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Determination of ADMET properties of substituted-piperidine-3-carboxamide  
derivatives with potential use in the treatment of Crohn’s disease

Abstract. In this study, ADME studies were carried out on seven different substituted-piperidine-3-car-
boxamide derivatives compounds, which were considered as drug active ingredients that can be used in 
the treatment of Chron’s disease with docking studies that were done in our previous studies. In this con-
text, these molecules were examined in terms of physicochemical properties, lipophilicity, water solubility, 
absorption property, distribution property, metabolism property, toxicity property, environmental toxicity 
property, tox21 pathway property, and medicinal chemistry property. According to the results obtained, 
it was concluded that (E)-4-((4-(((4-bromopyridin-1(2H)-yl)methylene)amino)-3-(4-methoxy phenyl)-5-
oxo-4,5-dihydro-1H-1,2,4-triazol-1-yl)methyl) piperazine-1-carboxylic acid molecule is the most ideal 
molecule that can be used in the treatment of Chron’s disease in terms of ADME properties among the 
molecules studied.
Keywords: Crohn’s disease, piperidine-3-carboxamide derivatives, ADME properties, physicochemical 
properties, toxicity property, medicinal chemistry property.

Introduction

A chronic inflammatory disease of the digestive 
tract, Crohn’s disease is a member of the inflammato-
ry bowel disease (IBD) group [1]. Although it can oc-
cur anywhere in the digestive tract, it most frequently 
occurs in the ileum, the end of the small intestine, 
and the colon, the beginning of the large intestine [2]. 
Crohn’s disease can lead to ulcers by thickening the 
intestinal wall. Crohn’s disease symptoms can range 
from minor to severe and differ from person to per-
son. Anal fissures or fistulas, fever, weariness, diar-
rhea, cramping and soreness in the abdomen, and loss 
of appetite are common symptoms [3]. Although the 
precise origin of Crohn’s disease is unknown, envi-
ronmental factors, immune system issues, and genet-
ic predisposition are believed to be involved [4]. A 
number of tests and procedures are used to diagnose 
Crohn’s disease. These include MRI, CT scans, or x-
rays with barium, stool tests to screen for infection or 
bleeding, colonoscopy or upper endoscopy to image 
the digestive tract, and blood tests to check for inflam-
mation and diseases like anemia [5]. Crohn’s disease 
has no known cure, although a number of therapeutic 
approaches are employed to manage symptoms and 
bring the condition into remission. Anti-inflammato-

ry medications, immunosuppressants, antibiotics, and 
biological therapies are the most crucial ones. Other 
measures include limiting particular meals and pro-
viding nutritional assistance, and treating intestinal 
obstruction or fistulas when medicine is ineffective 
[6]. Serious side effects include intestinal blockage, 
deep ulcers throughout the digestive tract, aberrant 
connections between the intestines and other organs, 
malnourishment, arthritis, skin issues, and inflamma-
tion of the eyes can result from Crohn’s disease if 
it is not treated or is not treated well enough [7]. A 
balanced diet, stress management, regular checkups 
with the doctor, and following the treatment plan are 
just a few of the lifestyle adjustments needed to con-
trol Crohn’s disease symptoms and enhance quality 
of life [8].

When developing a new medication, the ADMET 
concept is essential for assessing its pharmacological 
characteristics. It establishes a drug’s safety, effec-
tiveness, and physiological behavior. Before moving 
on to clinical trials, choosing a successful therapeutic 
candidate and reducing any risks requires evaluating 
ADMET characteristics during the drug develop-
ment process [9]. Potential drug candidates’ ADMET 
characteristics are assessed both in vitro, or in a lab 
setting, and in silico, or through computer modeling. 
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At this point, molecules with favorable metabolism, 
low toxicity, favorable distribution, and high absorp-
tion are chosen [10]. Selected medication candidates 
are examined for ADMET characteristics in animal 
models during preclinical research. Important infor-
mation about the drug’s safety can be found in toxi-
cological studies [11]. Regulatory bodies (such as the 
FDA and EMA) submit ADMET data for the medi-
cine’s approval. These statistics are used to evaluate 
the medication’s safety and effectiveness [12].

Materials and Methods

Studied molecules. In this study seven different 
piperidine-3-carboxamide derivative molecules: 

- (E)-4-((3-(4-chlorophenyl)-5-oxo-4-((pyridin-
1(2H)-ylmethylene)amino)-4,5-dihydro-1H-1,2,4-
tri- azol-1-yl)methyl)piperazine-1-carboxylic acid 
(1); 

- (E)-4-((5-oxo-4-((pyridin-1(2H)-ylmethylene) 
amino)-3-(p-tolyl)-4,5-dihydro-1H-1,2,4-triazol-1-
yl)methyl)piperazine-1-carbo xylic acid (2); 

- (E)-4-((3-(4-fluorophenyl)-4-(((4-methylpyri-
din-1(2H)-yl)methylene)amino)-5-oxo-4,5-di hydro-

1H-1,2,4-triazol-1-yl)methyl)piperazine-1-carboxyl-
ic acid (3); 

- (E)-4-((4-(((4-chloro pyridin-1(2H)-yl)methy-
lene)amino)-3-(4-hydroxyphenyl)-5-oxo-4,5-di-
hydro-1H-1,2,4-triazol-1-yl)methyl)piperaz ine-
1-carboxylic acid (4); 

- (E)-4-((4-(((4-bromopyridin-1(2H)-yl) methy-
lene)amino)-3-(4-methoxy phenyl)-5-oxo-4,5-di-
hydro-1H-1,2,4-triazol-1-yl)methyl) piperazine-
1-carboxylic acid (5); 

- (E)-4-((4-(((4-bromopyridin-1(2H)-yl)methy-
lene)amino)-3-(4-fluorophenyl)-5-oxo-4,5-dihydro-
1H-1,2,4-triazol-1-yl)methyl)piperazine-1-carboxyl-
ic acid (6); 

- (E)-4-((4-(((4-bromopyridin-1(2H)-yl)methy-
lene)amino)-3-(4-hydroxyphenyl)-5-oxo-4,5-di-
hydro-1H-1,2,4-triazol-1-yl)methyl)piperaz ine-
1-carboxylic acid (7) 

that have not yet been synthesized and not yet 
registered in the literature have been selected. The 
aim of this study is not only to propose a new ac-
tive ingredient for Crohn’s disease A visual showing 
the molecular structures of the compounds studied is 
given in Figure 1.
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Figure 1 – Molecular formulas of studied piperidine-3-carboxamide derivatives
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Computer program used. In this study, the AD-
METlab 3.0 and SwissADME computer programs 
were used for all calculations. ADMETlab 3.0 is an in 
silico (computer-based) tool used in drug discovery 
and development processes to predict the ADMET 
(absorption, distribution, metabolism, excretion, and 
toxicity) properties of molecules. This platform pro-
vides great convenience to researchers in the evalua-
tion of pharmacokinetic and toxicological properties 
and has been widely used in studies in the literature 
[13-16]. Among the main features of ADMETlab 
3.0, we can say that it has a comprehensive database, 
uses multiple prediction models, has a user-friendly 
interface, provides fast and reliable results, and has 
advanced features. SwissADME is a web-based tool 
for predicting pharmacokinetic and pharmacodynam-
ic properties of molecules used in drug discovery and 
development processes. This platform is widely used 
to assess ADME properties and drug similarity, espe-
cially for drug candidate molecules. 

Physicochemical properties. In the process of 
discovering a new drug, the physicochemical proper-
ties of molecules are critical to the efficacy, safety 
and pharmacokinetic behavior of the drug candi-
date. These properties determine how the molecule 
behaves in the body, how it interacts with the tar-
get protein and its potential toxicological risks [17]. 
From this point, physicochemical properties molecu-
lar weight, volume, density, number of heavy atom, 
number of aromatic heavy atom, number of hydrogen 
bond acceptors (nHA), number of hydrogen bond do-
nors (nHD), number of rotable bonds (nRot), number 
of rings (nRing), number of atoms in the biggest ring 
(MaxRing), number of heteroatoms (nHet), formal 
charge (fChar), number of rigid bonds (nRig), flex-
ibility, number of stereo centers, topological polar 
surface area (TPSA), molar recractivity, sp³ hybrid-
ization rate (fraction Csp3), the logarithm of aqueous 
solubility (logS), the logarithm of the n-octanol/wa-
ter distribution coefficient (logD), acid dissociation 
constant (pKa), melting point, and boiling point were 
calculated for all studied molecules. The results ob-
tained (together with the optimal values) are given 
in Table 1. All data are colored for a better visual 
understanding of the results. Here, the data obtained 
are colored green if they are good (in the range of 
optimal values), orange if they are moderate, and red 
if they are poor. 

Lipophilicity. Lipophilicity properties of the mol-
ecules were analyzed in detail according to iLOGP 
(a physics-based technique that uses the generalized-
born and solvent accessible surface area (GB/SA) 
model created by Daina and colleagues to compute 
the free energies of solvation in n-octanol and water) 
[18], WLOGP (an atomistic approach based on to-
pological descriptors and fragments) [19], MLOGP 
(based on topological indices and the linear relation-
ship between structure and logP) [20], XLOGP3 (an 
atomistic approach that incorporates corrective fac-
tors and a knowledge-based library) [21], and SILI-
COS-IT (a hybrid fragment/topological method that 
uses seven topological descriptors and 27 fragments) 
[22]. The data obtained were averaged, and the re-
sults were given as consensus log Po/w. The data ob-
tained regarding the lipophilicity property are given 
in Table 2.

Water solubility. Water solubility is examined 
according to three different methods in SwissAD-
ME. These are ESOL [23], Ali [24], and SILICOS-IT 
[22], respectively. The water solubility of our can-
didate molecules through these three models were 
examined. Molecules with high water solubility are 
generally better absorbed from the gastrointestinal 
tract and have higher bioavailability, facilitating 
passive diffusion of molecules across the cell mem-
brane. Water solubility affects the rate of binding 
of molecules to plasma proteins, the distribution of 
molecules to different tissues, and the interaction of 
molecules with metabolic enzymes. Molecules with 
high water solubility are more easily excreted by the 
kidneys. Molecules with low water solubility can ac-
cumulate in the body and cause toxic effects [25]. 
The data obtained as a result of the calculations are 
given in Table 3.

Absorption properties. Caco-2 Permeability 
(Caco-2 permeability is an in vitro assay widely 
used in drug discovery to predict the absorption of 
drugs from the gut), MDCK Permeability (MDCK 
permeability refers to an in vitro assay used to as-
sess the permeability of drug candidates across cell 
membranes), PAMPA (Parallel Artificial Membrane 
Permeability Assay is an in vitro assay used to as-
sess the permeability of drug candidates across a 
synthetic membrane that simulates passive diffusion 
through biological membranes) [26], Pgp-inhibitor 
(understanding the role of P-gp inhibitors is crucial 
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for predicting drug absorption, bioavailability and 
distribution), Pgp-substrat (A P-glycoprotein (P-gp) 
substrate refers to a drug or compound transported by 
P-glycoprotein (P-gp), an efflux carrier protein that 
plays a role in limiting the absorption and bioavail-
ability of certain drugs), human intestinal absorption 
(HIA, refers to the percentage of an orally adminis-
tered drug that is absorbed from the human intestine 
and enters the systemic circulation), F20% (an F20 of 
20% means that 20% of the orally administered drug 
dose is absorbed and enters the bloodstream), F30% 
(an F30 of 30% means that 30% of the orally admin-
istered drug dose is absorbed and enters the blood-
stream), and F50% (an F50 of 50% means that 20% of 
the orally administered drug dose is absorbed and 
enters the bloodstream) parameters from absorption 
property were analyzed. The data obtained for ab-
sorption properties are given in Table 4. 

Distribution property. Distribution features 
plasma protein binding (PPB, describes how much 
a drug binds to plasma proteins (such as albumin 
or α1-acid glycoprotein) [27] while in the blood-
stream), steady-state volume of distribution (VDss, 
refers to the theoretical volume that must be evenly 
distributed for the total amount of drug to result in 
the same concentration as in steady-state plasma), 
blood-brain barrier penetration (BBB, refers to the 
ability of a drug to cross the blood-brain barrier and 
reach the central nervous system) [28], the fraction 
unbound in plasms (Fu, refers to the fraction of a 
drug in the bloodstream that remains unbound to 
plasma proteins), organic anion transporting poly-
peptide 1B1 (OATP1B1) inhibitor (it refers to a 
compound that inhibits the activity of the OATP1B1 
transporter), organic anion transporting polypeptide 
1B3 (OATP1B3) inhibitor (it refers to a compound 
that inhibits the activity of the OATP1B3 transport-
er), breast cancer resistance protein (BCRP) inhibi-
tor (refers to a compound that inhibits the activity 
of the breast cancer resistance protein transporter) 
[29], and finally multidrug pesistance protein 1 
(MRP1) inhibitor (refers to a compound that inhib-
its the activity of the protein 1 transporter associ-
ated with multidrug resistance) were analyzed. The 
data obtained for distribution properties are given 
in Table 5.

Metabolism property. As metabolism proper-
ties, CYP1A2 inhibitor (refers to a compound that 

inhibits the activity of the enzyme cytochrome 
P450 1A2), CYP1A2 substrate (refers to a com-
pound (such as a drug) that is metabolized by the 
enzyme cytochrome P450 1A2), CYP2C19 inhibi-
tor (refers to a compound that inhibits the activity 
of the enzyme CYP2C19, which is part of the cy-
tochrome P450 (CYP) enzyme family), CYP2C19 
substrate (refers to a drug or compound metabo-
lized by the enzyme CYP2C19, which is part of 
the cytochrome P450 enzyme family), CYP2C9 
inhibitor (refers to a compound that inhibits the ac-
tivity of the enzyme CYP2C9, which is part of the 
cytochrome P450 family of enzymes involved in 
the metabolism of many drugs), CYP2C9 substrate 
(refers to a compound or drug that is metabolized 
primarily by the enzyme CYP2C9, a member of 
the cytochrome P450 enzyme family), CYP2D6 
inhibitor (means a compound or drug that inhib-
its the activity of the enzyme CYP2D6, a member 
of the cytochrome P450 enzyme family), CYP2D6 
substrate (refers to a compound or drug metabo-
lized by the enzyme CYP2D6, which is part of the 
cytochrome P450 enzyme family), CYP3A4 in-
hibitor (a substance that slows down or blocks the 
activity of the enzyme CYP3A4, one of the most 
important enzymes in the cytochrome P450 fam-
ily), CYP3A4 substrate (a drug or compound me-
tabolized by the enzyme CYP3A4, one of the most 
important enzymes in the cytochrome P450 fam-
ily), CYP2B6 inhibitor (a compound that reduces 
or blocks the activity of the CYP2B6 enzyme, part 
of the cytochrome P450 family involved in drug 
metabolism), CYP2B6 substrate (a compound me-
tabolized by the enzyme CYP2B6, which belongs 
to the cytochrome P450 family), CYP2C8 inhibi-
tor (is a substance that interferes with the activity 
of the CYP2C8 enzyme, part of the Cytochrome 
P450 family involved in drug metabolism), and 
human liver microsome stability (HLM) stability 
(an important parameter for assessing metabolic 
stability) were analyzed. CLplasma, meaning plas-
ma clearance, which is an important parameter in 
the excretion phase of ADMET studies, and T1/2 
(half-life), which refers to the time it takes for the 
concentration of a drug in plasma to decrease by 
half, were examined within the scope of excretion 
properties. The data obtained for metabolism and 
excretion properties are given in Table 6.
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Toxicity property. Toxicity properties, hERG 
blockers (the hERG gene encoding a potassium ion 
channel that plays a critical role in the electrical ac-
tivity of the heart, particularly in the repolarization of 
the cardiac action potential) [30], hERG Blockers (10 
μM), drug-induced liver injury (DILI), AMES muta-
genicity (AMES mutagenicity testing helps identify 
compounds that can cause genetic mutations) [31], 
rat oral acute toxicity, FDA maximum recommended 
daily dose [32] (FDAMDD), skin sensitization, Log 
Kp (cm/s, skin permeation), carcinogenicity (assess-
es the potential of a compound to cause cancer after 
long-term exposure), eye corrosion, eye irritation, re-
spiratory, human hep atotoxicity (refers to the toxic 
effects of a substance on the human liver), drug-in-
duced nephrotoxicity (nephrotoxicity refers to the ad-
verse effects of drugs or their metabolites on kidney 
function, which can lead to conditions such as acute 
kidney injury, chronic kidney disease, and even kid-
ney failure in severe cases), ototoxicity (refers to the 
potential for medicines or chemicals to cause damage 
to the inner ear, resulting in hearing loss, tinnitus or 
balance problems), hematotoxicity (refers to the ad-
verse effects of a drug or compound on blood and its 
components, including red blood cells, white blood 
cells, platelets and bone marrow cells), genotoxic-
ity, RPMI-8226 immunitoxicity, A549 cytotoxicity, 
Hek293 cytotoxicity, and drug-induced neurotoxicity 
were examined. The data obtained for toxicity prop-
erties are given in Table 7.

Environmental toxicity property. Environmental 
toxicity properties, bioconcentration factors (it is a 
critical metric for assessing the potential for a com-
pound to accumulate in biological organisms), inhi-
bition growth concentration 50 (IGC50) [33], lethal 
concentration 50% for freshwater microorganisms 
(LC50FM), and lethal concentration 50% for daphnia 
magna (LC50DM) were analyzed. The data obtained 
for environmental toxicity properties are given in 
Table 8.

Tox21 pathway property. Tox21 pathway prop-
erty, NR-AhR (provides valuable information on 
potential metabolic, immune, endocrine and carci-
nogenic toxicity), NR-AR (important for assessing 
endocrine toxicity, reproductive risks and cancer 
potential), NR-AR-LBD (refers to a specific assay 
targeting the nuclear receptor pathway for the andro-
gen receptor ligand-binding domain), NR-aromatase 
(help us detect and understand the interactions be-
tween compounds and the aromatase enzyme), NR-
ER (helps us understand endocrine disruption and 
its implications for human health and safety), NR-
ER-LBD (interaction of compounds with the ligand 

binding domain of the estrogen receptor, which plays 
a crucial role in mediating hormonal responses and 
signaling pathways helps us understand), NR-PPAR-
gamma (identify compounds that interact with the re-
ceptor and help predict their effects on metabolism, 
toxicity and therapeutic potential), SR-ARE (helps to 
understand how compounds affect cellular oxidative 
stress and activation of detoxification pathways), SR-
ATAD5 (a valuable tool for assessing DNA damage 
response and repair mechanisms), SR-HSE (helps as-
sess how compounds interact with the cellular heat 
shock response, a fundamental stress adaptation 
mechanism), SR-MMP (helps to evaluate the interac-
tion of compounds with matrix metalloproteinases), 
and SR-p53 (assess how compounds affect the p53 
pathway, which plays a central role in regulating the 
cellular response to DNA damage [34], oxidative 
stress and other genotoxic insults) were analyzed. 
The data obtained for Tox21 pathway properties are 
given in Table 9. 

Medicinal chemistry property. Lastly, medicinal 
chemistry properties, quantitative estimate of drug-
likeness (QED), globally accessible surface area 
(GASA), synthetic accessibility score (Synth), the 
proportion of sp³-hybridized carbon atoms (Fsp3), 
molecular complexity estimation – 18 (MCE-18), 
natural product similarity score (NPscore), Lipinski 
Rule, Ghose Rule, Veber Rule, Egan Rule, Muegge 
Rule, Pfizer Rule, Glaxo Smith Kline (GSK) Rule, 
Golden Triangle, pan-assay interference compounds 
(PAINS), Brenk Rule, antibiotic-like activity related 
to mechanism nuclear magnetic resonance (ALARM 
NMR), Bristol-Myers Squibb (BMS), Chelator Rule, 
colloidal aggregators, firefly luciferase (FLuc) in-
hibitors, blue fluorescence, green fluorescence, reac-
tive compounds, promiscuous compounds, synthetic 
accessibility (SA), and leadlikeness were examined 
in ADMET properties [35,36]. The data obtained for 
medicinal chemistry properties are given in Table 10.



128

Int. j. biol. chem. (Online)                                                International Journal of Biology and Chemistry 18, № 2 (2025)

Determination of ADMET properties of substituted-piperidine-3-carboxamide derivatives with potential...

Ta
bl

e 
7 

– 
To

xi
ci

ty
 p

ro
pe

rti
es

 o
f m

ol
ec

ul
es

To
xi

ci
ty

 P
ro

pe
rt

y
M

ol
ec

ul
e 

1
M

ol
ec

ul
e 

2
M

ol
ec

ul
e 

3
M

ol
ec

ul
e 

4
M

ol
ec

ul
e 

5
M

ol
ec

ul
e 

6
M

ol
ec

ul
e 

7

hE
R

G
 B

lo
ck

er
s 

0.
09

9
0.

05
8

0.
06

6
0.

03
0

0.
05

3
0.

05
0

0.
03

6

hE
R

G
 B

lo
ck

er
s (

10
 μ

M
)

0.
21

0
0.

14
0

0.
11

3
0.

11
3

0.
08

7
0.

10
2

0.
09

4

D
IL

I 
0.

99
5

0.
98

7
0.

98
8

0.
94

8
0.

99
8

0.
99

5
0.

99
4

A
M

ES
 M

ut
ag

en
ic

ity
 

0.
13

1
0.

21
8

0.
49

5
0.

61
2

0.
72

5
0.

71
0

0.
64

1

R
at

 O
ra

l A
cu

te
 T

ox
ic

ity
0.

33
6

0.
26

3
0.

35
3

0.
39

5
0.

45
7

0.
69

3
0.

51
3

FD
A

M
D

D
0.

42
5

0.
40

2
0.

64
5

0.
77

2
0.

87
4

0.
93

2
0.

90
4

Sk
in

 S
en

si
tiz

at
io

n 
0.

20
4

0.
18

6
0.

26
1

0.
68

5
0.

59
9

0.
57

6
0.

79
5

Lo
g 

K
p 

(c
m

/s
, S

ki
n 

Pe
rm

ea
tio

n)
-9

.1
30

-9
.2

00
-9

.5
50

-9
.6

80
-9

.7
60

-9
.5

90
-9

.9
10

C
ar

ci
no

ge
ni

ci
ty

 
0.

52
8

0.
59

6
0.

88
8

0.
81

3
0.

96
1

0.
95

9
0.

94
5

Ey
e 

C
or

ro
si

on
 

0.
00

1
0.

00
1

0.
00

1
0.

05
6

0.
13

7
0.

27
1

0.
17

1

Ey
e 

Ir
rit

at
io

n 
0.

14
6

0.
35

7
0.

29
5

0.
75

5
0.

86
7

0.
89

3
0.

93
8

R
es

pi
ra

to
ry

 
0.

64
0

0.
71

7
0.

61
1

0.
99

1
0.

98
5

0.
98

0
0.

97
5

H
um

an
 H

ep
 a

to
to

xi
ci

ty
 

0.
78

2
0.

79
1

0.
82

6
0.

70
7

0.
53

5
0.

58
8

0.
53

4

D
ru

g-
in

du
ce

d 
N

ep
hr

ot
ox

ic
ity

0.
98

8
0.

97
2

0.
99

1
0.

87
3

0.
91

9
0.

98
2

0.
80

1

O
to

to
xi

ci
ty

 
0.

23
7

0.
20

0
0.

18
2

0.
24

7
0.

13
2

0.
13

7
0.

11
2

H
em

at
ot

ox
ic

ity
 

0.
20

6
0.

19
2

0.
35

7
0.

18
8

0.
19

8
0.

17
5

0.
09

1

G
en

ot
ox

ic
ity

 
1.

00
0

1.
00

0
1.

00
0

1.
00

0
1.

00
0

1.
00

0
1.

00
0

R
PM

I-
82

26
 Im

m
un

ito
xi

ci
ty

0.
01

8
0.

02
1

0.
02

3
0.

02
8

0.
03

9
0.

02
9

0.
02

4

A
54

9 
C

yt
ot

ox
ic

ity
0.

00
2

0.
00

1
0.

00
2

0.
00

3
0.

00
1

0.
00

2
0.

00
1

H
ek

29
3 

C
yt

ot
ox

ic
ity

0.
07

2
0.

02
4

0.
05

9
0.

11
4

0.
06

0
0.

07
2

0.
12

1

D
ru

g-
in

du
ce

d 
N

eu
ro

to
xi

ci
ty

0.
80

7
0.

78
3

0.
83

1
0.

74
9

0.
87

7
0.

92
3

0.
83

7



129

Int. j. biol. chem. (Online)                                                International Journal of Biology and Chemistry 18, № 2 (2025)

F. Islamoğlu 

Ta
bl

e 
8 

– 
En

vi
ro

nm
en

ta
l t

ox
ic

ity
 p

ro
pe

rti
es

 o
f m

ol
ec

ul
es

E
nv

ir
on

m
en

ta
l 

To
xi

ci
ty

 P
ro

pe
rt

y
M

ol
ec

ul
e 

1
M

ol
ec

ul
e 

2
M

ol
ec

ul
e 

3
M

ol
ec

ul
e 

4
M

ol
ec

ul
e 

5
M

ol
ec

ul
e 

6
M

ol
ec

ul
e 

7

B
io

co
nc

en
tra

tio
n 

Fa
ct

or
s

0.
43

9
0.

29
1

0.
19

4
0.

49
7

0.
57

9
0.

45
2

0.
54

7

IG
C

50
 

3.
13

4
2.

94
6

2.
86

2
3.

20
0

3.
29

4
3.

12
8

3.
26

7

LC
50

FM
 

3.
92

9
3.

56
1

3.
46

7
3.

95
9

4.
17

2
3.

92
8

4.
05

7

LC
50

D
M

 
4.

53
1

4.
25

5
4.

22
9

4.
61

3
4.

69
9

4.
52

4
4.

68
0

Ta
bl

e 
9 

– 
To

x2
1 

pa
th

w
ay

 p
ro

pe
rti

es
 o

f m
ol

ec
ul

es

To
x2

1 
Pa

th
w

ay
 

Pr
op

er
ty

M
ol

ec
ul

e 
1

M
ol

ec
ul

e 
2

M
ol

ec
ul

e 
3

M
ol

ec
ul

e 
4

M
ol

ec
ul

e 
5

M
ol

ec
ul

e 
6

M
ol

ec
ul

e 
7

N
R

-A
hR

 
0.

01
1

0.
01

0
0.

00
4

0.
01

0
0.

00
7

0.
00

3
0.

00
9

N
R

-A
R

 
0.

02
7

0.
02

7
0.

03
5

0.
05

2
0.

05
1

0.
04

0
0.

06
5

N
R

-A
R

-L
B

D
 

0.
00

1
0.

00
0

0.
00

1
0.

00
0

0.
00

1
0.

00
1

0.
00

0

N
R

-A
ro

m
at

as
e 

0.
00

3
0.

00
1

0.
00

2
0.

01
5

0.
00

1
0.

00
1

0.
00

5

N
R

-E
R

0.
02

5
0.

02
9

0.
01

1
0.

42
7

0.
00

9
0.

00
4

0.
18

0

N
R

-E
R

-L
B

D
0.

00
1

0.
00

0
0.

00
0

0.
01

8
0.

00
0

0.
00

0
0.

00
4

N
R

-P
PA

R
-g

am
m

a
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

SR
-A

R
E 

0.
92

0
0.

77
9

0.
67

2
0.

96
2

0.
78

6
0.

82
2

0.
97

1

SR
-A

TA
D

5 
0.

00
1

0.
00

1
0.

00
0

0.
00

2
0.

00
0

0.
00

0
0.

00
1

SR
-H

SE
 

0.
15

7
0.

09
7

0.
10

2
0.

08
0

0.
13

1
0.

15
6

0.
13

1

SR
-M

M
P 

0.
02

3
0.

00
4

0.
00

6
0.

24
2

0.
00

6
0.

01
3

0.
15

0

SR
-p

53
 

0.
03

2
0.

00
6

0.
00

8
0.

06
8

0.
01

6
0.

01
3

0.
10

0



130

Int. j. biol. chem. (Online)                                                International Journal of Biology and Chemistry 18, № 2 (2025)

Determination of ADMET properties of substituted-piperidine-3-carboxamide derivatives with potential...

Ta
bl

e 
10

 –
 M

ed
ic

in
al

 c
he

m
is

try
 p

ro
pe

rti
es

 o
f m

ol
ec

ul
es

M
ed

ic
in

al
 C

he
m

is
try

 P
ro

pe
rty

M
ol

ec
ul

e 
1

M
ol

ec
ul

e 
2

M
ol

ec
ul

e 
3

M
ol

ec
ul

e 
4

M
ol

ec
ul

e 
5

M
ol

ec
ul

e 
6

M
ol

ec
ul

e 
7

Q
ED

0.
55

8
0.

57
7

0.
56

0
0.

51
2

0.
46

0
0.

49
2

0.
46

9
G

A
SA

1.
00

0
1.

00
0

1.
00

0
1.

00
0

1.
00

0
1.

00
0

1.
00

0
Sy

nt
h

3.
00

0
3.

00
0

3.
00

0
3.

00
0

3.
00

0
3.

00
0

3.
00

0
Fs

p3  
0.

30
0

0.
33

3
0.

33
3

0.
30

0
0.

33
3

0.
30

0
0.

30
0

M
C

E-
18

 
52

.4
62

51
.8

57
54

.2
14

54
.8

46
54

.2
14

54
.8

46
54

.8
46

N
Ps

co
re

 
-1

.0
65

-0
.9

75
-1

.0
32

-0
.8

27
-0

.9
06

-1
.1

70
-0

.7
56

Li
pi

ns
ki

 R
ul

e 
0.

00
0

0.
00

0
0.

00
0

0.
00

0
1.

00
0

0.
00

0
1.

00
0

G
ho

se
 R

ul
e

0.
00

0
0.

00
0

0.
00

0
1.

00
0

1.
00

0
1.

00
0

1.
00

0
Ve

be
r R

ul
e

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
Eg

an
 R

ul
e

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
M

ue
gg

e 
R

ul
e

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
Pfi

ze
r R

ul
e

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
G

SK
 R

ul
e 

1.
00

0
1.

00
0

1.
00

0
1.

00
0

1.
00

0
1.

00
0

1.
00

0
G

ol
de

n 
Tr

ia
ng

le
0.

00
0

0.
00

0
0.

00
0

0.
00

0
1.

00
0

1.
00

0
1.

00
0

PA
IN

S
0 

al
er

ts
0 

al
er

ts
0 

al
er

ts
0 

al
er

ts
0 

al
er

ts
0 

al
er

ts
0 

al
er

ts
B

re
nk

2 
al

er
ts

2 
al

er
ts

2 
al

er
ts

2 
al

er
ts

2 
al

er
ts

2 
al

er
ts

2 
al

er
ts

A
LA

R
M

 N
M

R
0 

al
er

ts
0 

al
er

ts
0 

al
er

ts
2 

al
er

ts
2 

al
er

ts
1 

al
er

ts
2 

al
er

ts
B

M
S

0 
al

er
ts

0 
al

er
ts

0 
al

er
ts

0 
al

er
ts

0 
al

er
ts

0 
al

er
ts

0 
al

er
ts

C
he

la
to

r R
ul

e
0 

al
er

ts
0 

al
er

ts
0 

al
er

ts
0 

al
er

ts
0 

al
er

ts
0 

al
er

ts
0 

al
er

ts
C

ol
lo

id
al

 a
gg

re
ga

to
rs

 
0.

13
3

0.
05

7
0.

15
5

0.
43

4
0.

44
3

0.
49

6
0.

49
5

FL
uc

 in
hi

bi
to

rs
0.

29
0

0.
43

5
0.

34
1

0.
31

6
0.

53
8

0.
30

7
0.

38
7

B
lu

e 
flu

or
es

ce
nc

e
0.

19
4

0.
13

7
0.

20
7

0.
13

7
0.

21
3

0.
11

7
0.

09
2

G
re

en
 fl

uo
re

sc
en

ce
0.

67
2

0.
54

6
0.

60
4

0.
62

2
0.

63
1

0.
62

9
0.

63
6

R
ea

ct
iv

e 
co

m
po

un
ds

 
0.

00
4

0.
00

2
0.

00
1

0.
00

5
0.

00
4

0.
00

4
0.

00
7

Pr
om

is
cu

ou
s c

om
po

un
ds

0.
03

9
0.

02
8

0.
00

4
0.

02
5

0.
00

1
0.

00
1

0.
00

6
SA

 (S
yn

th
et

ic
 A

cc
es

si
bi

lit
y)

4.
19

0
4.

32
0

4.
31

0
4.

26
0

4.
33

0
4.

23
0

4.
26

0
Le

ad
lik

en
es

s
1.

00
0

1.
00

0
1.

00
0

1.
00

0
1.

00
0

1.
00

0
1.

00
0



131

Int. j. biol. chem. (Online)                                                International Journal of Biology and Chemistry 18, № 2 (2025)

F. Islamoğlu 

Result and Discussion

When the physicochemical properties were ex-
amined for the seven molecules studied, it was de-
termined that the molar refractivity (MR) values for 
molecules 4, 5, 6, and 7 were slightly higher than the 
ideal values and that the molecules met the desired 
conditions in all other parameters. MR is a measure 
that reflects the polarizability of a molecule, the 
volume of the electron cloud, and its steric prop-
erties (volumetric size). The hydrophobic interac-

tion potential of the molecule also influences molar 
refractivity at the point of binding with the target 
protein. This in turn affects the binding affinity. It 
also provides indirect information on how far the 
molecule can diffuse into tissues. For good oral bio-
availability, an ideal molar refractivity value in the 
range 40 ≤ MR  ≤ 130 is desirable. Since the devia-
tion observed in the MR values for molecules 4, 5, 
6, and 7 was very small, all values were considered 
acceptable. Molar refractivity values of molecules 
were given Figure 2.

Figure 2 – Molar refractivity values of molecules

In order for the molecules to show good ab-
sorption and solubility potential, a lipophilicity 
(Log Po/w) value between 0 and 3 is desired. This 
range is considered the ideal range. This range is es-
pecially important for a good oral bioavailability and 
solubility balance. When the lipophilicity values of 
our molecules are examined, it is seen that the con-
sensus Log Po/w values of all the molecules studied 
are within this ideal range. This shows us that all of 
our molecules can be characterized as suitable mol-

ecules in terms of lipophilicity. Lipophilicity values 
of molecules were given Figure 3. 

When the water solubility values calculated ac-
cording to ESOL, Ali, and SILICOS-IT methods and 
given in Table 3 were analyzed, it was found that 
all molecules were soluble. Water solubility plays a 
critical role in terms of ADME properties. Because 
water solubility directly affects the absorption, dis-
tribution, metabolism, and excretion of a drug can-
didate molecule in the body. Such that the molecule 
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must be dissolved in water to be absorbed through 
the digestive tract (GI tract), and highly soluble mol-
ecules show rapid and complete absorption. For pas-
sage through the cell membrane, molecules must first 
be dissolved in aqueous media. Even lipophilic com-
pounds cannot be absorbed unless they are slightly 
dissolved in water. Water-soluble molecules can 
reach the target tissues by circulating freely in the 

plasma. The balance of solubility and lipophilicity is 
critical for central nervous system drugs. Enzymes 
in the liver (CYP450) have easier access to water-
soluble molecules. It determines the half-life of the 
drug by affecting metabolic stability. High-solubility 
molecules are more suitable for excretion in urine. 
The visual representation of these data obtained is 
given in Figure 4.

Figure 3 – Lipophilicity values of molecules

When the absorption properties values of the mol-
ecules given in Table 4 were analyzed, it was found 
that only molecule 2 was ideal in terms of Caco-2 
Permeability, no molecule was ideal in terms of 
MDCK Permeability, and molecule 5 and molecule 
6 were found to be evaluable in terms of PAMPA. It 
was observed that all molecules were ideal in terms 
of Pgp-inhibitor and Pgp-substrate. In terms of HIA, 
F20%, F30%, and F50%, the values obtained from mol-
ecule 6 were found to have better values compared 
to other molecules. When the molecules were ana-
lyzed in terms of distribution properties, generally 
good results were obtained in terms of other proper-
ties except for VDss property. In terms of metabo-
lism and excretion properties, it was observed that 

all data except CYP2C9 inhibitor and CYP2C8 in-
hibitor values were suitable for all molecules studied, 
and in terms of excretion property, it was observed 
that the values for CLplasma were very good and 
T1/2 values were partially ideal. In terms of toxicity 
properties, very good values were obtained for all 
molecules for hERG Blockers, hERG Blockers (10 
μM), rat oral acute toxicity, ototoxicity, hematotox-
icity, RPMI-8226 immunotoxicity, skin sensitiza-
tion, A549 Cytotoxicity, and Hek293 Cytotoxicity. 
In terms of environmental toxicity properties, ideal 
results were obtained for all the substances studied. 
The visual graph of these data is given in Figure 5. 
In terms of Tox21 pathway properties, good results 
were obtained for all molecules except SR-ARE.
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Figure 4 – Water solubility values of molecules

Figure 5 – Environmental toxicity properties of molecules
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Finally, when the medicinal chemistry prop-
erty values were examined, it was observed that 
the results obtained for all molecules in terms of 
Synth, MCE-18, Veber Rule, Egan Rule, Muegge 
Rule, Pfizer Rule, PAINS, BMS, Chelator Rule, 
Colloidal Aggregators, FLuc Inhibitors, Blue 
Fluorescence, Reactive Compounds, Promiscu-
ous Compounds, and SA (Synthetic Accessibility) 
were very good.

Conclusion

In this study, it was concluded that molecule 5 
((E)-4-((4-(((4-bromopyridin-1(2H)-yl) methylene)
amino)-3-(4-methoxyphenyl)-5-oxo-4,5-dihydro-
1H-1,2,4-triazol-1-yl)methyl)piperazi-ne-1-carbox-

ylic acid) can be considered as a drug candidate to 
be used in the treatment of this disease and advanced 
studies can be carried out when the physicochemical 
properties, lipophilicity, water solubility, absorption 
property, distribution property, metabolism property, 
toxicity property, environmental toxicity property, 
tox21 pathway property, and medicinal chemistry 
properties of seven different substituted-piperidine-
3-carboxamide derivatives compounds that can be 
used in the treatment of Crohn’s disease are exam-
ined.
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