Acta Poloniae Pharmaceutica — Drug Research, Vol. 70 No. 5 pp. 869-872, 2013

ISSN 0001-6837

Polish Pharmaceutical Society

PHARMACEUTICAL TECHNOLOGY

MOLECULAR PROPERTIES IMPACT ON BIOAVAILABILITY OF SECOND

GENERATION TRIAZOLES ANTIFUNGAL AGENTS

MONIKA K. GRUDZIEN', KAROLINA PALKA!, FRANCISZEK A. PLUCINSKI?
and ALEKSANDER P. MAZUREK"*

' Medical University of Warsaw, Faculty of Pharmacy, Department of Drug Chemistry,
1 Banacha St., 02-097 Warszawa, Poland
2 National Medicines Institute, 30/34 Chetmska St., 00-725 Warszawa, Poland

Abstract: The bioavailability of active compounds depends on their two main features: solubility and
permeability. The experimental determination of these factors is rather cumbersome. The free enthalpies of
salvation AG in water and chloroform, and the electrostatic potential surface around examined molecules were
ab initio calculated by HF method for voriconazole, posaconazole and ravuconazole. These quantities are
assumed to be the new determinants correctly describing both solubility and the affinity of biologically active
compounds to lipophilic tendency to cross cellular membranes. The values of AG were compared to the
theoretically and experimentally determined partition coefficients. The calculated values of AG and electrostatic
potentials appeared to be consistent with these partition coefficients. It leads to conclusion that these
theoretically derived parameters AG and electrostatic potential could be useful tools for fast and precise

classification of chemical substances within the Biopharmaceutics Classification System (BCS).
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In the antifungal therapy a few groups of
compound are used of which azoles are the most
common. The azole antifungals include two classes
of compounds, imidazoles and triazoles, which
share the same mechanism of action. They
selectively inhibit CYP450 14o-demethylase
(CYP51, lanosterol demethylase).

The nitrogen (N-4) atom in triazole ring binds
the heme iron atom of the active site of CYP51 [1].
Lanosterol 14o-demethylase is an enzyme, which
catalyzes oxidative removal of the 14o-methyl
group from lanosterol in ergosterol biosynthesis
pathway. This is the crucial point of biosynthesis,
therefore, CYP51 is a good molecular target for
antifungal agents. The main function of ergosterol is
regulation of fluidity and permeability of the fungal
membranes as well as regulation of activity and
distribution of membrane-bound enzymes.
Inhibition of sterol 14a-demethylase results in the
lack of ergosterol and induces the block of fungal
growth. Furthermore the toxic sterol precursors like
squalene, zymosterol, lanosterol, 4,14-dimethyl-
zymosterol and 24-methylenedihydrolanosterol are
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being accumulated and make the membranes of
fungal cells unstable (1-3).

The agents from second generation of
triazoles:  voriconazole, posaconazole and
ravuconazole (Fig. 1) were examinated. The
attributes of these drugs are good bioavailability
after oral administration, high effectiveness in
treatment of deep-seated mycosis, broad activity
spectrum and negligible side effects. Voriconazole
has the highest oral bioavailability - approximately
96%. Good penetration to cerebrospinal fluid and
brain tissue it owes to its lipophilic properties (3, 4).
Voriconazole shows antifungicidal activity against
Aspergillus species and fungistatic activity against
Candida, Fusarium and Scedosporium species.
Therefore, its main therapeutic indications are
treatment of invasive aspergillosis, fluconazole-
resistant serious invasive Candida infections and
grave fungal infections caused by Scedosporium
spp- and Fusarium spp.(3, 4). In contrast, the oral
bioavailability of posaconazole is elevated by
ingestion of a high-fat meal and this drug has higher
distribution volume than voriconazole (5).
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Figure 1. The examined second generation antifungal triazoles

Pharmacokinetics of posaconazole depends, to large
extent, on its hydrophobic properties. The antifungal
activity of posaconazole is similar to voriconazole,
although it has also activity against Zygomycetes,
Coccidioides species and is effective in treatment of
chromoblastomycosis. Moreover, one of its main
applications is prophylaxis of invasive aspergillosis
and candidosis in immunocompromised patients (5,
6). The pharmacokinetics of ravuconazole, which is
currently in phase II/III clinical trials, is similar to
posaconazole because of its strong lipophilic
properties. Ravuconazole shows fungicidal activity
similar to voriconazole, although it has not activity
against Fusarium and Scedosporium species (7-9).

The hydrophilic-lipophilic balance is a very
important feature for oral absorption and membrane
permeability of triazole antifungal agents.

The main aim of our studies was to verify
hypothesis stating that properties like: free enthalpy
of solvation (AG,,,) in water and organic solvents,
and the electrostatic potential surface around
molecule in water can be good criteria in an
estimation of the bioavailability of antifungal
agents. This work is a continuation of our previous
studies (10), but both investigations comprise new
approach. The AG,,, value and the electrostatic
potential range along with the theoretical and the
experimental logarithm P values were used to

predict an aqueous solubility and the intestinal
permeability of examined compounds.

METHOD

The AG,,,, in water and chloroform values were
calculated. At first, the lowest energy conformers of
each antifungal agent were found with the use of the
molecular mechanics (force field MMFF) and
Monte Carlo method (Spartan (11)). In the next
stage, all conformers were used as starting point
structures in ab initio calculations (Gaussian 03
(12)), which were carried out at the Hartree-Fock
level. Then, the optimized structures of
voriconazole, posaconazole and rawuconazole were
used to determine AG,,, in water and chloroform -
IEFPCM model (Gaussian 03) (13-15) and the
electrostatic potential surface around molecule in
water (Fig. 2). We chose chloroform instead of 1-
octanol, because of the lack of € for this solvent in
Gaussian 03 parameterization (Cuoroform = 495 €noctanol
=5.1).

The next stage of our studies was experimental
determination of octanol/water partition coefficient
for voriconazole and posaconazole. The logarithm P
value was determined with the use of the shake-flask
method — two not mixed solvents: water and n-
octanol are the important feature of this
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HF method Electrostatic

Compounds AG,,, [kcal/mol] pofiggil?;]rgﬁge

water chloroform

Voriconazole -1.49 -1.83 -83.64 - 52.24
Posaconazole -3.37 -2.93 -58.18 - 34.05
Ravuconazole -2.65 -2.35 -60.58 - 34.71

Table 2. The experimental and the theoretical log P values.

Compounds Experimental logP ACD/logP Ghose-Crippen
Voriconazole 1.98 0.93 2.28
Posaconazole 2.59 2.25 4.12
Ravuconazole - 3.89 5.42

methodology. At last, after measuring concentration
of examined compounds in both solvents by
UV/VIS spectroscopy, the logarithm P was
calculated as logarithm from the ratio of examined
substance concentration in n-octanol to its
concentration in water.

Finally, the theoretical logP was calculated with
the use of ACD/logP algorithm (ACD/Chem Sketch
12.0) (16, 17) and Ghose-Crippen algorithm (Spartan)
(18, 19). The first one is classified as the most
common fragment constant methods and the second
one in based on atomic contributions approach (20).

RESULTS AND DISCUSSION

The calculated AG,,, values in water and
chloroform as well as the electrostatic potential
range are presented in Table 1.

There we particularly focused on the
identification of molecular determinants which are
likely to influence bioavailability of three triazole
antifungal agents: posaconazole, ravuconazole and
voriconazole. The solvation free enthalpy is a
representative measure of the affinity of solvents to
studied compounds and consequently, the strength
of solute-solvent interaction in water and
chloroform. The electrostatic potential value gives
additional information which explains solute - water
(polar solvent) interactions and polarity of examined
compounds. The experimental and theoretical
logarithm P reveals lipophilicity of active
substances (Table 2).

The results for voriconazole point to good
solubility in water, but still better in organic solvent
- chloroform. The wider electrostatic potential range
implies a strong interaction of the molecule with
polar solvent — water. The logarithm P value reflects
hydrophobic - hydrophilic properties relation of the
solute. All the theoretical and the experimental data
point at voriconazole as a very effective triazole
antifungal agent and confirm its high bioavailability,
which may also explain its wide activity spectrum
and effectiveness in fungal infections treatment.

The lower energy of solvation in water than in
chloroform for ravuconazole and posaconazole
suggests a little better solubility of these compounds
in water than in n-octanol. The electrostatic
potential values show stronger solute-solvent
interactions of ravuconazole with polar solvent than
those of posaconazole. Both the theoretical and
experimental log P values reveal lipophilic attributes
of these compounds. All results indicate a good
bioavailability of ravuconazole and posaconazole.

The calculated AG,,, values seems to be a good
predictor of solubility of compounds in polar and
organic solvents and their intestinal permeability.
Calculation of the free enthalpy of solvation could
be a new standard for bioavailability determination
— both for drugs which are under investigation or
those which are at the molecular modeling stage of
development.

The aqueous solubility and intestinal
permeability are two factors which are used as
discriminative criteria for the BCS — The
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Biopharmaceutics Classification System (20, 21).
The electrostatic and thermodynamic properties of
active compounds could be successfully used as new
indicators of drugs bioavailability. The free enthalpy
of solvation in water and organic solvents could be
a useful tool for the fast active compounds
classification into four BCS classes. The same holds
for the electrostatic potential range. The theoretical
and experimental logarithm P determination could
improve efficiency of drug bioavailability
predictions.

Acknowledgment

We gratefully acknowledge Pfizer for making
accessible voriconazole substance.

REFERENCES

1. Odds F., Brown A., Gow N.: Trends Microbiol.
11,272 (2003).

2. Alcazar-Fuoli L., Mellado E., Garcia-Effron G.,
Lopez J., Grimalt J., Cuenca-Estrella J.,
Rodriguez-Tudela J.: Steroids 73, 339 (2008).

3. Jeu L., Piacenti F., Lyakhovetskiy A., Fung A.:
Clin. Ther. 25, 1321 (2003).

4. Kofla G., Ruhnke M.: Expert Opin.
Pharmacother. 6, 1215 (2005).
5. Kwon D., Mylonakis E.: Expert Opin.

Pharmacother. 8, 1167 (2007).
6. Schiller D., Fung H.: Clin. Ther. 9, 1862 (2007).
7. PasqualottoA.C., Denning D.W.: J. Antimicrob.
Chemother. 61, Suppl. 1, 19 (2008).
8. Pfaller M., Messer S., Hollis R., Jones R.:
Antimicrob. Agents Chemother. 4, 1032 (2002).
9. Petrikkos G., Skiada A.: Int. J. Antimicrob.
Agents 30, 108 (2007).

10. Grudzien M., Krdl A., Paterek G., Stepien K.,
Plucinski F., Mazurek A.P.: Eur. J. Med. Chem.
44,1978 (2009).

11. Hehre W., Yu J., Klunzinger P., Lou L..:
Spartan Software, Wavefunction, Inc., Irvine,
2000.

12. Frisch M. J., Trucks G. W., Schlegel H. B., Scu-
seria G. E., Robb M. A., Cheeseman J. R.,
Montgomery Jr. J. A., Vreven T., Kudin K. N.,

13.

14.

15.

16.

17.

18.

19.

20.

21.

MONIKA K. GRUDZIEN et al.

Burant J. C., Millam J. M., Iyengar S. S., Toma-
si J., Barone V., Mennucci B., Cossi M., Scal-
mani G., Rega N., Petersson G. A., Nakatsuji
H., Hada M., Ehara M., Toyota K., Fukuda R.,
Hasegawa J., Ishida M., Nakajima T., Honda
Y., Kitao O., Nakai H., Klene M., Li X., Knox
J. E., Hratchian H. P., Cross J. B., Bakken V.,
Adamo C., Jaramillo J., Gomperts R., Strat-
mann R. E., Yazyev O., Austin A. J., Cammi R.,
Pomelli C., Ochterski J. W., Ayala P. Y., Moro-
kuma K., Voth G. A., Salvador P., Dannenberg
J.J., Zakrzewski V. G., Dapprich S., Daniels A.
D., Strain M. C., Farkas O., Malick D. K., Ra-
buck A. D., Raghavachari K., Foresman J. B.,
Ortiz J. V., Cui Q., Baboul A. G., Clifford S.,
Cioslowski J., Stefanov B. B., Liu G., Liashen-
ko A., Piskorz P., Komaromi I., Martin R. L.,
Fox D. J., Keith T., Al-Laham M. A., Peng C.
Y., Nanayakkara A., Challacombe M., Gill P.
M. W., Johnson B., Chen W., Wong M. W,
Gonzalez C., Pople, J. A.: Gaussian, Inc., Wal-
lingford CT, 2004.

Foresman J., Frisch A.: Exploring Chemistry
with Electronic Structure Methods, Gaussian
Inc., Pittsburgh, PA 2000.

Barone V., Cossi M., Tomasi J.: J. Comput.
Chem. 4, 404 (1998).

Tomasi J., Menunucci B., Cances E.: J. Mol.
Struct. 464, 211 (1999).

Petrauskas A., Kolovanov E.: Persp. Drug Disc.
Des. 19, 99 (2000).

Machatha S., Yalkowsky S.: Int. J. Pharm. 294,
185 (2005).

Ghose A.K., Crippen G.M.: J. Computat. Chem.
7, 565 (1986).

Ghose A.K., Pritchett A., Crippen G.M.: J.
Computat. Chem. 9, 80 (1988).

Panchagnula R., Thomas N.S.: Int. J. Pharm.
201, 131 (2000).

Guidance for Industry: Waiver of In Vivo
Bioavailability and Bioequivalence Studies for
Immediate-Release Solid Oral Dosage Forms
Based on a Biopharmaceutics Classification
System, FDA, CDER, Aug. 2000.

Received: 26. 10, 2012




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


