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Non steroidal anti-inflammatory drug aceclophenac has hydrophobic 

and hydrophilic domain. It is sparingly soluble in water and miscible 

in blood due to hydrophilic nature. It exhibits analgesic, antipyretic 

and anti-inflammatory activities. It is best used in rheumatoid arthritis. 

It is inhibitor of clotting in the blood vessel, thus prevents heart attack 

and stroke. Leucine is an essential α- amino acid used in biosynthesis 

of protein and also used for muscle building. It contains α- amino 

group, carboxylic acid group and an isobutyl side chain. Ultrasonic 

study of Aceclophenac with Leucine in DMSO medium provides 

much useful information about the nature of their molecular 

interaction in a polar aqua-organic medium. In our body drug 

interaction with protein play very vital role in the biological process. 

Because of the 3D structure of protein, it is quite difficult to study its 

interaction with drugs in the biological system. As amino acid is a 

model component for protein, in this piece of work we have studied 

the drug amino acid molecular interaction with variation of 

concentration of amino acid ranging from 0.002-0.01 mol/kg and 

the drug concentration varies from 0.0002-0.001 mol/kg. The 

different acoustic parameters like adiabatic compressibility (β), 

intermolecular free length (Lf),acoustic impedance(z),apparent 

molar volume(Vφ),apparent molar compressibility (Kφ),partial 

molar volume (Vφ
o
),partial molar compressibility (Kφ

o
),John  

Dole coefficient A,B are calculated from density (ρ),ultrasonic 

velocities (U) and viscosity ( )  data. The parameters are 

calculated at 298.15K in a polar aprotic medium i.e. taking 

DMSO as solvent are interpreted in terms of ion-solvent, ion-

ion and ion-dipole interactions considering the structure 

breaking and structure making aspects of the solvent. 
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Introduction:- 
Ultrasonic studies of drugs find extensive application in solution chemistry as speed of sound in liquid and liquid 

mixture intrinsically related to parameters which characterize physico-chemical behaviour. Physico-chemical 

properties such as density, viscosity, and speed of sound have considerable importance in building theoretical 

model.Ultrasonic studies has also find importance in petro-chemical, pharmaceutical and designing instruments for 

study in these fields [1]. Research and experimental data obtained from this   are used as excellent tools to detect 

solute-solute and solvent interaction. Recently few papers have been reported by some researchers regarding 

ultrasonic and thermodynamic study of various drugs in different solvent medium and mix solvent medium.[ 2-

6]But very little work has been done on the interaction of drug–amino acids. Amino acids are important bio-

molecules through which the drugs interact inside the body. The interaction of drug with amino acid in different 

solvent medium can be better studied through ultrasonic technique. This prompted us to do this piece of work on 

drug-amino acid interaction in DMSO medium.[7,8] Solvent-mediated interactions in biological systems constitute 

the main determinants for regulating the structure, dynamics, and thermodynamics of bio-molecules, ultimately 

dictating their biological function and that of the cell. Because bio-molecules are embedded in a highly polar 

medium, electrostatics is a fundamental component of solvation effects at the molecular level, both in the context of 

the cell and in the test tube. This is a piece of comprehensive study on molecular interaction of drug with amino 

acids in a polar aqua-organic medium by evaluating volumetric, viscometric and spectroscopic properties. 

 Aceclophenac is a non steroid anti inflammatory drug. It is commonly called as Phenyl Acetoxy Acetic Acid. 

The IUPAC name of Aceclophenac is (2-[2, 6 dichlorophenyl) amino] phenyl acetic acid. Aceclophenac is used 

for treatment of rheumatoid arthritis, Osteo arthritis, Ankylosing spondylitis, tendinitis, and joint inflammation 

and reduces pain intensity and duration of morning stiffness and other inflammatory conditions .[9,10] 

 Leucine is an essential amino acid required by our body.It is not synthesized in our body.   Leucine interacts 

with insulin signaling pathway to stimulate control of protein synthesis.  Maintenance of muscle protein during 

period of restricted energy intake. Reduce postprandial glucose and insulin maintaining blood glucose level. 

[11,12] 

 The physicochemical properties of bio molecule and drugs in different solvent medium are very much 

significant for knowing their binding trends. This also helps in understanding mechanism of drugs and amino 

acids in body system. The interaction of amphiphilic molecules [drugs] with amino acids through thermo 

physical parameters has been studied.[13-15] 

 DMSO is a polar aprotic non reacting solvent. Both Leucine and Aceclophenac are soluble in DMSO. It is 

membrane penetrating water repellant. It is used for in vitro and in vivo studies. It is used peripheral nerve 

degeneration and drug delivery.[16,17] 

 The pharmacokinetics and pharmacodynamic properties such as diffusion, transmission and absorption of the 

drugs are observed as path determining results of drugs and functionally active bio-molecules like amino acids. 

[18,19,20,21] 

 

Experimental:- 
A sample of Aceclophenac was procured from Sigma Aldrich Company of 99.9% purity.Leucine and DMSO of AR 

grade were also procured from Sigma Aldrich Company with 99.9 % purity. Ultrasonic Velocity was measured by 

Ultrasonic interferometer (M-81-S) model at 2 MHz frequency.All measurements were done under atmospheric 

condition.The density measurement was done by densitometer (Anton par DSA 5000 model) with a resolution of 10
-

6
  gm cm 

-3
and viscosity  was measured in Oswald's viscometer distilled  by calibrating with doubly distilled water 

with an accuracy of + 0.001 Pa Sec. All the measurements were performed at 303.15 K. Before use all the chemicals 

were dried for 48 hr under reduced pressure at303.15K and then stored in a desiccator over silica gel. The chemicals 

were weighed in an electronic digital balance (SHIMADZU AX- 200) Japan with a least count of 0.0001 gm. The 

Aceclophenac and Leucine in a ratio 1:1 in DMSO was refluxed for 72 hour. The IR of product was taken. The IR 

study was carried out in Nicolas IS-5 model IR. The UV-VIS study was carried out in Agilent carry 100 model 

double beam spectrophotometer. Ultrasonic and volumetric parameters were determined applying following 

equations. 

 

Adiabatic compressibility (β), 
21  Ud  

Apparent molar volume (Vø), 
1

020

1

0 )()(1000
  dMddcdV
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2/10
cSVV v 

 

Apparent molar compressibility ( K ) 

K = 1000
1c –

0  2

11 1000 Mcd 
 

2/10
cSKK k 

  

The viscosity parameters are calculated using John Dole equation  

 

 

 

 

Acoustic Impedance ( Z ) 

UdZ   

Intermolecular Free length (
fL )  

2/1jf KL 
 

Where 
jK is Jacobson constant = 2.0965x10

-6 

The John Dole Parameter A  and B   can be calculated using the relationship 

    BcAcr  2/1

0

1



  

A  is Falkenhagen coefficient represent solute-solute interaction. In this experiment the positive value A indicates 

Aceclophenac –Leucine interaction in DMSO. The decrease of negative value of B  co- efficient value is found to 

be negligible indicating weak drug solvent interaction. 

 

Table 1:- Infrared data of LEU, ACE and ACE-LEU complex. 

compound IR frequencies(cm
-1

) 

 
OH  

OC  COC   
2NH  

NC  

LEU - - 1406 and 1581 2957 - 

ACE 3331 1771  1050-1178 

1178-1280 

- - 

ACE-LEU - 1730   - 1435 

 

Table 2:-  Physical data of Aceclophenac at different concentration of Leucine..                                

Concentration of  

Aceclophenac 

Ultrasonic Velocity(U) Density(d)            Viscosity( r ) 

 

0.002 

Leucine=0.0002 

1488.2 

 

1.00070 

 

                0.9223 

0.004  1486.9 1.00075                 0.9254 

0.006  1485.7 1.00081                 0.9275 

0.008  1483.8 1.00086                 0.9301 

0.01  1482.7 1.00092                 0.9327 

 

0.002  

Leucine=0.0004 

 

1490.3 

 

1.00079 

 

                0.9273 

0.004  1486.5 1.00085                 0.9298 

0.006  1482.4 1.00091                 0.9323 

0.008 1478.3 1.00102                 0.9350 

0.01 1470.2 1.00109                 0.9381 

                                                       Leucine=0.0006 

0.002 1494.0 1.00081 0.9285 

0.004 1485.2 1.00151 0.9313 

BcAcr  2/1

0

1




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0.004 1480.1 1.00223 0.9340 

0.008 1475.2 1.00295 0.9366 

0.01 1769.3 1.00368 0.9388 

                                                        Leucine=0.0008 

0.002 1498.6 1.00087 0.9347 

0.004 1488.3 1.00096 0.9380 

0.006 1484.4 1.00135 0.9399 

0.008 1480.2 1.00184 0.9427 

0.01 1472.6 1.00267 0.9455 

                                                         Leucine=0.001 

0.002 1500.2 1.00089 0.9421 

0.004 1488.5 1.00124 0.9446 

0.006 1482.6 1.00231 0.9501 

0.008 1475.3 1.00297 0.9527 

0.01 1416.4 1.00352 0.9560 

 

Table 3:- Measured parameters of Aceclophenac at different concentration of leucine.                                

w 

 
 x10

-7 
m

2
N

-1
 Lf x10

-7
 

m 
Z x10

9 

Kg m
2
s

-1
 

 

K  

m
2
N

-1
 

V  

m
3
mol

-1
 

 

Leucine-0.0002 

0.002 4.51204 43.97 1489.2417 4.19191 41.477 

0.004 4.51971 44.01 1488.0151 4.19904 20.903 

0.006 4.52674 44.04 1486.9031 4.20557 14.043 

0.008 4.53811 44.09 1485.0761 4.21614 10.614 

0.01 4.54458 44.12 1484.0641 4.22229 8.556 

Leucine-0.0004 

0.002 4.49893 43.91 1491.4773 4.17973 41.432 

0.004 4.52169 44.01 1487.7635 4.20088 20.878 

0.006 4.54646 44.13 1483.7489 4.22391 14.021 

0.008 4.57121 44.25 1471.6996 4.24691 10.594 

0.01 4.62141 44.49 1471.8025 4.29353 8.539 

Leucine-0.0006 

0.002 4.47658 43.79 1495.2101 4.15897 41.422 

0.004 4.52662 44.04 1487.4426 4.20551 20.713 

0.006 4.55414 44.17 1483.4006 4.23111 13.806 

0.008 4.58161 44.31 1479.5518 4.25666 10.353 

0.01 4.61512 44.46 1474.7071 4.28598 8.281 

Leucine-0.0008 

0.002 4.44888 43.66 1499.9037 4.13324 41.392 

0.004 4.51026 43.96 1489.7376 4.19027 20.850 

0.006 4.53223 44.06 1486.5041 4.21071 13.953 

0.008 4.55575 44.18 1482.9235 4.23258 10.492 

0.01 4.59909 44.39 1476.5318 4.27365 8.381 

Leucine-0.001 

0.002 4.43930 43.610 1501.5351 4.12434 41.382 

0.004 4.50779 43.940 1490.3457 4.18799 20.780 

0.006 4.53889 44.100 1486.0248 4.21694 13.793 

0.008 4.58090 44.304 1479.6816 4.25601 10.351 

0.01 4.56709 46.135 1421.3857 4.61484 8.296 
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Table 4:- calculated values of Falkenhagen coefficient( A ) and Jone- Dole coefficient ( B ) 

Leucine conc. 

moledm
-3

 
A  

dm
3/2

 mol
-1/2

 
B  

dm
3
mol

-1
 

0.0002 1.905 -12.80 

0.0004 1.983 -13.36 

0.0006 2.006 -13.52 

0.0008 2.113 -14.28 

0.001 2.218 -14.77 

 

Figures: 

 
Figure 1:- structure of aceclophenac. 

 

 
Figure 2:- structure of Leucine. 
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Figure 3:- Comparative UV-VIS Spectra of ACE, LEU and ACE-LEU Complex in DMSO Medium. 

 
 

Figure 4:- FTIR  spectra of  leucine. 

 
Figure 5:- FTIR spectra of Aceclophenac. 
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Figure 6:- FTIR spectra of  ACE-LEU complex 

 

0.002 0.004 0.006 0.008 0.010

4.4

4.5

4.6

4.7

4.8

4.9

5.0

A
d

ia
b

a
ti
c
 c

o
m

p
re

s
s
ib

ili
ty


concentration of Aceclophenac

leu 0.0002

 leu 0.0004

leu 0.0006

leu 0.0008

 leu 0.001

 
Figure 7:- Variation of adiabatic compressibility with concentration of ACE with varying concentration of LEU 
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Figure 8:- Variation of acoustic impedance with concentration of ACE with varying concentration of LEU. 
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Figure 9:- Variation of Intermolecular free length with concentration of ACE with varying concentration of LEU. 
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Figure 10:- Variation of apparent molar compressibility with concentration of ACE with varying concentration of 

LEU 

0.002 0.004 0.006 0.008 0.010

5

10

15

20

25

30

35

40

45

50

A
p

p
a

re
n

t 
m

o
la

r 
v
o

lu
m

e
 V




conc. of Acelofenac

leu 0.0002

leu 0.0004

leu 0.0006

leu 0.0008

leu 0.001

 
Figure 11:- Variation of apparent molar volume with concentration of ACE with varying concentration of LEU. 

 

Results and Discussion:- 
Spectroscopic study:- 

The molecular interaction between Aceclophenac and Leucine can be interpreted from UV-VIS and FTIR study. 

The UV-VIS spectra of Aceclophenac,Leucine,(ACE-LEU complex) 
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The spectra of Aceclophenac solution was taken in Carry 100 UV-VIS spectrophotometer. The max  of Leucine is 

found at 360 nm. In case Aceclophenac two peaks were observed at 320 nm and at 450 nm. After mixing both the 

Leucine peak and one peak of aceclophenac gets completely vanished and a new peak is created at 345 nm. This 

indicates a considerable interaction between the drug Aceclophenac and Leucine in DMSO medium creating a new 

amide linkage at hydrophilic end. 

IR spectra of LEU, ACE and ACE-LEU complex are represented by Figure 4, 5 and 6 respectively. 

 

The IR data of compounds are assigned in Table 1. 

 LEU, ACE and ACE-LEU show different IR bands in different regions.  

 

The characteristic band at 2957 cm
-1

 corresponds to 
2NH as present in LEU. The stretching vibration at 1406 cm

-1
  

and 1581 cm
-1

  correspond to asymmetric (
)( COcasy  ) and symmetric (

)( COcsym  ). Similarly the band at 3331 

cm
-1

 is an indicative of OH  for ACE. It shows two characteristic bands at1178-1280 cm
-1

 and 1050-1178 cm
-1

 

attributed to 
)( COcsym  and 

)( COcasy   respectively. The absorption band at 1771 cm-1( OC ) for ACE is 

shifted to lower wave number 1730 cm
-1

 which indicates the interaction of ACE and LEU. But no peak is observed 

for carboxylate ion and 2NH  group for ACE-LEU complex indicating the coordination of OH group and 

2NH . This interaction is confirmed by the appearance of band at 1435 cm
-1

  ( NC ) attributed to the formation 

of amide linkage. It is a clear indication that OH  group of carboxylate react with H of 2NH  losing water 

molecule and formation of amide group.  So in product Drug and Leucine interact to form an amide linkage which is 

supported by FTIR data. 

 

Ultrasonic study:- 

The basic parameters like Ultrasonic Velocity, density, viscosity at various concentrations and temperature of 

303.15K and other acoustic parameters are calculated using standard formula.The following parameters are 

calculated using speed of sound, density and other data. The parameters are Adiabatic Compressibility (β).Apparent 

molar volume (Vφ).Acoustic Impedance (Z), apparent molar adiabatic compressibility (
 K  )  .Intermolecular free 

length (Lf),Partial molar volume
V  & partial molar compressibility. (Kφ

o
). The density, ultrasonic velocity and 

viscosity are represented in Table 2.The experimental value of adiabatic compressibility, intermolecular free length, 

apparent molar volume, apparent molar adiabatic compressibility, and acoustic impedance with increasing mole 

fraction of ACE at different concentration of Leucine is listed in table 3.  

 

The ultrasonic velocity for Aceclophenac in presence of amino acid Leucine shows a decreasing trend (Table-2) at 

303.15K. The variation of U depends upon concentration of solute and force of electrostriction and temperature. In 

the presentstudy the value of U constantly decrease as the concentration of drug increased and also with Leucine 

concentration which indicate drug amino acid interaction in DMSO.As U decreases this indicates the solute is a 

structure breaker. 

 

 When Leucine is added to Aceclophenac solution in DMSO it do not interact with the solvent but the bulk become 

more structured having less force of electrostriction. This may be attributed to fact that more volume is available for 

next incoming molecule, so the adiabatic compressibility increases with increase in concentration of aceclophenac as 

shown in Figure 7.The increase of adiabatic compressibility show quite interesting trend after Aceclophenac 

concentration reaching 0.008 m/dm
3
.The sudden rise in the adiabatic compressibility of both the solute indicates a 

strong solute-solute interaction and least electrostriction in the medium. 

 

Due to presence of two methyl group in Leucine the electrostriction decrease as a result of hydrophobic salvation. 

The Acoustic Impedance is calculated using standard relations and found to decrease (Figure 8) which is in good 

agreement with U, which indicate significant interaction between Aceclophenac and Leucine in DMSO at a higher 

concentration of solutes. 
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The structural change occurring in ternary mixture with increase in concentration may cause the decrease in 

ultrasonic velocity indicating more Aceclophenac–Leucine interaction. It is observed that U and Z show nonlinear 

decreasing variation with concentration of aceclophenac justify a complex formation between ACE and LEU. 
fL

depends upon the size of the molecules as well as the distance between the surface of molecules. 
fL  values steadily 

increase with varying concentration of Leucine at lower concentration  but sudden rise at high concentration 

signifies rearrangement of hydrophilic & hydrophobic moiety.(Figure 9).  

 

The result of the present experiment is in good agreement with Eyring Kincaid model of sound propagation [22]. 

The theory predicts that ultrasonic velocity decreases with increasing of intermolecular free length in a liquid 

mixture. 

 

The apparent molal compressibility increases which justify the decrease in ultrasonic velocity as the concentration of 

ACE increases shown in Figure 10. 

The increase in K   indicates enhanced molecular association between the Aceclophenac and Leucine with 

increase of drug as well as Leucine concentration. K and V vary linearly with concentration of ACE (Figure 10 

and 11) and it indicates that 

K and V values are positive at all concentration of Aceclophenac 

The increase in K suggests the increase in ACE and LEU interaction which decrease in caging effect. The decrease 

in V  indicates release of H2O molecule through amide linkage formed between COOH of ACE and 2NH of 

LEU. (Scheme-I) 

At low  concentration of both the solutes V  values are positive and  comparatively higher which means presence of 

interaction of DMSO with  solutes but such interaction get diminished with increasing concentration of Leucine and 

Aceclophenac indicating decrease in stacking interaction between Aceclophenac and DMSO. The decrease in V  

indicates release of H2O molecule through amide linkage formed between Leucine and aceclophenac and strong ion-

ion attraction such that they occupy less space. 

 

Falkenhagen[23-27] coefficient, A  is due to the contributions from inter-ionic forces. The B -coefficient of Jone-

Dole equation indicates the ion-solvent interaction in solutions and provides useful primary data about the solvation 

of ions and their effect on the structure of solvent surrounding the solute molecules and has been interpreted as a 

measure either of structure forming or structure breaking capacity of a solute in solution depending on its 

magnitude. These coefficients are calculated by least square method using Jone-Dole coefficient.[28]  The values A  

and B are listed in Table 4.In the presence of Leucine increase in positive values of A  indicate solute-solute 

interaction. It means aceclophenac favourably interacts with Leucine and at its higher concentration interaction 

becomes more significant by formation of amide linkage and removal of water molecule. The B -coefficient values 

are negative but it decreases with substrate concentration which means Aceclophenac-DMSO interaction get 

weakened in the comparison of aceclophenac- Leucine interaction.[29] So the interaction of drug- amino acid is 

much dominating than drug-solvent interaction.  The solute-co-solute interaction may occur due to the formation of 

amide bonding between Zwitter ion of Leucine and hydroxyl (hydrophilic) group of aceclophenac (Scheme-II). 

 

Conclusion:- 
The current experiment can be summarized by the fact that interaction of Aceclophenac with Leucine in DMSO 

medium can provide various information regarding interaction sites and transformations. The UV-VIS and FTIR 

spectra conclusively prove interaction of Aceclophenac with Leucine. At low concentration of Aceclophenac and 

Leucine some association is observed between them but with increase in concentration of drug and amino acid the 

interaction between them becomes significant and finally association can be interpreted as formation of a new 

compound which is illustrated in drastic variation of all the parameters at high concentrations.  The assumption is 

again established by the increase in positive values of Falkenhagen coefficient ‘A’ with substrate concentration 

indicating strong solute–solute interaction. The study of kinetics & pharmaceutical properties of the synthesized 

product may explore a new horizon in the medicinal chemistry. 
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Interaction of Leucine and Aceclophenac:- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme-I:- Reaction of Aceclophenac with Leucine in DMSO medium. 

 

Hydrophobic, Zwitter ion & hydrophilic moiety of Leucine and Aceclophenac 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme- II:- Bonding between Zwitter ion of Leucine and hydroxyl (hydrophilic) group of Aceclophenac  
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