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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

Introduction: Diabetes isa kind of a chronic disease. when very high level of sugar is
suspected in blood this condition is more likely to happen. It is also termed as adult onset
diabetes. But in the modern world its prevalence is widely seen, even the infants and
adolescents are having this disease.

Digestion is a basic process which is in which the food is converted into very basic
molecules. These basic molecules such as Carbohydrates, proteins and others. Mainly
Carbohydrates are converted in simplest form of sugar (Glucose). Glucose is prime
component which servers energy to all the cells of the body. In order to do so glucose
penetrates into the cells by leaving blood.

This signaling to the cells to absorb glucose is done by Insulin. Insulin is primarily
produced by pancreas. Usually when the glucose level increases in the blood more insulin
is secreted through pancreas.

Primary hormone controlling metabolism in human body is Insulin. Main function of this
hormone is to control the blood glucose level. Lower or stopped secretion of insulin
causes Diabetes mellitus. Resistance of Insulin causes Obesity. Diabetes mellitus,
recognized since ancient times, is named for the production of sugary urine in copious
volume ,and its consequences are dire — especially chronic atherosclerosis, failure of
kidney, neuropathy and blindness.

There are two types of diabetes :

(1) Type 1: Itis associated with people who cannot produce insulin in required amount .
(2)Type 2 : This type of diabetes is occurred when cells of body resist insulin.

The diagnosis of diabetes can be done by anyone of the plasma glucose criteria :

(1) when level of plasma glucose is more than 126 mg/dL it is known as fasting plasma
glucose .

(2) By checking Plasma glucose level after 2 hours during 75 gram oral glucose
tolerance test which can be detected by elevated level i.e. more than 200 mg/dL .

(3) when the plasma glucose level is more than 200 mg/dL with additional sign of
hyperglycemia.

(4) when the hemoglobin A1C level is above 6.5%.

Treatment for type 1 Diabetes is following insulin regimen daily , it can be continuous
subcutaneous administration by insulin pump. Insulin dose requirement is estimated by
considering individuals weight which usually ranges from 0.4 to 1.0 units/kg/day .
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First line Treatment for Type 2 Diabetes mellitus is Metformin and it should be
continued by patient as long as it is tolerated other agents such as insulin should be added
to regular regimen.

Mortality rate of Diabetes in India: Diabetes is a prime epidemic disease in India.
Around, 62 million citizens are giving positive symptoms for diabetes in India. India has
been seen to have most of the diabetes cases in the world, in 2002 number of individuals
having diabetes were highest in India as compared to china (second) and United states
(third) the figures were 31.7 million, 20.8 million and 17.7 million respectively. It has
been estimated that these figures in upcoming future i.e. 2030 will upsurge to 79.4
million, 42.3 million and 30.3 million respectively.

16
14
12
10
H Male
8
B Female
 Total

50-59 60-69 70-79 80 and above all ages

This is graph showing diabetes prevalence in India for the year 2019.
X axis is showing age groups.
y axis is showing percentage of population affected.

Currently available drugs for Type 2 Diabetes:

(a)Oral agents:
(1) Biguanide: Metformin

(2)Sulfonylureas :Glipizide, Glyburide, Glimepride , Gliclazide
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(3)Meglitinides: Repaglinide, Nateglinide

(4)Thiazolidinediones: Rosiglitazone, Pioglitazone

(5)Alpha- glycosidase inhibitors :Acarbose, Miglitol

(6)Dipeptidyl- peptidase 4 inhibitors: Sitagliptin, Linagliptin , Saxagliptin, Alogliptin
(7)Sodium- glucose co-transporter 2: Canagliflozin, Dapagliflozin

(8)Bile acid resin: Colesevelam

(9)Dopamine agonist : Bromocriptine

(b)Injectable agents:

(1)Amylin analog

(2)Incretin mimetics

(3)Insulin

There are 5 proteins in body which acts as drug target by various anti diabetic agents :
(1) Dipeptidylpeptidase 4 (DPP 4) (enzyme).

(2) Cyclooxygenase 1 and 2 (COX1 and COX2) (enzyme).

(3) Angiotensin-Converting Enzyme (ACE) (enzyme).

(4) Serotonin Transporter (SERT) (Transporters / Channels).

(5) GLP1 Receptor (G-Protein Coupled Receptor).

Different drug targets :

(1) Dipeptidylpeptidase 4 (DPP 4) : Type of a multi-functional protein which potentiates
activation of T cell with the help of ADA(adenosine deaminase) , caveolin-1,CD45 and
many other growth factors.

Bioactivity related to chemokines is modulates by proline specific Dipeptidyl peptidase.
While, many enzymes illustrates either same as DPP4-like activities or depicts
homologues structural presentation to as DPP4 activity.

Other than DPP4,several proteins are involved in activation of fibroblast for instance :
DASH proteins , Alpha proteins , DPP8 protein , DPP9 protein , DPP4-like protein 1,
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DPP4-like protein 2 such as DPL2, DPP10 from the DPP4-gene family S9b and
structurally unrelated enzyme DPP2, displaying DPP4-like activity.

On the other hand , proteins such as DPP6 and DPP10 does not show activity same as
DPP4. All of these DASH proteins have crucial role for providing immunity such as cell
proliferation, antigen-presenting , signal transduction , T cell activation , differentiation
as well as tissue remodeling.

Being a potential biomarker it is involves in numerous pathophysiological processes
along with this it can act as drug target in inflammatory diseases as well as cancer.
Despite of having many advances there is challenging fact about DASH members
regarding their drug selectivity for betterment of efficacy along with unwanted serious
side effects

(2) Cyclooxygenase 1 and 2 (COX1 and COX2): COX enzymes catalyze formation of
thromboxane, prostaglandins and levuloglandins. Prostaglandins are kind of a autocoid
mediators which affect all the physiological as well as pathological pathways , they attach
reversibly with G-protein coupled membrane receptors.

In contrast to that levuloglandins are newer class of product which attach irreversibly to
number of the proteins. COX enzymes are inhibits by aspirin and other NSAIDS and that
is the reason they as clinically important. This inhibition will result into positive signs for
relief from thrombotic, oncological maladies, neurodegenerative , pyretic and
inflammatory disorders.

Due recent advances of designing and synthesis of COX-2 selective inhibitors it has
reduced the Gl irritation caused due to aspirin.

(3) Angiotensin-Converting Enzyme (ACE) : Angiotensin- converting enzymes are
concentrated in the endothelial lining of the blood vessels mainly in the pulmonary
circulation. This enzymes have control on systemic vascular tone due to the Angiotensin
.

Nowadays, numerous agents are available which can inhibit the converting enzyme
activity and results into reduction of blood pressure(BP). Sarcoidosis(active) along with
Macrophages are a rich source of ACE activity. Increase in activities have reported inn
numerous other conditions such as hyperthyroidism and diabetes mellitus.

It has been indicated in the recent studies that most of the diabetic complications such as
hypertension and nephropathy are vascular originated. ACE activity level changes with
involvement of Renin angiotensin and also a important factor since ACE converts
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Angiotensin | to Angiotensin Il , Angiotensin Il is a crucial vasoconstrictor which is
essential in blood pressure regulation.

(4) Serotonin Transporter (SERT): Main and important function of SERTSs is to take back
serotonin to the presynaptic terminal after release. Besides this they have to produce
currents large enough for physiological changes.

Alternating access model is the standard model for electrogenic transport in this
transport of serotonin with a predetermined ratio of co-transported ions which
consequently generates net charge per cycle. But, this alternate access cannot account all
the currents of SERT.

(5) GLP1 Receptor: GLP1 also known as Glucagon -like peptide -1 receptor for the most
potent gastrointestinal hormone , endogenous incretin that stimulates secretion of insulin
in glucose dependant manner. GLP-1 , incretins as well as glucose-dependant
insulinotropic polypeptide are believed to be responsible for more than 70 percent meal
stimulated insulin response.

Ultimately , the effect of GLP-1 was retained largely , on the other hand effect of GIP
was reduced a lot.

Obijective of my work: In modern world, the prevalence of diabetes is increasing at a
tremendous pace and as many of the drug molecules are losing their activity being
resistant to work on human body maybe due to overdose or false use of medication. This
work will try to modify currently available drugs for diabetes in market and will try to
predict their activity in the human body simultaneously using various software.

The proposed methodology (Computer aided drug design) : Computer aided drug design
is an advanced technique as compared to High throughput screening because it doesn't
require more knowledge about design of compound prior its designing. whereas it can
lead to many hit compounds which as are best suited as promising candidate for drug
designing process.

The main role of CADD is to screen out enormous range of compound libraries into
small clusters with predicted active compounds and also helps in improving biological
properties of lead compounds such as ADMET and affinity properties. With the help of
computational tools it is easy to elaborate and define strength between the interactions of
ligands and targets, and it is also necessary for the identification of lead molecules .

As compared to another conventional methods such as HTS, CADD is more targeted and
elegant approach for the generation of "hits". It also enables the elucidation of
compounds as well as therapeutic activities of all possible derivatives , it also suggests
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variables to be applied for improving a drug compound. This method is also cost
effective as well as less time consuming.

It can be applied in different stages of drug discovery such as : Identification of target,
Target validation , Designing of molecule also the interaction of drug candidates with the
targets. CADD can be ligand based and can also be structure based. Generally, CADD is
best suited when minimal information about the structure is available. And this case is
normally seen with membrane protein targets.

Software used for this work:

» Chimera: It is a software used for molecular docking. The suitable protein is
selected and then the desired molecule is docked inside it. The specific pocket is
selected in the receptor for a specific drug, after docking scores are interpreted for
every possible position the best conformer is selected comparing it with a drug
having great bioavailability.

» ADMET predictor : It will give idea about the pka, solubility bioavailability ,
molecular weight, Tmax, Cmax and other properties of the molecule.

» GASTRO plus simulator: The Plasma concentration curve , Solubility curve can
be obtained using this software.

» Osiris Property Explorer: Various Toxicity risks for the desired molecule can be
predicted using this software.

» Swiss ADME: Pharmacokinetics of molecule can be predicted using this molecule

» Molinspiration: This software is used to know the bioactivity of the molecules.

DEVYANI THAKOR
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Results and discussion: all the results of silico work

(A)Gliclazide analogues:

Molecular docking of Gliclazide analogue by adding lodine to 3,4,5 position of parent
Gliclazide molecule using chimera:

C

T
[/ H

i

W

CY P3Ad Wmask of metabolism

Figure 1.1: 3,4,5 triiodo- Gliclazide

Solubilit | pka | Log | T1/2 F Dose | Cma
y P

Tma | AUC Metabolic
X X Sites/

Pathway
(mg/L)

22.8 6.3 | 482 | 19.2 | 99.0 80 3.63 | 10.96 | 76.6 2C9-
9 >C6.7.8.9.10

mg/dail
hour y 3A4-
S >C4.6.7.8.9.1
0

Table 1: Various properties of 3,4,5 triiodo-Gliclazide predicted using Gastro plus
and ADMET predictor
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analog-13 - Absarption & Dissolution
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Figure 1.2: Absorption and Dissolution curve of 3,4,5 triiodo-Gliclazide

Solubility Profile - 1
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E
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Figure 1.3: Solubility curve of 3,4,5 triiodo-Gliclazide
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Plasma Concentration - 1

/ S %6Fb: 97.30
/! L Cmax: 32,76 ng/mL
2500 ré ~ Tmax: 5.62 h
~~— AUC 0-t: 491.09 ng-h/mL|

Concentration [ng/ml]
/

Time [h]

Figure 1.4: Plasma concentration curve of 3,4,5 triiodo-Gliclazide

Figure 1.5: Best suited position of 3,4,5 triiodo-Gliclazide compared to GBM
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£ | Score AED LB | RWSD uk
W B.5 1.0 A
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¥ f . 1. 55d &8s
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¥ =0 £ OHR §.0d.2

Figure 1.6: Scores of 3,4,5 triiodo-Gliclazide when docked with GBM

Interpretation of properties from above data:

Increase in logP value from 1.32 to 4.82._Here the pka value also increases from 5.5 to
6.31 that means the modified molecule will be less acidic as compared to the parent
molecule so it’s solubility will also decrease .

Half life of the drug also increases from 18 hours to 19.23 that means elimination rate
of the analogue will be slower as compared to parent molecule .

Bioavailability significantly increases from 78.18 to 99.06.

Accordingly the Cmax and Tmax of modified molecule also increases a slight which is
3.63 and 10.96 respectively .

AUC increases from 15.74 to 76.69 .
The sites for metabolism are ¢2 and others are ¢ 678910 .

Due to increase in the pka value the solubility of the drug decreases but it shows highest
solubility around pH 11 .

Plasma concentration of drug increases at about 6-7 hours in the body .

After docking the modified molecule with GBM the most similar docking was seen for
the molecule with score of -7.9.

we can see distance for the same docked molecule from zinc is 9.58 Armstrong which is
lowest among all the docked possibilities so the clearance of this position will be highest.

There is no risks related to Mutagenic , Tumorigenic, Irritation effect but a moderate
possibility of Reproductive effects for the modified molecule.

DEVYANI THAKOR
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It show good activity towards GPCR ligand.

Its GI absorption is high.

Figure 1.7: Distance of 3,4,5 triiodo-Gliclazide from zinc molecule

DEVYANI THAKOR
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Molecular docking of Gliclazide analogue by adding chlorine to 3,5 position of parent
Gliclazide molecule using chimera:

CYP3A4 Sites of metabolism

Figure 2.1: 3,5 dichloro- Gliclazide

Solubilit | pka | Log | T1/2 F Dose Cma | Tmax | AUC | Metabolic

y P X Sites/
Pathway
(mg/L)

3.3 59 | 189 | 22.7 | 95.3 80 3.63 | 16.24 | 71.5 3A4-

5 9 8 6 7 >C15~21.
mg/dail
hour y C2.3.5.22.2
S 3

Table 2 : Various properties of 3,5 dichloro-Gliclazide predicted using Gastro plus
and ADMET predictor

DEVYANI THAKOR
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analog-Cl2 - Absorption & Dissolution

|W — Rezult-AmtDizs-1 v Rezult-Amtabs-1 [v —— Resut-AmtPyV-1 | Total SC-1
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T
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Time (h)

Figure 2.2: Absorption and Dissolution curve of 3,5 dichloro-Gliclazide

Solubility Profile - 2

23 24

€
£
%
3
pH
Figure 2.3: Solubility curve of 3,5 dichloro-Gliclazide
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Plasma Concentration - 2

. Species: human
~— Dose: 1.0 mg
%Fa: 95.85
\\\ 9%Fb: 90.76
“ Cmax: 20.54 ng/mL
1500 / N Tmax: 4.76 h
/ . AUC 0-t: 245.02 ng-h/mL

1000 + | L
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/
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Figure 2.4: Plasma concentration curve of 3,5 dichloro-Gliclazide

Figure 2.5: Best suited position of 3,5 dichloro-Gliclazide compared to GBM
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Figure 2.6: Scores of 3,5 dichloro-Gliclazide when docked with GBM

Interpretation of properties from above data:

Slight increase in logP value from 1.32 to 1.89. Here the pka value also increases from
5.5 to 5.95 that means the modified molecule will be less acidic as compared to the parent
molecule so it’s solubility will also decrease .

Half life of the drug also increases from 18 hours to 22.79 hours that means
elimination rate of the analogue will be slower as compared to parent molecule.

Bioavailability significantly increases from 78.18 to 95.38.

Accordingly the Cmax and Tmax of modified molecule also increases a slight which is
3.63 and 16.24 respectively .

AUC increases from 15.74 to 71.57.
The sites for metabolism are 3A4>C15-21 and others are ¢2.3.5.22.23 .

Due to increase in the pka value the solubility of the drug decreases but it shows highest
solubility around pH 11 .

Plasma concentration of drug increases at about 4-5 hours in the body .
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After docking the modified molecule with GBM the most similar docking was seen for
the molecule with score of -8.4.

we can see distance for the same docked molecule from zinc is 10.532 Armstrong which
is lowest among all the docked possibilities so the clearance of this position will be
highest.

There is high risk related to Mutagenic , Irritation and moderate possibility of
Reproductive effects for the modified molecule , on the other hand there is no chance of
molecule being Tumorigenic

Its GI absorption is high.

Figure 2.7: Distance of 3,5 dichloro-Gliclazide from zinc molecule
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Molecular docking of Gliclazide analogue by adding CF3 to parent Gliclazide
molecule using chimera:

O
Il NH NH.N
o
O

=z

Figure 3.1: CF3- Gliclazide

Solubility | pka | LogP | T1/2 F Dose | Cmax | Tmax | AUC | Metabolic
Sites/
(mg/L) Pathway

35.3 512 | 2.26 | 163.44 | 91.37 80 1.85 | 18.16 | 37.51 | 3A4-
>C5h~11
Hours mg/daily

Table 3: Various properties of CF3-Gliclazide predicted using Gastro plus and
ADMET predictor
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analog-CF3 - Absarption & Dissolution
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Figure 3.2: Absorption and Dissolution curve of CF3-Gliclazide

Solubility Profile - 3

g 20—+
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Figure 3.3: Solubility curve of CF3-Gliclazide
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analog-CF3 - Plasma Concentration

Concentration (ug/mL)

LA LI L B LN B LN NI BN B L L B N L L L L L B L L L L L B L L T
o 1 2 3 4 5 G [ 9 10 11 12 13 14 15 16 417 18 19 20 M 22 23 M
Time (h)

Figure 3.4: Plasma concentration curve of CF3-Gliclazide

245.E
R 1246.E

Figure 3.5: Best suited position of CF3-Gliclazide compared to GBM
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File Compounds Column Selection Chimera HBonds Movie

S | Score | RMSD Lb. | RMSD u.b.

v -89 1.452 2.157
v -88 4,263 8.237
v -8.5 1.16 1.954
v -8.4 4.915 8.394
v -82 2,442 3.3
v -B.2 2.827 3.727
v -B.2 4.116 8.048
v -B.2 1.776 2.362

Figure 3.6: Scores of CF3-Gliclazide when docked with GBM

Interpretation of properties from above data:

Increase in logP value from 1.32 to 2.26. Here the pka decreases from 5.5 to 5.12 that
means the modified molecule will be less acidic as compared to the parent molecule so
it’s solubility will also decrease .

Half life of the drug also increases from 18 hours to 163.44 hours that means
elimination rate of the analogue will be slower as compared to parent molecule .

Bioavailability significantly increases from 78.18 to 91.37.

Accordingly the Cmax and Tmax of modified molecule is 1.85 and 18.16 respectively .
AUC increases from 15.74 to 37.51 .

The sites for metabolism are 3A4->C5-11 .

Plasma concentration of drug increases at about 10 hours in the body .

After docking the modified molecule with GBM the most similar docking was seen for
the molecule with score of -8.2.

we can see distance for the same docked molecule from zinc is 10.262 Armstrong which
is lowest among all the docked possibilities so the clearance of this position will be
highest.

There is no risks related to Mutagenic , Tumorigenic , Irritation effects while it is having
moderate chances to develop Reproductive system toxicity.

It show bioactivity towards GPCR ligand as well as Protease inhibitor.
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

Its GI absorption is high.

Ideally this analogue have no practical value due to its very high half life.

Figure 3.7: Distance of CF3-Gliclazide from zinc molecule
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

Molecular docking of Gliclazide analogue by adding CH3 to parent Gliclazide

molecule using chimera:

=

£

O

NH-ﬁi
/

=

NH-N

O

O

Figure 4.1: CH3- Gliclazide

Solubility | pka | LogP | T1/2 F Dose | Cmax | Tmax | AUC | Metabolic Sites/ Pathway
(mg/L)
54 553| 1.6 | 2.88 | 76.72 80 0.48 | 3.28 |12.15 2C9-
>C18~21.Cl16, 23, 10
Hours mg/daily
2C19->C10,20

Table 4: Various properties of CH3-Gliclazide predicted using Gastro plus and
ADMET predictor
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

analog-CH3 - Absorption & Dissolution

||7 — Result-AmtDiss-1 v Result-Amtabs-1 [ —— Result-4mtPW-1 [v —— Total SC-1 I

‘} T T T T T T T T T T T T T T T T T T T T T T T 1
0 1 2 3 4 5 6 T & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 M4
Time (h)

Figure 4.2: Absorption and Dissolution curve of CH3-Gliclazide

Solubility Profile - 4

£
E 20
%
E 15+
pH
Figure 4.3: Solubility curve of CH3-Gliclazide
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

analog-CH3 - Plasma Concentration

Concentration {(ug/mL)

T T T T T T T T
0 1 2 3 4 5 & T & 9 10 11 12 13 14 15 16 17 18 19 20 H
Time (h)

1
22 15 24

Figure 4.4: Plasma concentration curve of CH3-Gliclazide

Figure 4.5: Best suited position of CH3-Gliclazide compared to GBM
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

Interpretation of properties from above data:

Slight increase in logP value from 1.32to 1.6.

Here the pka value also increases with no significant difference , that means the modified
molecule will have same solubility as the parent molecule.

Half life of the drug decreases from 18 hours to 2.88 hours that means elimination rate
of the analogue will be faster as compared to parent molecule .

Bioavailability is nearly same as compared to parent molecule.

Accordingly the Cmax and Tmax of modified molecule is 0.48 and 3.28 respectively .
AUC is 12.15
The sites for metabolism are c2 and others are ¢ 678910 .

Plasma concentration of drug increases at about 2-4 hours in the body .

we can see distance for the same docked molecule from zinc is 10.83 Armstrong which is
lowest among all the docked possibilities so the clearance of this position will be highest.

If fast action is needed then this analogue should be used as it reaches its highest plasma
concentration within 2-3 hours only.

There is no risks related to Mutagenic , Tumorigenic , Irritation effect, where as this
molecule is more likely to develop toxicity related to Reproductive system..

Its GI absorption is high.
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

Figure 4.6: Distance of CH3-Gliclazide from zinc molecule

Toxicity Comparison of all four molecules:

Toxicity Risks Toxicity Risks

() mutagenic 6 mutagenic
) wmerigenic ) tumorigenic
) imritant ) imitant

P reproductive |7
O et O
3,4,5 triiodo- Gliclazide 3,5 dichloro-Gliclazide
Toxicity Risks Toxicity Risks
) mutagenic () mutagenic
) wmerigenic ) wmorigenic
) initant () irritant
ctive [7 -
O ppradueme © rotueve
CF3-Gliclazide CH3-Gliclazide
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

Bioactivity of all four molecules in scores:

3,4,5 triiodo- 3,5 dichloro- CF3-Gliclazide | CH3-Gliclazide
Gliclazide Gliclazide
GPCR ligand 0.25 0.15 0.30 0.10
lon Channel -0.26 -0.38 -0.15 -0.34
modulator
Kinase -0.28 -0.36 -0.18 -0.40
Inhibitor
Nuclear -0.29 -0.36 -0.13 -0.27
receptor ligand
Protease 0.16 0.08 0.28 0.14
inhibitor
Enzyme 0.08 -0.08 0.07 -0.07
inhibitor
Pharmacokinetics of all four molecules:
G| absorplion High Gl absorplion High
BEEE permeant Mo BEB permeant Mo
P-gp substrate Mo F-gp substrate Yes
CYP1A2 inhibitor Yag CYP1A2 inhibitor Mo
CYP2C19 inhibitor es CYP2C19 inhibitor s
CYP2C9 inhibitor Mo CYP2C9 inhibitor Yes
CYP2D6 inhibitor Mo CYP2D6 inhibitor Mo
CYP3A4 inhibitor s CYP3A4 inhibitor Yes
Log ¥, (skin permeation) -T.26 cmis Log ¥, (skin permeation) -5.70 cmis
3,4,5 triiodo- Gliclazide 3,5 dichloro-Gliclazide
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

Gl absorption High Gl absorpfion High
EEE permeant Mo BEE permeant No
P-gp substrate Yes P-gp substrate e
CYP1A2 inhibitor No CYP1A2 inhibitor Mo
CYP2C19 inhibitor Yes CYP2C19 inhibitor No
CYP2C9 inhibitor Mo CYP2C9 inhibitor Mo
CYP2D6 inhibitor No CYP2D6 inhibitor Mo
CYP3A4 inhibitor Mo CYP3A4 inhibitor Mo
Log ¥ (skin permeation) -5.13 cmis Log ¥, (skin permeation) -5.94 cmfs
CF3-Gliclazide CH3-Gliclazide
Comparison of Lipinski Rule of 5 for all molecules of Gliclazide:
Molecules Molecular H bond H bond donor LogP
weight Acceptor
(gm/mol)
3,4,5 triiodo- 687.07 2 4.82
Gliclazide
3,5 dichloro- 392.30 2 2.24
Gliclazide
CF3-Gliclazide 377.38 2 208
CH3-Gliclazide 337.44 2 1.63
DEVYANI THAKOR
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

(B)Pioglitazone Analogues:

Molecular docking of Pioglitazone analogue by adding Ethoxy to Pioglitazone
molecule using chimera:

OH
S
iijl\/\ m%m
Ny
O G H

Figure 5.1: Ethoxy-Pioglitazone

Molecular | Number | Number | Number | Number | Number Molar TPSA LogP
weight of of of of H of H .
Heavy | Aromatic | Rotatable | bond bond | Refractivity | (Armstrong)
(g/mol) Atoms Heavy Bonds | acceptors | donors
Atoms
400.49 28 12 10 5 1 112.86 102.86 3.17

Table 5: Various properties of Ethoxy-Pioglitazone predicted using Swiss ADME
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

Log S (ESOL)
Solubility

Class

Log 5 (Al
Solubility

Class

Log S (SILICOS-IT)
Solubility

Clazs

-4.13

2. 94e-02 ma/mil ; 7.33e-05 moli
Moderately soluble

-5.26

2.20e-03 mg/mil ; 5.50e-06 mol/
Moderately soluble

-7.30

2.01e-05 mg/mil ; 5.01e-08 mol
Poaorly soluble

Figure 5.2: Water Solubility of Ethoxy-Piogitazone predicted using Swiss ADME

Figure 5.3: Best suited position of Ethoxy-Pioglitazone
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

S | Score| RMSD |.b. | RMSD u.b.

Vo 36.1 0.0 0.0
vV 37.6 1.552 2.718
v 377 2.267 3.025
Vo381 2.974 6.124
vV 38.9 2.601 2.048

Figure 5.4: Scores of Ethoxy-Pioglitazone

Interpretation of properties from above data:

Increase in logP value from 2.72 to 3.17._Here the pka value also increases from 5.5 to
6.31 that means the modified molecule will be less acidic as compared to the parent
molecule so it’s solubility in water will also decrease .

After docking the modified molecule with Rosiglitazone the most similar docking was
seen for the molecule with score of 37.7.

The Modified molecule follows the Lipinski rule of 5.

There is no risks related to Mutagenic , Tumorigenic , Irritation and Reproductive effects
for the modified molecule.

It show good activity towards GPCR ligand and great bioactivity towards Nuclear
receptor ligand.

Its GI absorption is high.
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

Molecular docking of Pioglitazone analogue by adding lodine and Chlorine to

Pioglitazone molecule using chimera:

|
5
.
O O H
Cl

Figure 6.1: Chloro-lodo-Pioglitazone

LogP
Molecular | Number | Number | Number | Number | Number Molar TPSA g
weight of of of of H of H .
mol Heavy | Aromatic | Rotatable bond bond Refractivity | (Armstrong)
(g/mol) Atoms Heavy Bonds | acceptors | donors
Atoms
516.78 27 12 7 4 1 119.89 93.59 2.92

Table 6: Various properties of Chloro-lodo Pioglitazone predicted using Swiss
ADME
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

Log S (ESOL) -5.08

Solubility 4 30e-04 mg/ml ; 8. 32e-07 mol
Class Foorly soluble

Log S (Al -6.74

Solubility 9 4%e-05 mg/ml ; 1.84e-07 moll
Class Poorly soluble

Log S (SILICOS-IT) -5.20

Solubility 3.28e-06 mg/mil ; 6.37e-09 mol/
Class Foorly soluble

Figure 6.2: Water Solubility of Chloro-lodo-Pioglitazone predicted using Swiss
ADME

Figure 6.3: Best suited position of Chloro-lodo-Pioglitazone

S | Score| RMSD |.b. | RMSD u.b.

V443 0.0 0.0
V 453 4.741 6.498
V 45.8 2.077 3.84
V  46.6 3.463 7.782
V 46.7 4.43 7.811

Figure 6.4: Scores of 3,5 Chloro-lodo-Pioglitazone
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

Interpretation of properties from above data:

Increase in logP value from 2.72 to 2.92 so there will be no significant change in
solubility of the molecule.

After docking the modified molecule with Rosiglitazone the most similar docking was
seen for the molecule with score of 45.8.

The Modified molecule shows Lipinski rule of 5 violation, as the molecular weight is
516.78 mg/mole

There is no risks related to Mutagenic , Tumorigenic , Irritation and Reproductive effects
for the modified molecule.

It show good activity towards GPCR ligand and great bioactivity towards Nuclear
receptor ligand.

Its GI absorption is high.

Molecular docking of Pioglitazone analogue by adding Fluorine and Dimethyl to
Pioglitazone- molecule using chimera:

Figure 7.1: Fluoro-Dimethyl-Pioglitazone
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

Molecular | Number | Number | Number | Number | Number Molar TPSA LogP
weight of of of of H of H .
Heavy | Aromatic | Rotatable | bond bond | Refractivity | (Armstrong)
(g/mol) Atoms Heavy Bonds | acceptors | donors
Atoms
402.48 28 12 7 5 1 112.06 93.59 3.28

Table 7: Various properties of Fluoro-Dimethyl-Pioglitazone predicted using Swiss
ADME

Log S (ESCOL)
Solubility

Class

Log S (Ali)
Solubility

Class

Log S (SILICOS-IT)
Solubility

Class

-5.08

3.38e-03 mg/ml ; &.40e-06 mol
Moderately soluble

-6.27

2.17e-04 mg/ml ; 5.38e-07 mol/
Foorly soluble

-7.80

6.35e-06 mg/ml ; 1.58e-08 mol
Foorly soluble

Figure 7.2: Water Solubility of Fluoro-Dimethyl-Pioglitazone predicted using Swiss
ADME
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

Figure 7.3: Best suited position of Fluoro-Dimethyl-Pioglitazone

S | Score| RMSD |.b. | RMSD u.b.

Figure 7.4: Scores of Fluoro-Dimethyl-Pioglitazone

Interpretation of properties from above data:

Increase in logP value from 2.72 to 3.28 that means the modified molecule will be less
acidic as compared to the parent molecule so it’s solubility in water will moderately
decrease .

After docking the modified molecule with Rosiglitazone only one docking possibility
was seen for the molecule with score of 36.4.

The Modified molecule follows the Lipinski rule of 5.

There is no risks related to Mutagenic , Irritation and Reproductive effects . But there are
great chances for this molecule to produce Tumorigenic toxicity risks .
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

It show great bioactivity towards Nuclear receptor ligand.

Its GI absorption is high.

Molecular docking of Pioglitazone analogue by adding tetrahydroxy to parent

Pioglitazone molecule using chimera:

N
O N
Y O HO
S H
O H
H
Figure 8.1:Tetrahydroxy-Pioglitazone
LogP
Molecular | Number | Number | Number | Number | Number Molar TPSA
weight of of of of H of H .
mol Heavy | Aromatic | Rotatable bond bond Refractivity | (Armstrong)
(g/mol) Atoms Heavy Bonds | acceptors | donors
Atoms
420.44 29 12 7 8 5 107.67 174.51 1.31

Table 8: Various properties of Tetrahydroxy-Pioglitazone predicted using Swiss
ADME

Log S (ESOL)
Solubility

Class

Log S (Ali)

Solubility

Class

Log S (SILICOS-IT)
Solubility

Class

DEVYANI THAKOR
INTITUTE OF PHARMACY, NIRMA UNIVERSITY

-3.40

1.67e-01 mg/ml ; 3.93e-04 mol

Soluble

-5.04

3.81e-03 mg/ml ; 9.07e-06 mol

Moderately soluble

-3.36

1.82e-01 mg/ml ; 4.33e-04 mol

Soluble
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

Figure 8.2: Water Solubility of Tetrahydroxy-Pioglitazone predicted using Swiss
ADME

Figure 8.3: Best suited position of Tetrahydroxy-Pioglitazone

5 | score| RMSD Lb. | RMSD w.b.

V 3281 0.0 0.0
vV 393 3.613 5.093
vV 39.7 1.18 1.554

V40,2 1.811 4.174

Figure 8.4: Scores of Fluoro-Dimethyl-Pioglitazone
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

Interpretation of properties from above data:

This molecule shows decrease in logP value from 2.72 to 1.31 as a result the solubility of
molecule will increase as compared to the parent molecule .

After docking the modified molecule with Rosiglitazone best ineraction with receptor
was seen for the molecule with score of 39.3.

The Modified molecule follows the Lipinski rule of 5.

There is no risks related to Mutagenic , Tumorigenic, Irritation and Reproductive effects

It show good bioactivity towards Nuclear receptor ligand.

Its GI absorption is low.

Toxicity Comparison of all four molecules:

Toxicity Risks Toxicity Risks
) mutagenic ) mutagenic
tumorigenic twmorigenic  |7?]
© &) [7]
6 irritant B irritant
m -
© porocive © pprodcive
Ethoxy-Pioglitazone Chloro-lodo-Pioglitazone
Toxicity Risks Toxicity Risks
) mutagenic ) mutagenic
8 temarigenic ) tumorigenic
) initant ) iritant
i [ei
6 i O e
Fluoro-Dimethyl-Pioglitazone Tetrahydroxy-Pioglitazone
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

Bioactivity of all four molecules in scores:

Ethoxy- Chloro-lodo- Fluoro- Tetrahydroxy-
Pioglitazone Pioglitazone Dimethyl- Pioglitazone
Pioglitazone
GPCR ligand 0.27 0.21 0.15 0.17
lon Channel -0.47 -0.50 -0.68 -0.43
modulator
Kinase -0.60 -0.71 -0.74 -0.62
Inhibitor

Nuclear 0.57 0.63 0.55 0.38

receptor ligand

Protease -0.01 -0.32 -0.21 -0.08
inhibitor
Enzyme 0.07 -0.09 -0.05 0.07
inhibitor

Pharmacokinetics of all four molecules:

Gl absorption High G| absorpiion High
BEBE permeant Mo EEE permeant Mo
P-gp substrate Mo P-gp substrate MNo
CYP1A2 inhibitor Mo CYP1A2 inhibitor Yes
CYP2C19 inhibitor fas CYP2C19 inhibitor Yesg
CYP2CH inhibitor Yes CYP2CY inhibitor Yes
CYF2D& inhibitor Yes CYP20D6 inhibitor No
CYP3A4 inhibitor fas CY¥P3A4 inhibitor Yesg
Log K, (skin permeation) -6.31 cmfs Log ¥, (skin permeation) -5.88 cmis
Ethoxy-Pioglitazone Chloro-lodo-Pioglitazone
DEVYANI THAKOR
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

Gl absorption High Gl absorption Low

BEBE permeant Mo EEE permeant Mo

P-gp substrate Mo P-gp substrate Yes
CYP1A2 inhibitor Mo CYP1A2 inhibitor No
CYP2C19 inhibitor fas CYP2C19 inhibitor Mo
CYP2CH inhibitor Yes CYP2C9 inhibitor Mo
CYF2D& inhibitor Yes CYP20D6 inhibitor Mo
CYP3A4 inhibitor Yes CYP3A4 inhibitor Mo

Log &, (skin permeation) -5.50 cmis Log K, (skin permeation) -7.62 cmifs

Fluoro-Dimethyl-Pioglitazone Tetrahydroxy-Pioglitazone

Comparison of Lipinski Rule of 5 for all molecules of Pioglitazone:

Molecules Molecular H bond H bond donor LogP
weight Acceptor
(gm/mol)
Ethoxy- 400.49 5 1 3.17
Pioglitazone
Chloro-lodo- 516.78 4 1 2.92
Pioglitazone
Fluoro- 402.48 5 1 3.28
Dimethyl-
Pioglitazone
Tetrahydroxy- 420.44 8 5 1.31
Pioglitazone
DEVYANI THAKOR
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using

Computer aided drug design approach.

(C)Saxagliptin Analogues:

Molecular docking of Saxagliptin analogue by adding chloro-dimethyl to Saxagliptin

molecule using chimera:

Cl

Figure 9.1: Chloro-Dimethyl-saxagliptin

Molecular | Number | Number | Number | Number | Number Molar TPSA LogP
weight of of of of H of H .
Heavy | Aromatic | Rotatable | bond bond | Refractivity | (Armstrong)
(g/mol) Atoms Heavy Bonds | acceptors | donors
Atoms
377.91 26 0 3 4 2 102.89 90.35 1.95

Table 9: Various properties of Chloro-dimethyl-saxagliptin predicted using Swiss
ADME
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using

Computer aided drug design approach.

Log 5 (ESOL) -3.07

Solubility 3.23e-01 ma/ml ; 8.54e-04 moli
Class Soluble

Log 5 (Ali) -3.23

Solubility 2 21e-01 mag/ml ; 5.84e-04 moli
Class Soluble

Log -5 (SILICOS-IT) -1.98

Solubility 3.96e+00 mg/ml ; 1.05e-02 mol/
Class Soluble

Figure 9.2: Water Solubility of Chloro-dimethyl-saxagliptin predicted using Swiss

ADME

Figure 9.3:

Best suited position of Chloro-dimethyl-saxagliptin

s | score| RMSD L.b. | RMSD u.b.

Vo 4.2 0.0 0.0
Vo4 2.824 5.706
Vv 38 2.49 4.23

vV -3.8 4.691 6.374
Vv -3.8 2.303 3.026

Figure 9.4: Scores of Chloro-dimethyl-saxagliptin
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

Interpretation of properties from above data:

The molecule shows slight decrease in logP value from 1.99 to 1.95 so there will be no
significant change in solubility of the molecule.

After docking the modified molecule with Alogliptin the most similar docking was seen
for the molecule with score of -3.8.

The Modified molecule follows the Lipinski rule of 5.

There is no risks related to Mutagenic , Tumorigenic , Irritation, but its high chances to
develop Reproductive risks for the modified molecule.

It show good activity towards GPCR ligand and great bioactivity towards Nuclear
receptor ligand.

Its GI absorption is high.

Molecular docking of Saxagliptin analogue by adding fluorine, hydoxy and methyl to
Saxagliptin molecule using chimera:

Figure 10.1: Fluoro-hydroxy-methyl-Saxagliptin
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

Molecular | Number | Number | Number | Number | Number Molar TPSA LogP
weight of of of of H of H .
Heavy | Aromatic | Rotatable | bond bond | Refractivity | (Armstrong)
(g/mol) Atoms Heavy Bonds | acceptors | donors
Atoms
363.43 26 0 3 6 3 94.5 110.58 1.94

Table 10: Various properties of Fluoro-hydroxy-methyl-Saxagliptin predicted using
Swiss ADME

Log S (ESOL)
Solubility

Class

Log S (Ali)
Solubility

Class

Log S (SILICOS-IT)
Solubility

Class

-1.94

4. 18e+00 mag/ml ; 1.15e-02 mol/

Very soluble

-1.95

4 12e+00 mg/ml ; 1.13e-02 mol/

Very soluble

-0.69

7.38e+01 mgiml ; 2.03e-01 mol/

Soluble

Figure 10.2: Water Solubility of Fluoro-hydroxy-methyl-Saxagliptin predicted using
Swiss ADME
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

Figure 10.3: Best suited position of Fluoro-hydroxy-methyl-Saxagliptin

S | Score| RMSD |.b. | RMSD u.b.

vV 6l1.5 0.0 0.0
V  62.3 2.103 3.504

Figure 10.4: Scores of Fluoro-hydroxy-methyl-Saxagliptin

Interpretation of properties from above data:

The molecule shows slight decrease in logP value from 1.99 to 1.94 so there will be no
significant change in solubility of the molecule.

After docking the modified molecule with Alogliptin the most similar docking was seen
for the molecule with score of -3.8.

The Modified molecule follows the Lipinski rule of 5.

There is no risks related to Mutagenic , Tumorigenic , Irritation as well as Reproductive
risks for the modified molecule.
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

It show good activity towards GPCR ligand and great bioactivity towards Nuclear
receptor ligand. This may be a Enzyme inhibitor.

Its GI absorption is high.

Molecular docking of saxagliptin analogue by adding dihydroxy and iodo to
Saxagliptin molecule using chimera:

OH
HO

H,N

Figure 11.1: Dihdroxy-iodo-Saxagliptin

LogP

Molecular | Number | Number | Number | Number | Number Molar TPSA g
weight of of of of H of H Refractivi A

ol Heavy | Aromatic | Rotatable | bond bond | Refractivity | (Armstrong)
(g/mol) Atoms Heavy Bonds | acceptors | donors

Atoms

473.31 26 0 3 6 4 103.76 130.81 1.45
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

Table 11: Various properties of Dihdroxy-iodo-Saxagliptin predicted using Swiss

ADME
Log S (ESOL) -2 56
Solubility 1.29e+00 mg/ml ; 2.73e-03 moll
Class Soluble
Log = (Ali) -2.28
Solubility 2.50e+00 mg/ml ; 5.28e-03 mol/
Class Soluble
Log S (SILICOS-IT) -0.30
Solubility 2. 37e+02 ma/ml ; 5.01e-01 mol
Clazs Soluble

Figure 11.2: Water Solubility of Dihdroxy-iodo-Saxagliptin predicted using Swiss
ADME

Figure 11.3: Best suited position of Dihdroxy-iodo-Saxagliptin
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Pharmacokinetic profiling of Anti-diabetic agents with changes in pharmacophore using
Computer aided drug design approach.

S | Score| RMSD I.b. | RMSD u.b.

¥V B85.5 0.0 0.0
V 67.8 1.586 2.214

Figure 11.4: Scores of Dihdroxy-iodo-Saxagliptin

Interpretation of properties from above data:

The molecule shows decrease in logP value from 1.99 to 1.45 so there will be increase
in the solubility of molecule.

After docking the modified molecule with Alogliptin the most similar docking was seen
for the molecule with score of 67.8.

The Modified molecule follows the Lipinski rule of 5.

There is no risks related to Mutagenic , Tumorigenic , Irritation as well as Reproductive
risks for the modified molecule.

It show good activity towards GPCR ligand and great bioactivity towards Nuclear
receptor ligand. This may be a Enzyme inhibitor.

Its GI absorption is high.
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Molecular docking of Saxagliptin analogue by adding Bromine, Fluorine and Methyl

to parent Saxagliptin molecule using chimera:

Figure 12.1:Bromo-fluoro-methyl-saxagliptin

Molecular | Number | Number | Number | Number | Number Molar TPSA LogP
weight of of of of H of H .
Heavy | Aromatic | Rotatable | bond bond | Refractivity | (Armstrong)
(g/mol) Atoms Heavy Bonds | acceptors | donors
Atoms
426.32 26 0 3 5 2 101.21 90.35 2.21

Table 12: Various properties of Bromo-fluoro-methyl-saxagliptin predicted using
Swiss ADME
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Log S (ESOL) -3.24

Solubility 2.47e-01 mg/ml ; 5 80e-04 mol
Class Soluble

Log 5 (Al -3.02

Solubility 4. 11e-01 mg/ml ; 9.65e-04 mol/
Class Soluble

Log S (SILICOS-IT) -2.07

Solubility 3.66e+00 mo/ml ; 3.59e-03 mol
Class Soluble

Figure 12.2: Water Solubility of Bromo-fluoro-methyl-saxagliptin predicted using
Swiss ADME

Figure 12.3: Best suited position of Bromo-fluoro-methyl-saxagliptin
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S | Score| RMSD |.b. | RMSD u.b.

V 066.8 0.0 0.0
V 68.1 2.156 3.234
vV 68.7 2.199 3.431
vV 097 2.184 3.172

Figure 12.4: Scores of Bromo-fluoro-methyl-saxagliptin

Interpretation of properties from above data:

Slight increase in logP value from 1.99 to 2.21 that means the modified molecule will
have moderately less solubility as the parent molecule.

After docking the modified molecule with Alogliptin the most similar docking was seen
for the molecule with score of 66.8.

The Modified molecule follows the Lipinski rule of 5.

There is no risks related to Tumorigenic , Irritation as well as Reproductive risks for the
modified molecule. But high risk for the molecule to be mutagenic.

It show good activity towards GPCR ligand and great bioactivity towards Nuclear
receptor ligand.

Its GI absorption is high

Toxicity Comparison of all four molecules:

Toxicity Risks Toxicity Risks
) mutagenic ) mutagenic
ﬂ temarigenic e tumorigenic
) imitant ) imitant
i clive
L O s
Chloro-Dimethyl-saxagliptin Fluoro-hydroxy-methyl-Saxagliptin
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Toxicity Risks

e mutagenic

) wmerigenic

) imitant
L=

© oo

Dihdroxy-iodo-Saxagliptin

Toxicity Risks

8 mutagenic

) tumerigenic

) imitant
chiv

O e

Bromo-fluoro-methyl-saxagliptin

Bioactivity of all four molecules in scores:

Chloro- Fluoro- Dihdroxy- Bromo-fluoro-
Dimethyl- hydroxy- iodo- methyl-
saxagliptin methyl- Saxagliptin saxagliptin
Saxagliptin
GPCR ligand 0.25 0.36 0.32 0.29
lon Channel -0.19 0.04 0.02 -0.23
modulator
Kinase -0.32 -0.24 -0.31 -0.34
Inhibitor
Nuclear -0.14 0.18 -0.01 0.13
receptor ligand
Protease 0.84 0.92 0.89 0.94
inhibitor
Enzyme 0.01 0.37 0.28 0.17
inhibitor
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Pharmacokinetics of all four molecules:

Gl absorption High Gl absorption High

BEE permeant Mo BEB permeant Mo

F-gp substrate Yes P-gp substrate ‘Yes
CYP1A2 inhibitor Mo CYP1A2 inhibitor Mo
CYP2C1%9 inhibitor Mo CYP2C19 inhibitor No
CYP2C3 inhibitor Mo CYP2C9 inhibitor Mo
CYP2D6 inhibitor Mo CYP2D6 inhibitor Mo
CYP3A4 inhibitor Mo CYP3A4 inhibitor No

Log ¥, (skin permeation) -7.38 cmis Log K (skin permeation) -3.47 cmi:

Chloro-Dimethyl-saxagliptin Fluoro-hydroxy-methyl-Saxagliptin

Gl absorption High Gl absorpfion High

BEEB permeant Mo EEE permeant Mo

F-gp substrate ‘Yes F-gp substrate Yas
CYP1A2 inhibitor Mo CYP1A2 inhibitor Mo
CYP2C19 inhibitor Mo CYP2C19 inhibitor Mo
CYP2C39 inhibitor No CYP2CS inhibitor Mo
CYP2D6 inhibitor Mo CYP2D6 inhibitor Mo
CYP3A4 inhibitor No CYP3A4 inhibitor Mo

Log K (skin permeation) -9.20 cmis Log #; (skin permeation) -7.83 cmis

Dihdroxy-lodo-Saxagliptin

Bromo-fluoro-methyl-saxagliptin
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Comparison of Lipinski Rule of 5 for all molecules of Saxagliptin:

Molecules Molecular H bond H bond donor LogP
weight Acceptor
(gm/mol)
Chloro- 377.91 4 2 1.95
Dimethyl-
saxagliptin
Fluoro- 363.43 6 3 1.94
hydroxy-
methyl-
Saxagliptin
Dihdroxy-iodo- 473.31 6 4 1.45
Saxagliptin
Bromo-fluoro- 426.32 5 2 2.21
methyl-
saxagliptin
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Summary and conclusion :

For Gliclazide molecule, 3,4,5 triiodo-Gliclazide and 3,5 dichloro Gliclazide both seems
to be promising as the bioavailability has increased dramatically for both the molecules.
On the other hand, for CF3-Gliclazide half life is too high so it's of less importance. CH3-
Gliclazide is having Bioavailability less as compared to parent Gliclazide molecule so it
is not a promising one. Among 3,4,5 triiodo-Gliclazide and 3,5 dichloro Gliclazide , 3,5
dichloro Gliclazide seems to be the best one as it doesn't show any violation of Lipinski
rule of 5 as 3,4,5 triiodo-Gliclazide.

For Pioglitazone molecule, Chloro-lodo-Pioglitazone is not considered as promising
modified molecule as it doesn't follow Lipinski rule of 5 . Fluoro-Dimethyl-Pioglitazone
is more likely to show Tumorigenic risks so that one is also not the promising one. On the
other hand Ethoxy-Pioglitazone and Tetrahydroxy-Pioglitazone both seems to be ideal as
they follow Lipinski rule as well as no risks for toxicity , Tetrahydroxy-Pioglitazone
seems to be most promising among all the modified molecules as it shows increase in the
solubility of the drug.

For Saxagliptin, Chloro-Dimethyl-saxagliptin and Bromo-fluoro-methyl-saxagliptin are
not ideal modifications as they have risks related to reproductive system and mutagenic
respectively. Among Fluoro-hydroxy-methyl-Saxagliptin and Dihdroxy-lodo-Saxagliptin,
Dihdroxy-lodo-Saxagliptin seems to be most promising as it shows increase in solubility
as compared to parent molecule while Fluoro-hydroxy-methyl-Saxagliptin shows no
significant change in solubility.
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