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Abstract

This research describes a rapid solubility classification approach that could be used in the
discovery and development of new molecular entities. Compounds (N = 635) were divided into
two groups based on information available in the literature: high solubility (BDDCS/BCS 1/3) and
low solubility (BDDCS/BCS 2/4). We established decision rules for determining solubility classes
using measured log solubility in molar units (MLogSy) or measured solubility (MSol) in mg/ml
units. ROC curve analysis was applied to determine statistically significant threshold values of
MSol and MLogSy. Results indicated that NMEs with MLogSy, >-3.05 or MSol >0.30 mg/mL
will have 285% probability of being highly soluble and new molecular entities with MLogSp, <
-3.05 or MSol <0.30 mg/mL will have >85% probability of being poorly soluble. When
comparing solubility classification using the threshold values of MLogSy, or MSol with BDDCS,
we were able to correctly classify 85% of compounds. We also evaluated solubility classification
of an independent set of 108 orally administered drugs using MSol (0.3 mg/mL) and our method
correctly classified 81% and 95% of compounds into high and low solubility classes, respectively.
The high/low solubility classification using MLogSy, or MSol is novel and independent of
traditionally used dose number criteria.
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1. Introduction

The solubility of compounds impacts formulation, dissolution, and absorption from the
gastrointestinal tract. Extensive research has been conducted to develop /n silico quantitative
structure pharmacokinetic relationships and /in vitro assays to predict the solubility of
compounds in the early phases of the drug discovery process (Balakin et al., 2006; Dearden,
2006; Hughes et al., 2008; Kerns et al., 2008). The Biopharmaceutics Classification System
(BCS) and Biopharmaceutics Drug Disposition Classification System (BDDCS) have
classified compounds according to their extent of solubility (high or low) using the rate and
the extent of dissolution (Amidon et al., 1995; Yu et al., 2002) and/or dose number (Benet et
al., 2011; Dahan et al., 2013). Dose number (Dy) is defined as (Amidon et a/., 1995; Benet et
al., 2011):

B Highest Strength Dose (mg)
250 mL water x Solubility (mg/mL)

0

where compounds with Dg < 1 and Dg > 1 are considered to have high and low solubility.

About 10% and 90% of new molecular entities have been proposed to have high and low
solubility, respectively (Benet ef al., 2011). An in silico/in vitro method for the
determination of solubility for classification by BCS and BDDCS was recently reported
(Dahan et al., 2013). This method predicted the dose number of 185 orally administered
compounds by first using the reference solubility reported in the literature or by several
regression models for predicting /n sifico solubility and then determining Dy, as described
above (Dahan et al., 2013). Benet et al., (2011) also predicted the BDDCS solubility classes
of over 900 compounds using the dose number criteria (Benet et al., 2011). However, these
in silico approaches require the knowledge of the highest strength dose of compounds,
which is available only at the later phases of the drug development process. In this research,
we propose a method for the rapid determination of the solubility class of compounds in
early drug discovery and development, with statistically significant threshold values
determined using Receiver Operating Characteristic (ROC) curve analysis.

ROC curve analysis is a robust and reliable statistical method that is highly sensitive and
specific, and minimizes the probability of false positive and false negative predictions. ROC
curve analysis was originally developed to accurately differentiate signal from noise in radar
technology (Lusted, 1971). Owing to its accuracy, several clinical areas routinely use ROC
curve analysis in screening and diagnostic tests (Zou ef a/., 2007), including laboratory
testing (Campbell, 1994), radiology (Obuchowski, 2003; Omalley et a/., 2001),
bioinformatics (Lasko et a/., 2005), and diagnosis of several disease states such as Sjogren
Syndrome (Vitali et a/.,, 2002) and insulin resistance (Keskin et a/., 2005). In brief, given two
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predefined categories of response variables, ROC curve analysis computes potential
threshold (cut-off) values (TV) with certain degree of sensitivity and specificity. The
threshold value with the highest sensitivity and specificity can then be used to differentiate
between the two response variables with significant statistical accuracy. Usefulness and
unique advantages of ROC curve analysis have been extensively reported (Hajian-Tilaki,
2013; Park et al., 2004; Zou et al., 2007). ROC curve analysis (1) is not a single point
analysis method, but utilizes all data to compute a wide range of potential threshold values,
(2) is independent of the frequency of the observations in the two response variables with
unique values of sensitivity and specificity, and (3) can be used for data with covariance and
non-normal distribution unlike the conventional parametric methods. Our laboratory has
previously demonstrated the use of ROC curve analysis to determine a quantitative
molecular weight threshold for compounds undergoing biliary excretion in rats, dogs, and
humans (Yang et al., 2009; Yang et al., 2010).

The overall objective of the present study is to determine a threshold value of MLogSy and
MSol using ROC curve analysis to accurately classify compounds into high/low solubility
classes. We also compared the performance of this method with BCS and BDDCS solubility
classification of compounds available in the literature.

2. Materials and Methods

2.1 Acquisition and processing of data

Using the data from Benet et a/,, (2011), we obtained the BDDCS classification of 635
compounds and associated available solubility data (water as media) on measured solubility
(MSol) (N = 635) at pH 7.4 and measured Logq solubility in molar units (MLogSp)
(N=634). We also obtained the data available for ALOGPS 2.1 Log;,S (cLogS), and
minimum Log10S (cLogS) between pH values of 3 — 7.5 calculated using VolSurf+
(minVSLgS 3-7.5).

Binning of compounds #1—For analysis of all solubility indices (cLogS, MSol,
MLogSy, and minVSLgS 3-7.5), data for compounds in BDDCS classes 0, 1 and 3 (high
solubility) were combined and those in BDDCS classes 2 and 4 (low solubility), were
combined. The resulting two groups were (1) BDDCSys and (2) BDDCS s, respectively.
pDose (-Log1g highest strength dose in molar units) data was obtained (Benet et a/., 2011)
for the compounds in these groups. The highest strength dose values were obtained either
from the product label or from the reported values in literature (Benet ef af., 2011).

2.2 Receiver operating characteristic (ROC) curve analysis

ROC curve analysis was used to determine a statistically significant threshold value for all
solubility related parameters that would distinguish the compounds in the BDDCSys group
from those in the BDDCS, g group, using the ROC curve toolbox in SigmaPlot 11.0 (Systat
Software, San Jose, CA). ROC curve analysis is a statistical method that computes a
sensitivity and a specificity value for each potential TV where sensitivity is defined as the
ratio of positives selected by the test for the true positives and specificity is defined as the
ratio of negatives selected by the test for the true negatives (Bewick et a/., 2004). The ROC

Int J Pharm. Author manuscript; available in PMC 2017 September 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dave and Morris

Page 4

curve is a plot of all potential threshold values where sensitivity values are plotted against
the respective values of 1 — specificity (Hanley and McNeil, 1982). If the area under the
curve (AUC) of the ROC curve is 1, then there is 100% sensitivity and specificity, whereas
AUC < 0.5 is considered as the result of chance and statistical randomness. The generally
accepted criteria for the selection of a statistically significant TV is when sensitivity,
specificity, and AUC values are greater than 0.8 (Galley, 2004; Yang et al., 2009; Yang et al.,
2010). The most optimal TV is the one closest to the top left corner of the ROC curve, which
has the highest sensitivity and specificity values.

For the purpose of the present study, the BDDCSyg group represented the true positives (P+)
and the BDDCS|_s group represented the true negatives (P-). Positives according to the test
(T+) refer to the compounds having a value greater than a certain threshold value for the test
parameter, whereas negatives according to the test (T-) refer to compounds having a certain
parameter value less than a certain threshold value for the test parameter.

Sensitivity (true positive fraction, TPF)=P (T+|P+)
Specificity (true negative fraction, TNF)=P (T—|P—)

For a given TV, sensitivity, specificity, and AUC values greater than 0.8 implies that a
probability for the occurrence of true positives is greater than 80 % and a probability for the
occurrence of false positives and false negatives is less than 20 %. Thus, in 80 % of cases
true positives will be distinguished from the true negatives (Yang et a/.,, 2009; Yang et al.,
2010). Standard error of the test and 95 % confidence interval about sensitivity, specificity,
and AUC values were also computed.

2.3 Comparison of the proposed methods with BDDCS and BCS

Binning of compounds #2—Once the TV of MLogSy, and MSol were determined using
ROC analysis for the compounds in the BDDCSpHs and BDDCS; g groups, four new groups
were created:

1. Compounds with MLogSy > TV (MLogSy_Hs)
2. Compounds with MLogSy < TV (MLogSy_Ls)
3. Compounds with MSol > TV (MSol ps)
4, Compounds with MSol < TV (MSol | 5)

Percent of correctly classified compounds in all four groups were determined by comparing
the results with BDDCSps and BDDCS, g classification data to determine the performance
of our proposed methods, namely:

1. Percent of correctly classified compounds in MLogSy_ns compared with
BDDCShs

2. Percent of correctly classified compounds in MLogSy, | s compared with
BDDCS, 5
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3. Percent of correctly classified compounds in MSol s compared with
BDDCSys

4. Percent of correctly classified compounds in MSol | s compared with
BDDCS, 5

2.4 External Validation of Methods

We obtained a second database of 185 orally administered drugs from the literature (Dahan
et al., 2013). We excluded 77 compounds that were present in both datasets and used an
independent set of 108 compounds for external validation of our method. In their study,
Dahan et al. had predicted solubility (mg/mL) values using several regression models
consisting of /n silico and/or in vitro properties such as cLogP and melting point (Dahan et
al., 2013). Moreover, the BCS solubility classification was then carried out using the dose
number criteria (dose number equation) (Dahan et a/., 2013) similar to the BDDCS method
(Benet et al., 2011). Of all in silico methods evaluated, solubility classification using cLogP
(calculated using BioLoom 5.0), experimental melting point, and reported highest strength
dose (in silico method, ISM) was in closest agreement with the solubility classification using
the reference solubility (RFS) (Dahan et al., 2013).

Binning of compounds #3—For external validation of our method (MSol), 108
compounds were divided into following groups:

1. Compounds with high solubility according to reference solubility (RFSys)
2. Compounds with low solubility according to reference solubility (RFS, s)
3. Compounds with high solubility according to /in silico method (ISMys)

4, Compounds with low solubility according to /n silico method (ISM|_ g)

Binning of compounds #4—108 compounds were divided into two groups:
(1) Compounds with MSol > threshold value — Validation MSol ys
(2 Compounds with MSol < threshold value — Validation MSol | g

The following comparisons were also made to evaluate the performance for our method:

(5) Percent of correctly classified compounds in ISMyg compared with RFSs

(6) Percent of correctly classified compounds in ISM| g compared with RFS g

(7 Percent of correctly classified compounds in Validation MSol s compared
with RFSyg

(8) Percent of correctly classified compounds in Validation MSol | s compared
with RFS| g

Hypothesis testing: We further computed descriptive statistics for pDose, MLogSy,, and
MSol of compounds in groups BDDCSHg and BDDCS) s. We compared means and medians
using a two-sample t-test and Mann-Whitney rank test for medians, respectively, to test the
hypothesis that the respective means and medians of BDDCSyg are statistically significantly
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greater than BDDCS, g using in Minitab® 16 Statistical Software (Minitab Inc., State
College, PA).

3. Results

3.1 Receiver operating characteristic (ROC) curve analysis

Using ROC curve analysis, we determined statistically significant threshold values for
MLogSym and MSol to distinguish compounds with high solubility (BDDCShs; N miogsm =
433 and Njpse| = 433) from compounds with low solubility (BDDCS, s; N pmiogsm = 201
and N pso1 = 202). The threshold values of MLogSy and MSol with highest values of
sensitivity and specificity are: —=3.05 (SE = 0.008; P-value < 0.0001) and 0.3 mg/mL (SE =
0.008 and p—value < 0.0001), respectively. The ROC curve of MLogSy, exhibited a
threshold value of —3.05 (Figure 1A), sensitivity = 0.86 (95% CI = 0.83 — 0.89), specificity =
0.84 (95 % CI =0.81 - 0.87), and AUC =0.93 (95 % CI = 0.89 — 0.97). ROC curve analysis
of MSol provided a threshold value of 0.3 mg/ml (Figure 1B) with a sensitivity = 0.86 (95 %
Cl = 0.83 - 0.89), specificity = 0.84 (95 % Cl = 0.81 — 0.87), and AUC =0.93 (95 % CI =
0.89 - 0.97). Using ROC curve analysis, statistically significant threshold values for
minVSLgS 3-7.5 and cLogS could not be determined (not shown). MSol was also log-
transformed (MLogS), but unlike MLogSy, a statistically significant threshold value could
not be computed for MLogs.

3.2 Comparison of the proposed methods with BDDCS and BCS

Using the MLogSy threshold value of —3.05 for the solubility classification and comparing
the results with the reported BDDCSHg and BDDCS,_g solubility classes of compounds, it
was found that 86% of compounds were correctly classified in MLogSy ns (N = 408) and
MLogSwm_ts (N = 226) groups. Similarly, using the MSol threshold value of 0.3 mg/mL,
86% and 84% of compounds were correctly classified in MSol s (N =401) and MSol | 5
(N =234) groups, respectively. Table 1 lists results of all 635 compounds. Moreover, TV of
MLogSy and MSol predicted solubility classes of 617 (97.4%) compounds identically
(Table 1). Seventeen compounds for which the predicted solubility classes by the two
methods were different are listed in table 2. Of these, 10 and 7 compounds, respectively,
were predicted correctly by threshold values of MSol and MLogSy,. Potential reasons for
this differences can be attributed to (1) poor correlation between MSol and MLogSy
(Pearson’s correlation coefficient, r = 0.3) and (2) absence of correlation between molecular
weight and solubility of compounds. These results indicate that both solubility indices
(MLogSpy or MSol) have equally strong prediction power and either can be used for
solubility classification of new molecular entities.

Table 3 lists results of comparison of solubility classes with the two BCS solubility
classification methods: (1) BCS according to literature reference solubility and (2) BCS
using /n silico solubility obtained from cLogP and experimental melting point, and reported
highest strength dose of compounds (/n silico approach). For 108 compounds that were
evaluated, it was found that Dahan et al, (2013) had correctly classified 73% and 63% of
compounds in ISMys and ISM|_g groups compared with the RFSyg and RFS s groups.
Using MSol of 0.3 mg/mL, we were able to correctly classify 81% and 95% of compounds
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in the validation MSol ys and validation MSol | s groups, respectively, when comparing
with RFSHs and RFS| g groups. Moreover, our method was independent of the traditionally
used dose number criteria.

3.3 Hypothesis testing

Descriptive statistics and the summary of hypothesis testing (BDDCSys, high solubility >
BDDCS, s, low solubility) of means and medians of MLogSy, MSol, and pDose are
presented in table 4 and the boxplots for the three parameters are illustrated in figure 2 to aid
visual comparison. There are three important findings to note: (1) hypothesis testing of
MLogSy and MSol indicated the means and medians of BDDCSyg are statistically
significantly greater than those of BDDCS, g (Table 4), (2) despite a slight overlap in the
ranges of MLogSy, (Figure 2A) and MSol (Figure 2B), for BDDCSps and BDDCS| g
groups, 85% of compounds were correctly classified in MLogSy_ns/ MSol s and
MLogSy_s/ MSol | s groups using the TV from the ROC curve analysis (Table 1), and (3)
although means and medians of pDose values in BDDCSyg are significantly greater than
those in BDDCS| g (Table 4), a significant overlap in ranges of pDose between the two
groups is observed (Figure 2C), indicating that the highest dose strength of compounds with
high and low solubility fell within a similar range.

4. Discussion

In the present study, we evaluated MLogSy, and MSol as indices of solubility using ROC
curve analysis. On average, the results show 85% statistical confidence that compounds with
MLogSy > —3.05 or MSol > 0.3 mg/mL will have high solubility and compounds with
MLogSy < —3.05 or MSol < 0.3 mg/mL will have low solubility. Although the values of
MLogSy, or MSol for compounds were not significantly correlated, ~97% of compounds
were classified identically by these two methods, indicating that either method can be used
to classify new molecular entities. The application of our findings in the determination of the
extent of solubility is illustrated in figure 3. ROC curve analysis has also been used for the
qualitative prediction of human oral bioavailability from animal data, although in that
analysis solubility was determined by the Dy equation (Olivares-Morales et al., 2014).
Solubility is only one of the determinants of oral bioavailability of compounds and the
present study focused on the rapid determination of solubility classes of compounds, which
is applicable in early drug discovery.

FDA and EMA guidelines recommend the use of minimum Log solubility (cLogS) between
pH of 1-7.5 for solubility determination of new molecular entities (CDER/FDA, 2000;
EMA, 2010); however, we could not determine a statistically significant threshold value for
minVSLgS 3-7.5 parameter as discussed above. Varma et al., have reported pH-dependent
solubility and permeability criteria for provisional biopharmaceutics classification (BCS and
BDDCS) where pH dependent solubility was evaluated for a set of 49 compounds (Varma et
al., 2012). For the measured solubility (MSol), a threshold value of 0.2 mg/mL with 93 %
sensitivity and 86 % specificity was reported to classify compounds according to BCS and
BDDCS (Varma et al., 2012). In our analysis, MSol value of 0.2 mg/mL had the sensitivity
and specificity values of 0.88 (95 % CI = 0.84 — 0.91) and 0.79 (95 % CI = 0.75 - 0.85);
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therefore, specificity was not statistically significant based on generally accepted criterion,
albeit the value is close to being statistically significant. Broccatell et a/., (2012) developed a
model using 17 VolSurf+ descriptors to predict extent of metabolism and FDA solubility
with >75 % accuracy on average using a training set of 300 oral drugs and a test set of 379
oral drugs (Broccatelli et al.,, 2012). Although, this model had fair predictive power, it
required the calculation of 17 physicochemical descriptors, making its application less
parsimonious (Broccatelli ef al., 2012). Dahan et al., (2013) reported /n silico/ in vitro
methods to classify 185 compounds into BCS and BDDCS solubility classes by first using
cLogP, KLogP (molecule contribution to LogP), ALogP (atomic contribution to LogP), and
melting point of compounds to predict their solubility (Dahan et a/., 2013). The authors then
used the dose number equation (ratio of the highest strength dose and the predicted
solubility) for their classification (Dahan et a/., 2013). Utilizing this dataset as a validation
dataset after excluding all compounds present in our experimental dataset, for an
independent set of 108 compounds that we evaluated for external validation, we were able to
correctly classify 81% and 95% of these compounds in high and low solubility groups,
compared with respective RFS groups.

As discussed previously, the highest strength dose of new molecular entities is not available
until the later phases of the drug development making the Dg approach less feasible for
implementation in the early drug discovery process. Benet et al. (2011) observed that values
of pDose were highest for BDDCS class 1 compared to other classes and the converse was
true for BDDCS class 4, whereas BDDCS classes 2 and 3 were in the intermediate range
(Benet et al., 2011). In terms of means and medians, our evaluation of pDose for compounds
with high (BDDCSys) and low (BDDCS| s) solubility demonstrated significant overlap
(figure 2C); whereas, the ranges of both groups have minimal overlap for MLogSy, (figure
2A) and MSol (figure 2B). This clearly illustrates that solubility class determination depends
predominantly on the actual solubility indices (i.e. MLogSy, or MSol) and not on the highest
strength dose as these are very similar for both groups of compounds. Additionally,
solubility classification can be determined based on our proposed methods without
knowledge of highest strength dose. One limitation and consideration for using this
approach is the knowledge of solubility value of a NME at physiological pH in water
(media). It is important to note that solubility of compounds is sensitive to pH and media,
which could potentially be a source of variability in the reported experimental solubility
values. For example, solubility of alvimopan between pH 3-9 is <1 mg/mL (in water), 1-5
mg/mL at pH 1.2 (in water), and 10-25 mg/mL in aqueous 0.1 N sodium hydroxide
(ENTEREG®, alvimopan FDA label).

5. Conclusion

In conclusion, we propose the use of statistically significant threshold values for two /n vitro
parameters, MLogSy, (—3.05) and MSol (0.3 mg/ml), where either can be used to distinguish
between new molecular entities with high and low solubility with 285% statistical
confidence. This method has the advantages of not requiring knowledge of the highest
strength dose and has high throughput screening capacity.
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Figure 1.

Receiver operating characteristic (ROC) curve (Sensitivity vs. 1 — Specificity) of potential
threshold values of (A) MLogSy, [AUC = 0.93, sensitivity = 0.86, specificity = 0.84, P—
value < 0.0001] and (B) MSol [AUC = 0.93, sensitivity = 0.86, specificity = 0.84, P-value <
0.0001].
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Figure 2.
Boxplot of compounds in BDDCSyg (high solubility) and BDDCS, g (low solubility): (A)

MLogSp, (B) MSol, and (C) pDose; the box itself (from top-to-bottom) represents 75-,
median, 25-percentiles, the whiskers are 10t and 90t percentiles, and close black circles
are outliers.
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Figure 3.
Decision tree for the determination of the extent of solubility in humans
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Table 2

Page 37

List of compounds with different solubility class when predicted by TV of MSol and MLogSy, compared
between the two proposed methods

Generic Name

BDDCS Solubility Classification &

ROC TV MSol

ROC TV MLogSy,

Carbamazepine

Chlorzoxazone

Dactinomycin

Dronedarone

Erythromycin Stearate

Fosamprenavir Calcium

Hydroflumethiazide

Metaxalone

Methaqualone

Methylprednisolone

Nafarelin

Pramipexole

Propofol

Sulfamethizole

Thioguanine

Varenicline Tartrate

Verapamil Hydrochloride

r|lx|x|rr|rrjxjx|jx| |||y x|

b i i e o e i i N s i s i (e i e ) I i I

r|j]Tx|jx|]x|jx|x|jrr|j|jx|x|x| ||| || x

*
Note: TV of MSol and MLogS)\ identically predicted the solubility class of the compounds that are not listed in this table and are listed in Table
1.

aData was obtained from Benet et al.(Benet et al., 2011).
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Table 3

Page 38

Solubility classifications of 108 orally administered compounds from Dahan et al, 2013 according to literature
reference solubility (RFSns/ RFS s), #n silico solubility prediction (ISMpys/ ISM| s, utilizing cLogP, measured

melting point, and highest strength dose), and ROC curve TV of MSol.

Generic Name

MSol (mg/mL)

RFS solubility prediction

in Silico Solubility prediction

ROC TV MSol

Aceclofenac 0.01 L L L
Acetaminophen 0.1 L H L
Albendazole 0.01 L L L
Alibendol 10 H H H
Amiloride hydrochloride 1 H H H
Atropine sulfate 1 H H H
Azithromycin hydrate 0.01 L L L
Azulene sulfonate 10 H H H
Benazepril hydrochloride 33 H H H
Biperiden hydrochloride 0.01 H H L
Bisacodyl 0.01 L H L
Brotizolam 0.01 H H L
Cabergoline 0.01 L L L
Cetirizine hydrochloride 33 H H H
Chloroquine phosphate 0.1 L L L
Clonidine hydrochloride 33 H H H
Codeine phosphate 1 H H H
Cyclosporin A 0.01 L L L
Dapsone 0.01 L H L
Diazepam 0.01 L H L
Diclofenac sodium 0.1 H L L
Diloxanide furoate 0.1 L L L
Domperidone maleate 0.1 H L L
Doxifluridine 33 H H H
Epalrestat 0.01 L L L
Epinastine hydrochloride 100 H L H
Eprosartan mesylate 0.01 L L L
Ergometrine maleate 1 H H H
Erythromycin ethylsuccinate 0.01 L H L
Ethambutol hydrochloride 10 H H H
Ethinyl estradiol 0.01 H H L
Etizolam 0.01 H H L
Ezetimibe 0.01 L L L
Famotidine 0.1 L H L
Fexofenadine hydrochloride 1 H L H
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Page 39

Generic Name

MSol (mg/mL)

RFS solubility prediction

in Silico Solubility prediction

ROC TV MSol

Flurbiprofen 0.01 L L L
Furosemide 0.01 L L L
Glipizide 0.01 L H L
Glyburide 0.01 L L L
Griseofulvin 0.01 L L L
Hydrochlorothiazide 0.01 L H L
Imidapril hydrochloride 33 H H H
Isotretinoin 0.01 L L L
Ketotifen fumarate 1 H H H
L-carbocysteine 0.1 L H L
Levamisole hydrochloride 33 H H H
Levodopa 1 L H H
Levosulpiride 0.01 L H L
Limaprost alfadex 100 H H H
Linezolid 1 L H H
Lopinavir 0.01 L L L
Lorazepam 0.08 H H L
Losartan potassium 100 H L H
Loxoprofen sodium 1000 H H H
Manidipine hydrochloride 0.01 L L L
Mebendazole (chewable) 0.01 L L L
Metoclopramide hydrochloride | 0.01 L H L
Metronidazole 1 L H H
Modafinil 0.01 L H L
Morphine sulfate 33 H H H
Mosapride citrate 0.01 L L L
Nicergoline 0.01 L L L
Niclosamide (chewable) 0.01 L L L
Nicotinamide 100 H H H
Nifurtimox 33 H H H
Nilvadipine 0.01 L H L
Norethindrone (norethisterone) | 0.01 H H L
Ondansetron hydrochloride 10 H L H
Orlistat 0.01 L L L
Oxycodone hydrochloride 0.01 L H L
Penicillamine 100 H H H
Pergolide mesylate 0.01 H H L
Phenobarbital 0.1 L H L
Phenytoin (chewable) 0.01 L L L
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Generic Name

MSol (mg/mL)

RFS solubility prediction

in Silico Solubility prediction

ROC TV MSol

Pioglitazone hydrochloride 0.01 L L L
Pranlukast hydrate 0.01 L L L
Promethazine hydrochloride 100 H L H
Propranolol hydrochloride 33 H L H
Pseudoephedrine hydrochloride | 10 H H H
Pyrantel embonate 0.01 L L L
Pyridostigmine bromide 100 H H H
Pyridoxine hydrochloride 100 H H H
Raloxifene hydrochloride 0.1 L L L
Ramipril 10 H H H
Ranitidine hydrochloride 100 H H H
Rizatriptan benzoate 33 H H H
Sildenafil citrate 1 H L H
Spironolactone 0.01 L H L
Sulfadiazine 0.01 L L L
Sultamicillin tosilate 0.1 L L L
Tacrolimus 0.01 L L L
Taltirelin hydrate 33 H H H
Tamoxifen citrate 0.01 L L L
Tegafur 10 H H H
Telmisartan 0.01 L L L
Temocapril hydrochloride 0.1 H H L
Tenofovir disoproxil fumarate 13.4 H L H
Terazosin hydrochloride 100 H L H
Terbinafine hydrochloride 1 H L H
Toremifene citrate 0.63 H L H
Triflusal 0.01 L L L
Trimebutin maleate 1 H L H
Trimethoprim 0.1 L H L
Tulobuterol hydrochloride 100 H H H
Ursodeoxycholic acid (ursodiol) | 0.01 L L L
Voglibose 1000 H H H
Warfarin sodium 0.01 L H L
Zaltoprofen 0.01 L L L
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