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ABSTRACT

In order to understand molecular interactions between simple amino acid such as glycine and antituberculosis drug
isoniazid, the density (0), relative viscosity (17;) and refractive index (np) of ternary glycine (0.02-0.34 mol-dm®) +
{aqueous isoniazid (0.02 mol-dm™)} solutions of were measured at 298.15 K. Apparent molar volumes (g,) were
calculated from density data and fitted to Massons relation to get partial molar volume (¢%) of glycine at infinite
dilution in aqueous 0.02 mol-dm? isoniazid solution. Viscosity data was analyzed by Jones-Dole relation and
viscosity B-coefficient for solute-solvent interaction was determined graphically. Refractive index data was used to
calculate specific refraction (Rp). Interactions between solute and co-solute have been interpreted form partial
molar volume of transfer (4, #%). Measured and derived properties have been interpreted in terms of glycine-water,
drug-water and glycine-drug interaction in binary and ternary solutions.
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INTRODUCTION

Drug-amino acid molecular interactions are of ggghificance in view of thermodynamic behaviobinchemical
processes and action of bioactive molecules [1yci@é can form H-bond with water through -NEind —COOH
groups. The structure of aqueous glycine solutahanges in presence of drug such as isoniazidiawdrmolecule
has hydrophilic as well as hydrophobic parts whidleract with similar regions in glycine and watablecules.
These interactions can be studied through measutesh@hysicochemical properties such as densisgosity and
refractive index of aqueous drug-amino acid sohgicApparent molar volumes and partial molar volsras well
as viscosityB-coefficient are helpful in understanding solutéssat interactions [2-3]. Partial molar volume of
transfer gives information regarding solute-co-smlinteraction. A survey of available literatureveeals that
molecular interaction studies in aqueous glycinarea + KBr at different temperatures [4], aqueolyxige +
galactose [5] aqueous-alcoholic glycine [6], glgcin aqueous diols [7], and amino acids in aqueoligions of an
antibiotic drug [8] have been carried out.

Objective of present work is to understand strctand interactions in ternary glycine + aqueousiénd drug

solutions at 298.15 K which is lacking as per therdture available. In continuation with our pragme to
understand molecular interactions in solutions 2§-an effort has been made here, to study theitgensscosity

and refractive index of ternary solutions of glyeifh aqueous isoniazid with varying concentratiohglgcine in

presence of aqueous 0.02 rdai® isoniazid at 298.15 K and understand structure mwdecular interactions
therein.
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EXPERIMENTAL SECTION

Glycine @D fine, AR Grade) and isoniazid (Figure 1) were usedvasiable. Double distilled water was used for
preparation all the solutions. Stock solution afi@aus isoniazid of 0.02 mdhi® concentration was prepared in 500
cm® calibrated volumetric flask. All other solutionsere prepared by dissolving accurate quantitieshafire in
agueous isoniazid stock solution. Density of défarsolution was determined by using single capilfaycnometer
(Riviera™) of 10 cnf capacity [13]. Weighing was done on single pantedeic balance (+0.001 g). Pycnometer
was suspended in constant temperature water bathbfout 15 min to attain the thermal equilibriumdahen
weighing was done. Average of three weights wasendikr density calculation. Viscosity was deterrdirfeom
flow time method using suspended letklype Ostwald viscometeBfrosilicate). Viscometer was suspended in
constant temperature water bath for about 15 miatt@in the thermal equilibrium. Average of thréanf times
were considered for calculation of relative vistpsif solution. Refractive index measurement wasedon Cyber
LAB-Cyber Abbe RefractometerAfnkette Analytics, £0.0002). Temperature of solution during refractimdex
measurements was maintained constant at 298.15Kt0y water circulation system available with ret@meter
using specially designed constant temperature wWaath. Temperature of sample solution was read igitatl
thermometer (0.1 K) attached to the refractometer.
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Figure 1: Chemical structuresof glycine and isoniazid

RESULTSAND DISCUSSION

Experimental and derived physicochemical propediesrepresented graphically. Experimental densiscosity
and refractive index data of glycine + 0.02 rioi® aqueous isoniazid solutions is presented in Figufe It is
seen form Figure 1-3 that density, viscosity arfctamive index of solution increased with concetitra of glycine
in aqueous 0.02 malm® isoniazid. Increase in viscosity is attributed ke tincrease in hydrophilic-ionic and
hydrophilic-hydrophilic interactions with increaseglycine concentration which causes more fractiopsistance
to flow of solution [8].

Figure 2. Variation in density (p) with concentration (c) of glycine + aqueous-isoniazid solutions at 298.15 K
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Figure 3. Variation in viscosity (#7) with concentration (c) of glycine + aqueous-isoniazid solutions at 298.15 K
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Figure 4. Variation in refractive index (np) with concentration (c) of glycine + agueous-isoniazid solutionsat 298.15 K
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Density data were fitted to Eq. 1 and apparent madumes §,) were calculated [14-15]. The molar concentration
of glycine was converted to molal concentratiomgstandard formula.

3

¢ :M+1O (:00 _10)

" p o mpp, )
Where,
Po= density of water/aqueous drug solution in whibftige solutions were prepared
p=density of experimental solution
M= molar mass glycine (75.07 g-ritpl
m= molal concentration of glycine
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Variation in the calculated, with concentration of glycine is presented in Fegb. It is seen that apparent molar
volumes §,) are large and positive and increase with conagatr of glycine for all solutions which is due to
presence of strong solute-solvent interactions.

Figure5. Variation in apparent molar volumes (¢,) with concentration (c) of glycine + aqueous-isoniazid solutionsat 298.15 K
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Dependence af, values on concentration of glycine is fitted te assons linear relation [16-17], Eq. 2.

¢v = ¢\? + Sv\/E (2)

Where,

¢°= intercept representing solute-solvent interastigrartial molar volume) and
S~ experimental slope representing solute-solutrattions

From the plot ofp, and~c (Figure 6),S, and¢®, were determined. Thegv increased with concentration of glycine.
From the Massons plot, partial molar volume atiindi dilution, ¢°, is found to be 43.25 chmol™® and the value of
S, was found to be 5.70 énkg®> mol®?. Large and positive value gf, indicates existence of strong solute-
solvent interactions in solution and positive vabii&, indicates presence of solute-solute interactiorsolution.

Figure6. Variation ¢, with \c (Massons relation) for determination of partial molar volume (¢°%) of glycine in aqueous-isoniazid
solutionsat 298.15 K
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Relative viscosity §,=n/n,) was calculated using Eq. 3:

= Pl @3)

7 P.t,

Where,, is density of water/aqueous drug solutignijs density of experimental solutio,andts are flow times
for water/aqueous drug solution and experimentaitism respectively.

Calculated relative viscosities with concentratiare presented in Figure 7. It is seen that redatiiscosity

increased with concentration of glycine. Relativiscusity data was fitted to Jones-Dole [18-20] eiogl

expression (Eqg. 4).

n,-1\Jc=A+BJc @)

Where, 17is viscosity of solutions,is viscosity of solvents;,=n/n, is relative viscosity and=concentration of
solution. AndA andB are viscosity coefficients determined as intercapd slope of the plog,-1/~\c versusvc
(Figure 8).

Figure 7. Variation in relative viscosity (#7:) with concentration (c) of glycine + aqueous-isoniazid solutionsat 298.15 K
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Viscosity B-coefficient gives information about solute-solveémteractions [21], solvation of ions and effect of
solute on structure of solvent near the environnodrgolute [22]. Value of viscosit-coefficient is found to be

0.20 dn¥mol™ which are in agreement with value @f, which indicates presence of strong solute-solvent

|—1/2

interactions. ViscosityA-coefficient is found to be 0.30 dfimol™? which is positive due to existence of solute-

solute interactions.

Temperature independent quantiggecific refraction (Rp) which explains electronic polarizability of a surste
was calculated by Lorentz and Lorenz [23] equafion

2
_(n,'-1 1

(5)
o, +2) p
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Figure 8. Variation in r/r—1/\/c with Vc for determination of viscosity coefficients as per the Jones-Dolerelation
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Specific refraction (B) of glycine in 0.02 motim? isoniazid is presented in Figure 9. It is seert 8pecific
refractions increased with increase in concentnatid glycine which indicated electronic polarizétil of a
substance increase with concentration of glycine.

Figure9. Variation in specific refractions (Rp) with concentration (c) of glycine + aqueous-isoniazid solutions at 298.15 K
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In binary aqueous isoniazid solutions, solute-sativeteraction between hydrophilic parts of drugl soolar water
molecule exists. The hydrophilic parts of isoniaget solvated by water molecules. On addition gftigle in
aqueous isoniazid solution, glycine through itsidopolar sites and hydrophilic sites interacts withlar water
molecules which perturb original structure of agugedsoniazid solution. This process removes wateleaules
from hydrated drug which decreases hydration nundbeirug. Structure of isoniazid in aqueous sohuti® thus
changed due to addition of glycine to binary systeis per the co-sphere overlap model [24] intéoacbetween
glycine and isoniazid can be of following types:iaj-hydrophilic interactions between zwitteriorgcoups of
glycine and —CONHNHKIgroup of isoniazid, b) hydrophilic-hydrophobiceénactions between hydrophobic part of
glycine and —CONHNEgroup of drug and c) hydrophobic-hydrophobic iattions between hydrophobic groups
of glycine and isoniazid. Positive value &f¢°, (43.25-42.97 [25] =0.28 chmol™) indicates interactions of the
type (a) are relatively dominant over the remairimtgractions.
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CONCLUSION

Glycine + aqueous isoniazid solutions have beetyaga for intermolecular interactions through measient of
density, viscosity and refractive index at 298.15Mparent molar volumes and partial molar volurhglgcine in
0.02 moldm? isoniazid solution was evaluated. Effect of presenf isoniazid on physico-chemical behavior of
aqueous glycine solutions with varying glycine camications has been studied 298.15 K. Experimamzlderived
properties revealed the presence of electrostatichgdrophilic or ionic interactions between solstdute, solute-
solvent and solvent-solvent molecules. Apparentameblumes and partial molar volume of glycine aaded the
presence of strong solute-solvent interactions. rEfeive viscosity increased with concentratiorgbyicine due to
strengthening of glycine-water interactions. Theuicture of aqueous isoniazid solution changed aditiad of
glycine. The ion-hydrophilic interaction betweemim part of glycine and hydrophilic part of drugnees into
picture on addition of glycine. Also, glycine indets with polar water molecules through its hydibhplzwiter-
ionic sites.
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