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Abstract

Type 2 diabetes mellitus (T2DM) is a global epidemic, accounting for over 90% of diabetes
mellitus cases worldwide, in part due to inadequate treatment options. GPR119 is a protein
receptor that stimulates insulin excretion and has the potential to revolutionise current T2DM
care. In this study, we used computational methods to search for promising GPR119 agonists.
Firstly, a test for binding sites in GPR119 was done using geometric, energetic-based, and
machine-learning methods. Secondly, a pharmacophore map was generated and used to scan
for potential small molecule agonists. Next, a molecular docking method was used to test the
energetic favourability of selected molecules. The top compounds of this test then underwent
virtual screening to determine their ADME profiles, and were then tested for toxicity. This study
identified Z1275113833 to be the most promising candidate based on the above tests, warrant-
ing further exploration into its capabilities as a new GPR119-based treatment for T2DM. In
addition, more computational tests to search for more potential agonists could be done.
Keywords: Virtual Screening, Pharmacophore, Diabetes Mellitus, Molecular Docking

1. Introduction abnormal glucose metabolism and lack of

Diabetes mellitus (DM) is a chronic dis-
ease primarily characterised by sustained
hyperglycemia (Petersmann et al., 2019).
It currently affects over 589 million adults
(aged 20-79), and is projected to affect
over 852.5 million adults worldwide by
2050, over 90% of which are estimated to
be type 2 diabetes mellitus (T2DM) (Dia-
betes Atlas, 2025). T2DM is characterised
by increased insulin resistance, resulting in

insulin secretion. Especially concerning is
the rise of early-onset T2DM (< 40 years),
which obesity and genetics are the main
risk factors of (Magliano et al., 2020; Ruze
et al., 2023), which causes more severe
complications and higher rates of 3-cell de-
terioration (Magliano et al., 2020; Strati et
al., 2024). Diabetes can lead to blindness,
kidney failure, and nerve damage (Mly-
narska et al., 2025). Furthermore, an esti-
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mated 3.4 billion deaths worldwide arose
due to DM in the past year (Diabetes Atlas,
2025).

Current medications for T2DM can be
categorised into 10 classes: 1) Biguanides,
2) Glucagon-like peptide 1 (GLP-1) and dual
GLP-1 and gastric inhibitory peptide (GIP)
receptor agonists, 3) Dipeptidyl peptidase
4 (DPP-4) inhibitors, 4) Sodium-glucose
cotransporter 2 (SGLT2) inhibitors, 5) Sul-
fonylureas, 6) Thiazolidinediones (TZDs),
7) Alpha glucosidase inhibitors, 8) Megli-
tinides, 9) Dopamine-2 agonists, 10) Bile
acid sequestrants (Feingold, 2000; Ganesan
et al., 2025). The most commonly adminis-
tered drug is Metformin, which inhibits syn-
thesis of glucose in the liver (Apostolova et
al., 2020) and has marginal weight loss ca-
pabilities (Yerevanian & Soukas, 2019). Med-
ication can be administered both orally and
via injection, with oral administration being
preferred (Manaithiya et al., 2021).
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No orally administered drug has the capa-
bility to both improve glucose tolerance and
induce weight loss (Manaithiya et al., 2021;
Zhao et al., 2021). One of the leading causes of
T2DM is obesity (Ruze et al., 2023), so drugs
that target both blood sugar levels and induce
weight loss would revolutionise current T2DM
care (Manaithiya et al., 2021; Zhao et al,,
2021). Therefore, new treatment options that
can achieve all three are desirable. In addition,
despite the large number of different available
medications, the proportion of T2DM patients
achieving glycated hemoglobin A1C targets
have remained relatively unchanged or de-
creased across both the US and Canada (Carls
et al., 2017; Leiter et al., 2019). A 2021 multi-
national survey looking into what percentage
of T2DM patients were meeting the glycated
hemoglobin A1C goals found that only about
39.1% of patients were on target, suggesting
that current T2DM treatment options are in-
adequate (Lautsch et al., 2022).

Figure 1.1 Signalling pathway of GPR119 illustrating the overall effects and bene-
fits for T2DM patients. (Zhao et al., 2021). This figure was made using Biorender
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GPR119 is a G-coupled protein recep-
tor (GCPR) that primarily works to stimu-
late the release of incretin hormones, con-
trolling glucose-stimulated insulin secretion
(GSIS) (Manaithiya et al., 2021). Primarily
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expressed in the pancreas, fetal liver, and
in certain intestinal tract tissues (Chu et al.,
2007; Manaithiya et al., 2021; Soga et al.,
2005), GPR119 causes GSIS through two
mechanisms: secretion of GIP and GLP-1
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(Panaro et al., 2017), and promotion of it in
B-cells in the pancreas (Zhao et al., 2021).
Both GLP-1 and GIP are anti-hyperglycemic
agents, and decrease the rate of gastric emp-
tying, lowering appetite (Zander et al., 2002).

GPR119 aids T2DM patients by stimu-
lating GSIS, which can help them maintain
blood glucose levels after meals (Manaithi-
ya et al., 2021). There are several benefits of
a potential GPR119 based treatment above
currently available medications for T2DM
patients (Nema et al., 2024). Firstly, it has
demonstrated the potential to impede B-cell
deterioration in the Islets of Langerhans
(Kim et al., 2021; Zhao et al., 2021). Sec-
ondly, it has both strong anti-hyperglycemic
and noticeable weight loss effects (Overton
et al., 2008). Studies have found that when
GPR119 agonists are used in conjunction
with a DPP-4 inhibitor, which prevents the
breakdown of GLP-1 and GIP, the issue of
rapid degradation of incretin hormones can
be addressed, increasing the usefulness of
potential drugs (Ansarullah et al., 2013; Hry-
ciw et al., 2024).

GPR119 has a number of endogenous
lipid-based ligands such as oleoylethanol-
amide (OEA) (Ningetal., 2008) and lysophos-
phatidylcholine (LPC) (Drzazga et al., 2014).
Many synthetic agents have been developed,
which have demonstrated varying efficacies
when studied as potential T2DM treatments
(Kim et al., 2021; Manaithiya et al., 2021).
No potential agonists have reached past
phase II clinical trial stage, most having been
cancelled due to a lack of effective hypergly-
cemic control (Hu et al., 2024). AR231453
was the first synthetic agent created, showing
mixed results when given orally to wild type,
GLP-1 receptor knockout, and GIP receptor
knockout mice (Flock et al., 2011; Hu et al.,
2024). However, no further study into it is
currently being conducted. Another promis-
ing agent, DS-8500a, showed a higher degree
of efficacy, however, study into it was also
cancelled (Hryciw et al., 2024). Successive
synthetic agents have shown only modest ca-
pabilities to reduce hyperglycemia in T2DM
patients (Hu et al., 2024; Flock et al., 2011).
There are no currently available T2DM treat-
ments involving GPR119 agonists (Hryciw et
al., 2024; Hu et al., 2024), warranting further
study.
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2. Methodology

2.1. Determining amount and via-
bility of binding sites on GPR119

2.1.1. Geometric based virtual screening
to determine number and suitability of bind-
ing sites using DoGSiteScorer

To determine the number of binding sites
capable of supporting small molecule ago-
nists, the DoGSiteScorer was used, accessed
at: https://proteins.plus/. First, the struc-
ture of GPR119 was determined using the
Protein Data Bank (PDB) (PDB code 7XZ5).
On the Proteins Plus website, the PDB code
was entered. Next, the DoGSiteScorer tool
was selected. Maintaining the default selec-
tions. The website then used the Difference of
Gaussian (DoG) method to calculate results
and produced the number of binding sites,
their sizes, their surface areas, and assigned
them a score in terms of viability.

2.1.2. Energetic-based method to deter-
mine number and viability of binding sites
using FT site

To determine the number of binding sites
energetically capable of binding to small mol-
ecule agonists, the FT site was used, accessed
at: https://ftsite.bu.edu/. The PDB ID, 7XZ5,
was entered into the appropriate field. FT site
used empirical free energy functions to find
energetically favourable binding sites around
the protein target. Next, consensus clusters
found from multiple iterations of the previ-
ous step were ranked in terms of total inter-
actions and probes. FT site generated a.PSE
file, which was read using PyMO L.

2.1.3. Machine learning based method to
assess number and viability of binding sites
using Prankweb

A machine learning algorithm, Prankweb,
was further used to determine the number
and viability of binding sites for small mol-
ecule agonists, accessed at: https://prank-
web.cz/. The input method was selected as
‘Experimental Structure,” then the PDB code,
7XZ5, was entered. Both ‘Use original struc-
ture’ and ‘use conservation’ were selected.
Prankweb generated a model of GPR119,
a list of binding sites, the average number of
residues, and gave each a score.

2.2, Virtual screening for small
molecule agonists using a pharmaco-
phore map generated by Pharmit and
using the Enamine chemical library
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2.2.1. Generating a pharmacophore map
of GPR119

To generate a pharmacophore map, Phar-
mit (accessed at: https://pharmit.csb.pitt.
edu/) was used. The PDB code of GPR119,
7XZ5, was entered into the appropriate box.
LSC was selected from the drop-down menu.
Binding site waters were ignored.

2.2.2. Scanning the Enamine database to
determine potential small molecule agonists

Six binding sites were removed. Enam-
ine was selected as the chemical library for
all three trials. Data on the top five molecules
that Pharmit identified as the best matches
for the pharmacophore was then extracted.
The process of was repeated with six different
binding interactions being removed. It was
repeated two more times, each with another
six binding interactions removed, and the top
five compounds from each trial were kept. The
binding interactions analysed for the three tri-
als are compared in Table 3.2.2. Some initial
tests were done to show that the arrangement
for the third trial yielded lower RMSD values
than other arrangements before it was chosen.
Pharmit then compared the pharmacoph-
ore map of interactions with binding sites on
chemicals in the database and ranked them by
their root mean squared deviation.

2.3. Virtual screening of free ener-
gy of binding interactions of identi-
fied potential agonists via molecular
docking using Swissdock

In order to ascertain the free energy of
the binding interactions between poten-
tial agonists and GPR119, Swissdock (ac-
cessed at: https://swissdock.ch/) was used.
The SMILES for each ligand were obtained
from the MCULE database (accessed at:
https://mcule.com/) and inputted into the
appropriate box. Next, the PDB code for
GPR119,7XZ5,was inputted. The R-Glucose-
dependent insulinotropic receptor chain was
selected, and ‘none’ was selected for hetero-
atoms. Then the parameters for the box were
set as follows: box centre (98 A, 118 A, 94 &),
box size (45 A, 44 A, 67A) for each. Swiss-
dock estimated the energy of interactions be-
tween the ligand and GPR119 to determine
favourable binding sites.

2.4. Screening to determine ADME
profile of top five molecules using
SwissADME

Section 3. Pharmacertic sciences

Using the top five compounds identified
by Swissdock, the ADME profiles of selected
molecules were obtained using SwissADME
(accessed at: http://www.swissadme.ch/).
The SMILES for each ligand obtained in 2.3.
were input into the text box. SwissADME
outputted a number of parameters, of which
a selection were selected to test for Lipinski’s
rules, GI permeability, and BBB permeability.

2.5. Virtual toxicological screening
of top compounds using ProTox-3.0

Next, the SMILES of the top compounds
were entered into ProTox-3.0 (accessed
at: https://tox.charite.de/protox3/index.
php?site=home#). When prompted to choose
what kinds of toxicity to test for, ‘All’ was cho-
sen. ProTox-3.0 identified which areas the
compounds sleceted were active toxins to-
wards and calculated how their toxicity mea-
sured up against current FDA-approved drugs
in each category. The top two compounds iden-
tified from the proceeding tests were tested.

3.Results and Discussion
3.1. Determining amount and via-
bility of binding sites on GPR119
3.1.1. Geometric based virtual screening
to determine number and suitability of bind-
ing sites using DoGSiteScorer

Figure 3.1.1. Geometric-based binding
site screening done by Proteins Plus
using the 3D shape of GPR119 (PDB

code 7XZ5). The various binding sites
are depicted by coloured highlights over
the structure of the protein receptor
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A total of 25 ligand binding sites were
- M oN - identified by Proteins Plus, ranging in size
- 2 =
| E o 2 S from 1616.21A2 to 71.48A2. There were ten
R N N different binding sites with drug scores above
- 0.50, indicating that GPR119 has a relative-
S . ly large number of binding sites defined as
59 N b 5 & 2 ™ ‘druggable’ by DoGSiteScorer. The highest
28| & |2EE © 0§ 3 d identified was 0.84, with f
3 A =85 K I S rug score identified was 0.84, with seven o
g S the ten druggable binding sites having scores
S % above 0.75. This method is incomplete, as
T 8 o ~ . it does not account for energetic barriers to
;i RO %) = i R ligand binding, likely overinflating the num-
S| A 3 R A e ber of viable binding sites discovered.
NN 3.1.2 Energetic-based method to deter-
S 'ES mine number and viability of binding sites
E 2 © g & 0 o using FT site
;”; 8 n_‘l % N S S FT site identified 3 different ligand binding
g g = o © sites shown below as orange, green, and blue
% & highlights. FT site did not provide precise data
R q ° on how druggable each of the binding sites
S % N 9 S o @ were, but ranked them from most druggable
~§ 3 -9 = g X S to least. There were less binding sites discov-
- S ered by FT site, DoGSiteScorer having found
~ 2 ten. Site one, shown in orange, was the most
° § o = © © druggable, and site three, shown as purple,
59 “ E & < o R was the least druggable. This result indicates
-E" & A = O R & e ligand binding viability but does not provide
= information on the exact druggability of each.
S These results must be used in conjunction
s < o 5 & N o with further methods to corroborate and en-
R m' = 1 S g hance the usefulness of results. (Brenke et al.,
%‘n > P = = 2009; Jones et al., 2022; Kozakov et al., 2015;
= 5 Ngan et al., 2012).
DA o
% (g N | § § 0 2 Figure 3.1.2. Energetic-based method
£ O A a5 @ S S Jfor determining binding sites done by FT site
§ E ~ and shown on the 3D structure of GPR119
8 § (PDB code 7XZ5) in coloured highlights
J & -
g § — £ ® = o Nl
S o» A = o0 lap) =)
F. (o)) (@)}
IR A
<
O
S A
P g & e ©
JEl 4] E 8 g &
o § A 5 = o o
= 2
~
< v
‘TINNE
s Z| &5 g 8 a With both DoGSiteScorer and FT site
-;S = = E ) g having high accuracy, the discrepancy be-
< > @w - A tween how many binding sites each identified
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is interesting. It is unclear whether or not the N -
binding sites indicated by the FT site result are 2 2 o —
the same as those indicated by the DoGSiteScorer.
Therefore, the two results cannot independently ® % <
. b 3 o —
verify one another. ©
D
Table 3.1.2. Binding sites on GPR119 = < Nl S
(PDB code 7XZ5), where the colour of highlight
portraying each site in the image generated © = 0 N
by FT site’s assessment of binding sites and
druggability ks " N - ~
o8 Al — —
Binding Site 1 2 3 <
Colour Orange Green Purple g ) Q © §
L]
= g
3.1.3. Machine learning based method to as- § 2 " - I~
sess number and viability of binding sites using _y g A \n © o
Prankweb 2 Q <
Prankweb identified 19 different binding sites S a © o o
. e . ~ O —
and assigned each a druggability score. The high- Qo
est score given was 33.73, indicating an extreme- S - N 0
. . . . . R RS - . o) —
ly high likelihood of being druggable given that S —
a score above 2.0 is considered good. 8 different o ~§ <
binding sites were indicated to have good scores Q S S ° S =
by Prankweb, suggesting that GPR119 has a very t o
high number of druggable binding sites. Prank- T 3 o X . ©
. S : —
web detected a number in between that of DoG- o G —
SiteScorer and FT site. However, the results given QQ-. 2 - <
by Prankweb cannot be corroborated with either N ? b o o N
of the other two results given, meaning that it =3
is unclear whether or not the sites identified by gi g ~ & - o
. . H L
Prankweb are the same as those identified by FT &) = N
i i SRS
site and DoGSiteScorer. 8 = ° S o 5
28 5 s
Figure 3.1.3. Machine learning based )
analysis of binding sites of GPR119 (PDB code E 5 T & o 0
7X75) discovered by Prankweb and shown = ;
. . e~ '.D
through qolour?d hlgh{lghts on f‘he .3D structure. Shs - S " "
The residues in the different binding sites are on © o — —
shown through coloured highlights on the - <
structure 2 ) = © 2
=
® =)
=~ al ﬁ g g
(B
o o !
5 % g 3
~ % 3 S
g 5 5 2
RE|l 2 £, FE
2 5 5E 2%
w Z®© <&
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3.2. Virtual screening for small
molecule agonists using a pharmaco-
phore map generated by Pharmit and
using the Enamine chemical library

3.2.1. Generating a pharmacophore map
of GPR119 (PDB code 7XZ5) using Pharmit

Atotal of 10 different binding interactions
were discovered by Pharmit: two hydrogen-

Section 3. Pharmacertic sciences

acceptor interactions, one negative ion inter-
action, and seven hydrophobic interactions.
GPR119 has a very high number of potential
agonist binding sites, making it difficult to
search for small molecule agonists that could
interact with all of them. This necessitates
for some to be removed before the selected
chemical database is scanned.

Figure 3.2.1. Pharmacophore map generated by Pharmit of GPR119 (PDB code
7X75) depicting the 10 binding interactions, with the specific type shown through colour.
Red indicates a negative ion interaction, yellow depicts hydrogen accepting interactions,

and green indicates hydrophobic interactions. One of the yellow interactions is layered
underneath the red interaction

.
——
AT

Table 3.2.1. Types and number of binding interactions found for GPR119 (PDB code
7X75) by Pharmit, and the representative colour on the pharmacophore map shown above

] . Hydrogen .. Hydropho-
Type of interaction . Negative ion .
accepting bic
Number of interactions found for
GPR119 1 7
Representative colour Yellow Red Green

3.2.2. Scanning the Enamine database to determine potential small molecule

agonists

Table 3.2.2. The four binding interactions used in the analysis of the
pharmacophore map of GPR119 (PDB Code 7XZ5) for trial numbers 1, 2, and
3 described in Section 2.2. Red indicates a negative ion interaction, yellow
depicts hydrogen accepting interactions, and green indicates hydrophobic
interactions. There is a yellow interaction layered underneath the red one

Trial

number

2 3

Interac-
tions used =

.ﬂ-\-
i) }
el = &=

For the first trial, Pharmit identified
2621 088 different hits for this specific set

of binding interactions on GPR 119 out of

60516 302 total conformations of 4177
328 molecules scanned. Among these, 7 had
RMSD values below 0.02, indicating a large
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number of promising potential agonists. Fur-
thermore, 834 molecules had RMSD values
below 0.1. The most promising molecule
found had an RMSD value of 0.010, indicat-
ing a very close match with the pharmacoph-
ore map generated by Pharmit. The top five
molecules identified, their structures, their
size, and their RMSD values can be found
in Table 3.2.2. The RMSD values ranged
from 0.010 to 0.018, indicating that all five
are candidates for potential agonists. In ad-
dition, there was a good variety of different
binding interactions, which points to this
result giving promising agonist candidates.
Pharmacophore maps ideally contain at least
one hydrophobic binding interaction and two
hydrogen acceptors (Abdel-Rahman & Gabr,
2024). These results influenced the binding
interactions chosen for each search for po-
tential agonists. The interactions used are
shown above in Table 3.2.2.

For the second trial, Pharmit identified
757283 hits of the Enamine inventory. The

Section 3. Pharmacertic sciences

RMSD values were also higher for this ar-
rangement, as the lowest value was 0.033.
There was a lower level of variance in the
RMSD values between these five compounds,
ranging from 0.033 to 0.038, when compared
with the values in 3.2.2., suggesting that they
have relatively more equal chances of being
agonists. There was also good variety in the
binding interactions selected for this test.

For the third trial, a total of 1612 266
hits were identified by Pharmit. This is
a promising result, as the RMSD value of
the top five compounds are all relatively low,
although on average they are slightly high-
er than those obtained in the first trial. The
values are still indicative of an extremely
high degree of overlap between the potential
agonists and the pharmacophore obtained
from GPR119. This trial only used one hy-
drogen accepting interaction and multiple
more hydrophobic reactions, however, the
RMSD values being so low suggests a high
degree of interaction.

Table 3.2.3. The top five most overlapping small molecule agonists found for GPR119
(PDB code 7XZ5) using four of the ten binding interactions identified by Pharmit, as well
as the calculated RMSD value. The selected binding sites can be seen in Figure 3.2.2.

7273747989

757728534 7256891512

Name 7202499044 718360185
Struc-
ture
RMSD
Value 0.010 0.015

T & A B0

0.016 0.016 0.018

Table 3.2.4. The top five most overlapping small molecule agonists found for GPR119
(PDB code 7XZ5) using four of the ten binding interactions identified by Pharmit, as well
as the calculated RMSD value. The selected binding sites can be seen in Figure 3.2.3.

7231000072

724778861 7131263998

Name 71151811424 718338344
Struc-

ture

RMSD

Value 0.033 0.034

0.034 0.037 0.038
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Table 3.2.5. The top five most overlapping small molecule agonists found for GPR119
(PDB code 7XZ5) using four of the ten binding interactions identified by Pharmit, as well
as the calculated RMSD value. The selected binding sites can be seen in Figure 3.2.3.

Name 756781437

71275113833 Z4308609202

716191985 72234634547

Struc-

RMSD

0.013
Value

0.014

0.017

0.018 0.019

3.3. Virtual screening of free ener-
gy of binding interactions of identi-
fied potential agonists via molecular
docking using Swissdock

The molecule with the lowest AC Score
was Z1275113833, suggesting that it has the
greatest binding capabilities with GPR119. Its
structure can be found in Figure 3.3.1. below.
This was not the expected result, as the mole-
cule with the lowest RMSD value from 3.2.2.

was Z202499044. This result is limited be-
cause only one chain in GPR119 was used for
this experiment. The R chain was chosen since
Prankweb identified the most promising bind-
ing site to be in this chain, as Swissdock’s limits
on analysis size prevented the entire molecule
from being studied. Swissdock is known to be
accurate and it provides good supporting ev-
idence for the efficacies of identified agonists
(Bugnon et al., 2024; Rohrig et al., 2023).

Table 3.3.1. The 3D docking structure and AC scores of the fifteen mol-
ecules identified from the previous experiment done by Swissdock to test
for viability for becoming agonists of GPR119 (PDB code 7XZ5)

Molecule Name Docking 3D structure AC Score
756781437 53.919072
718360185 —-0.089938
7202499044 -11.978319
757728534 15.633942
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Molecule Name Docking 3D structure AC Score

71151811424 _4.828343
724778861 62.207398
718338344 ~8.683106
731000072 85.659912
756781437 53.474198
7131263998 42.842200
71275113833 —27.537900
74308609202 15.375294
72234634547 ~19.860010
756891512 21.817742
716191985 o 14.015483
Bang
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Figure 3.3.1. Structure of
71275113833, obtained from Molport
(accessed at: https://www.molport.com/

shop/index)

HyC

P|\\//\/\H/\\H

—d
N
3.4. Screening to determine ADME
profile of top five molecules using
SwissADME
71275113833 (Figure 3.3.2) was the best
molecule identified according to the following
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criteria: 1) follows Lipinski’s rules, 2) has high
GI absorption, and 3) low BBB permeation.
All of the molecules selected from the previous
SwissDock experiment followed Lipinski’s cri-
teria. The specific parameters used for Log P
and Log S were the iLOGP and Log S (ESOL)
on the SwissADME site. In addition, all of them
were not BBB permeants. Only Z1275113833
and Z1151811424 had high GI absorption,
however, which suggests that these two would
have the best chance at being effective drugs
targeting GPR119 for T2DM patients. Among
these two, Z1275113833 had the better score
on Swissdock, making it the better potential
agonist. This experiment has a few limitations,
most importantly that virtual screening has the
potential to be extremely accurate, however,
the data found below has not been experimen-
tally achieved and is subject to variability.

Table 3.4.1. Selected metrics for the top five molecules identified from
the previous docking experiment to determine their ADME profiles,
including Log P, number of hydrogen bond acceptors, number of
hydrogen bond donors, Log S, GI absorption, and BBB permeation

Molecule 71275113833 72234634547 7202499044 718338344 71151811424

Log P 1.97 2.41 2.78 2.77 1.78
Number of Hydro-

7 8 6 8 4
gen Bond Acceptors
Number of Hydro-

1 1 1 2 2
gen Bond Donors
Molecular Weight

361.36 439.43 434.51 499.49 341.37

(g/mol)
Log S -2.36 -4.83 -4.97 -5.06 -3.39
GI Absorption High Low Low Low High
BBB Permeant No No No No No

3.5. Virtual toxicological screening
of top compounds using ProTox-3.0

Due to a slight concern on the muta-
genic toxicity of the top compound iden-
tified by Section 3.4., the top two com-
pounds identified earlier, Z1275113833

and 72234634547, were tested using Pro-
Tox-3.0. While Z1275113833, the best
GPR119 agonist and with the best ADME
profile, was generally found to be safe, with
an LD50 of 1340 mg/kg and Toxicity Class
of 4.
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Table 3.5.1. LD50 and Toxicity Class of selected molecules,
71275113833 and Z2234634547, obtained from ProTox-3.0

Molecule 71275113833 72234634547
LD50 (mg/kg) 1340 2500
Toxicity Class 4 9]

Figure 3.5.1. Comparison of the Network Charts of Z1275113833, shown on the left,
and 72234634547, shown on the right. The active cluster displays both the areas both
compounds are considered toxic towards and the level of toxicity shown through colour
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This is considered safe under the guide- and a Toxicity Class of 5. In addition, all of its
lines of LD50 > 500 mg/kg and Toxicity parameters were found to be well below the
Class > 3. It had, however, a higher than av-  averages for each of its categories. Therefore,
erage level for mutagenicity. The second best ~ Z2234634547 is considered to be safer than
molecule was also tested. It was found to be = Z1275113833.
far safer, having an LD50 of 2500 mg/kg
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Figure 3.5.3. Comparison of the Toxicological Radar Charts of Z1275113833, shown
on the left, and Z2234634547, shown on the right. The area shown in orange represents
the toxicity of the average FDA approved drug. Blue dots outside of the orange, nota-
bly the mutagenicity of Z1275113833, show where the compound has higher toxicity
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4. Conclusion:

The aim of this study was to use virtual
screening to identify small molecules capable
of binding to GPR119 for potential consider-
ation in the development of new medications
for T2DM patients. A combination of virtual
screening tests were used, firstly determining
the amount and viability of binding sites in
GPR119 through geometric, energetic, and
AT based methods. Next, virtual screening of
the pharmacophore map was done. The top
fifteen compounds were selected to proceed.
Next, a molecular docking experiment was
done using the R side chain. The top com-
pounds from the proceeding tests were then
put through ADME profile tests and toxicity
screens. 71275113833 was determined by
this experiment to be the most promising po-
tential agonist of GPR119.

Moving forwards, the goals of this study
are to inspire biophysical screening of
71275113833 to validate the results. Sec-
ondly, testing in mice neuronal cells would

Section 3. Pharmacertic sciences

also need to be completed. A long-term goal
for this study would be the completion of an
animal model for diabetic mice to receive
appropriate doses of the compound and test
for the efficacy and safety of 21275113833 to
be used as a potential drug in humans.

This study differs from a recent study per-
formed by Nema et al. in that in they focused
specifically on pyrimidine derivatives while
we screened a range of compounds.

There were a few limitations with this
study. First and foremost that computation-
al and virtual screening requires real exper-
imental validation, which this study did not
accomplish. Evidence suggests that the virtu-
al screening methods used were all known to
be extremely accurate and trustworthy, how-
ever, further experimentation is still needed.
Secondly, the top candidate found during this
experiment was not the safest compound,
and had higher than average levels of muta-
genicity when compared with other FDA ap-
proved drugs.
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