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Abstract. Pharmacokinetic limitations are a common cause of drug development
failure, making early-stage profiling essential to mitigate financial risks and
guide compound optimization. The computational tools capable of predicting
pharmacokinetic properties offer a valuable resource for the prioritizing of
candidates during early discovery phases. This study provides a comparative
analysis of in silico and in vitro pharmacokinetic profiles of bromodomain and
extraterminal domain (BET) inhibitors (Bls), focusing on sixteen (+)-JQ1-
-derived compounds we previously synthesized. Using ADMETlab 2.0 software,
we predicted key absorption, distribution, metabolism, and excretion (ADME)
parameters and compared them with experimentally determined data. Strong
correlations were observed for plasma protein binding, whereas notable dis-
crepancies were identified in permeability and clearance values. Additionally,
the analysis underscores the role of CYP3A4 as a critical enzyme in the meta-
bolism of several Bls. These findings demonstrate the utility of computational
tools like ADMET]Iab 2.0 for early pharmacokinetic profiling while highlighting
the need for validation and refinement of predictive models. This work provides
valuable insights into the pharmacokinetics of Bls and supports the integration
of computational and experimental approaches in drug discovery.
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INTRODUCTION

The challenges related to pharmacokinetics frequently contribute to the failure
of drug development, emphasizing the importance of early evaluation and refine-
ment of these properties during drug discovery. In the context of drug develop-
ment, particularly for orally administered agents like bromodomain and extra-
terminal domain (BET) inhibitors, the desirable pharmacokinetic properties inc-
lude: high intestinal absorption and permeability to ensure sufficient bioavail-
ability; moderate to high metabolic stability to avoid rapid degradation; balanced
plasma protein binding to ensure the adequate free (unbound) drug concentration
and avoid the potential variability related to the albumin concentration; optimal
volume of distribution, indicating the ability to reach the target tissues, including
those with poor blood supply; reasonable half-life to maintain the therapeutic
plasma levels without frequent dosing; and the low potential for drug-drug
interactions, especially via cytochrome P450 (CYP450) enzymes like CYP3A4.
For BET inhibitors (Bls) targeting systemic or central nervous system (CNS)
malignancies, additional desirable features include blood—brain barrier (BBB) pen-
etration and resistance to P-glycoprotein (P-gp)-mediated efflux, which can hinder
CNS drug delivery. These criteria guide early-stage screening to prioritize can-
didates likely to exhibit effective and safe pharmacological profiles in vivo.

The computational tools, such as ADMETIab 2.0, enable the prediction of
absorption, distribution, metabolism, excretion, and toxicity (ADMET) properties,
offering valuable insights for drug design.! Building on our previous research,?
this study evaluates the pharmacokinetics of (+)-JQ1-derived, Bls using a com-
bination of in silico and in vitro approaches.

The BET protein family, comprising BRD2, BRD3, BRD4 and BRDT, plays
a crucial role in transcriptional regulation by recognizing the acetylated lysine
residues on chromatin.3-5 These proteins are implicated in various diseases,
making them attractive therapeutic targets. Bls have shown efficacy in hemato-
logical malignancies such as acute myeloid leukemia,” multiple myeloma8 and
diffuse large B-cell lymphoma,? as well as in solid tumors including triple-negative
breast cancer, 10 glioblastomal! and NUT midline carcinoma.!2 Beyond oncology,
BET inhibition is being explored in inflammatory and autoimmune disorders such
as systemic lupus erythematosus!3 and rheumatoid arthritis!4 and even in fibrotic
diseases! and cardiovascular conditions. !¢ The wide range of potential indications
highlights the clinical relevance of pharmacokinetically optimizing Bls for both
systemic and tissue-targeted therapies. Among the Bls, (+)-JQ1 has shown remark-
able preclinical efficacy across numerous disease models.17 However, its limited
pharmacokinetic properties have posed challenges for clinical application.!8

To address these limitations, our group has developed a series of potent (+)-
-JQ1-derived amides.2 Expanding on this work, we utilized ADMETIlab 2.0 to
predict the pharmacokinetic profiles of these novel compounds and compared the
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computational predictions with experimental data to identify correlations. These
findings enhance the understanding of Bis’ pharmacokinetics, facilitating the
development of next-generation Bls and enabling the selection of promising can-
didates for further evaluation. This study systematically correlates in silico and in
vitro ADME results for Bls, offering a comprehensive pharmacokinetic discussion
that integrates computational predictions with experimental findings.

The chemical structures of the studied Bls are presented in Fig. 1.
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MK-880 MK-881 MK-884 MK-885
Fig. 1. Chemical structures of the studied (+)-JQ1-derived Bls (parts of molecules marked in

red indicate structural differences among the studied Bls).
MATERIALS AND METHODS

In this study, ADMETIab 2.0 was used to predict the ADMET properties of previously
characterized Bls in vitro.2 This platform utilizes a comprehensive ADMET database for pre-
dicting various pharmacokinetic and toxicological parameters using QSAR models built from
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288,967 chemicals.!:!? The predictions are based on six modelling algorithms: random forests
(RF), support vector machine (SVM), recursive partitioning regression (RP), partial least square
(PLS), naive Bayes (NB) and decision tree (DT).! ADMETlIab 2.0 includes 17 physicochemical
properties, 13 medicinal chemistry properties, 23 ADME properties, 27 toxicity endpoints and
8 toxicophore rules (751 substructures).2® The structures of Bls were drawn using ChemDraw
Ultra 12.0, with SMILES input and output retrieved as .csv files. ADMETIab 2.0 was chosen
for its accuracy and large database,!-20 providing the comprehensive pharmacokinetic predict-
ions that align with the study’s needs.

Additionally, MarvinSketch 4.1.13 was used to predict ionization and logD values.
Statistical analysis was performed using IBM SPSS Statistics 28.0. The strength and the
direction of association between ADMETlIab 2.0 output and experimental data were evaluated
using bivariate Spearman’s correlation, with Spearman’s rank correlation coefficients (p) and p
values reported. Correlation interpretation followed these criteria: p > 0.700 (strong), 0.400 < p
< 0.700 (moderate) and p < 0.400 (weak).2! The correlations were also assessed using the
Wilcoxon signed-rank test, and the results were visualized with box-and-whisker plots. Pharm-
acokinetic parameters were represented by median values and interquartile ranges (IORs).

A sample of sixteen compounds was selected to balance dataset robustness with detailed
analysis. This structurally diverse set allows evaluation of pharmacokinetic properties and their
relationship to structural variation. The focused nature of the study provides detailed data for
further research.

To ensure the clarity and the consistency throughout this study, we introduce a specific
notation: results obtained through computational predictions, referred to as in silico, are denoted
with the superscript “IS” (e.g., predicted pharmacokinetic parameter'S). Similarly, the results
derived from experimental assays, referred to as in vitro, are denoted with the superscript “IV”
(e.g., measured pharmacokinetic parameter'Y). This notation is applied consistently throughout
the text to provide a clear and immediate distinction between the two types of datasets. How-
ever, in tables where the data are already explicitly classified into in silico and in vitro groups,
the superscripts “IS” and “IV” are omitted to maintain visual simplicity.

RESULTS AND DISCUSSION
Absorption

A total of seven pharmacokinetic parameters relevant for absorption were
predicted using ADMETlab 2.0: three parameters predicting the extent of absorp-
tion — HIA prob.IS, F(20%)!S and F(30%)!S, two parameters predicting the perme-
ability — Caco-2 perm.IS and MDCK perm.1S, and two parameters predicting whether
the studied Bls act as P-gp substrates or inhibitors — P-gp sub.IS and P-gp inh.1S,
respectively. The obtained in silico and in vitro results regarding absorption are
presented in Tables I and II.

Heatmap is based on an in silico empirical decision. The cells marked in green,
yellow or red denote excellent, medium or poor results, respectively.22

The extent of the human intestinal absorption (H/A) was reported through the
probabilities (HIA4 prob.IS values) of the tested compounds to have HIA below 30 %.
Hence, the lower the HIA prob.fS, the higher the intestinal absorption. These
probabilities ranged from 0.004 to 0.047. Thirteen out of sixteen tested candidates
had HIA prob.IS below 0.010, appropriate for orally administered drugs. The
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compound MK-881 showed the best HIA prob.S of 0.004, similar to birabresib as
the reference drug. Interestingly, the lowest value of intestinal absorption was
predicted for (+)-JQ1, whose HIA prob.IS was as high as 0.047.

TABLE I. Absorption-related in silico results

Compound s FRO FO0% e e perme,am s subl ik
(H-JQ1 0.047 0.002 0.022 4475 334.97 215.99 0.006 0.001
Birabresib  0.004  0.001 0.001 —4.787 163.31 187.98 0.714 0.001
ADMP-042 0.007 0.001 0.218 —4.656 220.80 268.83 0812 0
ADMP-043 0.007 0.001 0.002 —4.826 149.28 171.63 0992 0
ADMP-044 0.005 0.001 0.001 —4.703 198.15 182.99 0.033 0.002
ADMP-049 0.018 0.002 0.009 —4.590 257.04 263.26 0.860 0
TG-159 0.007  0.001 0.001 —4.616 242.10 195.39 0243 0
TG-160 0.006  0.001 0.001 —4.615 242.66 259.52 0.129 0
TG-161-3  0.006 0.001 0.003 —4.718 191.43 171.08 0989 0
TG-163 0.005 0.001 0.001 —4.672 212.81 235.96 0.043 0.001
TG-164 0.008 0.001 0.001 —4.793 161.06 246.16 0.685 0.001
TG-165 0.014 0.002 0.004 —4.587 258.82 255.60 0.606 0.001
MK-880 0.005 0.002 0.002 —4.512 307.61 276.85 0730 0
MK-881 0.004 0.001 0.002 —4.696 201.37 253.39 0285 0
MK-884 0.006  0.001 0.009 —5.026 94.19 164.93 0.430 0.034
MK-885 0.005 0.001 0.002  —4.712 194.09 277.64 0936 0

4The output values, ranging between 0 and 1, represent the probability that the compound has human intestinal
absorption < 30 %. The output values, ranging between 0 and 1, represent the probability that the compound has
bioavailability <20 %. “The output values, ranging between 0 and 1, represent the probability that the compound
has bioavailability <30 %. dOptimal is >—5.15. “Low permeability: < 20 nm s™'; medium permeability: 20-200 nm s
high permeability: > 200 nm s™!. The output values, ranging between 0 and 1, represent the probability that the
compound is a P-glycoprotein substrate. 8The output values, ranging between 0 and 1, represent the probability
that the compound is a P-glycoprotein inhibitor

The last two parameters used to predict the extent of absorption were F(20%)15
— the probability of a drug having oral bioavailability below 20 % and F(30%)!S —
the probability of a drug having oral bioavailability below 30 %. As for the pre-
vious parameter, lower probability values denote higher oral bioavailability. The
range of F(20%)!S values (0.001-0.002) was narrow, thus not particularly inform-
ative for comparing the compounds, although it did suggest that the studied com-
pounds have very low probabilities of exhibiting bioavailabilities below 20 %. In
contrast to F(20%)1S, F(30%)!S highlighted ADMP-042 as the compound with the
highest predicted value, indicating the greatest probability of having bioavail-
ability below 30 % among the studied Bls. The extent of the human intestinal
absorption (HIA) was reported through the probabilities (HIA prob.IS values) of
the tested compounds to have HIA below 30 %. Hence, the lower the HIA prob.1S,
the higher the intestinal absorption. These probabilities ranged from 0.004 to
0.047. Thirteen out of sixteen tested candidates had HIA prob.S below 0.010,
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appropriate for orally administered drugs. The compound MK-881 showed the best
HIA prob.1S of 0.004, similar to birabresib as the reference drug. Interestingly, the
lowest value of intestinal absorption was predicted for (+)-JQ1, whose HIA prob.IS
was as high as 0.047.

TABLE II. In vitro permeability data from PAMPA and Caco-2 assay; Avg. P — average
permeability; Avg. Pap A—B — average apparent permeability coefficient from apical to
basolateral side; Avg. Papp B—A4 — average apparent permeability coefficient from basolateral to
apical side; ER — efflux ratio; R — recovery; SD — standard deviation

PAMPA Caco-2 permeability assay

Compound  Avg. P+SD, Avg. Papp A-B£SD Avg. Py

10‘g6 cms’! RESD 1'% ¢ nfrli s BfAiS%D, nl;i’l s ER
(H)-JQ1 > 1800 59.52+16.79 63.97+11.63 46.67+12.91 0.73
Birabresib  315.13+£23.20 95.20 £1.42 221.60+67.35 485.39+142.68  2.19
ADMP-042 0 44.20+6.33 9.16+0.39 311.21492.63  33.96
ADMP-043  2.09+0.68 23.68+1.17 2.50+0.41 28.03+8.54 11.20
ADMP-044 1797.074£277.74 71.66+11.23 42.20+14.58 44.51£13.17 1.05
ADMP-049  14.04+3.37 32.25+2.47 6.17£3.15 246.45+133.88  39.93
TG-159 274.52+41.45  65.06+1.82 150.34+40.42 777.89+185.65  5.17
TG-160 97.17+7.28 61.69+1.68 30.39+7.46 297.37+55.89 9.79
TG-161-3 0 33.64+0.78 7.74+10.38 14.18+5.75 1.83
TG-163 177.45+20.63  74.32+3.59 98.37+9.55 568.43+106.65 5.78
TG-164 0.54+0.93 8.524+0.26 4.51£0.95 7.81+5.20 1.73
TG-165 231.31+53.54  47.45+5.58 63.76+8.53 307.31£35.59 4.82
MK-880 20.80+1.19 31.11£1.22 6.98+0.95 83.32+15.08 11.94
MK-881 544.83+34.50  80.49+1.47 19.10£12.38 41.09+8.55 2.15
MK-884 >1800 90.51£N/D 5.69+1.43 13.79+7.81 242
MK-885 533.96+237.40 91.83+4.43 66.46+26.53 180.11+54.68 2.71

The predicted Caco-2 permeability was reported through Caco-2 perm.’S with
a subsequent calculation to derive Caco-2 perm. calc.’S. All candidates showed an
acceptable Caco-2 perm.!S since all values were greater than —5.15. The compound
MK-884 showed the poorest Caco-2 perm.S, followed by ADMP-043 and TG-
-164, whereas (+)-JQ1 showed the best Caco-2 perm.IS The set of in silico- (Caco-
2 perm. calc.IS, Table 1) and in vitro-obtained results (Avg. Py, A-B"Y, Table II)
regarding Caco-2 permeability were compared through the Wilcoxon signed-
-ranked test (Fig. S-1A of the Supplementary material to this paper). The median
value regarding predicted Caco-2 permeability notably surpassed that determined
through in vitro assessment with the respective values of 207.09 nm s1 (/OR
170.34-253.44 nm s~ 1) and 24.74 nm s~! (IQR 6.37—65.84 nm s~!1). Thus, the direct
comparison between in silico- and in vitro-obtained Caco-2 permeability results
demonstrated a statistically significant difference (p < 0.001). A bar plot with
paired data (Fig. S-1B of the Supplementary material) provides a visual repre-
sentation that more effectively highlights the relationship between in silico and in
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vitro results, offering a clearer perspective on their degree of alignment. In general,
all Bls exhibited higher predicted Caco-2 permeabilities compared to those deter-
mined in vitro.

MDCK permeability was predicted as well and reported through MDCK
perm.IS. Based on this parameter, the studied compounds were classified as
medium (0.2x10-5-2x10-5 cm s~1) or high permeable (above 2x10-5 cm s~1). Ten
candidates, including (+)-JQ1, had high, whereas six candidates, including bira-
bresib, had medium predicted MDCK permeabilities.

The final two predicted parameters, P-gp sub.’S and P-gp inh.1S, keep to abs-
orption and predict whether the tested Bls perform as substrates or inhibitors of
P-gp, respectively. Tested compounds differed significantly in terms of being
P-gp substrates, having P-gp sub.S values from 0.006 to 0.989. This variability
might affect drug distribution and therefore requires attention. The highest pro-
bability of being a P-gp inhibitor was predicted for MK-884, with P-gp inh.IS of
0.034. In contrast, other candidates showed substantially lower P-gp inh.1S com-
parable to birabresib or (+)-JQI. Interestingly, nine candidates had P-gp inh.IS
equal to zero.

In vitro assessment of absorption of the studied Bls was performed via
PAMPA and Caco-2 permeability assay.2 A notable dispersion of results was
observed, signifying substantial variability in permeabilities of the tested com-
pounds. PAMPA reported the highest permeability for ADMP-044, approximately
six times higher than for birabresib. Also, high permeabilities were observed for
MK-881 and MK-885, followed by birabresib. Only four compounds (MK-881,
MK-884, MK-885 and birabresib) had recovery (R) above 80 %.

Table S-I of the Supplementary material provides a detailed overview of the
statistical correlations between in silico- and in vitro-assessed pharmacokinetic
parameters relevant to absorption. Moderate negative correlations were noted
between HIA prob.tS and PAMPA results, P-gp sub.IS and Avg. PV, and P-gp
inh.IS and ERIV.

Distribution

The pharmacokinetic parameters relevant for distribution include BBB penet-
rability (BBB pen.IS), plasma protein binding (PPBIS and PPB!Y), volume of
distribution (V5) and unbound fraction (F,fS). The results obtained from
ADMETIab 2.0 and in vitro assessments are presented in Table III.

The predicted BBB penetrability showed high values ranging from 0.808 to
0.992, with birabresib having a probability of 0.923. The lowest BBB pen.’S was
estimated for compound TG-164, likely due to its higher hydrophilicity resulting
from the presence of a free carboxylic acid. Despite the high values being marked
in red according to the ADMETIab 2.0’s empirical decision, BBB penetrable Bls
are generally desirable for certain CNS diseases.?3
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TABLE III. Representation of in silico- and in vitro-obtained results regarding distribution;
Heatmap is based on an in silico empirical decision. Cells marked in green or red denote
excellent or poor results, respectively;22 V4 — volume of distribution; F,, — unbound fraction; SD
— standard deviation

In silico-obtained results In vitro-obtained results
Compound s PPB®. % Vg Lkg! Fi% PPBxSD, %
(+)-JQ1 0.987 93.97 1.419 9.76 99.15+0.03
Birabresib 0.923 96.10 1.17 5.97 97.27+0.15
ADMP-042 0.904 82.36 1.674 26.74 98.53+0.40
ADMP-043 0.940 91.87 1.683 13.73 94.77+0.32
ADMP-044 0.991 94.89 0.933 11.07 98.68+0.14
ADMP-049 0.931 91.08 1.686 20.18 97.54+0.04
TG-159 0.971 93.59 1.239 11.02 93.45+0.45
TG-160 0.981 86.44 1.030 23.21 94.08+0.57
TG-161-3 0.937 77.41 1.105 28.23 92.68+0.71
TG-163 0.984 90.26 1.238 17.14 97.21+0.24
TG-164 0.808 85.37 0.876 15.73 85.57+2.50
TG-165 0.992 86.02 1.478 22.58 91.03£1.46
MK-880 0.985 79.77 1.607 24.88 86.90+0.67
MK-881 0.985 91.96 1.136 11.16 98.24+0.14
MK-884 0.983 95.93 1.210 6.92 99.59+0.03
MK-885 0.983 93.57 1.248 7.87 97.22+0.37

#The output values, ranging between 0 and 1, represent the probability that the compound is blood-brain barrier
penetrable. ®Optimal is <90 %. “Optimal is from 0.04 to 20 L kg™'. YLow is <5 %, medium is 5-20 % and high is
>20 %

The in vitro experiments revealed higher affinities for 14 out of 16 tested
compounds compared to in silico predictions. The Wilcoxon signed-rank test (Fig.
S-2A of the Supplementary material) showed a statistically significant difference
(p<0.001) between PPB!S and PPB!V, with median values of 91.47 % (IOR 85.69—
—93.78 %) and 97.21 % (IQR 92.87-98.46 %), respectively. A bar plot with paired
data (Fig. S-2B of the Supplementary material) visually depicts the relationship
between in silico and in vitro results, providing a more intuitive understanding of
their degree of alignment.

The V4!S ranged between 0.876 and 1.686 L kg1, with TG-164 predicted to
have the lowest V4/S. ADMP-049 demonstrated the highest V45, despite not being
classified among the most lipophilic compounds.

Table S-I provides a comprehensive representation of the statistical correl-
ations between in silico- and in vitro-assessed pharmacokinetic parameters relev-
ant to distribution. Moderate positive correlation was observed between BBB
pen.tS and Avg. PIV. Additionally, PPBIS exhibited strong positive correlations
with both Avg. P!V and R!V. Moderate positive correlations were also found
between in silico- and in vitro-assessed plasma protein binding values, as well as
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between V4!S and ER!V. Notably, a strong negative correlation was identified
between FyS and Avg. P!V, while F /S and R!" demonstrated a moderate negative
correlation.

Metabolism and excretion

In silico evaluation of metabolism included predicting the probabilities of the
BlIs being substrates or inhibitors of CYP1A2, CYP2C9, CYP2C19, CYP2D6 and
CYP3A4. Results are shown in Table IV.

TABLE IV. Probabilities of the studied bis being cyp450 substrates and/or inhibitors; the output
values, ranging between 0 and 1, represent the probability that the compound is cytochrome
P450 substrate and/or inhibitor

CYP1A2 CYP2C9 CYP2CI19 CYP2D6 CYP3A4
Compound
Sub. Inh. Sub. Inh. Sub. Inh. Sub. Inh. Sub. Inh.
(H)-JQ1 0.943 0.098 0.115 0.837 0.909 0.635 0.019 0.040 0.959 0.458
Birabresib 0.952 0.173 0.728 0.890 0.744 0.495 0.078 0.399 0.960 0.665

ADMP-042 0.933 0.170 0.057 0.371 0.748 0.251 0.055 0.008 0.956 0.863
ADMP-043 0.889 0.186 0.085 0.430 0.708 0.209 0.032 0.010 0.952 0.662
ADMP-044 0.864 0.143 0.177 0.900 0.856 0.643 0.077 0.069 0.958 0.861
ADMP-049 0916 0.136 0.066 0.327 0.912 0.228 0.060 0.007 0.956 0.646

TG-159 0.668 0.144 0.096 0.791 0.858 0.391 0.068 0.014 0.956 0.862
TG-160 0.671 0.126 0.067 0.746 0.852 0.382 0.071 0.011 0.957 0.768
TG-161-3 0.893 0.094 0.072 0.669 0.637 0.252 0.014 0.177 0.960 0.932
TG-163 0.626 0.144 0.121 0.639 0.873 0.311 0.070 0.010 0.956 0.863
TG-164 0.377 0.113 0.762 0.095 0.829 0.114 0.073 0.013 0.949 0.079
TG-165 0.644 0.129 0.084 0.448 0.876 0.262 0.071 0.008 0.959 0.750
MK-880 0.778 0.164 0.115 0.232 0.856 0.156 0.057 0.007 0.957 0.450
MK-881 0.979 0.378 0.648 0.821 0.844 0.590 0.043 0.104 0.961 0.799
MK-884 0961 0.197 0.740 0.942 0.773 0.847 0.076 0.649 0.960 0.956
MK-885 0.979 0.581 0.442 0.686 0.690 0.459 0.021 0.125 0.963 0.833

The predicted metabolic pathway predominantly involves CYP3A4, as all
compounds appear to be good substrates for this enzyme. In addition, CYP1A2
was expected to have a significant contribution to metabolic transformations, with
most compounds showing high probabilities of being CYP1A2 substrates.
However, TG-164 exhibited distinct behaviour, with a lower probability of being
a CYP1A2 substrate (0.377) and a much higher probability of being a CYP2C9
substrate (0.762) compared to other Bls. Interestingly, apart from TG-164, all
studied Bls seem to be potential inhibitors of CYP3A4. This is an important
information for considering potential drug-drug interactions.

Table V presents the pharmacokinetic parameters relevant to elimination:
clearances (CL!S and CL;p(") and half-lives (2 prob.1S, t1» calc.IS and t1 7).
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CLIS values ranged from 0.851 to 3.344 mL min~! kg~!. The highest values
were reported for (+)-JQ1 (3.291 mL min~! kg!) and TG-161-3 (3.344 mL min~!
kg1), whereas CL!S for birabresib was predicted to be 1.365 mL min—! kgL

TABLE V. Clearances and half-lives of the studied compounds; Heatmap is based on an in
silico empirical decision. Cells marked in green, yellow, or red denote excellent, medium, or
poor results, respectively;22 CL — total clearance; ¢,, — half-life; CL;,, — intrinsic clearance; SD
— standard deviation

In silico-obtained results In vitro-obtained results
a .
Compound . mcirLrl kgt e prob® tpcale./h ﬁ;{‘ﬁ/ kgt (2ESD/h
(+H)-IQ1 3.291 0.117 4.98 51.21 0.41 +0.01
Birabresib 1.365 0.172 9.90 12.33 1.69 +0.08
ADMP-042 2.352 0.442 8.22 42.52 0.49 +0.03
ADMP-043 1.419 0.359 13.70 35.87 0.58+0.02
ADMP-044 1.687 0.105 6.39 329.76 0.06 + 0.00
ADMP-049 2.708 0.199 7.20 38.79 0.54 +£0.02
TG-159 1.406 0.184 10.18 60.09 0.35+0.01
TG-160 1.589 0.219 7.49 3.60 5.78 £ 0.47
TG-161-3 3.344 0.434 3.82 4.40 472 +0.59
TG-163 1.538 0.191 9.30 229.14 0.09 +0.01
TG-164 0.851 0.465 11.89 1.84 11.29+2.41
TG-165 1.620 0.307 10.54 19.23 1.08 £0.03
MK-880 1.851 0.300 10.03 6.52 3.19+0.13
MK-881 1.562 0.120 8.40 18.86 1.10+0.11
MK-884 2.644 0.108 5.29 79.26 0.26 +0.03
MK-885 1.246 0.103 11.57 6.52 3.19+0.13

aHigh is >15 mL min! kg'!, moderate is 515 mL min™! kg'!, and low is <5 mL min™! kg'!. ®The output values,
ranging between 0 and 1, represent the probability that the compound has half-life >3 h

The calculated values ranged from 3.82 h (TG-161-3) to 11.89 h (TG-164).
Birabresib had t1,, calc.IS of 9.90 h, while it was 4.98 h for (+)-JQI1. In general,
the calculated half-lives were greater than those experimentally assessed. In line
with this, the Wilcoxon signed-rank test (Fig. S-3A of the Supplementary material)
showed a statistically significant difference (p < 0.001) between half-lives
obtained in silico and in vitro. The corresponding median values are 8.85 h (/OR
6.59—-10.45 h) and 0.83 h (/QOR 0.36-3.19 h). A bar plot with paired data (Fig.
S-3B) provides a visual representation that simplifies and makes the understanding
of calculated and in vitro-assessed half-lives more straightforward. The best
agreement was observed for TG-164 (11.89 and 11.29 h, respectively), and very
good agreement was noted for TG-160 and TG-161-3.

As already described, a metabolic stability assay using human liver micro-
somes was employed to assess intrinsic clearances (CLin!") of the studied Bls.2
The obtained results were as follows: ten compounds showed high CL;n?, while
three compounds had moderate CLjn(" (birabresib, MK-880, MK-885). These
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molecules might be considered to have appropriate metabolic stability. By cont-
rast, compounds showing low metabolic stability (i.e., having very high CL;,{")
had quite short #1,/¥, which ultimately makes them unsuitable for further inves-
tigation (ADMP-044 and TG-163).

Table S-I provides a detailed representation of the statistical correlations
between pharmacokinetic parameters relevant to metabolism and excretion, obtained
from both in silico and in vitro studies. Summarily, t1/, prob.lS showed strong
negative correlations with both Avg. P!V and R!" and a moderate negative
correlation with PPB!V. On the other hand, #1 /5 calc.’S showed a moderate negative
correlation with PPB!V.

This study assessed the pharmacokinetic properties of Bls derived from (+)-
JQ1 using in silico predictions from ADMETIlab 2.0, which were subsequently
compared with in vitro data. An effective in silico model would streamline the
optimization of Bis’ structures and facilitate the selection of candidates for further
development, reducing the need for extensive experimental efforts. ADMETlab
2.0 was chosen for its comprehensive database and proven accuracy in predicting
ADME properties.!-20 While some discrepancies were noted between the predict-
ions and experimental results, the tool still offered valuable insights. These dif-
ferences highlight the challenges in accurately modelling pharmacokinetics com-
putationally and emphasize the need to validate predictions with experimental data.
Rather than detracting from ADMETlab 2.0’s utility, the findings suggest areas for
improvement in predictive models. The study focused on sixteen structurally
diverse compounds, providing a detailed comparison and forming the basis for
future research with larger datasets.

Absorption

Newly synthesized Bls are intended for oral administration in contemporary
anticancer therapy, requiring sufficient intestinal permeability. A moderate negat-
ive correlation was observed between HIA prob.’S (indicating the likelihood of
human intestinal absorption being below 30 %) and PAMPA-obtained in vivo
results (Avg. P!V and R!"). This relationship reflects the shared focus of both
methods on gut wall permeability: HI4 prob.!S predicts the likelihood of absorpt-
ion through the gut wall using a computational model, while PAMPA experi-
mentally assesses passive permeability across a lipid membrane in an in vivo
setting. The observed correlation aligns with the expectation that compounds pre-
dicted to have poor absorption by HIA prob.IS are also less likely to exhibit high
passive permeability in the PAMPA assay.

In contrast, no significant correlation was found between F(20%)1S or
F(30%)!S and PAMPA-obtained in vivo results (Avg. PIV and R!V, Table S-I). This
discrepancy arises from the distinct scope of these methods. Unlike HIA prob.1S,
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which exclusively evaluates gut wall absorption, F(20%)!S and F(30%)!S incorp-
orate presystemic metabolic processes, such as metabolism occurring in the gut
wall or liver, to provide a broader estimate of a compound’s efficiency in reaching
systemic circulation. The absence of correlation with PAMPA-obtained in vivo
results, which do not account for metabolism, highlights the differences in these
methods’ focus. Consequently, the moderate negative correlation between HIA
prob1S and Avg. P!V and RV reflects their mutual emphasis on gut wall perme-
ability. In contrast, the lack of correlation between F(20%)!S or F(30%)!S and Avg.
P!V and RIV underscores the influence of presystemic metabolism on these broader
pharmacokinetic predictions.

No significant correlation was found between in silico-predicted and in vitro-
assessed Caco-2 permeability (Fig. S-1A, Table S-I). This suggests that the in
silico model may not fully capture the complexity of the in vitro conditions, which
involve multiple biological processes, such as transporter interactions and efflux
mechanisms, that are difficult to simulate accurately. High Papp A-B!/ values may
suggest good permeability, but many Bls exhibited undesirable ER!Vs over 3
(Table II), indicating potential active efflux involvement that could significantly
impact bioavailability. These findings highlight the limitations of relying solely on
in silico predictions for permeability assessment, as they may overlook critical
biological factors influencing drug absorption. The further refinement of predictive
models, considering transporter activity and efflux mechanisms, could help
improve their alignment with experimental results and enhance their use in early
drug development phases.

No correlation was found between Caco-2 permeability assay obtained Avg.
Papp A—B!V and MDCK perm.S. The Caco-2 assay assesses intestinal absorption
using cells derived from human colon adenocarcinoma, forming tight junctions
and mimicking intestinal epithelium characteristics.24 The alternative cell-based
permeability assay employs MDCK cells. These exhibit rapid growth and differ-
entiation, significantly shortening the duration of in vitro transport studies. Using
MDCK cells in permeability-based assays offers an appealing substitute to Caco-
2 cells, enabling the enhanced throughput and the expedited completion of trans-
port studies for novel compounds.25 The lack of correlation between in vitro
assessment of Caco-2 permeability and in silico prediction of MDCK permeability
could be due to differences in their origins, membrane composition, metabolic
activity, and transporter expression.20

A negative correlation between P-gp sub.’S and Avg. PIV (Table S-I) is due to
the physicochemical properties of P-gp substrates, which are typically larger, more
polar, and have multiple hydrogen bond donors and acceptors.2’ These properties
hinder passive diffusion across lipid membranes, which PAMPA measures. Thus,
PAMPA assesses passive permeability, which is inversely related to P-gp substrate
recognition traits.
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PAMPA showed variability in Avg. PV and R!V values among Bls (Table II).
The highest absorption was observed for (+)-JQ1, birabresib, ADMP-044, MK-
-881, MK-884 and MK-885, likely due to their high log D values (Table S-II of
the Supplementary material). Combining PAMPA and Caco-2 permeability assay
results (Table II) suggests these Bls exhibit favorable permeabilities, with minimal
ionization at physiological pH, except for TG-164 (Table S-II).

A negative correlation was observed between P-gp inh.IS and ER!V (Table
S-I), suggesting that compounds more likely to inhibit P-gp tend to have lower
ER!Vs. In other words, substances that inhibit P-gp-mediated efflux may lead to
reduced ER!"s in the Caco-2 permeability assay. This could be due to P-gp inh-
ibitors blocking efflux activity, thereby decreasing the active drug efflux in the
Caco-2 assay. Thus, higher P-gp inh.IS values may result in lower ER!Vs. It can be
hypothesized that the studied Bls reduce their efflux by inhibiting P-gp.

While no statistically significant correlation between P-gp sub.!S and ER!V
was observed (Table S-I), a trend was noted wherein some compounds with higher
P-gp sub.IS values also exerted higher ER!V values. For instance, as shown in
Tables I and II, the compounds such as ADMP-042, ADMP-043, ADMP-049 and
MK-880, which exhibited higher P-gp sub.fS values (0.812, 0.992, 0.860 and
0.730, respectively), were also associated with elevated, double-digit ER!" values
(33.96, 11.20, 39.93 and 11.94, respectively). This observation aligns with the
hypothesis that the substrates of P-gp may exhibit increased efflux, as reflected by
higher ER!Vs. However, this relationship was not strong enough to be conclusive.
Notably, phase I/II clinical trials have confirmed that new Bls are P-gp substrates
but still show favourable absorption rates after oral administration.28-32 This
discordance suggests that additional factors, beyond P-gp substrate status, influ-
ence Bls’ absorption.

Distribution

The distribution phase is responsible for delivering a drug to its site of action.
For Bls, BBB penetration is crucial, particularly for CNS tumor treatments. Based
on BBB pen.!S values (Table III), all studied Bls, including TG-164 (despite its
ionized carboxylic acid at physiological pH; Table S-II), are likely to cross the
BBB, which in some cases might be desirable as birabresib has been investigated
for recurrent glioblastoma multiforme.23 A moderate positive correlation was obs-
erved between BBB pen.IS and Avg. P!V (Table S-I), suggesting that higher passive
permeability, as assessed by PAMPA, is associated with an increased probability
of BBB penetration. This correlation likely reflects the overlapping physico-
chemical properties required for both processes, such as optimal lipophilicity and
molecular size. While passive permeability is an important determinant, other
mechanisms such as active transport may also influence BBB penetration. For
instance, TG-164’s predicted BBB penetration, despite its ionized carboxylic acid
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moiety at physiological pH, could be attributed to its amide-bound glycine group,
which might facilitate LAT-1-mediated transport, similar to what is observed with
levodopa.33

The plasma protein binding plays a critical role in drug distribution. Based on
PPBIS values (Table III), ten out of sixteen Bls exhibited high plasma protein
binding (more than 90 %), with the highest PPB!S (96.10 %) predicted for
birabresib. Generally, greater lipophilicity corresponds to higher plasma protein
binding, as hydrophobic compounds preferentially bind to plasma proteins for
transport. This relationship was supported by strong positive correlations between
PPBIS and both Avg. PIV and R!V (Table S-1), indicating that lipophilic compounds
tend to exhibit higher permeability and recovery in the PAMPA assay as well as
greater protein binding. Conversely, strong and moderate negative correlations
were observed between F;/S and Avg. P!V, and between F,,/S and R!V respectively,
suggesting that lower unbound fractions are associated with higher permeability
and recovery. This highlights the interplay between lipophilicity, protein binding,
and permeability. Additional factors, such as acid-base properties and specific
protein interactions, should also be considered.

A moderate positive correlation was observed between in silico-predicted and
in vitro-assessed plasma protein binding values using bivariate Spearman’s correl-
ation, indicating that the in silico model effectively captures relative trends in
plasma protein binding among the studied compounds. However, the significant
differences between the two datasets, as identified by the Wilcoxon signed-rank
test (Fig. S-2A), suggest some systematic discrepancies in their central tendencies.
This implies that while the in silico model is useful for ranking compounds based
on the relative plasma protein binding values, further refinement is needed to
enhance its predictive accuracy for absolute values.

The volume of distribution describes the apparent distribution extent of drugs
within the body.3* ADMETIab 2.0 predictions place V45 values within the optimal
range (0.04—20 L kg1),22 specifically from 0.876 to 1.686 L kg~!. Predicted V4/S
values exceeded the total body water (0.5-0.6 L kg1),35 suggesting high tissue
affinity. Multiplying V4!S values by 70 kg indicates distribution between 61 and
118 L. A moderate positive correlation was observed between V4!S and ER!V, sug-
gesting that higher efflux activity, often associated with tissue partitioning, may con-
tribute to greater apparent distribution volumes. For example, TG-164 had a V4S
of 0.876 L kg1, which is linked to its low log D, likely due to the free carboxylic
acid moiety (Fig. 1). However, its high probability of BBB penetration may be
attributed to active transport mechanisms, as discussed earlier, potentially involv-
ing its amide-bound glycine group facilitating LAT-1-mediated transport. ADMP-
-049 had the highest V4!S (1.686 L kg1), despite its low log D (1.72; Table III and
Table S-1I). Overall, predicted V4/S values align with those from first-in-human BI
studies, which report steady-state V4/S values of approximately 70 L.36-37
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Metabolism and excretion

ADMETIab 2.0 predicts the probabilities of compounds being substrates or
inhibitors of CYP450 isoenzymes, including CYP1A2, CYP2C9, CYP2C19,
CYP2D6, and CYP3A4 (Table IV). It was predicted that CYP3A4, CYP1A2 and
CYP2C19 are dominant in the metabolism of the tested Bls, and that these
compounds are also likely CYP3A4 and CYP2C9 inhibitors. These insights are
valuable for guiding the future research into (+)-JQ1-derived Bls. The genetic
polymorphism of CYP450, particularly CYP2C19,38 can significantly affect drug
exposure and clinical outcomes, which is important as CYP2C19 is predicted to
play a major role in BI metabolism (Table 1V).

Selecting the optimal BI is challenging due to in silico results’ inability to
predict competition among CYP450 isoenzymes for a given compound. None-
theless, these results align with findings that CYP3A4 is key in producing (+)-JQ1
metabolites in vitro.18 Apart from its role in hepatic clearance, CYP3A4 also
participates in first-pass metabolism in the gut, potentially reducing bioavail-
ability, which could apply to the studied BIs.3? The detailed metabolic profiling of
the studied Bls might identify active metabolites; for example, molibresib forms
two active metabolites via CYP3A4.40 Evaluating Bls for CYP450 inhibition or
induction is crucial for assessing drug-drug interactions. All Bls, except TG-164,
were predicted to inhibit CYP2C9, CYP2C19 and CYP3A4.

Elimination of the compounds studied was evaluated through CL’S, ¢,
prob.1S and t, calc.IS (Table V). No correlation was found between CLLS and
CLind”, as intrinsic clearance reflects intrinsic organ clearance independent of
blood flow or binding.#! Similarly, there was no correlation between ¢/, prob.IS
or 11,2 calc.!S and t15!7, potentially due to a non-hepatic component of clearance,
such as renal elimination. These discrepancies highlight that calculated half-lives
might not fully capture in vivo dynamics. Despite these limitations, in silico
predictions provide a basis for designing new (+)-JQ1-derived Bls.

Based on the comparative analysis of in silico and in vitro pharmacokinetic
profiles, metabolic stability appears to be the most limiting factor for many of the
studied Bls. Several compounds exhibited high CL;,/" and short #1,5!" values
(Table V), suggesting the rapid hepatic metabolism that could compromise sys-
temic exposure and therapeutic efficacy. Notably, metabolism appears to be medi-
ated by multiple CYP450 isoenzymes, especially CYP3A4, which is involved in
both hepatic and intestinal first-pass metabolism, as well as CYP1A2, CYP2C9
and CYP2C19 (Table IV). This broad CYP450 involvement raises concerns not
only about fast clearance but also about potential drug-drug interactions, especially
in polypharmacy contexts like oncology. While some Bls demonstrated promising
absorption and distribution profiles, their advancement into preclinical develop-
ment may be hindered unless metabolic pathways are optimized through structural
modifications or formulation strategies. Thus, metabolism — and the complexity of
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CYP450-mediated biotransformation — is currently the most critical pharmaco-
kinetic barrier for further development of these compounds.

Among the tested Bls, (+)-JQ1, ADMP-042, ADMP-049, TG-161-3 and MK-
-884 were predicted to have significantly higher CL/S than birabresib, indicating
rapid elimination (Table V). Other Bls, excluding TG-164, had CL’S values com-
parable to birabresib. MK-880 and MK-885, alongside birabresib, showed moder-
ate CLini!” values, making them suitable for further development. Compounds with
low metabolic stability, such as ADMP-044 and TG-163, exhibited high CLjnd"
and short half-lives (3—6 min), limiting their potential for further research.#? Con-
versely, highly stable compounds like TG-160, TG-161-3 and TG-164 demon-
strated relatively long in vivo half-lives.

Taking into account the balance of absorption, distribution, metabolism, and
excretion parameters, our data suggest that MK-880 and MK-885, along with the
reference compound birabresib, are the most promising candidates for further
investigation. These compounds exhibited moderate CLin!" values (Table V),
indicating acceptable metabolic stability, and had favorable plasma protein binding
(Table IIT), adequate permeability (Tables I and II), and appropriate V¢S values
(Table III). MK-885, in particular, showed a favorable balance between in silico
and in vitro data, including high passive permeability (Table II), moderate ¢1/5!"
values (Table V) and a manageable CYP450 interaction profile (Table IV).
Although CYP3A4 involvement was predicted, the overall interaction profile does
not suggest an unmanageable risk of drug-drug interactions. While the compounds
such as TG-160 and TG-164 demonstrated prolonged #;,,!" (Table V), other lim-
itations — such as high ER observed for TG-160 or low permeability (Table II) and
high ionization (Table S-II) of TG-164 — may reduce their immediate suitability.
Therefore, from a pharmacokinetic standpoint, MK-880 and MK-885 offer the
most balanced profiles, supporting their prioritization in further preclinical dev-
elopment.

CONCLUSIONS

This study provides a comprehensive analysis of the pharmacokinetic profiles
of (+)-JQ1-derived Bls, expanding on prior work. By comparing in silico and in
vitro data, we evaluated the efficacy of ADMETIab 2.0 as a screening tool for these
compounds. This is the first study to explore in silico/in vitro correlations for the
pharmacokinetics of newly synthesized (+)-JQl-derived Bls. Our findings
revealed a moderate negative correlation between HIA prob.!S and PAMPA-
obtained in vivo results (Avg. PV and R!V) (Table S1), while a moderate positive
correlation was observed for plasma protein binding despite statistically significant
differences (Fig. S-2A). Both approaches indicated the plasma protein binding
values above 90 % for most compounds (Table III). The predictions of interactions
with CYP450 isoenzymes were instrumental in understanding the potential of
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drug-drug interactions (Table IV). While discrepancies between CLLS and CL;, "
(Table V) were observed, these were reasonable, given the insight CLjnd" offers
into hepatic clearance. Overall, most compounds exhibited favorable pharmaco-
kinetic characteristics, with MK-880 and MK-885 standing out alongside bira-
bresib for their superior CLi,!" values.

We emphasized the importance of integrating in silico predictions with
experimental data to achieve a more complete understanding of pharmacokinetic
profiles. The combination of these approaches enables researchers to validate and
refine predictive models, ensuring reliable data applicable to real-world drug
development. Early-stage ADME screening, as demonstrated through ADMET]ab
2.0, is essential for identifying promising candidates and accelerating their prog-
ression through the drug development process. However, the discrepancies
between in silico and in vitro results highlight the need for further refinement of
computational predictions.
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H3BOI

KOMITAPATHUBHA AHAJIU3A PAPMAKOKMHETUUKUX TTPOOUJIA BET MHXUBEHUTOPA:
YBUJ U3 IN SILICO U IN VITRO IIOJATAKA

MJIAIEH KOPABOBUR!, MUJIEHA KOBAUEBWUR?, MAPHUJA JOBAHOBUR?, TOPIAHA TACHUR!, ANAND
MAYASUNDARI?, GISELE NISHIGUCHI?, BOJAH MAPKOBHWR*, 30PAH PAHKOBUR® u BMIADUMHUP CABUR!
"Katuegpa 3a opiancky xemujy, Ynusep3uinew y Geoipagy — @apmaueymicku Qaxyniiei, Bojsoge Ciuetie 450,
11221 Beoipag, ’Kategpa 3a GapmaxoxkuHemuky u Kiunuuxy papmayujy, Ynusepsutiew y beoipagy —
Dapmaveymicku paxynmen, Bojeoge Cimetie 450, 11221 Beoipag, *Department of Chemical Biology and
Therapeutics, St. Jude Children’s Research Hospital, 262 Danny Thomas Place, Memphis, TN, 38105, USA,
‘Kaiuegpa 3a papmaeymcky xemujy, Ynueepsuiueini y Beoipagy — @apmayeyiicku Gaxyniteid, Bojeoge
Cumete 450, 11221 Beoipag u >Centre for Protein Degradation, Institute of Cancer Research, 15 Cotswold
Road, Sutton, London, SM2 5NG, UK

dapMaKOKMHETHYKA OrpaHWYeHa MPENCTaB/bajy YecT y3pOK Heycrexa y pa3Bojy JIeKOBa,
IITO YMHU paHy TpoueHy GapMaKOKHHETHYKOT podHiIa K/byYHOM 33 CMameme (HUHAHCHjCKOT
pH3MKa U yCMepaBame ONTHMH3alHje jenumera. PauyHapcku anaTty crocodHu na mpensubajy
(apmakokrHeTHUKe OCODMHE TpeNCTaBsbajy IparoueH pecypc 3a onmpehusame mpHopUTeTa
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KaHJujara y paHuM (asama oTKpHBamwa jgekoBa. OBa cTynMja npyka KOMINapaTUBHY aHaIU3y in
silico u in vitro papmakokuHeTHUKUX poduna BET (enr. bromodomain and extraterminal domain)
WHXUOUTOpA, Cca NocedSHUM OCBPTOM Ha LIECHAeCT jelHmera usBeleHUx u3 (+)-JQ1 koje cmo
nperxopHo cuHTeTUcany. Kopuirhemem codreepcke mnardhopme ADMETIab 2.0, npensuhenu cy
K/bYYHH NapaMeTpH ancoprnuuje, JucTpudyuuje, metabonusma u exckpeuyje (AIIME), koju cy
3aTUM yriopeheHH ca ekcriepuMeHTanHo JoOWjeHUM ITofalMa. Yo4eHa je jaka kopenanyja y Be3u
Ca Be3MBameM 3a IJIa3MaTcKe IPOTeHHe, JOK Cy 3HavyajHa ofcTynama npuMeheHa Ko, BpeqHOCTH
nepMeadUTHOCTH U KITUpeHca. AHan3a, Takohe, Harnaurasa yory eHsuma CYP3A4 kao Kby4HOT
¢daxropa y metadonusmy Hekonrko BET unxuduropa. JodujeHu pesyntaTu NoTBphyjy KOPUCHOCT
pauyHapckux anarta nonytr ADMETIab 2.0 y paHoj dhapMaKOKUHETHYKO]j IPOLIEHH, i U YKasyjy
Ha noTpedy 3a BaIMAALMjOM U HONATHUM yHanpehemeM NpesuKTUBHUX Mogena. OBO UCTpaKu-
Bame Ipy’Ka AparoueHe yeune y papmakokuHeTuky BET nuxuduTopa 1 noppxasa UHTErpaLujy
padyHapCKUX U eKCIIepUMEHTaTHUX ITPUCTYIIA Y MPOLiecy OTKpHBaha JIeKOoBa.

(ITpumreno 11. neuemdpa 2024, pesunupano 18. maja, mpuxsaheno 15. jyna 2025)
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