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Abstract

Purpose: This study was to investigate the solubility and Results: The results showed that the solubility of the
determine the thermodynamic parameters of solybdit fluoroquinolones in n-butanol increased with inciag
three fluoroquinolones in an organic solvent (nabof) so  temperature. Of the three fluoroquinolones studied,
as to establish their correlation with their tramsf norfloxacin was the most soluble in n-butanol.

(absorption and penetration of bacterial cell watfcesses. Conclusion: The solubilization process of these
Methods: The solubility of the three fluoroquinolones in n- fluoroquinolones in n-butanol was non-spontaneous.
butanol at different temperatures of 40, 25°C, 30°C, 37

°C and 45 °C, was determined using UV-visible Keywords: Fluoroquinolones, thermodynamics, solubility,
spectrophotometry at their appropriate wavelengtlis n-butanol

maximum absorption.

Indexing: Index Copernicus, African Index Medicus

| ntroduction membranes, whether bacterial or gastrointestinal
membranes. This is because the bioavailability of a

rug, minimum inhibitory concentration (MIC) and

ence its antimicrobial activity are dependent lo@ t

theEntry of the drug molecule into the bacterial @it

its interaction with its target within the cell.

Therefore, for the quinolone drug to be activehas

Hio be present in appropriate concentration at itee s

of action and must necessarily be absorbed through

various membranes [6-8].

In recent years, there has been a remarkable mgr{
in the development of the derivatives of nalidiaid
and the most important development is
introduction of a fluorine substituent at the C-6
position, which led to the production of the clads
quinolones referred to as fluoroquinolones whic
have greater activity against many difficult-toate
bacteria [1].

It was the synthesis of these fluorinated quinod;one!‘ipid solubility (Iip_ophilicity) s one of the most
known as fluoroquinolones that really opened up thdmportant _determmants of . the _pharmacok|net|c
field of quinolone antibacterial chemotherapy. Thes charact_enstlcs of a drug since it rel_ate_s to the
fluorinated quinolones are characterized by very lo absorption of t_he drug as _weII as the distribubidin
minimum inhibitory concentrations (MIC) for the dmg to its target site. It. 1S now generally
Enterobacteriaceae and a moderate activity again (fcognlzed that the more lipophilic a compound, the

Pseud ; d Staphvl | . etter its ability to cross the _Iipid membrane hae
[zsglu omonas aeruginosad staphylococcal species and hence increased absorption [8,9].

Drugs, therefore, must pass through the lipoidat fi
and in doing so, they must partition from an aqseou

may be responsible for differences in absorptiod anenwronment on the gastrointestinal lumen into the

tissue penetration which may potentially be prestict I|p0|dal_ membfa'?e bar_ner ano_l through this
: rpredomlnantly lipoidal environment in the membrane,

Sand then from the membrane barrier into the aqueous
environment of the blood or lymphatics that is ba t
Cother side of the membrane [9,10]

The differences in the activity of the quinolonae a
as a result of the differences in substitu¢itsvhich

solubility in organic medium and the thermodynamic
of the solubility are very important to understargi
the transportation of the drugs across biologi
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So if the drug does not have a propensity for th&hermoOrion combination glass electrode (Orion

lipoidal barrier, it will tend to remain in solutioin Research, Boston, MA).

the gastrointestinal tract. It is therefore necesHzat

the drug have some affinity for the lipoidal The three fluoroquinolones used for this work were

gastrointestinal membrane since lipid solubilityais  sypplied by reputable Pharmaceutical Companies in

important physicochemical property that governs thé\igeria. Norfloxacin and ciprofloxacin were obtaine

transfer through the biological membrane barriergom sam Pharmaceuticals (llorin, Nigeria) and

[10, 11]. ofloxacin (manufactured by Hoechst, Germany) was
. ) obtained from Nigeria-German Company (Lagos,

Attempts have been made to simulate blo-membranq@igeria)' Analytical grade of n-butanol (Sigma-

using simple solvent systems, and the organic BOIVe \jqrich Germany) was obtained from local supplier.
of choice in most cases is n-octanol. The octanol-

water system has been found to be a useful referenM ethods

solvent forin vitro studies since it closely simulates

the aqueous-lipid barriers found in the body, [12 —ipration Plot for the Fluoroguinolones in n-
14]. However, Davies et al. have argued that Ies%utanol

polar and inert solvents such as cyclohexane and

some other a_lcohols Wo_uld be more suitable from &tock solutions of ciprofloxacin (5 mg/100ml),
thermodynamic standpoint [15]. Infact, so_lventsehk ofloxacin (10 mg/100ml) and norfloxacin (10
cyclohexane have been found to yield goody100mi) were prepared in n-butanol as an organic
_correlatlons with the partitioning of solutes oht=d medium. The solutions were wrapped in aluminium
in model membranes compared to non-polar solventgy; g stored in amber coloured bottles to préwen
[15,16] minimize photodegradation. Standard solutions (25

L . . ml each) of the fluoroquinolones in n-butanol were
The application of the principles of thermodynamlcsthen prepared using aliquots of 0.0, 0.5, 1.0, 2.6,

has long been recognized as the most fundamentay 5 5 ) of the stock solution and the absorbafice
approach to the study of physical and chemical, y, of the final solution was measured at 260 and
changes such as solubility and partitioning. Bi®la§ ~ 3n0ny, ysing the spectrophotometer. Beer-Lambert's
processes are essentially physical and chemical Q¥y|ibration) plots for the three fluoroquinolonssre

nature and are therefore controll_ed by the exchafige then prepared by plotting absorbance values against
energy, so that thermodynamic concepts are a|SfP]e concentrations of fluoroquinolone.
applicable to biological systems [15].

o . i Deter mination of the Solubility of Fluoroguinolone
The spontaineity of chemical reactions depends o[}, \_gutanol
the relative size of the enthalpy and entropy \alue

Free energy is a state function that re_lates tsednd -\ own weights (20 mg each) of finely divided pure
the second laws of thermodynamics. The energy,,roquinolone powder were placed in dried and
value which is given by the change in Gibbs fre€; a0 \olumetric flasks and 5 ml of n-butanol was
energy AG) represents the combined contribution Ofadded to simulate lipoid organic membrane. The

the change in enthalpyA() and change in entropy ¢y tions were protected from light by wrapping the
(AS) values for a chemical reaction; therefore, Changﬂasks in aluminium foil and agitated for 5 h in a
in free energy AG) is the ultimate or absolute temperature-regulated water bath set & 26, 3¢,
predicator of reaction spontaneity [17]. The PUEDOS 37054 48¢ (+0.7C) respectively. After equilibrium

of this study was to evaluate the thermodynamics as achieved, a 1 ml clear solution was removed
the solubility of some fluoroquinolones in n-butano from the saturated solution in the flask and shrial
diluted with n-butanol and the absorbances of the
final solutions were measured using the
spectrophotometer at wavelengths of maximum
absorption already determined with the pure
) . . fluoroquinolones above. From the absorbance values,
Ultra-violet/Visible = spectrophotometer — (UVIVis 0 o ypilities of the fluoroquinolones in n-busén
Spectrometer, model T70, PG Instruments Ltd, o0 cajculated after interpolation of correspogdin
United ~ Kingdom), thermostated —shaker — bathy,,centration from already prepared calibratiorsplo
(Gallenkamp, United Kingdom), water deionisergaqaq on the solubility at different temperatures,
(Model 6C Houseman [Burnham] Ltd, United \an Hoff plot of In S versus 1/T (reciprocal of

Kingdom), sensitive analytical balance (b15, Meftle o \neratre) was prepared and the thermodynamic
Toledo, Switzerland), pH meter (Model 3020, serial,; ameters of the solubility of the fluoroquinolerie
no. 4519, Jenway, United Kingdom) with @ _butanol were calculated

Experimental

Materials
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Results and Discussion compound since it will take lesser energy to brigak
crystal lattice structure.

In the organic medium used, the solubilities ofsthe G I h dard f h ;
fluoroquinolones were lower than they were in the energ y,. the st:;;m ard lree energy change o
lubilization AGS) for each of the three

aqueous buffer at the thermodynamic temperature ¢1°
25 °C. In n-butanol, the solubilities are as follows: fluoroquinolones was higher in n-butanol than ia th
77.50pug/ml (2.01 x 10" M) for ciprofloxacin, 162.50 buffered aqueous medium so that more energy or
ug/ml (4.50 x 10 M) for ofloxacin and 225.00g/ml  work is needed for the fluoroquinolones to be stalub
(7.05 x 10" M) for norfloxacin. Of the three in n-butanol compared to the aqueous medium [18].
fluoroquinolones, norfloxacin was the most soluble From the results, the solubilization of the three
n-butanol.As the temperature icreased, the sotubili fluoroquinolones in n-butanol also increased with
of the compounds slightly increased. increasing temperature and the spontaneity of the
solubilization was dependent on temperature as well
The van't Hoff plots (Figure 1)for the solubilities as the relative size of the standard change in
was linear with negative slopes and correlatiorenthalpies&H®) and the standard change in entropies
coefficients (f) greater than 0.99 and hence the van't #
Hoff method was useful for the respective(
thermodynamic analyses [18-20]. solubilization pH?) of the fluoroquinolones are as

, . follows: +17.82 KJ/mol for ciprofloxacin, +11.78
From the vant Hoff plots, the thermodynamic KJ/mol for ofloxacin and +9.48 KJ/mol for

functions (standard changes in free energy, enghalp . " .
and entropy) of the solubilities of the compounds a norfloxacin. The positive sign of the standard gem

summarized in Table 1. The analysis made bin enthal_py of solubilization in n-butanol for thaee
considering the sign and magnitude of the respectivluoroqumo_lones, showed that the process was
thermodynamic functions has been traditionallyendOtherm'C'

relevant in explaining the basis of reactions a
molecular level.

Asj). The standard changes in enthalpy of

tI'he standard changes in entropy of solubilization
(ASE) of the three fluoroquinolones gave negative

The standard free energy change of solubilizatiowalues with a magnitude of —-10.94 J/mol.K for
*(AGE) in n-butanol at 25°C also gave positive ciprofloxacin and —24.55 J/mol.K for ofloxacin and
27.28 J/mol.K for norfloxacin. The entropy values
reported as J/mol.K were low compared to the
enthalpy values that are in KJ/mol. The negatiga si

values in all the cases; +21.08 KJ/mol for
ciprofloxacin, +19.09 KJ/mol for ofloxacin and
+18.00 KJ/mol for norfloxacin. The smaller the free
energy (&Gz) values, the greater the solubility of a

- }
i) . . - — — —

0.0031 0.00315 00032 0.00325 0.0033 0.00335 0.0034 0.00345

1/T (°K)

~=Ciprofloxacin =—dk—0floxacin =C=Norfloxacin
Figure 1: van't Hoff Plot of In S versus 1/T for the solubjliof fluoroquinolones in n-butanol

Table 1: Solubility and thermodynamic profiles fluoroquinaks in n-butanol at 26

] ] ]

Fluoroquinolone Slc_)lpe of Plot AGS‘ AHS ASS
(K™) (KJ/mol) (KJ/mol) (J/mol.K)
Norfloxacin -1139.80 +18.00 +9.48 -27.28
Ofloxacin -1416.90 +19.09 +11.78 -24.55
Ciprofloxacin -2143.40 +21.08 +17.82 -10.94

J Sci Pract Pharm. December 2014; 139:



Eboka & Okeri

of the entropy values for the three fluoroquinokne 3.
showed that the solubilization was not entropy-einiv

because standard change in free energy increases as

AS; is negative. Thus, the ABE term in the Gibbs 4.

free energy equation becomes positive and the
standard change in free energy tends to be positive
depending on thaHz contribution. The lesser the °

magnitude of the entropy values (i.e. more neggtive
the lesser free energy content and such processes
entropy-driven based on organizational changesent ™
medium.

Of the three fluoroquinolones studied, norfloxacin
was most soluble in n-butanol. This was due to the’
fact that he much lower standard change in free
energy, change in enthalpy and the change in entrop
of solubility for norfloxacin in n-butanol (i.e. d¢ihest
negative value) could be the explanation for this.

Conclusion

10.

The thermodynamic parameters of solubilization of
the fluoroquinolones in n-butanol, showed that the
solubilization process of these fluoroquinolones wa
non-spontaneous. Energy barrier  for
solubilization was overcome by increasing
temperature and by work on the system throug
agitation which increased disorderliness and hence
entropy. The solubilization of the three

fluoroquinolones in n-butanol also increased withl3.

increasing temperature and the solubilization was
dependent on temperature as well as the relatage siq,
of the standard change in enthalpiAtHg) and the

standard change in entropieksg).
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