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Study of the binding of drug with plasma protein by the 

acoustical properties shows simple and effective method. 

Analgin is a pain reliever and antipyretic drug. We 

studied binding of analgin with plasma protein by 

ultrasonic, FT-IR and molecular modeling techniques. In 

the present study, we used ultrasonic method for the 

study of the binding of analgin with BSA which is the 

novel method for study of binding of analgin with BSA. 

Study of interaction of analgin with BSA shows 

successful binding with BSA. Binding of BSA with 

analgin further confirmed using FT-IR spectroscopy and 

molecular modeling study. Effect of pH on the binding of 

analgin with BSA was also studied. The values of the 

association constant calculated from the Scatchard plot at 

varying pH 3, 4 and 5 are 0.5012, 0.4994 and 0.5014 

respectively. Study of interaction by FT-IR spectroscopy 

gives the changes in peak positions of amide bands. The 

amide I changes from 1635 to 1642 cm-1 and amide II 1538 

to1556 cm-1. It shows the secondary structure of BSA 

changes on binding with analgin. binding interaction of 

analgin with BSA was further confirmed by using 

molecular modelling study. The energy value obtained (-

213.34) shows that the analgin efficiently binds with BSA. 
 

 

Keywords Ultrasonic study, FT-IR spctroscopy, 

Scatchard analysis, association constant, molecular 

modeling study. 
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INTRODUCTION 

 

Transportation of drug is one of the important 

characteristic of blood and binding of drug is an 

efficiency feature of protein which binds the drug in 

plasma.Chiral drugs have various applications in 

day-to-day life as well as in commercial areas like 

clinical, medicinal, pharmaceutical industries and 

some metabolic activities of humans. Proteins are 

macromolecules; consist of one or more long chain of 

amino acid residues. Proteins do a vast array of 

functions within living organisms, including 

catalyzing metabolic reactions, replicating DNA, 

responding to stimuli and transporting molecules 

from one place to another. Basically there are three 

types of protein in the blood which have the ability to 

bind the drug, out of which alpha-1-acid glycoprotein 

(AGP) have ability to bind the basic drugs; Human 

Serum Albumin (HSA) shows the affinity for acidic 

drugs and lipoprotein which binds drugs on 

saturation of these proteins. In drug transportation 

HSA plays a vital role. It is difficult to get an HSA for 

experimental purposes. So in this study, we used 

bovine serum albumin (BSA) in place of HSA. BSA 

show similar bonding chemistry as that of HSA due 

to the high percentage of sequence identities. The 

vast studies were performed by researchers to see 

protein-drug interaction, such as 1H NMR [1-2], FT-IR 

spectroscopy [3], fluorescence quenching & CD 

spectroscopy [4], U. V. Spectrophotometry [5] 

Fluorescence spectroscopy [6], thin layer 

chromatography [7], capillary electrophoresis [8-9], 

Mass spectrometry [10], spectroflurometry [11], 

HPLC method [12], isothermal titration calorimetry 

(ITC) [13], gel filtration [14], flow ultra- filtration 

technique [15], chromatography [16] and micro 

liquid-liquid interface [17]. Molecular modeling also 

shows some important aspects about protein-drug 

interaction [18-20]. 

 

Literature survey reveals that, drug-protein binding 

by ultrasonic interferometer was not done so far. 

Therefore, it is a topic of interest to study BSA-

analgin interaction using acoustical factor. Ultrasonic 

interferometer is a simple and direct device to 

determine the ultrasonic velocity in liquids with a 

high degree of accuracy. Change in ultrasonic 

velocities for BSA and analgin are a measure of their 

interaction. Analgin is biologically active drug shows 

analgesic and antipyretic activity. Binding interaction 

of analgin with BSA was also confirmed by FT-IR 

spectroscopy and molecular modeling study. 

 

METHODOLOGY 

 

Acoustical parameters determined by Vi 

Microsystems Pvt. Ltd. India ultrasonic 

interferometer. Bruker’s FT-IR spectrophotometer 

(Alpha model, Germany) equipped with Zn-Se 

attenuated total reflection (ATR) accessory at room 

temperature used for spectral analysis. All spectra 

analyzed via the ATR method with 4 cm-1 resolution 

and 60 scans in the region 1800-1300 cm-1. For 

molecular modeling study software HEX 8.0 were 

used. BSA (Mr = 66,500, essentially fatty acid free) 

purchased from Chemsworth Chemicals Ltd (India) 

and used without further purification. analgin 

prepared by known method. Acidic buffer solutions 

of 3, 4 and 5 pH were used. All other chemicals used 

in the experiments were of commercial grade. 

 

Measurement of binding affinity: 

Ultrasonic study of analgin was performed at 1MHz. 

0.15 µM BSA solution was prepared in acetate buffer 

of pH 3, 4 & 5 and ultrasonic velocity of these 

solutions were measured. Secondly 0.0005, 0.001, 

0.0015, 0.0020, 0.0025 M analgin solutions were 

prepared in same buffer at pH 3, 4 and 5. Then the 

solutions of BSA and analgin of different 

concentrations have been mixed at pH 3 and allowed 

to stand for half an hour for maximum binding 

interaction. The ultrasonic velocities of these complex 

solutions were recorded. Graph of ultrasonic velocity 

versus concentrations of analgin have been plotted. 

Also the graph of specific binding versus 

concentration of analgin were plotted which gives the 

values of association constants of analgin with BSA 

(scatchard plot). Similarly ultrasonic velocities of 

BSA-analgin complexes at pH 4 and 5 were recorded. 

Scatchards plot was used to measure the specific 

binding of analgin with BSA. 

Specific binding for the complex calculated by using 

equation: 

 
Where, V = specific binding for complex solution. 
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Determination of ‘saturation value’ (n) and 

‘formation constant’ (Kf) for protein-ligand 

interaction using Scatchard plot are in following 

graphs. 

 

Measurement of binding affinity using FT-IR: 

Binding interaction of analgin with BSA was 

confirmed by FT-IR Spectroscopy. Initially Spectrum 

of BSA recorded and it shows two amide bands, 

amide-I (C=O stretching) and amide-II (C-N 

stretching coupled with N-H bending). Then the 

complex of BSA and analgin prepared by mixing 

them in 1:1 ratio and allowed it to stand for half an 

hour for maximum binding. Spectrum for analgin-

BSA complex recorded and changes in secondary 

structure of BSA were observed. Shift in peak 

positions of amide bands, changes the secondary 

structure of BSA. It confirms the binding of analgin 

with BSA.  

 

Molecular modeling study: 

Molecular modeling study of plasma protein with 

analgin was carried out by using HEX 8.0 software. 

Molecular modeling study gives the efficient energy 

value of binding. Crystal structure of BSA was 

obtained from RCSB protein data bank and 3D file for 

analgin was developed on Chem Draw Ultra 8.0. and 

run on HEX 8.0. It gives negative energy value for    

the newly formed complex showing its stability. 

 

 

RESULTS AND DISCUSSION 
 

Ultrasonic study: 

The ultrasonic velocities of BSA Solution at pH 3, 4 

and 5 are 1484.590, 1490.078 and 1495.607 

respectively. Similarly, ultrasonic velocities at various 

pH for BSA-analgin complexes at different 

concentrations were also measured. Figures 1, 3 & 5 

shows change in ultrasonic velocity of complexes at 

pH 3, 4 & 5 respectively.  Figures 2, 4 & 6 shows 

Scatchard plot of BSA-analgin complexes 

respectively. From scatchard plot association 

constants have been calculated. The association 

constants (Kf) for BSA-analgin complex are 0.5014, 

0.4994 & 0.5012 at pH 3, 4 & 5 respectively. The 

association constant is more at pH 3, which shows the 

binding is more at pH 3. 

 
Figure 1: Ultrasonic velocity Vs conc.   analgin at pH 3 Figure 2:  Specific binding Vs conc. of analgin at pH 3 

 
Figure 3: Ultrasonic velocity Vs conc. analgin at pH 4   Figure 4:  Specific binding Vs conc. of analgin at pH 4 
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Figure 5: Ultrasonic velocity Vs conc. analgin at pH5   Figure 6: Specific binding Vs conc. of analginpH 

 

 
Figure 7: FT-IR spectrum of BSA                            Figure 8: FT-IR spectrum of BSA-analgin complex 

 

 
Figure 9: Molecular Modeling interaction between BSA and analgin 
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FT-IR study: 

Binding analysis of analgin with BSA was further 

studied by FT-IR spectroscopy. BSA consists of mainly 

two bands. Amide I at 1635.40 cm-1 due to C=O 

stretching and amide II at 1538.14 cm-1 is due to C-N 

stretching coupled with N-H bending mode (figure 7). 

On binding interaction of analgin with BSA, the 

changes in peak positions of these amide bands were 

observed. Amide I shift to 1642.45 from 1635.40 cm-1 

and amide II shifted to 1556.74 from 1538.14 cm-1 

respectively (figure 8). Shifting in peak positions of 

amide bands of BSA changes the secondary structure 

of BSA. No significant binding observed at pH 4 & 

5.This confirms the successful binding of analgin with 

BSA at pH 3. 

 

Molecular modeling study:   

Molecular modeling is an efficient method for 

measurement of interaction between protein and 

drug. The energy value obtained from the study is the 

measure of binding of drug to the serum protein. 

Binding interaction between BSA and analgin was by 

using software HEX 8.0. The energy value obtained (-

213.34) shows that the analgin efficiently binds with 

BSA. Diagrammatic representation of interaction 

between BSA and analgin (figure 9). 

 

CONCLUSION 

 

Acoustical Study of binding interaction of analgin 

with BSA is the simple and effective method. Analgin 

is a pain reliever as well as antipyretic. In this study, 

we have used multifrequency ultrasonic 

interferometer for determination of binding affinity of 

analgin with BSA, which is the novel method. It is 

concluded that, analgin binds successfully with BSA 

at lower pH. Scatchard plot gives significant values of 

the association constants (Kf) at pH 3, 4 and 5 viz. 

0.5014, 0.4994 and 0.5012. The value of association 

constant (Kf) is more at pH 3 than pH 4 and 5. The 

order of binding is 3>4>5. It means that binding of 

analgin with BSA is more efficient at a more acidic 

pH.  

 

FT-IR spectroscopic study also gives positive statistics 

for binding affinity of analgin with BSA. Changes in 

secondary structure of BSA (change in peak positions 

of amide I and II) confirm the binding of analgin with 

BSA. Molecular modeling study was also used to 

confirm binding of analgin with BSA. This gives the 

efficient energy value (-213.34) for BSA-analgin 

complex formation. This energy value shows that the 

complex formed is stable. It concludes that the analgin 

successfully binds with BSA. 
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