

British Natior Implant

FDA Orange [ Tablet

Benet LZ, Bra Tablet (AS HYD

Kneer, J., Tan Solution (IV INF
Kneer, J., Tan Tablet

Lenfant B, Nz Solution (IV INF
FDA Orange t Solution (IV INF
Sauermann,R Solution (IV INF
British Natior Tablet

FDA Orange I Solution (IV INI
British Natior Tablet

British Natior Tablet (AS HYD
Benet LZ, Bro Capsule

British Natior Tablet

British Natior Capsule

FDA Orange [ Tablet (AS HYD


http://www.accessdata.fda.gov/drugsatfda_docs/label/2011/016324s034s035lbl.pdf
http://www.sigmaaldrich.com/etc/medialib/docs/Sigma/Product_Information_Sheet/a7926pis.Par.0001.File.tmp/a7926pis.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2013/204042s000lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2011/020896s026lbl.pdf

<10
0.8913

>=170

0.2724
0.0367

0.09708

0.0151

<0.001

0.05

40
0.0003176

83.3

0.1
76.9

0.012
0.0141

333

0.2

13.75

0.014
2.4

0.4

SRC PHYSPROP
AQUASOL dATAbASI 25

Hazardous Substanc pH 6-8

Active metabolite

AQUASOL dATAbASI 25
Pubchem (AID 1996 pH 7.4 (22.5-24.5)

AQUASOL dATAbASIRT

Pubchem (AID 1996 pH 7.4 (22.5-24.5)
Crombie AL, Antrilli TM, Campbell BA,, €
AQUASOL dATADbASIRT

AQUASOL dATAbASE 6th edition
AQUASOL dATAbASI 22.5

SRC PHYSPROP 20

Llinas A, Glen RC, GcIntrinsic (25)
Hazardous Substances Data Bank (HSDB

AQUASOL dATAbASI 25
AQUASOL dATAbASI 25

SRC PHYSPROP

AQUASOL dATAbASI 25

AQUASOL dATAbASI hydrochloride (37)

Dage RC, Kariya T, Hsieh CP., et al., Am J
Cao, D., Wang, J., Zh 25

Benet LZ, Broccatell Hydrochloride salt :

500
250
200
0.05
75
5

20

500
100
200
200
30
500
768
300
30000
20
20

50

50
500
10
100
0.50
30

0.15
7.5
200

20

75
20
0.2
40

500
100
800

800
75
16

750
80

7000
75
50

[

600

150

mg
mg
mg
mg
mg/ml
mg

mg

mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg

%

mg

mg/ml
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg

mg/ml
mg
mg
mg
mg
mg
mg

Yu JY, Song H Tablet (AS CARI
FDA Orange [ Tablet
Massarella J, Tablet
Belch JJ, McL Tablet
British Natior Solution (IV INF
British Natior Tablet

Zussman BD, Tablet

FDA Orange t Capsule

British Natior Tablet

British Natior Powder (IV) co
Bron NJ, Dori Capsule

British Natior Tablet

FDA Orange [ Capsule

British Natior Capsule (AS Oll
British Natior Tablet (AS SULF
British Natior Granules (AS H’
FDA Orange [ Powder (IV INF
Curvall M, Elwin CE, Kazemi-'
British Natior Tablet

British Natior Tablet (AS ANH
British Natior Tablet (AS HYD
British Natior Tablet

British Natior Capsules (AS Bl
FDA Orange [ Tablet (Extende
British Natior Capsule (AS SO
FDA Orange I OPHTHALMIC
Martindale, 1Tablet

Eriksson B, O Solutionn (Mot
FDA Orange [ Tablet (Co adm
Demoen PJ.,. Tablet

British Natior Tablet

FDA Orange [ Capsule (AS HY
FDA Orange [ Tablet (Co adm
FDA Orange [ Tablet (AS HYD
British Natior Tablet
Martindale, 1Tablet

British Natior Tablets (AS DIH
FDA Orange t Solution (IM, St
British Natior Tablet (AS FURI
FDA Orange [ Tablet

FDA Orange  Tablet 15mg/kg
British Natior Tablet (AS BRO
British Natior Tablet

British Natior Capsule (AS HY
British Natior Tablets (AS ME
Lencioni M, F Tablet
Mahaparale ¢ Tablet (AS HYD
Martindale, TPowder (IV INF
British Natior Tablet (AS OLA
Antonaccio MJ, Verjee S., Anr
British Natior Solution (IV INJ
FDA Orange [ Tablet
Benincosa LJ, Tablet

British Natior Tablet (AS MES
FDA Orange t Tablet

British Natior Tablet (subling!
British Natior Tablet (AS HYD



~0.001
1000
0.0014

690
0.0189

0.0129

0.00842

0.0008

0.015

0.040

15

0.0165

778

0.0695

76
0.4347
0.3299

1.931

1000

10

6000
0.5497

AQUASOL dATADbASI30
SRC PHYSPROP
AQUASOL dATAbASI 25

SRC PHYSPROP 20
Pubchem (AID 1996 pH 7.4 (22.5-24.5)

Khosravan,R., Grabowski, B., Wu, JT., e
AQUASOL dATAbASI 25

AQUASOL dATADbASI 25
http://www.fda.gov Neutral pH
AQUASOL dATAbASI ambient temp

SRC PHYSPROP 25

Marina, TM., Margarita, VM., Salcedo, G

AQUASOL dATAbASE 6th edition

AQUASOL dATAbASI 25

SRC PHYSPROP 25

Pubchem (AID 1996 pH 7.4 (22.5-24.5)

Hazardous Substanc sulfate (25)
AQUASOL dATADbASI 25

AQUASOL dATAbASIRT

Hazardous Substances Data Bank (HSDB

SRC PHYSPROP 25

SRC PHYSPROP

Hazardous Substanc 20
AQUASOL dATAbASI 25

140
50
62

400
10
200
400
120
900
600
20
267
80
150
200

500
10
0.3
20
78
20
100
1000
3000
40
1200
2.5

50
400
200

40

50
180

500

25
500
100
13
400
500

1000
0.1
40

3000
20

1000
100

200

60

30

40

mg
mg
mg/ml
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg/ml
mg
mg
mg/inhalation
mg
mg
mg/ml
mg
mg
mg
mg

mg

mg

mg
mg/ml

mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg/ml
mg
mg
mg
mg
mg
mg
%
mg
mg

British Natior Capsule (AS PH
FDA Orange [ Tablet

Benet LZ, Bro Solution

FDA Orange [ Tablet

FDA Orange [ Tablet
Martindale, 1Tablet

British Natior Tablet
http://www.; Tablet

British Natior Tablet
http://www.; Tablet

Henson R, Lic Tablet

Caccia S, Con Tablet (AS HYD
British Natior Capsule (micro
Montes B, Ca Tablet

Fletcher MR, Capsule

British Natior Tablet

British Natior Tablet

British Natior Capsule (AS SO
British Natior Solution (IV INF
British Natior Tablet (AS ACE
Holmes B, Br Tablet

FDA Orange [ AEROSOL, MET
FDA Orange t Tablet

Singal, R., Gu Capsule (AS M/
FDA Orange [ Solution (IV INF
FDA Orange  Granules (ORAI
British Natior Tablet (AS SOD
Na-Bangchan Capsule

British Natior Tablet (AS SUCI

Martindale, TTablet
Martindale, TOral

Lin C, Kim H, Capsule
Benet LZ, Bra Solution (1V)

Martindale, TTablet
Martindale, TTablet
Martindale, 1Tablet (AS BRO
Gillespie, DruTablet

British Natior Tablet (AS HYD
FDA Orange [ Tablet

Smith, DA., C Tablet

FDA Orange [ Tablet

British Natior Capsule

FDA Orange t Tablet (AS SULF
FDA Orange [ Solution (IM)
British Natior Capsule

FDA Orange t Solution (IV INF
Glue P, White Capsule

FDA Orange [ Powder (IV INF
British Natior Tablet (AS HYD
FDA Orange [ Powder (IV AS «
FDA Orange [ Tablet (AS HYD
Tamassia, V., Tablet

FDA Orange [ Solution (IV)
British Natior Tablet

British Natior Tablet


http://www.accessdata.fda.gov/drugsatfda_docs/label/2012/022345s001lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2012/020189s027lbl.pdf
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/Anti-InfectiveDrugsAdvisoryCommittee/UCM249354.pdf

~30

0.45

1040

0.02

0.003958

<0.05

0.0155

0.03
0.002
6.55

0.124

0.013

7.2
2.8

0.09
0.0004748

http://www.accessc 25
http://www.accessdata.fda.gov/drugsat
http://www.ucb.com/_up/ucb_com_pr

AQUASOL dATAbASI 25

AQUASOL dATAbASI37

Hazardous Substances Data Bank (HSDB

Pubchem (AID 1996 pH 7.4 (22.5-24.5)

SRC PHYSPROP
Kawabata,Y., Wada, K., Nakatani, M., et
AQUASOL dATAbASI 25

AQUASOL dATAbASI 25
Yin GG, Kookana RS, Ru YJ., Environ Int.

SRC PHYSPROP 25
AQUASOL dATAbASI 25

AQUASOL dATAbASI ambient temp
AQUASOL dATADbASI 22.5

1 saturation occursBRef: Pharmacokinetics of miglitol : Absor)

>1000

0.0001

0.02

0.8003
0.043

http://www.ema.europa.eu/docs/en_G

SRC PHYSPROP 25

Alelyunas YW, Liu R, 25

AQUASOL dATAbASE 6th edition
Hazardous Substanc pH 7.4

20
200
1000
60
0.25

200
25
2.5
150

750

0.50
50
1.5
50

30
0.02
0.10
250

1.5

800
408
2.5
150
100
160
150
200
100
1000
600
0.15
1500
300
0.2
750
20000
40
50
600

100
100

0.4
3000

200
15

10
300
10000
400
80
0.6
1500

mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
%
mg
mg
mg
mg
mg
mg
%
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg

mg
mg
mg/ml
mg
mg
mg/ml
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg

British Natior Capsule

Honig WJ, Pe Tablet

FDA Orange [ Capsule (AS SU
Martindale, 1 Capsule
Martindale, TPowder (1V)
British Natior Tablet

British Natior Tablet
Martindale, TTablet

British Natior Tablet
Martindale, 1Tablet

British Natior Tablet

FDA Orange I OPHTHALMIC (
British Natior Tablet (AS MAL
British Natior Tablet

Dieterle W, F Tablet
Sundberg S, £ Tablet/Capsule
British Natior Tablet (AS SOD
Krause W, M: Tablet

FDA Orange t OPHTHALMIC (
British Natior Capsule

British Natior Tablet
Martindale, TTablet
Corazziari E, | Tablet

British Natior Capsule
Martindale, TCapsule (Co adi
British Natior Tablet (AS HYD
Martindale, 1 Capsule

British Natior Tablet

British Natior Tablet (AS HYD
British Natior Tablet

British Natior Tablet

British Natior Powder (IV INJI
British Natior Tablet

FDA Orange [ Tablet (Co adm
British Natior Tablet

FDA Orange [ Capsule

FDA Orange [ Tablet (AS MAL
British Natior Capsule

FDA Orange [ Powder (IV AS !
British Natior Tablet (AS HYD
British Natior Tablet (Buccal)
British Natior Tablet

FDA Orange [ Tablet

British Natior Capsule

FDA Orange [ Solution (IV)
British Natior Tablet

British Natior Tablet

British Natior Solution (AS IN.
British Natior Tablet

British Natior Tablet (AS HYD
Martindale, TTablet

British Natior Tablet (AS SOL
FDA Orange t Tablet

FDA Orange t Powder (IV INF
British Natior Tablet (AS HYD
British Natior Tablet (AS HYD
British Natior Tablet

British Natior Tablet


http://www.accessdata.fda.gov/drugsatfda_docs/nda/2008/022253s000_022254s000_ChemR.pdf

0.006

35

0.0326

171

214

0.084

0.02
7.548

500

0.77
77

0.182

4.2

0.59

0.01

0.47
0.0036

AQUASOL dATAbASI22.5

http://www.gsk.con Hydrochloride

Pubchem (AID 1996 pH 7.4 (22.5-24.5)

AQUASOL dATAbASI 20

AQUASOL dATAbASI 25

Douroumis D, Fahr A. Eur J Pharm Bioph

AQUASOL dATADbAS! Intrinsic (RT)
AQUASOL dATADbASI 21

The Merck Index: 12 25

AQUASOL dATAbASIRT
Harnden MR, Jarvest RL, Boyd MR., et al

AQUASOL dATAbASI 25
SRC PHYSPROP 25

AQUASOL dATAbASE 6th edition

AQUASOL dATAbASI 25

SRC PHYSPROP 37
Chaw CS, TanCW, Y pH 7.4

http://www.accessdata.fda.gov/drugsat

AQUASOL dATAbASI 25
AQUASOL dATAbASI22.5

1000
0.8
200
2.5
180

300
90
1000
100
1000
30
150
60
40
250
300
50
0.25
120
1500
30
600
800

96
100
500
100

80

100
80

100
200
400
300

500

200

500
50

0.4

150
50
1.5
4
4
1000
225
750
2000

mg
mg/actuation
mg
mg
mg
%
mg
mg
mg
mg/ml
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg/ml
mg

mg
mg
%
mg
mg
mg
mg
mg
mg

mg
mg
mg
mg

mg
mg
mg
mg
mg
mg
mg
mg
mg
mg

British Natior Tablet

FDA Orange [ Topical (Nasal)
British Natior Tablet (AS OXA
British Natior Tablet (AS HYD
British Natior Tablet

FDA Orange  OPHTHALMIC
FDA Orange I Tablet (AS HYD
British Natior Tablet (AS HYD
British Natior Tablet (AS SULF
FDA Orange t Solution (IV INF
FDA Orange [ Tablet (extende
British Natior Tablet

FDA Orange [ Tablet
Martindale, TTablet (Prolong
FDA Orange  Tablet (extende
Martindale, The complete dr
British Natior Tablet

Ringoir S, Lar Tablet

FDA Orange [ Tablet (Co-adn
British Natior Capsule

FDA Orange [ Capsule
Martindale, T Tablet

British Natior Tablet

Perucca E, Pa Tablet

Ensing K, de z Tablet (AS BRO
Wetzelsberge Tablet

FDA Orange [ Tablet

British Natior Tablet (AS DIHY
Sigurdsson JA Tablet

British Natior Solution (BRON
British Natior Tablet (AS SOD

Scatina JA, HiTablet/Capsule
FDA Orange [ Tablet (AS SULF
British Natior Cream

British Natior Capsule

FDA Orange [ Capsule (AS SO
FDA Orange [ Tablet (extende
Martindale, 1Tablet (AS male
British Natiot Tablet (AS ERB
FDA Orange [ Tablet

British Natior Tablet

FDA Orange [ Tablet

FDA Orange [ Capsule
Martindale, 1Tablet (AS HYD

FDA Orange t Per inhalation
Meyer BH, M Tablet

Lee TG, Goldl Capsule

Fauvel JP, Be Tablet
Martindale, 1Tablet (AS MAL
FDA Orange [ Tablet
http://www.: Capsule

British Natior Powder (IV INF
Martindale, 1 Capsule

British Natior Tablet

British Natior Tablet


http://www.accessdata.fda.gov/drugsatfda_docs/label/2013/204026lbl.pdf
http://www.accessdata.fda.gov/drugsatfda_docs/label/2013/204026lbl.pdf

0.000005

500

1000
17.4
0.01

0.395

0.031
4.3
17.95

2.9

5.066
0.49

0.076
0.4453

2.601
1.382

0.0929252

0.05
0.001113

0.001

18.25

US Patent 2005/0171,203 Serial numbel 500
500

50

30

500

Hazardous Substances Data Bank (HSDB 10
SRC PHYSPROP 25 900
AQUASOL dATAbASI EFG (25) 2000

AQUASOL dATADASE 6th edition 75
0.15

100

40

Active metabolite

Mallikarjuna Gouda pH 7.5 60
10
600
200
20
10
10
10
5
http://www.accessdata.fda.gov/drugsal 1600
AQUASOL dATAbASI 25 2000
AQUASOL dATAbASI EFG (25) 8
750
5
100
Li DX, Jang KY, Kang hydrochloride mon: 15
250
100
10
24
1000
AQUASOL dATAbASI 25 1000
AQUASOL dATAbASI 38

AQUASOL dATAbASI 25 0.05
5000
AQUASOL dATAbASI 25 2000
AQUASOL dATAbASI 22 200
AQUASOL dATAbASI 25
400

1000

150
400
Du-Cunya,L., Huwyl Intrinsic, pH 6.5 30
400
25

AQUASOL dATADbASI Intrinsic (25) 3000
AQUASOL dATAbASI 22.5 200
2.5
3000
Pubchem (AID 1996 pH 7.4 (22.5-24.5) 250
50
Alelyunas YW, Liu R, pH 7.2 8

mg
mg/ml
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg

mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg

mg

mg/ml
mg
mg
mg

mg
%
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg

FDA Orange [ Tablet
FDA Orange [ Solution (IV INF
British Natior Tablet (AS HYD
British Natior Tablet (AS HYD
Jenner PJ, Ell: Tablet
FDA Orange [ Tablet (AS HYD
Rasmussen F Tablet
British Natior Tablet
FDA Orange [ Tablet
British Natior Tablet (AS HYD
FDA Orange [ Tablet (AS SOD
British Natior Tablet (AS HYD

British Natior Tablet (AS SOD
British Natior Tablet

Davies RF, Lir Tablet
Widerlov E, F Tablet

Lode H, Huet Tablet

Evans, ME., S Tablet

FDA Orange [ Tablet (AS HYD
British Natior Tablet (AS BEN.
Strandgarder Tablet

British Natior Tablet
Sweatman T\ Tablet

British Natior Tablet (AS SULF
The AARP Gu Tablet

British Natior Tablet (AS HYD
Shi J, Ripley E Tablet

FDA Orange t Capsule
Martindale, 1 Capsule

British Natior Tablet (AS PHC
British Natior Tablet (AS SUCI
FDA Orange  Tablet (AS HYD
FDA Orange [ Powder (IM INJ
FDA Orange t Powder (IV INJI

FDA Orange [ Powder (IV INF
FDA Orange t Powder (IV co-:
Martindale, 1Tablet (Co-admr
British Natior Tablet

Martindale, TTablet

FDA Orange  OPHTHALMIC
Martindale, TPowder (IV INJI
British Natior Tablet (AS HYD
British Natior Tablet (AS HYD
British Natior Powder (IV INJI
British Natior Tablet

British Natior Capsule
Johansson Hi Tablet (AS HYD
Ericsson, H., | Tablet

FDA Orange [ Tablet

FDA Orange [ Tablet

British Natior Tablet

British Natior Powder (IV INF
FDA Orange [ Tablet (AS HYD
Martindale, Tablet (AS HYD
British Natior Tablet (AS HYD



12

0.07999
0.041
0.01223
0.0006709

50

16
0.32
0.017
0.0209
0.058

70.98
18

2.794
0.8
0.0095

32.26
0.006

13.6
0.2118
0.12

0.013

0.01

30

<0.0003

http://www.accessc Tartrate

AQUASOL dATAbASI 25
AQUASOL dATAbASI 25
AQUASOL dATAbASI 24
AQUASOL dATAbASI 22.5

Dutcher, JD., . Am. C Chloride (22)

http://www.aspenp pH 3, Bromide (25)
http://www.accessc Hydrochloride
Szuts EZ, Harosi Fl., Arch Biochem Bioph
AQUASOL dATAbASI 33

AQUASOL dATADbASI 25
AQUASOL dATAbASE 6th edition
http://www.accessdata.fda.gov/drugsai

AQUASOL dATAbASI 20
AQUASOL dATADbASI 25
Robarge KD, Brunto pH 6.5

AQUASOL dATAbASE 6th edition
Boxenbaum HG, PospH 7.4 (37)

http://www.ema.europa.eu/docs/en_G
AQUASOL dATAbASI 25
AQUASOL dATAbASI 25

AQUASOL dATAbASI 25

http://www.accessc 25
AQUASOL dATADbASI Intrinsic

Pubchem (AID 1996 pH 7.4 (22.5-24.5)

112
600
25
400
200

60
20

200

40

10
150

90
500

10
1000
40
110
50
30
80
0.75
10

600
7.5
100

50
30
150
800

750

100
300
100
50
100
20
720
500
45
20
200
400
20
30
450

40

mg
mg
mg/ml
mg
mg
mg
mg
mg
mg
mg
mg
mg/ml
mg
mg
mg
mg
mg
mg/ml
mg
mg
mg
mg
mg
mg
mg
mg/ml
mg
mg
mg
mg

mg
mg
mg
mg
mg
mg
mg
mg

mg
mg
mg
mg
mg
mg/ml
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
%
mg

British Natior Powder (INHAL
FDA Orange [ Tablet (AS HYD
FDA Orange [ Solution (IV AS
Lloyd-Jones J Capsule
Passariello N, Tablet

British Natior Tablet (AS TAR
British Natior Tablet (AS CITR
British Natior Tablet

British Natior Capsule
Martindale, 1Tablet

Benet LZ, Bro Tablet

FDA Orange I Solution (IV INJ
British Natior Tablet (AS HYD
British Natior Tablet (AS HYD
British Natior Tablet (AS TAR
Greiner,]., KU Tablet
Martindale, 1 Capsule

FDA Orange t Solution (IV INJ
Martindale, 1Tablet

British Natior Capsule (AS HY
Martindale, 1Tablet (AS TAR
British Natior Powder (IV INJI
British Natior Tablet

FDA Orange [ Tablet

Benet LZ, Bro Tablet

British Natior Solution (ORAL
Taylor, IW., C Capsule

British Natior Tablet

FDA Orange [ Tablet

FDA Orange I Powder (Inhala

FDA Orange [ Tablet
http://produ Tablet
Martindale, 1Tablet
FDA Orange [ Capsule
Popa C, Beck Syrup
British Natior Tablet
FDA Orange [ Capsule
Shiveley L, St Capsule

Licker PW, V! Capsule
Martindale, TTablet

British Natior Tablet

FDA Orange [ Capsule (AS HY
FDA Orange [ Tablet (Extende
FDA Orange [ Powder (IV co-i
FDA Orange [ Tablet

Krause W, Sc Tablet

British Natior Tablet (AS MYC
Atkinson AJ J Tablet (AS HYD
FDA Orange I Tablet (AS HYD
FDA Orange [ Tablet

Van Durme, J Capsule

FDA Orange t Tablet (AS MES
Caccia S, Con Tablet

British Natior Tablet

British Natior Capsule (AS HY
FDA Orange I Shampoo
Laufen H, Lei Tablet


http://products.sanofi.ca/en/imovane.pdf

0.295

112

0.3215

0.002343

2.5

0.02

0.0106

0.003533

~0.04

0.01

0.091

77.8

0.0420
500

SRC PHYSPROP 37

Active metabolite

50

300
1000

35

20

2.5

0.8

60
400

Benet LZ, Broccatelli F, Oprea Tl., AAPS | 200

AQUASOL dATAbASI0.05N NaCl (25)

AQUASOL dATAbASE 6th edition

SRC PHYSPROP 25

AQUASOL dATAbASI 21
AQUASOL dATADbASI pH 3 (25)
AQUASOL dATADbASI pH 3 (25)
www.novartis.com.i 37
http://www1.astraz RT
AQUASOL dATAbASE 6th edition

AQUASOL dATAbASI 10

AQUASOL dATADbASI22.5
Hazardous Substanc 25
SRC PHYSPROP

10
400
600
500

10

40

10

0.5
250
300
200
50
500

0.5
250
600
850
10
3000
2000
180
50
50
1000
500
5000
25
2.5
66
500
755
10000
10.5
0.042
250
15
10

30
0.2

mg
mg
mg
mg
mg
mg
mg

mg
mg
mg
mg
mg
mg
mg
mg
mg
mg

mg
mg
mg
mg
mg
mg
mg
mg

mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
%

mg
mg
mg
%

mg
mg

mg/ml
mg/ml

mg
mg/ml

British Natior Tablet (AS CITR
Holmes C, W Capsule

FDA Orange t Powder (IV INF
British Natior Capsule

Tiber U, Pos(Tablet

British Natior Tablet

British Natior Tablet (AS HYD

FDA Orange [ Tablet (AS DIPC
Cottrell PR, Streete JM, Berry
British Natior Capsule

FDA Orange [ Tablet

FDA Orange [ Tablet

FDA Orange  Tablet (AS HYD
Martindale, TTablet

Tauber U, Be Tablet

FDA Orange [ Tablet
El-Brashy, A., Tablet

British Natior Tablet (AS DIHY
FDA Orange [ Tablet

British Natior Capsule (AS HY
British Natior Capsule

Berry H, Coqt Tablet

FDA Orange [ Tablet
Fillastre, JP., Tablet (AS HYD
British Natior Solution (IV INF

British Natior Capsule

Marks JW, Bc Tablet (Uneque
FDA Orange t Tablet (extende
British Natior Tablet
Martindale, 1 Tablet

British Natior Dispersable Tal
Martindale, 1Tablet made in
http://www.; Tablet

British Natior Tablet
Martindale, 1 Capsule

FDA Orange t Solution (IV INJ
Moertel CG, . Tablet

Lim JK., Kisae Powder (Oral)
British Natior Tablet (AS CHL(
FDA Orange [ Tablet (AS GLU
FDA Orange I Solution (Oral)
FDA Orange [ Tablet

Benet LZ, Bra Solution (ORAL
Martindale, TPowder (IV INF
Martindale, 1Powder (IV INF
FDA Orange [ Inhalation (AS
Bentur Y, Rai Powder (IV INF
British Natior Solution (SODIl
FDA Orange [ Solution (IV)

British Natior Tablet (AS BRO
British Natior Solution (IV AS


http://www.accessdata.fda.gov/drugsatfda_docs/label/2013/022433s006lbl.pdf

Transport

Transport  Transporter Transporter

route Reference symbol comments MP (°C) MP Reference
IUM)
DROCHLORIDE) 157 Hazardous Substances Data Bank (HSDB)
Paracellular Saitoh R, Sy * 221.5 MSDS Sigma aldrich http://www.sigmaalc
sium salt 120 Chemfinder DEMO PerkinElmer Imformat
Carrier med Varma MV, . E
Carrier med Estudante v E 204 Hazardous Substances Data Bank (HSDB)
Carrier Med Wang Q, Raj E
Carrier med Estudante v I 194 Hazardous Substances Data Bank (HSDB),
Carrier med Varma MV, . E
Carrier med Estudante v I 255 SRC PHYSPROP
Paracellular, Pharmacoki I* 206.75 SRC PHYSPROP
Carrier med Estudante v B
Carrier med Stenberg P, B 178 SRC PHYSPROP
'DRATE)
Carrier Med Ogihara T, K B 194 http://www.roche.com/pages/csds/engli
Carrier med Stewart BH, I 164 Hazardous Substances Data Bank (HSDB)
Carrier med Estudante v E
Seral, C.,Mic E 187.5 Hazardous Substances Data Bank (HSDB)
Carrier med Sai, Y., Tsuji. | 250 SRC PHYSPROP
Carrier med Estudante v E 220 SRC PHYSPROP
116.50 Hazardous Substances Data Bank (HSDB)
Carrier med Varma MV, ! E* 142 SRC PHYSPROP
CINATE) 170 Hazardous Substances Data Bank (HSDB)
Carrier med Varma MV, ! E
Carrier med Collett A, Sir A 69.5 SRC PHYSPROP
NOHYDRATE HEMI-ETHANOLATE) 114 SRC PHYSPROP
Carrier med Lee K, Ng C, E* 163.5 SRC PHYSPROP
Carrier med Gao S, Singh I 155.5 SRC PHYSPROP
AS HYDROCHLORIDE) 172.5 SRC PHYSPROP
350 SRC PHYSPROP
Paracellular Lacombe O, *
Carrier Med Li J, Volpe D B
Carrier med Varma MV, ! B 191 SRC PHYSPROP
Carrier med Thwaites DT I 207 SRC PHYSPROP
Paracellular Hilgendorf C * 295 SRC PHYSPROP
Carrier med Estudante v B
Carrier med Hu, M.; Chel I
Paracellular Collett A, Sir * 274 SRC PHYSPROP
Paracellular Karlsson J, L * 168 SRC PHYSPROP
Carrier med Estudante v E 2135 Hazardous Substances Data Bank (HSDB)
Paracellular Hilgendorf C *
Carrier med Schmitt U, A E 126.5 SRC PHYSPROP
Paracellular Hilgendorf C I* 147 SRC PHYSPROP
Carrier med Estudante v I 300 SRC PHYSPROP
114.5 SRC PHYSPROP
135 SRC PHYSPROP
Carrier med Estudante v E 194.5 Hazardous Substances Data Bank (HSDB),
Carrier Med Estudante v B 256 Hazardous Substances Data Bank (HSDB)
Carrier med Estudante v E 230 SRC PHYSPROP



Carrier med Knox C, Law
Carrier med Pauli-Magnt
Carrier med Troutman v
Carrier med Soldner A, B
CLATE)

Carrier med Varma MV, .
ROCHLORIDE)

Carrier med Susanto M,

Carrier med Varma MV, !
Carrier med Varma MV, .

Carrier med Varma MV, .
Carrier Med Estudante v
Carrier med Crivori, P., f
Carrier med Varma MV, .

Carrier med Estudante v
/kg at 70 kg adult)

TATE)

Carrier med Faassen F, V
NOHYDRATE)

Carrier med Estudante v
ROCHLORIDE)

Carrier med Buyse,M., B
Efflux, pgp http://www
Carrier med Varma MV, .

Carrier med Varma MV, .
Carrier med Varma MV, !
DROCHLORIDE)

Carrier med Crivori, P., f
TATE)

Carrier med Estudante v
Carrier med Estudante v
ECTION AS SULFATE)
Carrier med Kim WY, Bet
Carrier med Knox C, Law

Carrier Med MacDonald

Carrier med Varma MV, .
Carrier med Varma MV, .

Carrier med Estudante v
Carrier med Knox C, Law

Carrier med Varma MV, .

Carrier med Dilger K, Sch
DIUM SALT)
ROBROMIDE)

Carrier med Knox C, Law
ROCHLORIDE)
ROCHLORIDE)

Jle)

id release)

m o @ m

m m

mm — m

130
249
121
184
201
242.5
244

SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
AQUASOL dATAbASE 6th edition
SRC PHYSPROP
SRC PHYSPROP

Medium to low affinity for PEPT1

2435
222
94.75

Poor subsrate 143.75
226
112.5
248
163
150.5
146
196.5

293.5

146
254
289
122
180.5

235
203.5
114

118.5
183
183.5

191

201
>300
147
174.5
279
Substrate/inhi 151.5

174
234

182.5
232.5

193
59
273
147.25

SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP

Hazardous Substances Data Bank (HSDB)
Hazardous Substances Data Bank (HSDB)
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP

Chemfinder DEMO PerkinElmer Imformat

SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
Morissette SL, Soukasene S, Levinson D., ¢
Hazardous Substances Data Bank (HSDB)

SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP

SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP

SRC PHYSPROP

SRC PHYSPROP
Hazardous Substances Data Bank (HSDB),
SRC PHYSPROP
Hazardous Substances Data Bank (HSDB),
SRC PHYSPROP
SRC PHYSPROP

SRC PHYSPROP
SRC PHYSPROP

Hazardous Substances Data Bank (HSDB),
SRC PHYSPROP

Hazardous Substances Data Bank (HSDB)
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP


http://www.accessdata.fda.gov/drugsatfda_docs/nda/2011/202570Orig1s000ClinPharmR.pdf

Carrier med Knox C, Law E Conflicting res 174.5
Carrier Med Varma MV, . E 149.1
Carrier med Mashayekhi E 255
ROCHLORIDE) 188
Carrier med Vautier S, Le E
ROCHLORIDE) 87
Carrier med Varma MV, ! E 262
inistered with PHENAZOPYRIDINE HYDROCHLORIDE; SU 139
34
Carrier med Knox C, Law E 170
TRATE) 196
IUM OR POTASSIUM) 157
Carrier med Knox C, Law E 180
TRATE)
167
Carrier med Varma MV, . E 288.5
ROCHLORIDE) 99.5
Carrier med Choi JS, Jin I | 94
Carrier med Choi MK, So E 188
Carrier med Varma MV, . E 135
Carrier Med Estudante v B 169
110.5
247
153
Carrier med Varma MV, ! E <25
DROCHLORIDE) 219
DIUM) 286
Carrier med Estudante v E
<25
ROCHLORIDE)
Carrier med Estudante v E 220
238
215.5
Carrier med Knox C, Law 128.5
ROCHLORIDE)
234
Carrier med Faassen F, V E Subsrate and il 170
Carrier med Knox C, Law E 76
132
161
Carrier med Varma MV, . E 212
228.25
HYDROCHLORIDE INJECTION) 140.8
ROCHLORIDE) 169
180
ROCHLORIDE) 60
.EATE) <25
183.5
Carrier med Knox C, Law E 96
IUM) 161
108
158
190.2
178
Carrier med Estudante v B <25
Carrier med Varma MV, . E 159
ROCHLORIDE) 130
Carrier med Knox C, Law E 202

SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP

SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
Hazardous Substances Data Bank (HSDB)

SRC PHYSPROP
SRC PHYSPROP
Hazardous Substances Data Bank (HSDB)
SRC PHYSPROP
Hazardous Substances Data Bank (HSDB)
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
http://www.roche-australia.com/fmfiles;
SRC PHYSPROP
SRC PHYSPROP

SRC PHYSPROP
SRC PHYSPROP

SRC PHYSPROP

SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP

Hazardous Substances Data Bank (HSDB)
SRC PHYSPROP

SRC PHYSPROP

SRC PHYSPROP

Hazardous Substances Data Bank (HSDB)
Hazardous Substances Data Bank (HSDB)
Hazardous Substances Data Bank (HSDB)
SRC PHYSPROP

SRC PHYSPROP

SRC PHYSPROP

SRC PHYSPROP

AQUASOL dATAbASE 6th edition

SRC PHYSPROP

SRC PHYSPROP

SRC PHYSPROP

SRC PHYSPROP

SRC PHYSPROP

SRC PHYSPROP

Hazardous Substances Data Bank (HSDB)
SRC PHYSPROP

SRC PHYSPROP

SRC PHYSPROP

SRC PHYSPROP


http://www.roche-australia.com/fmfiles/re7229005/downloads/central-nervous-agents/lexotan-pi.pdf

Carrier Med Shugarts, S.

Carrier med Varma MV, !
Carrier med Varma MV, .
ECTION)

Carrier med Knox C, Law
Carrier med Varma MV, .
Carrier med Luna-Tortés
ROCHLORIDE)

IDECANOATE OILY SOLUTION)

Carrier med Wolf DC, Ho
nized)

Carrier med Lennernas H
IUM FORM)

USION) AS MESILATE

DIUM SALT)

Carrier med Therapeutic
ZCTION/INFUSION)
Carrier med Estudante v
Paracellular Matsson P, |
ROCHLORIDE)

SODIUM INFUSION)

Carrier med Estudante v
ZCTION/ORAL SUSPENSION)
ROCHLORIDE)

Carrier med Estudante v
*ATE)
Carrier med Callegari E, |

Carrier Med Shugarts, S.

ROCHLORIDE WITH ATROPINE SULFATE)

- extended release
les)
Paracellular Matsson P, |

Carrier Med Ogihara T, K

ECTION)

ZCTION)

Carrier med Estudante v
Paracellular Pharmacoki
Carrier Med Bretschneid
Carrier med Estudante v
Carrier med Menon RM,
Carrier med Varma MV, .

MIDE)
ISETIONATE)
Carrier med Santini D, Vi

|*

*

m — m @

216
114
171
228

137
68.5
199
97
173
177

155
2335
181
121
285
234
140

250
245
184

80

200
170
148.5

241

100

257.25
167

221.25
260.5
161.5

169
283

216

150.5

MSDS Sigma aldrich http://www.sigmaalc
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP

SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
Chemfinder DEMO PerkinElmer Imformat

SRC PHYSPROP
Hazardous Substances Data Bank (HSDB),
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP

SRC PHYSPROP
Hazardous Substances Data Bank (HSDB)
http://www.pfizer.ca/en/our_products/p

SRC PHYSPROP

SRC PHYSPROP
Hazardous Substances Data Bank (HSDB)
SRC PHYSPROP

SRC PHYSPROP
SRC PHYSPROP

Hazardous Substances Data Bank (HSDB),
Hazardous Substances Data Bank (HSDB)

Hazardous Substances Data Bank (HSDB)
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP

SRC PHYSPROP

SRC PHYSPROP

No experimental results but 2 sources states this route

208

149.5
>300

289.5

SRC PHYSPROP

SRC PHYSPROP
SRC PHYSPROP

Hazardous Substances Data Bank (HSDB)



Carrier med Walker DK, ,
ZIUM)

Paracellular Matsson P, |

Carrier med Kis O, Zastre
Carrier med Wenzel U, K
Carrier med Estudante v
linistered NADOLOL)
netabolite)

Carrier med Luckner P, B

ZCTION/INFUSION AS SODIUM SALT)

ZCTION AS SODIUM SALT)
Carrier med Estudante v
Carrier med Morrissey K
ACETATE)

.EATE OR MESILATE)
ROCHLORIDE)

Carrier med Choi MK, So

Carrier med Behrens |, Ki
‘econ as sodium salt
ECTION)

ROCHLORIDE)

Carrier med Knox C, Law
alation

Carrier med Merino G, A
Carrier med Crivori, P., f
drate of the sodium salt)

ECTION)
Carrier med Garver E, Ht

Carrier med Whomsley F
‘USION/INJECTION)
ROCHLORIDE)

ROCHLORIDE)

Carrier med Ozawa N, St
Carrier med Harrison A, |

Carrier med Tolle-Sande!l

B
E

197.5
296.5

300
187
Possible inhibitory effects

219
222
149.5
208

Moderate affinity for PEPT1

250

148
140

145

139
227.5

178.5
135
235.5
199
220
239.75
128.5
185.5

206
160.5
Weak subsrate
160.25
159.5

256
183
222
183
209
182

255.5

Hazardous Substances Data Bank (HSDB)
van Beek TA., Bioorg Med Chem. 2005 Se

SRC PHYSPROP
Hazardous Substances Data Bank (HSDB)

Hazardous Substances Data Bank (HSDB)
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP

SRC PHYSPROP

SRC PHYSPROP
SRC PHYSPROP

Hazardous Substances Data Bank (HSDB)

Hazardous Substances Data Bank (HSDB)
SRC PHYSPROP

SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
Hazardous Substances Data Bank (HSDB),
SRC PHYSPROP
SRC PHYSPROP
http://www.accessdata.fda.gov/drugsatfi
Hazardous Substances Data Bank (HSDB)

SRC PHYSPROP
SRC PHYSPROP

SRC PHYSPROP
AQUASOL dATADbASE 6th edition

SRC PHYSPROP
http://www.amgen.ca/Sensipar.pdf
SRC PHYSPROP

SRC PHYSPROP

SRC PHYSPROP

Hazardous Substances Data Bank (HSDB)

SRC PHYSPROP



Carrier med Gnoth MJ, B
ROCHLORIDE)

Carrier med Sai, Y., Tsuji.
ROCHLORIDE)
AS HYDROCHLORIDE)

ROCHLORIDE)

ZIUM SALT)

Carrier med Jin HE, Song
Carrier med Estudante v
Carrier med Taubert D, v
ILATE)

/DROCHLORIDE)

ATE)

Carrier med Estudante v
ROCHLORIDE)

Carrier med Knox C, Law
ATE)

Carrier med Goto Y, Itag:
IECTION)

zer presecribed as oral now only IV

EATE)

Carrier Med Skerjanec, A
Carrier Med Fine KD, San
Carrier med http://www
Carrier med Toyobuku H
Carrier med Estudante v

inistered with ethinylestradiol)

TRIDGE
Carrier med Crivori, P., f

DROCHLORIDE)
Carrier med Estudante v

E

— O m —m

No exact detai

Weak subsrate

273
280
156

179
226

105
<25

175.5
<25

236
191
134.5

278
238
48
167
158
158
172.5

106
270
164
100

262
18
295
254
230.5
<25

83
198.5
160
283
197.9

192
192
146.5
209
-79
211
181
271
180.5

SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP

Bernstein CD, Albrecht KL, Marcus DA., Ex
SRC PHYSPROP

SRC PHYSPROP
SRC PHYSPROP

SRC PHYSPROP
SRC PHYSPROP

Hazardous Substances Data Bank (HSDB)
SRC PHYSPROP
SRC PHYSPROP

Hazardous Substances Data Bank (HSDB),
http://www.lundbeck.com/upload/ca/en
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP

SRC PHYSPROP
SRC PHYSPROP
MSDS Sigma aldrich http://www.sigmaalc
SRC PHYSPROP

Hazardous Substances Data Bank (HSDB),
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP

SRC PHYSPROP
www.novartis.ca/asknovartispharma
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP

SRC PHYSPROP
Hazardous Substances Data Bank (HSDB)
SRC PHYSPROP
Ramana, MV., Himaja, M., Dua, K., et al., .
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
Hazardous Substances Data Bank (HSDB)


http://www.lundbeck.com/upload/ca/en/files/pdf/product_monograph/Fluanxo_MKT_PM_ctrl148918_18OCT2011_eng.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Public_assessment_report/human/001114/WC500053735.pdf
http://www.novartis.ca/asknovartispharma

Carrier med Kuwayama | |

*ATE)
ROCHLORIDE)

DROCHLORIDE)

*ATE)

Carrier med Sai, Y., Tsuji.
ROCHLORIDE)

Carrier med Estudante v
DIUM)

Carrier Med Therapeutic

SPHATE)
ROCHLORIDE)

ROGEN FUMARATE)

DROCHLORIDE)
Carrier med Sai, Y., Tsuji. I
ROCHLORIDE)

Carrier med Cummins CL E
ROCHLORIDE)

MIDE)

Carrier med Estudante v B
Carrier med Shaik N, Giri E
Carrier med Varma MV, . E
Carrier med Estudante v E
Carrier med http://www E
ILATE)

ILATE)

Carrier med Varma MV, . E

sed beads)

absorption boi

315
125.5
127.5

248

207

57
119
173.5
147.5
134.5
231
46.5
163
171
>300

183
176
258
71
136

146
125

134.5
262
191.5
156
71
154
114

219
216.5
151
205.5
204
210
88
184
126.5
153
226

263
259.5

170.5

226

SRC PHYSPROP
Hazardous Substances Data Bank (HSDB)
SRC PHYSPROP
Hazardous Substances Data Bank (HSDB)

Chemfinder DEMO PerkinElmer Imformat

SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
Hazardous Substances Data Bank (HSDB)
Hazardous Substances Data Bank (HSDB)

SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP

SRC PHYSPROP
SRC PHYSPROP

MSDS Sigma aldrich http://www.sigmaalc
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
Chemfinder DEMO PerkinElmer Imformat
SRC PHYSPROP

SRC PHYSPROP
SRC PHYSPROP
Chemfinder DEMO PerkinElmer Imformat
SRC PHYSPROP
SRC PHYSPROP
Chemfinder DEMO PerkinElmer Imformat
SRC PHYSPROP
Hazardous Substances Data Bank (HSDB)
Hazardous Substances Data Bank (HSDB)
Hazardous Substances Data Bank (HSDB)
Hazardous Substances Data Bank (HSDB)

SRC PHYSPROP
Hazardous Substances Data Bank (HSDB)

Hazardous Substances Data Bank (HSDB)

SRC PHYSPROP



ROBROMIDE)
DROCHLORIDE)

Carrier med Varma MV, . E 195
160.5
Carrier med Moons T, de E Intermediate affinity
ROCHLORIDE) 192
ROCHLORIDE) 103
171.4
Carrier med Knox C, Law E 172.5
SYLATE) 75.5
IUM)
64.5
ROCHLORIDE)
ROGEN TATRATE)
ROCHLORIDE) 74.5
161.5
\RTRATE co-administered with ACETAMINOPHEN) 198
Carrier med Knox C, Law E
97
237.5
.EATE)
114
ROCHLORIDE) 214
154
ROCHLORIDE) 129.5
138
DROCHLORIDE) 189.5
225
62
\LEATE) 45
263
ECTION AS HYDROCHLORIDE) 218
ROCHLORIDE) 93
Carrier med Knox C, Law E 174
DROCHLORIDE) <25
ECTION) 202
144.5
ROCHLORIDE) 86
ROCHLORIDE) 141.5
DROCHLORIDE) 79.5
229.5
197
on 50/mg/kg being dosed and the average man being: 114.3
189
178.5
229
VOXIL FORM) >250
ylate), never made to market
5 mg/kg INFUSION) based on average human being 70kg
136
139
Carrier med Pang KS., Dr 350

MESYLATE)
ROGEN MALATE)

jov/drugsatfda_docs/label/2013/022271s000lbl.pdf

SRC PHYSPROP
SRC PHYSPROP

Hazardous Substances Data Bank (HSDB)
Hazardous Substances Data Bank (HSDB)
SRC PHYSPROP
Hazardous Substances Data Bank (HSDB)
SRC PHYSPROP

SRC PHYSPROP

Hazardous Substances Data Bank (HSDB)
Hazardous Substances Data Bank (HSDB)
SRC PHYSPROP

SRC PHYSPROP
SRC PHYSPROP

Hazardous Substances Data Bank (HSDB)
Hazardous Substances Data Bank (HSDB)
Hazardous Substances Data Bank (HSDB)
Hazardous Substances Data Bank (HSDB)
Chemfinder DEMO PerkinElmer Imformat
SRC PHYSPROP

SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
Hazardous Substances Data Bank (HSDB)
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
MSDS Sigma aldrich http://www.sigmaalc
SRC PHYSPROP
Hazardous Substances Data Bank (HSDB)
SRC PHYSPROP
SRC PHYSPROP

SRC PHYSPROP

SRC PHYSPROP

AQUASOL dATAbBASE 6th edition

SRC PHYSPROP

SRC PHYSPROP

Hazardous Substances Data Bank (HSDB)

SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP



| AS SULFATE INJECTION/INFUSION) based on average h 203.5

149.5
ROCHLORIDE) 156
DIUM) 157
175.5
DROCHLORIDE) >280
81.5
INJECTION)
oguanil hydrochloride) if taken as oral suspension 150 217.5
ECTION AS BESILATE)
EATE)
243.5
‘DROCHLORIDE Ophthalmic) 227
ZCTION)
219.5
ROCHLORIDE)
linistered Levodopa)
151
'DROCHLORIDE) 152
<25
'd release value increases to 400mg) 186
ROCHLORIDE)
Carrier Med Therapeutic I 232
5 SODIUM)
DROCHLORIDE) 238
ROCHLORIDE)
230.5
ANHYDROUS HYDROCHLORIDE) 107.5
287
143
Carrier med http://www E Weak pgp subsrate
1 surface area 115.5
ILFATE) 250.5
1235
31
197.5
ROCHLORIDE)
‘USION)
“USION)
‘USION/INJECTION)
“USION)
Carrier med Shugarts, S. I
134.2
Carrier med Kato Y, Miyz B 111
57
65
236.2
ROCHLORIDE WITH ATOVAQUONE) 129

SRC PHYSPROP
SRC PHYSPROP
Hazardous Substances Data Bank (HSDB)
SRC PHYSPROP

SRC PHYSPROP
Hazardous Substances Data Bank (HSDB)
Hazardous Substances Data Bank (HSDB)

MSDS Sigma aldrich http://www.sigmaalc

SRC PHYSPROP
Hazardous Substances Data Bank (HSDB)

SRC PHYSPROP

SRC PHYSPROP

Chemfinder DEMO PerkinElmer Imformat
SRC PHYSPROP
SRC PHYSPROP

SRC PHYSPROP

SRC PHYSPROP

SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
Hazardous Substances Data Bank (HSDB),

Hazardous Substances Data Bank (HSDB)
Hazardous Substances Data Bank (HSDB)
SRC PHYSPROP

SRC PHYSPROP
SRC PHYSPROP

Arora SC, Sharma PK, Irchhaiya R., et al., J
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP


http://www.accessdata.fda.gov/drugsatfda_docs/label/2013/204042s000lbl.pdf

BAMATE)

‘USION)
Carrier med Knitter |, W

administered with with ticarcillin

Y BASE)

‘ATE)

YDROCHLORIDE)

USION AS HYDROCHLORIDE)

Vala E, et al., Eur J Clin Pharmacol. 1990;38(3):281-7.

'YDROUS)
ROCHLORIDE)

TARTRATE)
2d release)
DIUM)

ithwash)
inistered with ethinyl estradiol)

DROCHLORIDE)
inistered with estradiol valerate)
ROCHLORIDE)

Carrier med Morrissey K E
IYDROCODEINE TARTRATE)

Z AS MESYLATE)

OATE)

3 based on body weight
MIDE)

DROCHLORIDE)
SILATE)

ROCHLORIDE Co-adminsitered with paracetemol)
USION)

Carrier med Allred AJ, Bc E

1J Cardiol. 1986 Aug 29;58(5):114C-116C.
ECTION)

ILATE)

ual AS TARTRATE)
Carrier med de Vries NA, E

78
128
103.5

260

Medium affinity for transporter

265
261
115

253

<25

184

41
238
515

112.8
200.5
98
158.5
279.5

109.5
182
330.5
165
214

170.5

255.5
112.5

161.5

715
56

190

256

249
192
213.5
229

SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP

MSDS Sigma aldrich http://www.sigmaalc

SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP

MSDS Sigma aldrich http://www.sigmaalc
SRC PHYSPROP

Hazardous Substances Data Bank (HSDB),

SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
Hazardous Substances Data Bank (HSDB)
SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP

SRC PHYSPROP
SRC PHYSPROP
SRC PHYSPROP
Hazardous Substances Data Bank (HSDB),
http://www.bayerresources.com.au/resc

SRC PHYSPROP

SRC PHYSPROP
SRC PHYSPROP

SRC PHYSPROP

SRC PHYSPROP
SRC PHYSPROP

SRC PHYSPROP

SRC PHYSPROP

Hazardous Substances Data Bank (HSDB)
MSDS http://www.sciencelab.com/msds.
SRC PHYSPROP

Hazardous Substances Data Bank (HSDB)


http://www.bayerresources.com.au/resources/uploads/PI/file9439.pdf

OSPHATE)

ROCHLORIDE)
nised)

Carrier med http://www E

DIUM SALT)
“USION)
TATE)

ERED; INHALATION
\LEATE)

“USION)

- SUSPENSION)

Carrier med Estudante v E

CINATE)
Carrier med Therapeutic

MIDE)

ROCHLORIDE)

"ATE)

‘USION AS FUMARATE)

USION)

ROCHLORIDE)

co-adminsitered CILASTATIN SODIUM)
ROCHLORIDE EXTENDED RELEASE)

104.5
122.5
-114.1
126
>300
147.5

206.5
151.5
112
167.5
80.5

156.5

253

296
233.5

270
115.5

94

119
192.5
136
162

105
215
3335
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Supporting information - Outliers from Figure 1

Therapeutic

Outlier type Name L Transport Route Comments References
indication/Class
Oseltamivir Antiviral Influx, PEPT1 & Efflux, P{PEPT1 is not detected in MDCK cells;therefore higher Ogihara, T.; Kano, T.; Wagatsuma, T.; Wada, S.; Yabuuchi, H.; Enomoto, S.; Morimoto, K.; Shirasaka, Y.; Kobayashi, S.; Tamai, I., Oseltamivir (Tamiflu) Is a Substrate of Peptide Transporter 1
gp permeability for the caco-2 cell lines
. I Varma, M. V. S.; Sateesh, K.; Panchagnula, R., Functional role of P-glycoprotein in limiting intestinal absorption of drugs: Contribution of passive permeability to P-glycoprotein mediated efflux transport. Molecular
In this case the MDCK permeability is lower compared to caco-2 PharmaceLtics 2005, 2. 12-21
Loperamide Opioid/gastrointestinal Efflux, P-gp permeablllt%/ due to the strain thMDfCK usedk\j/vhlch ovler Troutman, M. D.; Thakker, D. R., Novel experimental parameters to quantify the modulation of absorptive and secretory transport of compounds by P-glycoprotein in cell culture models of intestinal epithelium.
expresses the p-gp transporter therefore would expect lower Pharmaceutical Research 2003, 20, 1210-1224.
. S permeability in MDCK-MDR1 cells compared to caco-2
Higher permeability in caco-2
compared to MDCK In thi the MDCK bility s | dt ) Faassen, F.; Vogel, G.; Spanings, H.; Vromans, H., Caco-2 permeability, P-glycoprotein transport ratios and brain penetration of heterocyclic drugs. International Journal of Pharmaceutics 2003, 263, 113-122.
nthis Clj'sli de toth ptermeaf "\;IégKowe; co:psre 0 caco- Troutman, M. D.; Thakker, D. R., Novel experimental parameters to quantify the modulation of absorptive and secretory transport of compounds by P-glycoprotein in cell culture models of intestinal epithelium.
Amitriptyline Antidepressant Efflux, P-gp permeabiiity due fo the strain o used which over Pharmaceutical Research 2003, 20, 1210-1224.
expresses the p-gp transporter therefore would expect lower
permeability in MDCK-MDR1 cells compared to caco-2
L . . - . L Gao, Z., Devel t of a Conti Dissolution/Ab tion System—a Technical Note. AAPS PharmSciTech 2012, 13, 1287-1292.
Phenazopyridine  |Analgesic Passive Transcellular Poor solubility (dissolution limiting) - BCS class 2 compound a0 cvelopment o a Lontimons Lissoluho sorphion System—a Techmeat ote armsetiee
. . o Liu, W. et al, Sotalol Permeability in Cultured-Cell, Rat Intestine, and PAMPA System. Pharmaceutical Research 2012, 29, 1768-1774.
OATP-A is expressed in caco-2 but not determined in MDCK Il. In
Sotalol Antiarrhythmic Paracellular & influx addition MDCK 11 cells are leakier compared with caco-2 hence
transporter OATP-A both reasons could contribute to higher absorption through the
MDCK cell line
. . . . Luckner, P.; Brandsch, M., Interaction of 31 B-lactam antibiotics with the H+/peptide symporter PEPT2: analysis of affinity constants and comparison with PEPT1. European Journal of Pharmaceutics and Biopharmaceutics
Influx. PEPT1 & Efflux. P Higher expression of p-gp in caco-2 and higher efflux of 2005. 59 17-24.
Dicloxacillin Antibiotic gp d'CIO)fac'!“n by this tran_spor_t er than uptake _by PEPTL could Susanto M, Benet LZ. Can the enhanced renal clearance of antibiotics in cystic fibrosis patients be explained by P-glycoprotein transport? Pharm Res. 2002 Apr;19(4):457-62.
explain higher permeability in MDCK cell line.
Higher abundance of LNAA in MDCK cells compared with caco- |Putnam, W. S.; Ramanathan, S.; Pan, L.; Takahashi, L. H.; Benet, L. Z., Functional characterization of monocarboxylic acid, large neutral amino acid, bile acid and peptide transporters, and P-glycoprotein in MDCK and
Higher permeability in MDCK 2, in addition the possibility of paracellular absorption has been | Caco-2 cells. Journal of Pharmaceutical Sciences 2002, 91, 2622-2635.
compared to caco-2 Levodopa Psychoactive Influx, LNAA proposed and based on the MDCK cell line which is leakier both |Lennernas, H.; Nilsson, D.; Aquilonius, S. M.; Ahrenstedt, O.; Knutson, L.; Paalzow, L. K., The effect of L-leucine on the absorption of levodopa, studies by regional jejunal perfusion in man. British Journal of Clinical
could explain the higher permeability in MDCK compared to caco-|Pharmacology 1993, 35, 243-250.
2
c d ined i c lls indicati Choi, M. K;; Song, |. S., Characterization of efflux transport of the PDES5 inhibitors, vardenafil and sildenafil. Journal of Pharmacy and Pharmacology 2012, 64, 1074-1083.
Erectile dvsfuncti d i RE transri)(?rtec; V\;?IS notffeterr']rcune n '\é”; IéF:I cells in |cat_|ng Di, L.; Whitney-Pickett, C.; Umland, J. P.; Zhang, H.; Zhang, X.; Gebhard, D. F.; Lai, Y. R.; Federico, J. J.; Davidson, R. E.; Smith, R.; Reyner, E. L.; Lee, C.; Feng, B.; Rotter, C.; Varma, M. V.; Kempshall, S.; Fenner, K,;
. . rectile dys unc.tlon an that the combined efflux e _Pth of p-gp and BC trans.porters in El-Kattan, A. F.; Liston, T. E.; Troutman, M. D., Development of a New Permeability Assay Using Low-Efflux MDCKII Cells. Journal of Pharmaceutical Sciences 2011, 100, 4974-4985.
Sildenafil pulmonary arterial Efflux, P-gp & BCRP caco-2 reduce the permeability more compared to the single efflux
hypertension transporter in the MDCK cell line hence the higher permeability in
the MDCK cell line
Glipizide Anti-diabetic passive Transcellular Poor solubility (dissolution limiting) - BCS class 2 compound Mehramizi, A.; Alijani, B.; Pourfarzib, M.; Dorkoosh, F. A.; Rafiee — Tehrani, M., Solid Carriers for Improved Solubility of Glipizide in Osmotically Controlled Oral Drug Delivery System. Drug Development and Industrial

Pharmacy 2007, 33, 812-823.
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Table S1. Comparison of small intestine amvitro cell lines; 'y’ indicates transporter and
enzyme expression; Bold text indicates high expoes#alic indicates moderate, normal text
indicates low expression according to the litemtur

Cdl line Small intestine Caco-2 MDCK Refs
Species Human Human Canine L2
Tissue Small intestine Colon adenocarcinoma Kidney L2
Culture time N/A 212 3.5 1.2
(days)
Parental MDCK <20(Q

MDCK | >1000 1-9

TEER Q.cnf) 25-40 300-500 MDCK Il <300
MDCK-MDR1 1000-
10000
Unstirred
water layer 1013
(UWL) <100 1000-2500 NF
thickness (um)
Transporter Transporter expression is highest in small intestarea dependent) compared to cell line
expression most cases. Transport expression is lower in MDEls compared to Caco-2 célls
y

MDRZ1(P-gp) y y y MDCK I 4, 6,14-19

y MDCK-MDR1
MDR3 y y y MDCK Il 618,20
HPT1 y y NF 18, 20-22
PEPT1 y y ND MDCK I 6.15-18,20, 22,23
PEPT2 ND ND y MDCK I 6.15,18, 20, 24
OCTN1 y NF 17,18, 20, 22
OCTN2 y y NF 1, 16-18, 20
MCT1 y y y MDCK II 16,17, 20,25
MCT2 ND y NF 26-28
MCT3 y y ND MDCK Il 18,22, 25
MCT4 y y y MDCK I 18,25-27,29
MCT5 y y NF 18.20
IBAT y y NF 518,20
OAT1 ND ND ND MDCK Il 616,18, 20,30
OAT2 y y NF 16.20
OAT3 ND ND NF 18,20
OAT4 ND y NF 18,20,31
OATP-A y y ND MDCK I 6.17,20,32,33
OATP-B y y NF 16-18, 23, 32
OATP-C ND ND ND 'K'IBEK I 18,20, 33
OATP-D y y NF 18, 20, 34
OATP-E y y NF 18, 20, 34
OATP-F y ND NF 18,20




ND*

OATP-H y y ND MDCK I o
OATP8 y ND ND MDCK I 6.18, 20,32
BCRP y y ND l\’>|lgz:K | 6,14, 16-19, 23, 37
y*
MRP1 y y y MDCK I 14, 17-20, 33
y MDCK-MDR1
ND* 6, 14, 16-18, 20, 23,
MRP2 y y y MDCK I 33
y MDCK-MDR1
MRP3 y y y MDCK I 6, 16, 17, 20
MRP5 y y , I\%DMCDKC-:&SRl 6,14, 19, 20, 22
MRP6 y y NF w
OCT1 y y NF 16-18, 20
OCT2 ND ND y MDCK I 618,20,38
OCT3 y ND MDCK I 61618
ENT1 y y y MDCK II 6, 18, 22, 39
I(_ FAA'rAllLATz) y y y* >
PHT1 y y y MDCK I 6.41
LRP y NF NE 20, 42
Cycloph A y NF NE 20
CNT3 ND y ND* 18, 20, 43
Enzyme E . . . . .
expression nzymes expressed in the small intestine have highendance compared to the cell lines|
CYP3A4 y y (very low) ND* 4,22, 44-46
CYP2D6 y y (very low) NF 18, 44,45
CYP2C9 y y NE 18,22, 44, 45
CYP2C19 y y NF 18, 22, 44, 45
CYP1A1 y y NFE 44,45
CYP2J2 y y ND MDCK I 6.22,44.45
CYP3A5 y y NE 18, 44, 45
UGT y y NF *
GST y y v 1,22, 47
ST y y y MDCK I e
AT y y NF =
AcyT y y NE 77

dwhen P-gp expression is at its maxinfuidF- not found in the literature; ND - not deteciadexperimental assay; MDR - multi drug

resistant protein; HPT1 - human oligopeptide trantgy;

PEPT- peptide transporter; OCTN - organation transporter; MCT-

monocarboxylate transporters; IBAT - ileal sodiuapdndent bile acid transporter/ intestinal biledacansporter; OAT - organic anion
transporter; OATP - Organic anion-transporting pelgtide; BCRP - Breast cancer resistance proteiRPM multidrug resistance
associated protein; OCT - organic cation transpoBNT - equilibrative nucleoside transporter; LNABAT - Large neutral amino acids;
LRP - lipoprotein transporter; Cycloph A - cyclofamiA/_Peptidyl-prolyl Isomerase A, CNT - Concentrativeleoside transporter; CYP -
Cytochrome P450 enzyme; UGT- Uridine 5'-diphosphmgronosyltransferase; GST - glutathione S-tramaske ST- sulfotransferase; AT

- N-acetyltransferase; AcyT — acyltrtransferase

*Note: A generic term MDCK is used unless spedififormation regarding the transporter in a spedfi@in is known. Therefore MDCK
could indicate that the parietal MDCK has been ugsdtiat the strain was not specified in the study



Comparison of absorption through MDCK and Caco-2 cell lines using different

mechanisms/ routes

The statistical significance of the regression dir{slope and intercept) of the absorption
mechanisms highlighted ihable 3 (in manuscript) was tested and the results are shown in
Table S2. As some of the compounds undergo more than os@gtiion mechanism (Groups
D, F, G and H inTable 3), the significance was also tested in either meisiha For
example, for group D (efflux and paracellular) thvas tested with all these compounds
classed as efflux or classed as paracellular. tesgat 0.05 indicate that there is a significant

difference between the intercept and slope ofitteslof the absorption groups being studied.



Table S2. Linear regression results and significance of the different absorption

transport routes (Fir st absor ption mechanism is dominant for that set)

Model | Description N Slope Slope p valu¢  Interceptntercept p
value

1* Paracellular (B, D ,F ,H) Vs | 11 -0.191 0.0023** -7.370 n/a
Transcellular (A) 83 -0.874 -0.688

2 Carrier mediated (C-H) Vs | 96 0.777 0.297 -1.239 0.525
Passive (A, B) 89 0.880 -0.663

3 Efflux (C, D, G, H) Vs 79 0.787 0.355 -1.194 0.479
Passive (A, B) 89 0.880 -0.663

4 Influx (E, F, G, H) Vs 32 0.673 0.132 -1.899 0.326
Passive (A, B) 89 0.880 -0.663

5 Efflux (C, D, G, H) Vs 79 0.787 0.867 -1.194 0.895
Influx (E, F) 17 0.750 -1.376

6 Influx (E, F, G, H) Vs 32 0.673 0.498 -1.899 0.338
Efflux (C, D) 64 0.795 -1.113

7 Influx (E, F) Vs 17 0.750 0.844 -1.376 0.915
Efflux (C, D) 64 0.795 -1.113

* Paired t tests were carried out on the smalleugrof permeability values to test the significabeéwveen the two cell lines of the group of
compounds. In addition paired t tests were alsoezhput for all the groups in models 1-7 to testdignificance between the cell lines. All

tests revealed not significant differences betwigertwo cell lines.

**indicates statistical significance between thewgs



Table S3. Molecular descriptors utilised in 12 models frdable 6 in manuscript

M odel used (1-
Descriptor Description 12) from Table 6
Sum of absolute values of atomic pa charges of th
ABSQ molecule 2,8,9,10
ACD_PSA Polar Surface Area 2,3,4,5,6,7,9
Balaban Highly discriminant topological descriptor, givess iadication

Topological Index

of shape including branching and cyclicity of a ewlle

1,3,4,7,8,10,11,1

Measure of polarity plus other internal electroefiects of the

Dipole molecules 2,59
Aqueous solubility calculated using the generalisitity

GSE solubility equation 3,5,7,10,11

Hmin Minimum hydrogen EState value in molecule 2,5,

Inertia Moment 2 Indicates the strength and orientation behaviorsagcule in

Length an electrostatic field. 6

logDN logarithm of dose number 6

LogP Octanol/water partition coefficient 1,11,12

logPapp logarithm of cell apparent permeability (& 1-12
logarithm of experimental aqueous solubility in liolnits

logS (M) (M) 8,9,10

LogS (mg/mL) logarithm of experimental aqueous bibity in mg/mL 2,59

Max Neg Largest negative charge over the atomisercompound 1

MPbAP Melting Point based Absorption Potential 48,12

Phia Kappa flexibility index 1

Qv Molecular and group polarity index 1
Sum of the hydrogen atom leve-state values for a

SHHBd hydrogen atoms bonded to donating atoms. 1,11,12

SsCH3 Sum of all (-CH3 -) E-state values in molecul 1,11,12
Energy of the highest occupied molecular orbitéddated by

VAMP HOMO AM1 semi empirical method 1,11,12
Energy of the lowest unoccupied molecular orbitdtclated

VAMP LUMO by AM1 semi empirical method 2,5,6,9




Figures showing therelationship between the different transport mechanisms between the 185

compoundsfor caco-2 and MDCK per meability
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Figure S1. Comparison of regression between compounds trhmsceand paracellular

(model 1).
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Figure S2. Comparison of regression between carrier medidtaedsport and passive

absorption compounds (model 2)
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Figure S3. Comparison of regression between compounds ideshtfs carrier mediated

efflux transport and passive absorption (model 3)



-3.59

-4.04

-4.5-

-5.04

-5.54

-6.04

Log MDCK Papp (cm/s)

-6.54

-7.04

-7.5

OD
(o) o o) Transport Route
=0— Influx
(m} O - Transcellular

-7.5

) ) )
-7.0 -6.5 -6.0 -55 -5.0 -4.5 -4.0 -35
Log Caco-2 Papp (cm/s)

Figure S4. Comparison of regression between compounds idehtdis carrier mediated

influx transport and passive absorption (model 4)
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Figure S5. Comparison of regression between carrier mediatiaxeand influx transport

(model 5)
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Figure S6. Comparison of regression between carrier mediafhakeand influx transport
(groups C-FTable 3) Model 6
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12 C&RT models fronTable 7 from manuscript

Model 1

Tree graph for 80.000000

Num. of non-terminal nodes: 9, Num. of terminal nodes: 10

[1m

Model: C&RT
D=1 N=35§
HIGH
[

logPapp

<= -5.150000 > -5.150000

ID=2 N=145 ID=3 N=211

Low HIGH
[
SHHBd Balaban T opological index
<= 6.612200 > 6.612200 <= 1.537850
ID=4 N=78 ID=5 N=67 ID=6 N=44
Low Low Low
VAMP HOMO phia
> -8.757106 <= 3.809000 > 3.809000 <= 0.985034 > 0.985034
ID=9 N=18§ ID=10 N=14 ID=11 N=3 ID=12 N=71 ID=13 N=96
HIGH HIGH Low HIGH HIGH
] L1 Lo 1 [
SsCH3 MaxNeg
<= 3.509010 > 3.509010 <= -0.392230 > -0.392230
ID=14 N=3§ ID=15 N=2: ID=16 N=46 ID=17 N=2
Low Low HIGH Low
LogP
<= 1.239340 > 1.239340
ID=18 N=23 ID=19 N=15
Low HIGH

Model 2

Tree graph for 80.000000

Num. of non-terminal nodes: 9, Num. of terminal nodes: 10

Model: C&RT

iD=

—[ |

1 N=309
HIGH

logPapp

<= -5.150000
D=2 _ N=117
Low
LogS (mg/mi)
<= 1.870000 > 1.870000
iD= N=77 iD= N=14
Low Low
ABSQ
<= 3.689000 > 3.689000
D=8 N=1§ [ID= N=
HIGH Low

LogS (mg/mi)
<= -1.390000 > -1.390000
ID=7 N=100
HIGH
ACD_PSA ACD_PSA
<= 68.535000 > 68.535000 <= 58.720000 > 58.720000
ID=10 N=29 ID=11 N=22 ID=12 N=5: ID=13 N=47
HIGH HIGH HIGH HIGH
[ ] [ [ ] ]
Dipole VAMP LUMO
<= 6.863740 > 6.863740 <= -0.624116 > -0.624116
ID=14 N=14 ID=15 N=8§ ID=16 N= ID=17 N=2¢
LOW HIGH HIGH HIGH
(1] [ ] [ ] [ ]
Hmin
<= 0.654000 > 0.654000
ID=18 N=§ ID=19 =17
HIGH LOV\/\‘

[

1]




Model 3

Low Tree graph for 80.000000
HIGH Num. of non-terminal nodes: 5, Num. of terminal nodes: 6
Model: C&RT
D=1 N=305
HIGH
—
logPapp
<= -5.150000 > -5.150000
D=2 [ N=117 D=3 5 N=183
J—
GSE solubility GSE solubility
<= -1.120000 > -1.120000 <= -4.740000 > -4.740000
(D=4 N=67 D=5 N=2§ [D=6 N=29 (D=7 N=138
LOW LOW HIGH HIGH

—[]

ACD_PSA Balaban Topological index
<= 89.240000 > 89.240000 <= 1.569850 > 1.569850
ID:10HIGH N=29 ID:11LOW N=3§ ID=8 Low N=§ ID=9 HIGH N=21

Mode 4
Low Tree graph for 80.000000
HIGH Num. of non-terminal nodes: 5, Num. of terminal nodes: 6
Model: C&RT
(D=1 N=303
HIGH
1
logPapp
<= -5.150000 > -5.150000
[D=2 N=117 D=3 N=188
LOW HIGH
J—
MPbAP MPbAP
<= 0.940000 > 0.940000 <= 2.160000 > 2.160000
D=4 N=23 (D=5 N=70 [D=6 N=79 (D=7 N=85
LOW LowW HIGH HIGH
=" 1] —
ACD_PSA Balaban Topological index
<= 81.800000 > 81.800000 <=1.539019 >1.539019
ID=8 N=24 [ID=9 N=4d [D=10 N=14 [D=11 N=67
HIGH LOwW LOW HIGH

O 0= Om [




M odel 5

Tree graph for 80.000000
Num. of non-terminal nodes: 9, Num. of terminal nodes: 10

Model: C&RT
ID=1 N=304
HIGH
—[]
logPapp
<= -5.150000 > -5.150000
D=2 N=117
Low
[1M
GSE solubiity LogS (mg/ml)
<= -1.120000 > -1.120000 <= -1.390000 > -1.390000
ID=4 N=61 ID=5 N=2¢ =
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1M [+
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ID=8 N=29 ID=9 N=3 ID=10 IN=2 ID=11 N=22 ID=12 N=5: ID=13 N=47
HIGH Low HIGH HIGH HIGH HIGH
Dipole VAMP LUMO
<= 6.863740 > 6.863740 <= -0.624116 > -0.624116
ID=14 N=14 ID=15 N=8§ ID=16 N= ID=17 N=2
Low HIGH HIGH HIGH
(10 [ [] —=[1
Hmin
<= 0.654000 > 0.654000
ID=18 N=8 ID=19 N=17
HIGH Low
ﬂ [ ]
Low Tree graph for 80.000000
—HIGH i i
Num. of non-terminal nodes: 7, Num. of terminal nodes: 8
Model: C&RT
(D=1 N=304
HIGH
—
logPapp
<= -5.150000 > -5.150000
D=2 N=117] D=3 N=18§
LoW HIGH
MPbAP logDN
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(D=4 N=23 (D=5 N=7 D=6 N=¢ D=7 N=147
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[1= 1M —
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— /A —
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M
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Model 7

Low Tree graph for 80.000000
HIGH Num. of non-terminal nodes: 5, Num. of terminal nodes: 6
Model: C&RT
D=1 N=305
HIGH
—
logPapp
<= -5.150000 > -5.150000
D=2 | N=117 D=3, . N=18
J—
GSE solubility MPbAP
<= -1.120000 > -1.120000 <= 2.160000 > 2.160000
(D=4 N=67 (D=5 N=28 [D=6 N=79 D=7 N=85
LOW LOowW HIGH HIGH
17 = —
ACD_PSA Balaban Topological index
<= 89.240000 > 89.240000 <= 1.539019 > 1.539019
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Model 8
— LOW Tree graph for 80.000000
HIGH Num. of non-terminal nodes: 5, Num. of terminal nodes: 6
Model: C&RT
D=1 N=309
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1
logPapp
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D=2 N=117] D=3 N=184
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1
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ﬁ H — —
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iD=8 N=16 [ID=9 N=60 ID=10 N=12 [D=11 N=67
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- Tree graph for 80.000000
——HIGH Num. of non-terminal nodes: 9, Num. of terminal nodes: 10
Model: C&RT
ID=1 N=304
HIGH
—[]
logPapp
<= -5.150000
D=2 N=117
Low
[1M
LogS (M) LogS (mg/mi)
<= -0.490000 > -0.490000 <= -1.390000 > -1.390000
ID=4 N=79 ID=5 N=12
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HIGH Low HIGH HIGH HIGH HIGH
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Dipole VAMP LUMO
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Low HIGH HIGH HIGH
1] [ [ ] =1l
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<= 0.654000 > 0.654000
ID=18 N=§ ID=19 N=17
HIGH LOW
ﬂ [ ]
Model 10
Low Tree graph for 80.000000
HIGH Num. of non-terminal nodes: 5, Num. of terminal nodes: 6
Model: C&RT
ID=1 N=305
HIGH
|-
logPapp
<=-5.150000 > -5.150000
|D=2 N=117 ID=3 N=1894
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LogS (M) GSE solubility
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Model 11

Tree graph for 80.000000
Num. of non-terminal nodes: 7, Num. of terminal nodes: 8
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Model 12

Tree graph for 80.000000
Num. of non-terminal nodes: 7, Num. of terminal nodes: 8

Model: C&RT
logPapp
<= -5.150000
D=2 N=117
Low

[1m

SHHBd

<= 6.612200

> 6.612200

<= 2.160000

MPbAP

> 2.160000

ID=6
HIGH

/]

N=79

ID=7 N=
HIGH

Balaban Topological index
e

> 1.539019

ID=11 N=67
HIGH

[]

VAMP HOMO
<= 1.539019
N=49 ID=10 N=12
Low
[l
<= 3.509010 > 3.509010
ID=12 N=33 ID=13 N=1§
HIGH Low

> 1.239340

ID=15 N=1§
HIGH




References

1. Volpe, D. A., Variability in Caco-2 and MDCK ¢tddased intestinal permeability assays.
Journal of Pharmaceutical Sciences 2008, 97, 712-725.
2. Cho, M. J.; Thompson, D. P.; Cramer, C. T.; VadnT. J.; Scieszka, J. F., The madin darby

canine kidney (MDCK) epithelial-cell monolayer amadel cellular-transport barrier.
Pharmaceutical Research 1989, 6, 71-77.

3. Dukes, J. D.; Whitley, P.; Chalmers, A. D., WMBCK variety pack: choosing the right
strain.Bmc Cell Biology 2011, 12.
4, Braun, A.; Hammerle, S.; Suda, K.; Rothen-Ruatiser, B.; Gunthert, M.; Kramer, S. D.;

Wunderli-Allenspach, H., Cell cultures as tooldbiopharmacyEuropean Journal of Pharmaceutical
Sciences 2000, 11, S51-S60.

5. Putnam, W. S.; Ramanathan, S.; Pan, L.; TakahadH.; Benet, L. Z., Functional
characterization of monocarboxylic acid, large raltdmino acid, bile acid and peptide transporters,
and P-glycoprotein in MDCK and Caco-2 cellsurnal of Pharmaceutical Sciences 2002, 91, 2622-
2635.

6. Quan, Y.; Jin, Y.; Faria, T. N.; C. A. Tilfor@, A.; He, A.; Wall, D. A.; Smith, R. L.; Vig, B.
S., Expression Profile of Drug and Nutrient AbsaptRelated Genes in Madin-Darby Canine
Kidney (MDCK) Cells Grown under Differentiation Cditions. Pharmaceutics 2012, 4, 314-333.

7. Balimane, P. V.; Chong, S., Cell culture-basedlefs for intestinal permeability: a critique.
Drug Discov. Today 2005, 10, 335-343.
8. Irvine, J. D.; Takahashi, L.; Lockhart, K.; Cingo J.; Tolan, J. W.; Selick, H. E.; Grove, J.

R., MDCK (Madin-Darby canine kidney) cells: A tdok membrane permeability screenidgurnal

of Pharmaceutical Sciences 1999, 88, 28-33.

9. Soldner, A.; Benet, L. Z.; Mutschler, E.; Chass, U., Active transport of the angiotensin-II
antagonist losartan and its main metabolite EXRPI2&Foss MDCK-MDR1 and Caco-2 cell
monolayersBritish Journal of Pharmacology 2000, 129, 1235-1243.

10. Lennernas, H., Human intestinal permeabilityrrnal of Pharmaceutical Sciences 1998, 87,
403-410.
11. Hilgers, A. R.; Conradi, R. A.; Burton, P. Sgco-2 cell monolayers as a model for drug

transport across the intestinal-mucd®aarmaceutical Research 1990, 7, 902-910.

12. Karlsson, J.; Artursson, P., A new diffusiomuetiber system for the determination of drug
permeability coefficients across the human intestpithelium that are independent of the unstirred
water layerBiochimica Et Biophysica Acta 1992, 1111, 204-210.

13. Hidalgo, I. J.; Hillgren, K. M.; Grass, G. MBprchardt, R. T., Characterization of the
unstirred water layer in caco-2 cell monolayeraigs novel diffusion apparatuBharmaceutical
Research 1991, 8, 222-227.



14. Kuteykin-Teplyakov, K.; Luna-Tortos, C.; Ambrak, K.; Loscher, W., Differences in the
expression of endogenous efflux transporters in Mansfected versus wildtype cell lines affect P-
glycoprotein mediated drug transpdatitish Journal of Pharmacology 2010, 160, 1453-1463.

15. Balimane, P. V.; Chong, S.; Patel, K.; Quan,TYmoszyk, J.; Han, Y. H.; Wang, B.; Vig, B.;
Faria, T. N., Peptide transporter substrate ideatibn during permeability screening in drug
discovery: Comparison of transfected MDCK-hPepTiisd¢e Caco-2 cellsArchives of Pharmacal
Research 2007, 30, 507-518.

16. Seithel, A.; Karlsson, J.; Hilgendorf, C.; Bjaist, A.; Ungell, A. L., Variability in mRNA
expression of ABC- and SLC-transporters in humaestmal cells: Comparison between human
segments and Caco-2 cel&siropean Journal of Pharmaceutical Sciences 2006, 28, 291-299.

17. Maubon, N.; Le Vee, M.; Fossati, L.; Audry, Me Ferrec, E.; Bolze, S.; Fardel, O.,
Analysis of drug transporter expression in humaesitinal Caco-2 cells by real-time PCR.
Fundamental & Clinical Pharmacology 2007, 21, 659-663.

18. Hayeshi, R.; Hilgendorf, C.; Artursson, P.; Astjns, P.; Brodin, B.; Dehertogh, P.; Fisher,
K.; Fossati, L.; Hovenkamp, E.; Korjamo, T.; Masyr@; Maubon, N.; Mols, R.; Mullertz, A.;
Monkkonen, J.; O'Driscoll, C.; Oppers-TiemissenMd, Ragnarsson, E. G. E.; Rooseboom, M.;
Ungell, A. L., Comparison of drug transporter gempression and functionality in Caco-2 cells from
10 different laboratoriesuropean Journal of Pharmaceutical Sciences 2008, 35, 383-396.

19. Di, L.; Whitney-Pickett, C.; Umland, J. P.; AgaH.; Zhang, X.; Gebhard, D. F.; Lai, Y. R.;
Federico, J. J.; Davidson, R. E.; Smith, R.; ReyBet..; Lee, C.; Feng, B.; Rotter, C.; Varma, M; V
Kempshall, S.; Fenner, K.; El-Kattan, A. F.; Listdn E.; Troutman, M. D., Development of a New
Permeability Assay Using Low-Efflux MDCKII Cellgournal of Pharmaceutical Sciences 2011,

100, 4974-4985.

20. Hilgendorf, C.; Ahlin, G.; Seithel, A.; Arturas, P.; Ungell, A. L.; Karlsson, J., Expression of
thirty-six drug transporter genes in human intestliver, kidney, and organotypic cell liné&xug
Metabolism and Disposition 2007, 35, 1333-1340.

21. Behrens, I.; Kamm, W.; Dantzig, A. H.; KissEl, Variation of peptide transporter (PepT1
expression in Caco-2 cells as a function and HRT gl origin.Journal of Pharmaceutical Sciences
2004, 93, 1743-1754.

22. Sun, D. X.; Lennernas, H.; Welage, L. S.; Btrde L.; Landowski, C. P.; Foster, D.;
Fleisher, D.; Lee, K. D.; Amidon, G. L., Comparissilhuman duodenum and Caco-2 gene
expression profiles for 12,000 gene sequencesatadjsorrelation with permeability of 26 drugs.
Pharmaceutical Research 2002, 19, 1400-1416.

23. Englund, G.; Rorsman, F.; Ronnblom, A.; Karlh&im Lazorova, L.; Grasjo, J.; Kindmark,
A.; Artursson, P., Regional levels of drug transpiar along the human intestinal tract: Co-expressio
of ABC and SLC transporters and comparison withocacells.European Journal of

Pharmaceutical Sciences 2006, 29, 269-277.



24. Leibach, F. H.; Ganapathy, V., Peptide trarngpsiin the intestine and the kidnéynual
Review of Nutrition 1996, 16, 99-119.

25. Deora, A. A.; Philp, N.; Hu, J.; Bok, D.; Raglnez-Boulan, E., Mechanisms regulating
tissue-specific polarity of monocarboxylate trarrsgs and their chaperone CD147 in kidney and
retinal epitheliaProceedings of the National Academy of Sciences of the United Sates of America
2005, 102, 16245-16250.

26. Morris, M. E.; Felmlee, M. A., Overview of tipeoton-coupled MCT (SLC16A) family of
transporters: Characterization, function and molthe transport of the drug of abuse gamma-
hydroxybutyric acidAaps Journal 2008, 10, 311-321.

27. Halestrap, A. P.; Meredith, D., The SLC16 glmaily - from monocarboxylate transporters
(MCTs) to aromatic amino acid transporters and hdyBflugers Archiv-European Journal of
Physiology 2004, 447, 619-628.

28. Lin, R. Y.; Vera, J. C.; Chaganti, R. S. K;Ix D. W., Human monocarboxylate transporter
2 (MCTZ2) is a high affinity pyruvate transportdournal of Biological Chemistry 1998, 273, 28959-
28965.

29. Gill, R. K.; Saksena, S.; Alrefai, W. A.; Sanyva.; Goldstein, J. L.; Carroll, R. E.;
Ramaswamy, K.; Dudeja, P. K., Expression and mengbli@calization of MCT isoforms along the
length of the human intestindmerican Journal of Physiology-Cell Physiology 2005, 289, C846-
C852.

30. Zalups, R. K.; Ahmad, S., Handling of cysteieonjugates of methylmercury in MDCK
cells expressing human OATHidney International 2005, 68, 1684-1699.

31. Whitley, A. C.; Sweet, D. H.; Walle, T., Sitpesific accumulation of the cancer preventive
dietary polyphenol ellagic acid in epithelial ceflfisthe aerodigestive tractournal of Pharmacy and
Pharmacol ogy 2006, 58, 1201-1209.

32. Glaeser, H.; Bailey, D. G.; Dresser, G. K.;gare J. C.; Schwarz, U. I.; McGrath, J. S.;
Jolicoeur, E.; Lee, W.; Leake, B. F.; Tirona, R, &im, R. B., Intestinal drug transporter expregssio
and the impact of grapefruit juice in huma@tn. Pharmacol. Ther. 2007, 81, 362-370.

33. Goh, L. B.; Spears, K. J.; Yao, D. G.; Ayrtén, Morgan, P.; Wolf, C. R.; Friedberg, T.,
Endogenous drug transporters in in vitro and imviodels for the prediction of drug disposition in
man.Biochemical Pharmacology 2002, 64, 1569-1578.

34. Sai, Y.; Kaneko, Y.; Ito, S.; Mitsuoka, K.; KatY.; Tamai, |.; Artursson, P.; Tsuiji, A.,
Predominant contribution of organic anion transpgrpolypeptide OATP-B (OATP2B1) to apical
uptake of estrone-3-sulfate by human intestinalo€acells.Drug Metabolism and Disposition 2006,
34, 1423-1431.

35. Mikkaichi, T.; Suzuki, T.; Onogawa, T.; Tanema¥l.; Mizutamari, H.; Okada, M.; Chaki,
T.; Masuda, S.; Tokui, T.; Eto, N.; Abe, M.; Satétt, Unno, M.; Hishinuma, T.; Inui, K.; Ito, S.;

Goto, J.; Abe, T., Isolation and characterizatiba digoxin transporter and its rat homologue



expressed in the kidnelroceedings of the National Academy of Sciences of the United States of
America 2004, 101, 3569-3574.

36. Kuo, K.-L.; Zhu, H.; McNamara, P. J.; Leggas, Mcalization and Functional
Characterization of the Rat Oatp4cl Transportanifn Vitro Cell System and Rat TissuBis One
2012, 7.

37. Xia, C. Q.; Liu, N.; Yang, D.; Miwa, G.; Gan, 8., Expression, localization, and functional
characteristics of breast cancer resistance protélaco-2 cellsDrug Metabolism and Disposition
2005, 33, 637-643.

38. Shu, Y.; Bello, C. L.; Mangravite, L. M.; Ferig},, Giacomini, K. M., Functional
characteristics and steroid hormone-mediated régulaf an organic cation transporter in Madin-
Darby canine kidney celld. Pharmacol. Exp. Ther. 2001, 299, 392-398.

39. Hammond, J. R.; Stolk, M.; Archer, R. G. E.;@bnnell, K., Pharmacological analysis and
molecular cloning of the canine equilibrative nadliele transporter European Journal of
Pharmacology 2004, 491, 9-19.

40. Rossier, G.; Meier, C.; Bauch, C.; Summa, \érd&t, B.; Verrey, F.; Kuhn, L. C., LAT2, a
new basolateral 4F2hc/CD98-associated amino smmdporter of kidney and intestirdeurnal of
Biological Chemistry 1999, 274, 34948-34954.

41. Herrera-Ruiz, D.; Wang, Q.; Cook, T. J.; Kni@,T.; Gudmundsson, O. S.; Smith, R. L.;
Faria, T. N., Spatial expression patterns of pegtidnsporters in the human and rat gastrointéstina
tracts, Caco-2 in vitro cell culture model, and tiplé human tissue#\aps Pharmsci 2001, 3, art.
no.-9.

42. Taipalensuu, J.; Tornblom, H.; Lindberg, GndEsson, C.; Sjoqgvist, F.; Melhus, H.; Garberg,
P.; Sjostrom, B.; Lundgren, B.; Artursson, P., @&tion of gene expression of ten drug efflux
proteins of the ATP-binding cassette transporterilfain normal human jejunum and in human
intestinal epithelial Caco-2 cell monolayeisPharmacol. Exp. Ther. 2001, 299, 164-170.

43. Errasti-Murugarren, E.; Pastor-Anglada, M.; &s F. J., Role of CNT3 in the
transepithelial flux of nucleosides and nucleosideved drugsJournal of Physiology-London 2007,
582, 1249-1260.

44, Paine, M. F.; Hart, H. L.; Ludington, S. S.;iag, R. L.; Rettie, A. E.; Zeldin, D. C., The
human intestinal cytochrome P450 "piBtug Metabolism and Disposition 2006, 34, 880-886.

45, Borlak, J.; Zwadlo, C., Expression of drug-rbetezing enzymes, nuclear transcription
factors and ABC transporters in Caco-2 ceflmobiotica 2003, 33, 927-943.

46. Kwatra, D.; Budda, B.; Vadlapudi, A. D.; Vad#dia, R. K.; Pal, D.; Mitra, A. K.,
Transfected MDCK Cell Line with Enhanced Expressibi€YP3A4 and P-Glycoprotein as a Model
To Study Their Role in Drug Transport and MetabuliMolecular Pharmaceutics 2012, 9, 1877-
1886.



47. Bohets, H. H.; Nouwen, E. J.; DeBroe, M. Eeniaikx, P. J., The cytosolic glutathione S-
transferase isoenzymes in the dog kidney corteoagpared with the corresponding MDCK renal
cell line. Biochimica Et Biophysica Acta-Molecular Cell Research 1996, 1311, 93-101.

48. Ng, K. H.; Lim, B. G.; Wong, K. P., Sulfate ¢ogating and transport functions of MDCK
distal tubular cellsKidney International 2003, 63, 976-986.



	Binder1.pdf
	Supporting Information_I
	Supporting Information_II


