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ABSTRACT

Thevolumetric properties of four anti-tussive drugsviz., ephedrine HCI,
dextramethorphan HBr, aminophylline and diphenhydramine HCI includ-
ing Apparent molar volume, V f partial molar volume, V°, pair interaction
parameter, S, partial molar expansivity, E°, and isobaric thermal expan-
sion coefficient, o, in water and 0.02 mol kg™ MgCl, 6H,0 are determined
at 298.15K and 308.15 K. All these parameters have been computed from
the measured sol ution densities obtained by an electronic vibrating tube
density sound analyzer (DSA 5000). However, applications of volumetric
measurements to the study of solvation of above mentioned drugs re-
flects theoretical frame work to rationalize the measured volumetric
observables in terms of solute-solute and solute-solvent interactions in
water and 0.2mol kg*. A least squarefit method is used in computation of
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above mentioned properties.

INTRODUCTION

Therearemany drugswhich show their activity by
interacting with biologica membranes. Interactions of
thedrugwith excipientscandso affect ther bioavallability
and stability. Perceptiblethermodynamic changesare
found to be associated with the processes of drug ac-
tivity*2. Indrug protein binding astrange behavior has
been observed with respect to certain drugs®. Dueto
the complex structure of biomoleculesitisdifficult to
carry out in physiological media. That iswhy itissug-
gested that each component of these systems must be
studied individualy before going to morecomplex sys-
tems. Thethermodynamic methodsarewel | knownand
better for studying the molecular interactionsinfluids.
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Thepartid molar volume, Gibbsenergy, isasensitive
parameter for evd uating thesolute—solvent interactions.
Sincevolumeisan additive property, gross changesin
volume of the system with its componentscan beas-
sessed. Molecular interactionswith in the system can
also be assessed from volumetric data. Various pro-
cessesin solutionssuch asd ectrogtriction’®, hydropho-
bic hydration(®, micellization and co-sphere overlap
during sol ute-soluteinteraction have beeninterpreted
tolargeextent, from partiad molar volumedataof many
compoundsincluding amino acids, peptidesand a so
somedrug compounds®.

Ephedrine HCI, diphenhydramine HCI,
dextramethorphan HBr and aminophylline are well
known cough suppressant and energy pillsand provide
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therelief against cough and watery eyesand influenza.
Thesedrugs strongly bind to plasmaproteing'®. Asa
part of largeterm objectiveof present work istoinves-
tigate the thermodynami c aspects of biomolecular pro-
cessesinvolving such drug macromol ecul einteraction,
theresultsof determination of apparent molar volume,

vV, , partial molar volume (\°), solute-solvent interac-
ti on parameter, S, partial molar expansivity, E°,, and
isobarictherma expans on coefficient, o, of four drugs
mention aboveinwater and 0.02 mol kg1 MgCl,.6H.,0
at 308.15K arereported inthiswork.

RESULTSAND DISCUSSIONS

Apparent molar volumewerefirs caculated usng
following equation*¥

~1000(d, —d)+M /d
0= mdd_1 @

Whered, d, m and M are the densities of solution
solvent, molality, and molar mass of solute. V, data
werefoundtovary linearly and werefitted tofollowing
equation®

V¢=V°+ S,m 2
Where V°isthe partial molar volume of solute mol-
ecule. Thevalues \° and correl ation coefficient have
been estimated by theleast squarefitting of the appar-
ent molar volumedatain equation (2). Only Veand S,
aresufficient tointerpret thedata.

Thevaluesof partial molar expansivity werethen
cd culated™ fromthepartia molar volumeby thefol-
lowing relation?!

E0=(“VoPT), ©)
Sincethechangesin solution structureare very sensi-
tiveto temperature, the partial molar expansionisa
better criterion for the detection of solute solventin-
teractions. From the partial molar volume, V°, data
theisobaric thermal expansivity coefficient of solute
atinfinitedilution, o, was al so cal culated by thefol -
lowing equation?2,

a,= UVO (Vo T), )
According to the scaled particle theory (SP)*9, the
expressonfor partia molar volumeof solutedilutionis
givenasfollows.

VesV_ +V, +p°RT ©)
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WhereV  andV, arethecontribution duetheforma-
tion of cavity and from intermolecular interaction re-
spectively, feistheisothermal compressibility of the
solvent Risthegasconstant T isthe absol utetempera-
ture. Thecreation of cavity isapositive contributionto
the partial molar volume of solutewhereastheattrac-
tiveintermol ecular solute-solvent interactionscausea
negative contributioni.eshrinking thecavity.

In magnesium chloridethe expansivity of cavity
takes placein diphenhydramineHC| and aminophylline
on increasing the temperature but oppositetrend in
ephedrineHCI. Isobaric thermal coefficient of
ephedrineHCl and dextramethorphanHBr decreases
withincreasein temperature. It meanswhen tempera-
tureincreasesdensity decreasesresultingin adecrease
of partid molar isobaric therma expansion (o). Smilar
trend was observed by Igba and Verdl [6] but in other
two drugs an opposite trend was observed i.e in
diphenhydramineHCI and aminophyllinethistrend was
comparableto Neal and Goring*”.

It has been observed that some drugs show posi-
tiveS, values. It isbelieved that solvent moleculesare
morestructuredinbulk phasethaninthesolvaion sphere
of bulk solvent!*, the characteristics of co spherede-
pends upon the drug structure, size, shape and
solvophobicity!*, It has been seen that partial molar
volume, partiad molar expansion E,° andisobaric ther-
mal expansion o, areindependent of concentrationsince
thechangesinthe solution structurearevery sensitive
to temperature changes.

Transfer Volumeof drugsfrom solutionsin water to
aqueous M agnesium Chloridesolutionsare cdculated
as,

V, =Ve (in aqueousmagnesium chloride solution) —
Ve(inwater) (6)

The Positivevaluesof transfer volumeindicatethe
effect of hydrophilic parts. lon-hydrophilic group con-
tributespositively to the volumetransfer because of the
water structurethat isformed around thisgroup asa
result of co sphere overlap. Thisindicatesthat hydro-
philic-hydrophilicinteractionsaredominant over hydro-
phobic-hydrophilicinteractions.

EXPERIMENTAL

Thedrugs, dextramethorphanHBr, aminophylline,
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ephedrineHCl, DiphenhydramineHCl werepurchased  samplesare purified by recrystalization from ethanol
from sigma, thepurity exceeds 99 %. Thesolventused  water mixture. Water used in thiscaseisdoubly dis-
were water and 0.02 mol kg* MgCl,.6H,0. The tilled and degassed.

TABLE 1: Partial molar volumeV°and S, in 0.02 mol kg*MgClI,6H.0 at 308.15K and 298.15K

0.02 mol kg*MgCl,6H,0 0.02 mol kg*MgCl,6H,0 Water
Compound T=308.15 K T=208.15 K T=308.15 K
Ve(ecm’mol™®) S, (ecm’mol™®)  VP(cm®mol™) S, (cm’mol?)  V°(ecm®mol™) S, (cm®mol™)
EphedrineHCl 149906 + 0.117 -5.662+0.163 147.978+1.20 -5375+0.161 134.212+0.044 -9.354+ 0.119
Aminophylline 320.559+0.135 -38.287 +£0.515 316.830+0.318 -29.577+1.316 230.472+0.083 -8.908 + 0.335
DiphenhydramineHCI 232.182+0.135 -7.668+ 0.410 230.132+0.558 -1.634+2.338 285.183+0.029 -3.915+0.321

DextramethorphanHBr 343.508 + 0.006

-8.151+0.024 339.289+0.043 -6.647+0.174 306.183 + 0.065 -24.777 + 0.420

TABLE 2: Transfer volume, V° at 308.15K

Vin0.02m , . 0
S Compound MgCI26H20V 'Qwat_ef 3V v
No 52 27 (em®mol ) (em® mol )
(cm®mal )
1 Ephedrine HCI 149.906 134.214 15.694
2 Diphenhydramine HCI 232.182 230.472 1.71
3 DextramethorphanHBr 343.508 285.183 58.326
4 Aminophylline 320.559 306.183 14.375

TABLE 3: Calculated datafor partial molar expansibilities
(E%)

1

Compound E% am>mol K
EphedrineHCI -0.1928
Aminophylline -0.3729
DiphenhydramineHCI -0.205
DextramethorphanHBr -4.5894

TABLE 4: Calculated datafor partial molar isobaricther-
mal coefficient (a.))

Compound a,at 298.15k a,at 308.15k
EphedrineHCI -0.0013 -0.00128
Aminophylline - 0.0012 -0.00116
DiphenhydramineHClI -0.00089 -0.00088
DextramethorphanHBr -0.0135 -0.01336

CONCLUSION

We have used the densimetric techniqueto mea-
surethe changesin apparent molar volume, transfer
molar volume, partid molar expansvity and partid molar
isobaricexpangvity of four anti tussvedrugsephedrine
HCl, dextramethorphan HBr, aminophyllineand diphen-
hydramineHCl inwater and 0.02 mol kg* MgCl,6H,0
at 308.15K. Theresultsfor al thesefour drugscan be
interpreted by cons dering the changes of changes of
the hydrophilic hydration around the polar head groups

and hydrophobic hydration around the aromatic rings
on thesedrugs. Higher values of partid molar volume
were obtained when solvent—solvent interactions were
higher than solute—solvent interaction.
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