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ABSTRACT

Partial molar volume, V?°, of Ciprofloxacininwater, 0.05mol Kg* hydro-
chloric acid and 0.05 mol Kg?, Iron (111) chloride solutions at 298.15 and
308.15 K was calculated from precision densities obtained from Density
Sound Analyzer (DSA 5000). The data represent the smaller volume of
drugin 0.05 mol Kg!Iron (111) chloride solution than water and 0.05 mol
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Kg! hydrochloric acid at constant temperature. The differencesin vol-
umes are interpreted as due to hydrophobicity of solutes. Relative hy-
drophobicitieswere estimated from volumes of transfer from one media
to another media. The hydrophobicity of this compound also plays a
key role in the drug action. The possible mechanism of drug binding

with the membrane structure is also discussed.
© 2011 TradeSciencelInc. - INDIA

INTRODUCTION

Inbio-physica chemidry, druginteractionisthesub-
ject of intensve studies, involving complex molecular
mechani sm and certain hormones, antibiotic and pep-
tide actions, amphiphilicity in molecular structureare
considered to beakey factor intheoverall drug mecha
nism™2, Theknowledge of thermodynamic properties
and propertiesof water and aqueous solutionsinrela
tionstoionsor other types of solute moleculesare of
particular importancein biology™. Thepartial molar
volume of asol ute can beregarded asthe sumof intrin-
sicvolume, V,, plusvolumetriceffects of sol ute-solvent
interactiong”. Thepartid molar volumeandtherelated
volumetric parameters of drug compoundsin aqueous
solutionsat different temperaturesand pressureshave

been investigated by several authors®9.

Sincevolumeisan additive property thereforegross
changesin thevolume of asystem can be assessed by
comparing the volume of the system with those of its
components hencevolumetric dataof drugs can pro-
videcduestotheinteractionsoccurringincdlular fluids.
Recent literature on the volumetric propertiesof drug
and other material sof biologica importance showsin-
creasing interest by anumber of workersinthisareaof
study (6-10).

Thefluoroquinolones are wel | -established broad-
gpectrum antibioticswith activity againg clinicaly im-
portant uropathogend®*3l. Ciprofloxacinisone of
them which have been eval uated as single agentsfor
thetreatment of pneumonia. Thisfluorinated quinolone
demonstrates excellent in vitro activity against
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Haemophilusinfluenzae, Enterobacteriacae, includ-
ing Enterobacter cloacae, methicillin-susceptible Sa-
phylococcus aureus, and Pseudomonas aer uginosa,
and moderate activity against Streptococcus
pneumoniag’+18, Duetoimportance of ciprofloxacin
asan antibiotic drug, the study of itsvolumetric prop-
ertiesin various aqueous solutions may be helpful in
investigating the molecular phenomenon occurringin
physiological media*®?,

Thiswork ispart of astudy of molecular interac-
tionsin drug-substrate systems using thermodynamic
methods. Partid molar volumesof ciprofloxacin, iscd-
culated from experimental dengtiesin water, 0.05mol
Kg? hydrochloric acid and 0.05 mol Kg?, Iron (1)
chloride solutionsat 298.15 and 308.15K calculated
from precision densitiesobtained from Density Sound
Andyzer (DSA 5000). Thedataarediscussed interms
of relative solvation of thiscompound inwater, hydro-
chloricacidand Iron (111) chloride solutions. The hy-
drophobicity of drug and aspectsof structural features
along with drug action are also discussed.

RESULTSAND DISCUSSION

Theapparent molar volumesof ciprofloxacin (V, /
cm®.mol 1) havebeen cal culated by thefollowing equa
tion
V,=M/d-10%d-d )/mdd, )
WhereM isthemolar massof ciprofloxacinandd , d,
and m arethe solvent density, solution density and the
solution moldity, respectively. The constant 10%isfor
reca culation of moldity from mol/Kginto mol/gtobe
consistent with M inmol/g. TheV , dataobtained from
equation (1) wasfitted to thefollowing equation.
V,_Vo+Sm, @)
Where\Pisthepartid molar volumeat infinitedilution,
misthemoldity of ciprofloxacinsolutionand S isthe
impirical parameter which depends on solvent, solute
and temperature®. Thevaluesof VPand S, aregiven
iNnTABLE 1. Thevaluesof partial molar expansivity
werethen cal culated from the partid molar volume by
therdation:

E°=(ev/oT), (©)
Theisobaric coefficient of therma expansionwasde-
termined, asdefined by(?,

==  Pyl] Peper
(), = (E°/V),, 4)
Thevauesof E°and (oc)paregiven iINTABLE 2.

Theincreasein partia molar volume VP withanin-
creaseintemperature (TABLE 1) isbelievedto beoc-
curring dueto thereductionin electrostriction. A de-
creasingtrend isalso observedinthevaluesof \° as
the solvent mediachangesfrom water to 0.05 mol/Kg
HCl and 0.05 mol/Kg FeCl,.6H,O solution at thesame
temperature. Thiscan be explained by the disruption
phenomenon of side-group hydration by that of the
charged end. Theva ues of the partial molar transfer
volumeAV  of ciprofloxacininwater and 0.05mol/Kg
HCI and water and 0.05 mol/Kg FeCl, solution are
giveninTABLE 3and arecdculated as,

AV =Ve(inwater)-Ve(inag. HCI) (5)
AV, =V°(inwater) - V°(in ag. FeCl,) (6)

Thepositivevauesof AV, indicated that hehydra-
tionshell of the solutemol eculeincreasesin volumewith
thechangeof solvent duetoincreasein hydrogen bond-
ing with thewater molecules asdiscussed above. This
leadsto decreaseto structure breaking tendency of the
ion and then enhance the € ectrostriction of the water
caused by hydrogen and chlorideion.

Partial molar expansibilitiesE°, can be caculated
using equation 2. E° valuesobtained inthismanner are
shownin TABLE 2. Thepositivevauesof E° indicate
that the hydration shell of the solute mol ecul esincreases
involumewith achange of the solvent duetoincrease
inthewater mol eculesand henceindicatethe predomi-
nanceof hydrophobic hydration over thedectrodtriction
of water moleculesaround the sol ute mol ecul es.

The compound studied in this work is a
flouroquinoloneantibiotic which exhibitsminimal side
effectsand hasbroad antimicrobia spectrum, isbeing
used frequently totreat variousinfectiong?. Figure 1
showsthat animportant structura feature of thesecom-
pounds s the presence of hydrophobic and hydro-
philic domains. The hydrophobicity of these com-
pounds may well play acrucia roleintheresulting
drug reaction. It can be argued that the hydrophobic
force supplementsthe structure-activity relationship
in that these moleculestend to bind in asite-specific
manner. The hydrophilic and hydrophobic partsof the
drug match with the specific counter steson themem-
brane. The hydrophilic part of the drug molecule be-
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ing anchored to the polar head group of thelipid chain
(or at some suitable site on the imbedded protein),
pushes the hydrophobic tail into the bilayer grease.
Thedecrease of the bioavailability of ciprofloxacindue
tointeractionswith drugsor food containing metal ions
isknown for along time?28l, A marked rank order
correlation between the extent of ciprofloxacin coor-
dination with various metal cationsand thereduction
in ciprofloxacin oral bioavailability was observed.
Thus, thereduction of bioavailability issomehow re-
lated to the formation of complexes between
ciprofloxacin and metal iong?”. The complexed spe-
ciesisdifferent from the uncomplexed drugin size,
geometry and charge. Thesefactors could hinder the
passvediffusonof ciprofloxacinthrough thecel mem-
branesd??l, Thus the partial molar volume, V°, of
ciprofloxacinvaues(TABLE 1) inFeCl,, solutionwas
found to be decreased as compared with water and
HCIl which may be dueto the complex formation.

EXPERIMENTAL

Ciprofloxacin C H,,FN,O,, usedinthisstudy was
supplied by Sigma (64K-661214). Itisafaintly yel-
lowishtolight yellow crystdlinesubstanceanditschemi-
ca structure (Figure 1) The solventsused were water,
conc. HCI (Riedel-231-595-7) and FeCl,.6H,O
(Merck, D6100). Thiscompound wasfurther purified
by recrystallising from ethanol-water mixture. Water
used in the experimentswere doubly distilled and de-
gassed. Solutionswere prepared immediately prior to
measurements by addition of stochiometric quantity
ciprofloxacin to the solvents and were prepared by
weight using Sartoriousbalance. The molality range
studied was between 2.0 x 102 + 10°mol Kg* and
3.0x102+10°moal Kg?. Thedensity of Ciprofloxacin
solutions of different concentrationsat different tem-
peratureswere determined by DSA. Beforemeasure-
mentsthe DSA was calibrated using ultrapure water
and air at each temperature.
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