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ABSTRACT

Introduction :This study mainly aimto investigate In vitro protein binding and drug displacement study of
Alogliptin Besylate (ALO) with the selected Angiotensin Il Receptor Blockers (TEL and AZIL) using equilibrium
dialysis by UV spectroscopic method.

Method: To study the protein binding and drug displacement property of ALO with selected sartans by using the
equilibrium dialysis sac method. The effect of TEL and AZIL on in vitro protein binding of ALO was studied at
different ratios (BSA: ALO:TEL/AZIL, 1:1:1,1:1:2,1:1:3,1:1:4). And this procedure is repeated vice versa by adding
Alogliptin into increasing concentration to get a final ratio (BSA:TEL/AZIL:ALO, 1:1:1,1:1:2,1:1:3,1:1:4)for study
the effect of ALO on in vitro protein binding of TEL and AZIL. Then responses of free drug concentrations were
measured. The possibility of protein-drug binding interaction is confirmed by using Molecular Docking Studies.
Result: The specific site of protein binding of the drugs was confirmed by molecular docking studies. The
percentage protein binding of ALO, TEL and AZIL was found to be < 21.4%, <95.5%, and <93.2% respectively.
The displacement property of each drug was studied.

Conclusion: There are no drug-drug interactions are occurring between the ALO and selected sartans but as
compared to AZIL and TEL with ALO, AZIL is the more preferable choice for alogliptin when they use together.
Keywords: Dipeptidyl peptidase-4 inhibitor, Angiotensin-2 receptor blocker, Bovine serum albumin, Human serum
albumin.

INTRODUCTION:

Drug interactions commonly occur when two or more drugs are taken together by a person. Some drug interactions
should not be avoided or reversed because that will lead to serious harm to the patients. Drug-drug interactions also
play important role in extending the protein binding of drugs and altering their therapeutic effects. It is also affecting
toxicity and drug stability during the therapeutic process. So, it is very important to assess the type and extent of
binding interaction with protein and drug that will occur.%?The plasma protein binding is an important
pharmacokinetic parameter of drugs. If there are any alterations in physiological conditions that will cause the
changes in the pharmacokinetic and pharmacodynamic profile of drugs.Most of the drugs especially newly marketed
having multiple pharmacological effects on the body. when the patients are taken multiple prescriptions increase the
risk of drug-drug interactions. So, it is very important to study and find out such interactions in the body.>*Diabetes
and hypertension are the most commonly occurring lifestyle diseases nowadays. There are lots of people having
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both diabetes and hypertension. So, in such cases, they will take the medicine for both diseases. And some cases the
hypertensive drugs are prescribed with diabetic medication to control the blood pressure level in diabetic patients to
reduce the risk of cardiovascular diseases. While taking both medication for BP and diabetes increases the chances
of drug-drug interaction in those patients.>®

In the current study, we are mainly focused on to in vitro displacement interaction study of the drug Dipeptidyl
peptidase-4(DPP-4) inhibitor(DPP-4) [alogliptin (ALO)] with Angiotensin-2 receptor blockers (ARBs)[telmisartan
(TEL) and azilsartan (AZIL)]. The ALO is a newer class of oral antidiabetic agent coming under the class of DPP-4
inhibitor. Which is prescribed in the patient when they are resistant to other oral antidiabetics such as metformin,
sulfonyl urease, biguanides, etc. The telmisartan and azilsartan are the ARBs coming under the class of
antihypertensives and concomitant treatment with ARBs in combination with DPP-4 inhibitors is increasing. "®

In this study, we are going to check whether there is any interaction occurs when these two drugs are taken together
by using invitro analytical method. And also did molecular docking studies to predict the possibility of protein
binding with these drugs by using docking software.The objective of the study is to investigate and understand the
invitro displacement interaction of drug ALO with selected ARBs and find out there is any drug-drug interactions
are occurred or not and also predict the possibility of protein binding of drugs by using molecular docking studies.
Bovine serum albumin (BSA) is used for this study instead of human serum albumin (HSA) due to its structural
similarity, low cost, and easy availability of BSA. The invitro protein binding of alogliptin with selected ARBs has
been conducted by the equilibrium dialysis method.

MATERIALS AND METHODS

Materials

ALO was provided by Glenmark Pvt. Ltd (Maharashtra, India), TEL and AZIL were provided by MSN (Hyderabad,
India). BSA was procured from Himedia Laboratories Pvt. Ltd.(Mumbai, India), Dialysis sac (21 mm diameter, 30
cm length) (Mumbai), Potassium dihydrogen phosphate (AR grade) was supplied by S.D Fine chemicals Ltd.
(Mumbai, India) and HPLC grade water (Millipore Milli-Q Purification System).

Instrumentation

The UV-Vis spectra were recorded on a SHIMADZU UV-1700 Pharmaspec UV-Vis spectrometer. All weighing
was done on a SHIMADZU AUX220-Analytical balance.

Preparation of reagents

Buffer solution pH 7.4

A 25 ml of potassium dihydrogen solution was added 19.55 ml of sodium hydroxide solution and volume made up
to 100 ml with distilled water.

Potassium dihydrogen solution
A 2.72 gm of potassium dihydrogen phosphate was dissolved and volume was made up to 100 ml with distilled
water.

0.2 N sodium hydroxide solution
A 4 gm of sodium hydroxide was dissolved and volume was made up to 100 ml with distilled water.

Bovine serum albumin (1x10®)
A 0.165 gm of BSA was dissolved and made up to 25 ml with buffer solution.

Preparation of standard curve
The estimation of drug concentrations was done at different concentrations of drug solutions prepared with buffer
solution (pH 7.4), absorbance was taken at their respective wavelength and plot standard curve for three drugs.

Equilibrium dialysis method °

Study of protein binding of individual drugs

1069



Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL 12, ISSUE 04, 2021

The protein binding of all the drugs is determined by the equilibrium dialysis method. For this, 25 ml of 1x10° M
concentrations of all the drug solutions and BSA is prepared. The 25 ml of 1x10° M BSA solution is taken in a
glass tube attached to a semipermeable membrane. The dialysis membranes are activated previously by immersing
them in warm water for 30 min. These tubes were then immersed in beakers with 25 ml of phosphate buffer
containing a fixed concentration of drug solutions (1x10° M). Immediately at zero-time, 1 ml of the solution is
pipetted out from the beaker and it is replaced with 1 ml of phosphate buffer of pH 7.4. Readings were taken at
various time intervals by UV spectrophotometer at respective Amax Of all the drugs till the absorbance values were
constant.

Study of the effect of TEL and AZIL on in vitro protein binding of ALO

To study the effect of TEL and AZIL on in vitroprotein binding of ALO, 25 ml of 1x10-°> M BSA was taken in the
two-glass tube attached with membrane after the activation of the membrane with warm water. Then immerse the
BSA containing tubes into beakers containing 25 ml of phosphate buffer with a fixed concentration of ALO, then
add the TEL and AZIL into both beakers with increasing concentration to give a final ratio (BSA: ALO: TEL/AZIL,
1:1:1,1:1:2,1:1:3,1:1:4). This system is maintained at room temperature for 6 hrs. After 6hrs 1ml of the solutions
were withdrawn from beakers and diluted to 10 ml using phosphate buffer and the responses of free drugs were
measured at a specific wavelength using the UV spectroscopic method

In vitro interaction of ALO with TEL and AZIL using BSA

To study the effect of TEL and AZIL on in vitroprotein binding of ALO, 25 ml of 1 x 10> M BSA solution was
taken into two glass tubes attached to the semi-permeable membrane which is previously activated. These tubes
were then immersed in beakers with 25 ml of phosphate buffer containing fixed concentrations of TEL and AZIL.
ALO were added in to increasing concentration to get a final ratio (BSA:TEL/AZIL: ALO, 1:1:1,1:1:2,1:1:3,1:1:4).
This is maintained at room temperature for 6 hrs. After 6 h, 1 ml of the solutions were withdrawn from the beakers,
diluted to 10 ml using phosphate buffer and the responses of free drugs were measured. The concentrations of the
drugs were determined from the calibration graph.

In silicoMolecular docking studies!®!

Molecular docking is done with selected drugs as ligand and BSA/HSA as the target is performed by using the Auto
dock 4.2 and Auto dock tools 1.5.6(ADT) software. Proteins (BSA/HSA) were downloaded from the protein data
bank and the structure of drugs was collected from PubMed. The PDB ID of BSA and HSA was 1HA2 and 3V03
respectively. The BIO-via 2020 discovery studio software was utilized to study the best binding mode/conformation
of drugs with proteins. Then proteins and drugs are applied to Auto dock software to get the complex was studied.
It's suited to investigate and visualize the interaction mechanisms and the possible orientations of the complex.

RESULTS AND DISCUSSION:
Table 1. Calibration data

Drugs Linearity range | Amaxnm)
(ug/ml)

ALO 1-10 277

TEL 5-15 295

AZIL 1-10 251

1070



Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL 12, ISSUE 04, 2021

2388 T T T T 1433 . . . . 1492

Alogliptin

Azilsartan Telmisartan

.88

Abs.

i ossl

295 nm
251 nm

0228 L L L L 043 1 1 L L 0.154 L
18000 300,00 42000 180.00 0000 42000 180,00 a00.00
om. nm om

Figure 1 Thekmax of ALO, AZIL and TEL on phosphate buffer (pH 7.4) respectively

Study of Protein Binding on Individual Drugs

The concentration of the drugs was determined from the linearity curve. The percentage protein binding and free
drug fraction were calculated. From that, the sartans are shown more than 90% of protein binding and ALO shows
only 21.4% of protein binding. (Table 2)

Table 2. Protein binding of individual drugs

Drugs % of protein binding % free drug concentration
(n=3) (n=3)

ALO 21.40 +0.0011 78.59 +0.0012

TEL 95.54 +0.0013 4.45 +0.0011

AZIL 93.22 +0.0012 6.77 £0.0014

Displacement Interaction Studies

Effect of TEL/AZIL on invitro protein binding of ALO

The TEL shows more interaction with ALO as compared to AZIL. The free fraction of ALO is increases from
79.42% to 84.57% while increasing the ratio of TEL with BSA up to 1 to 4. In the case of AZIL on ALO, the free
fraction of ALOincreases from 80.05% to 84.33%. Hence, increasing concentration of free drugsindicated that TEL

displaced by ALO more as compared with AZIL(Table 3 and Figure 2).

Table 3. Effect of TEL/AZIL on in-vitro protein binding of ALO

BSA: % of protein binding of | % of free drug concentration of
ALO:TEL/AZIL ALO ALO

(n=3) With TEL | With AZIL | With TEL With AZIL

1:1:1 20.56 19.95 79.42 80.05

1:1:2 18.86 18.30 81.14 81.70

1:1:3 18.15 17.38 81.85 82.62

1:1:4 15.43 15.67 84.57 84.33
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Figure 2 Effect of TEL/AZIL on in-vitro protein binding of ALO

Effect of ALO on in vitro protein binding of TEL/AZIL

In the reverse experiment, the free drug concentration was found to be more as compared to AZIL. In the presence

of an increasing concentration of ALO the free fraction of TEL increases from 4.80% to 6.82% and in the case of

AZIL, it was 8.50% to 9.54%. Hence, the ALO displaces TEL more than AZIL (Table 4 and Figure 3).

Table4. Effect of ALO on in vitro protein binding of TEL/AZIL

BSA: TEL/AZIL: ALO % of protein binding % of free drug concentration
(n=3) TEL AZIL TEL AZIL
1:1:1 95.20 91.50 4.80 8.50
1:1:2 94.79 90.86 5.21 9.14
1:1:3 93.18 90.46 6.01 9.54
1:1:4 93.99 90.46 6.82 9.54
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Figure 3.Effect of ALO on in vitro protein binding of TEL/AZIL
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Comparison of the effect of antihypertensive drugs (TEL and AZIL) on in vitro protein binding of the antidiabetic
drug (ALO) carried out (Figure 2), in presence of TEL free fraction of ALO were increased from 79.42% to 84.57%
and in case of AZIL, it was increased up to 80.05% to 84.33%. it was 0.87% less than TEL. So, it is evident for
among the two hypertensive drugs AZIL is more suitable for concomitant administration of ALO.Then a
comparison between the effect of the antidiabetic drug (ALO) on in vitro protein binding of antihypertensive drugs
(TEL and AZIL) were studied (Figure 3), the free fraction of TEL increases from4.80% to 6.82% and in the case of
AZIL, it was 8.50% to 9.54%. it was 0.98% less than TEL. This data is also evidence that the interaction of ALO
with AZIL is less as compared to ALO with TEL.

While comparing the data we can conclude the study that AZIL is the more preferred choice for the concomitant
administration of ALO as compared with TEL. And also, the data were shows more than 75% of ALO were found
as a free drug fraction so less than 25% go for protein binding. And in the case of sartans more than 90% were found
as protein-bound. So that will indicate there are no significant interactions are occur the ALO with sartans they are
safe to use together.

Molecular docking studies

To further determineif binding of protein with drugs for the following three drugs of ALO, TEL and AZIL with
BSA and HSA were simulated by molecular docking method implemented in Auto Dock 1.5.6 software. It was then
consistently determined that all three drugs bound with site-1 of both HSA and BSA. Based on the docking results
all three drugs have binding energy as negative for binding with proteins, which will indicate their binding capacity
with proteins is energetically favorable. The ALO is the only drug that shows hydrogen bond mediated interaction
with both BSA and HSA. (Table5 and Table 6)

Table 5. The binding energy of drugs on BSA and No.of hydrogen bond present

SL No. Ligands | Binding energy No. of hydrogen
AG =Kcal/mol) bonds

1 ALO -8.3 1

2 TEL -8.9 -

3 AZIL -8.4 -

Table 6. The binding energy of drugs on HSA and No.of hydrogen bond present

SI.No Ligands | Binding energy No. of hydrogen
AG =Kcal/mol) bonds

1 ALO -7.71 2

2 TEL -12.43 -

3 AZIL -8.85 -

Figure 4a &b. Structure of HSA and BSA
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Figure 5a-cDocking results of ALO, TEL and AZIL on BSA respectively
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(b)

Figure 6a-c. Docking results of ALO, TEL and AZIL on HSA

In the present study, we investigated the drug-drug interaction between the ALO with selected angiotensin Il
receptor blockers using the invitro analytical method. Here ALO is used as antidiabetic and TEL and AZIL are the
selected ARBs used as antihypertensives. Before the application of protein displacement study first, we are
developing a method for each drug on UV spectroscopy and they are validated according to ICH guidelines Q2A
(Supplementary Information). All values of validated parameters were within the limit, so the developed method
was found to be accurate, precise and simple.

The binding interaction of each drug with BSA and HSA was confirmed by using molecular docking studies. Which
revealed the binding site of each drug with protein BSA and HSA at site -1. Based on the in vitro protein binding
study of individual drugs, we found that ALO shows only 21.4% of protein binding and TEL and AZIL show 95.5%
and 93.3% respectively. Based on the displacement interaction studies we found that the AZIL is the more preferred
choice as compared to TEL with ALO. It also indicates that ALO remained free fraction as more than 75% while
sartansremain only less than 10% as a free fraction of drug. So, there is no significant interaction are occurred
between the ALO and selected sartans (AZIL & TEL), they are safe to use together.

CONCLUSION:

To the best of our knowledge, this study is the first time to investigate the drug-drug interaction between ALO with
TEL and AZIL using invitro analytical methods by UV spectroscopy. It may conclude that there are no noticeable
interactions occur between the ALO and selectedsartans (AZIL & TEL) used together but as compared to AZIL and
TEL, AZIL is the more preferred choice with ALO when they use together.
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