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Abstract

The chromatographic indices légav have been determined by HPLC on animmobilized artificial membrane column for a set of coumarin
derivatives. The investigated compounds contain substituted amidoximes, or substituted heterocycles directly attached to the coumarini
skeleton. The log.av Values were compared to previously reported data of octanol-water partition coefficients and extrapolated capacity
factors determined by reversed phase HPLC and TLC. The,ag values of the investigated compounds were found to be comparable
with the corresponding log values, although they constitute a lower lipophilicity scale due to the reduced hydrophobic environment of the
IAM stationary phase. These features were exemplified in their interrelationship with a slope close to unity and a large negative intercept.
In contrast their comparison with the corresponding HPLC and RP-TLC capacity factors revealed differences in the retention mechanisn
reflected in slopes lower than unity, which were postulated to be due to secondary interactions under the reversed phase chromatograpt
conditions. However, conformational effects in the molecular structures of the coumarin derivatives were found to have a similar impact in
their affinity for the IAM and octadecyl silane stationary phases, while they did not affect their octanol-water partitioning.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction opment of immobilized artificial membrane (IAM) chro-
matography unfolded new perspectives in the application
HPLC and reversed phase TLC are considered veryof HPLC for the rapid evaluation of drug partitioning into
popular techniques for the assessment of lipophilicity, the cell membranes. IAMs are monolayers of phospholipid
physicochemical property of primary interest for the evalu- molecules covalently bonded to a solid matrix, the surface
ation of ADME characteristics in drug desiffh2]. During of silica particles. IAM capacity factors have been suc-
the last decades numerous publications report correlationscessfully used to correlate drug permeability dgga8].
between chromatographic capacity factors and octanol-watern a recent review, technical aspects relevant to the proper
log P, the reference lipophilicity parametf3,4]. Standard- measurement of IAM capacity factors have been discussed,
ization of the chromatographic conditions in HPLC have while attempts to explore the molecular factors governing
been suggested in order to obtain calibration curves for IAM retention are also reported in referend8s12]. The
log P prediction, the ultimate goal being the estimation of functional groups of the bonded phospholipids are consid-
solute transport across the biological barr{®is The devel- ered to play an important role in retention especially if
charged molecules are analysed. For small neutral com-
* Corresponding author. Tel.: +30 210 7274530; fax: +30 210 7274747. Pounds the intermolecular forces resemble those underly-
E-mail address: tsantili@pharm.uoa.gr (A. Tsantili-Kakoulidou). ing partitioning in octanol/water and retention in reversed
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Fig. 1. Chemical structures of the investigated coumarin derivatives.

phase HPLC. Thus besides the hydrophobic/solvophobica substituted heterocyclic ring, directly attached at position
interactions, polar interactions mainly expressed as H-bond4 of the coumarinic skeleton, creating a conjugated double
acceptor basicity are the predominant factors in IAM reten- bond system in most caseBig. 1). This chemical envi-
tion. According to the results of LSER analysis however ronment is responsible for a considerable contribution of
the hydrophobic term seems to have a smaller positive electronic effects to lipophilicity14], while conformational
contribution in IAM retention compared to its contribution differences were found to affect retention leading to dis-
in octanol/water partitioning12]. Moreover, it is consid-  crepancies between octanol and water partition coefficients
ered that the IAM surface provides a hydrophobic envi- and reversed phase chromatographic indices in some cases
ronment that resembles a RP-C3 HPLC column, whereas[15].
for lipophilicity assessment RP-C18 stationary phase are
used[13]. Nevertheless, further investigations are needed to
support the above-mentioned postulations since to date the2. Materials and methods
reports found in literature cover only a few series of homol-
ogous compounds. All compounds have been synthesized and purified in the
In the light of the above considerations the IAM reten- Laboratories of Pharmaceutical Chemistry, Department of
tion of a series of neutral coumarin derivatives was assessed”harmacy and of Organic Chemistry, Faculty of Chemistry,
and compared to their partitioning in octanol-water, as well University of Thessaloniki. Methods and physical data are
as to their behaviour in reversed phase HPLC and TLC, reported in referencg$6,17] Coumarin was used as a refer-
previously reported14,15] The coumarin derivatives have ence compound and was purchased from Sigma—Aldrich Co.
been synthesized as anti-inflammatory and antioxidant agentsAcetonitrile was HPLC grade and purchased from Lab-Scan
[16-18] They contain a substituted amidoxime moiety or Analytical Sciences Ltd., Ireland. Water was de-ionised and



910 D. Vrakas et al. / Journal of Pharmaceutical and Biomedical Analysis 39 (2005) 908-913

further purified by means of a Milli-Q Plus water purification Table 1

system (Millipore Co., USA). Actgal gnd extrapolated IAM capacity factors of the investigated coumarin
derivatives
2.1. IAM chromatographic conditions No. logkwiam log kwiaw 5 !
(actual) (extra)

The HPLC isocratic pumping system consisted of a GBC ; ;'ggi 8'8;-) gggi 8:11421 g'ggg
Model 1126 pump and aRheodyne Model 7725iinjector with 5 1784004 4584 0.38 0993
a 20u.l loop, which were coupled to a GBC Model LC1210 4 0.05
UV-vis detector operated at 254 nm. Data acquisition was 5 0.35
performed using WinChrom chromatography software pack- 6 3.01£0.07  637£061 0991
D Mo osmon ameom oo

The stayonary phase consisted of an IAM.PC.DD2 col- 4 ' 3144+ 0.25 6.48+ 0.90 0981
umn (Regis Technology, Morton Grove, IL, USA). The 19 2.94+0.13 6.01+ 0.48 0.994
mobile phase consisted of pure water or of acetonitrile—water 11 1.09 0.94-0.12 3.0+ 0.44 0.978
mixtures. Acetonitrile was added at concentrations ranging 12 112
from 20 to 35%. The mobile phase was filtered through a 13 178 1.64£0.12 3.75+ 0.44 0.990
0.20m nylon membrane before use. 14 1612009 4.29+ 0.08 0.9997

- 15 1.89+0.10  4.71+ 0.37 0.994

The flow rate was 1, 2 or 3 ml/min. 16 1.50+0.02 3.68+ 0.18 0.998

The compounds were dissolved in methanol at concentra-17 3.24+0.04 7.12+ 0.38 0.997
tions ~20wg/ml. The chromatographic retention timeof 18 2.14£004  474£ 012  0.9997
each compound was measured and converted todogord- Coumarin  0.67

ing to the equation

logkiam =log|[(t; — 10)/t0], to being the retention time of
potassium bichromate. Each measurement was performed at
least in dublicate when organic modifier was used and in ¢ being the percentage of acetonitrile added in the

triplicate for mobile phase consisting of pure water. mobile phase in order to determine the isocratickiag
values.
2.2. Octanol-water partition coefficients In order to examine the effect of acetonitrile in the extrap-

olated logkwiam Vvalues the same procedure was used also
Experimental octanol-water partition coefficients, Rg for the less retained compoun@s8, 11 and13. The extrap-

were taken from referendé4]. olated capacity factors along with the corresponding slopes
S and the statistical data are includedable 1 A very good
2.3. Reversed phase HPLC log k,,gps and TLC Ry, linearity between logam andg was observed in all cases.

In addition logkwiam Vvalues correlated well with the cor-
Extrapolated capacity factors determined by HPLC using responding slopes, an indication of the uniformity in the
a BDS column and by RP-TLC on RP-18 plates were taken retention mechanism within the investigated series of com-
from referencd15]. pounds. Eq(2) describes the relationship between kqgwm
ands.

logkiamw = 0.599(0.028)S — 0.901(+0.141)
n=15 r=0987 s=0.137 F=4875

3. Results and discussion )
The derivativest, 5, 7, 8, 11-13 and coumarin could be
analysed using pure water as mobile phase with retention ~The new slope of Eq2)is close to the value 0.5 reported
times not exceeding 30 min. The capacity factors determinedPy Barbato et al[10] as indicative of a common property
in this way correspond to the actual jagm values and are exhibited by the solutes for the hydrophobic expulsion pro-
presented iMable 1The more ||p0ph|||c derivativeg€3, 6, cess in the IAM/acetonitrile system in Comparison with a
9, 10, 14-18) were strongly retained using pure water, thus Vvalue ca. 1 established for the ODS/methanol sydtE3h
for their elution acetonitrile was added as organic modifier in It should be noted however that the negative intercept of Eq.
the mobile phase. To keep the same conditions for all com- (2) is smaller than the corresponding intercept reported by
pounds acetonitrile was used at percentages 20, 25, 30 andparbato et al. (intercept value reported: 1.245). This differ-
35% and logwiam values at 100% water were derived by entiation may be related to the use of a different type of IAM
linear extrapolation plotting of the isocratic capacity factors, column by these authors (IAM.PC.M&)0].

logkiam , versus the percentage (v/v) of organic modifierin ~ Comparison of the extrapolated capacity factors of com-
the eluent, according to E¢l) pounds?7, 8, 11 and 13 with the actual logwiam values

showed thatthe latter were alittle higher. Correlation between
logkiam = —S¢ + logkwiam 1) actual and extrapolated lagam led to Eq.(3) with excel-



Table 2

Corrected logwiam Vvalues, octanol-water partition coefficients and
reversed phase chromatographic indices
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No. IongIAM a |Og Pb |Og kaDSC RMWC
1 1.78 2.58 2.96 3.04
2 2.18 2.89 3.54 3.43
3 1.92 2.78 3.69 3.92
4 0.05 0.23 1.03 0.94
5 0.35 1.0 1.12 1.19
6 3.14 3.63 4.46 4.65
7 1.1 1.95 2.3 211
8 1.26 2.12 2.65 2.53
9 3.26 3.22 4.56 4.72
10 3.06 2.98 3.63 4
11 1.09 1.98 2.23 2.83
12 1.12 1.93 2.07 2.3
13 1.78 2.45 2.87 3.01
14 1.75 2.70 2.98 3.407
15 2.02 3.03 3.4 3.68
16 1.64 2.16 3.26 3.11
17 3.36 3.07 4.81 5.058
18 2.54 3.04 3.97 4.135
Coumarin 0.67 1.39 1.69 2.03

a Corrected by means of E(B).
b Taken from referenci4].

¢ Taken from referencfl5].

4 Not available.

lent statistics but with a slope slightly lower than 1 and a
small but significant positive intercept.

logkwiam (actual)= 0.987E0.008) logkwiam (extra)
+0.161(0.009) 3)
n=4 r=0999 s=0.005 F =151541

These results indicate a small systematic influence of ace-
tonitrile in the retention of the investigated coumarin deriva-
tives. Therefore, Eq(3) was used as a calibration equation
to correct the extrapolated ldagam in order to use them
together with the actual lagyam - The corrected logyiam
are presented iable 2

3.1. Comparison of IAM retention with octanol-water
partitioning

The corrected logwiam Were correlated to octanol-water
log P values Table 9 and regression E@4) was obtained.

logkwiam = 1.066(0.107)logP — 0.738(-0.270)

_ _ _ _ (4)
n=19 r=0923 s=0383 F=0981

together with the directly measured lagam values.
A visual inspection of the relationship between iggawm

and logP is provided byFig. 2a. It can be seen that the |1&g
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Fig. 2. Comparison between corrected kagav values and (a) log, (b)
log kweps values and (C)Ruw values.

for the phenyl substituted oxadiazoline derivati9e$0 and

17, which possess lof values above the broken line. These

compounds showed considerably enhanced retention lead-

ing to logkwiam higher than the corresponding IBg/alues.

Moreover the two isomerB) and17 showed differentiation

in their retention behaviour, the latter being eluted consider-

ably slower. The retention behaviour of compoufigH) and

17 is comparable to their behaviour in reversed phase chro-
It should be noted that the correlation was slightly worse matography and will be further discussed in Secdh To

(r=0.916) if the uncorrected extrapolated values were usedthe other end of the plot presentedHig. 2a, in the region of

polar compounds, a curvature appears in agreement with an

analogous observation previously reported by Testa and co-

workers for compounds with log close or smaller than zero

values lie below the broken line, which represents the ideal [12]. Exclusion of derivative®, 10 and17 as well as of the

1:1 correlation. Exceptions in this tendency were observed hydrophilic derivative 4 (log®=0.23) led to Eq(5), which



912 D. Vrakas et al. / Journal of Pharmaceutical and Biomedical Analysis 39 (2005) 908-913

does not differ from Eq(4) but has improved statistics.

logkwiam = 1.025(0.065) logP — 0.812(+0.161)
n=15 r=0974 s=0.167 F=2446

Eq. (7) describes the relationship between kggnv and
Rmw values.

logkwiam = 0.801F0.045)Rmw — 0.772(£0.148)
n=18 r=0.976 s=0.212 F =23221

5)
(7
The slope ca. 1 of Eq5) denotes that the substituents

attached on the coumarinic skeleton exhibit an analogous The large negative intercepts of E¢Ga) and (7are com-

effectin IAM retention and in octanol-water partitioning and parable to that of Eq5) and reflect the reduced hydrophobic

the two processes should be considered homoenergetic. Thusnvironment in IAM stationary phase. However, in contrast

the logkwiam values of the investigated compounds are fully to Eg. (5) the slopes of Eqs(6a) and (7)are lower than

comparable with the log values, although they constitute 1, indicating that apart from the partition mechanism sec-

a lower lipophilicity scale due to the reduced hydrophobic ondary forces (e.g. silanophilic interactions) may be involved

environment of the IAM stationary phase. in the reversed phase retention behaviour of the investigated
coumarin derivatives. This issue was also discussed in refer-

3.2. Comparison with reversed-phase chromatography ence[15].

Extrapolated capacity factors légsps and Ruw

obtained under reversed phase conditions are taken from ref4. Conclusions

erencdgl5]and areincluded ifable 2 They were determined

using methanol as organic modifierona BDS columnand RP-  The logkwiam Values of the investigated coumarin deriva-

18 plates, respectively. Their values are considerably largertives were found to be fully comparable with the correspond-

than the corresponding IAM capacity factors. As illustrated inglogP values, although they constitute a lower lipophilicity

in Fig. 2o and c, respectively, all ldgygps and Ry val- scale duetothe reduced hydrophobic environment of the IAM

ues lie below the broken line and no curvature is observed stationary phase. In contrast, their comparison with the cor-

in the region of more polar compounds. Compoufidsd responding HPLC and RP-TLC capacity factors revealed dif-

17 did not deviate from the scatter plots since they showed ferences in the retention mechanism, exemplified in interre-

analogous enhanced retention in all three chromatographiclationships with slopes lower than unity. This behaviour may

systems. Compountl was strongly retained in HPLC but  reflect secondary interactions under the reversed phase chro-

considerably less than its positional isorh2(Rww not avail- matographic conditions. However conformational effects in

able for compound0). The behaviour of compounds 10 the molecular structures of the coumarin derivatives were

and17 was discussed in referenfdb] and attributed to con-  found to have a similar impact in their affinity for the 1AM

formational effects. According to the results of molecular and octadecyl silane stationary phases, while they did not

modelling compound0 tends to occupy a rather extended affect their octanol-water partitioning.

conformation, while its positional isom&7 and compouné

are completely planar in differentiation from the folded con-

formation of the other coumarin derivativgEs]. It seems
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that these conformational effects have an analogous impact

on IAM retention. However the reduced co-planarity of com-
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Eq.(6).
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The present study was supported by the Research Grant
Heracleitos (70/3/7209) of the Ministry of Education of
Greece in the frame of EPEAEK (Business Program of Edu-
cation and Initial Professional Preparing).

References

[1] C.A. Lipinski, F. Lombardo, B.W. Dominy, P.J. Freeney, Adv. Drug.
Deliv. Rev. 23 (1997) 3-25.

[2] H. van der Waterbeemd, D.A. Smith, K. Beaumont, D.K. Walker, J.
Med. Chem. 44 (2001) 1-21.

[3] J.G. Dorsey, M.G. Khaledi, J. Chromatogr. A 656 (1993) 485-499.

[4] K.P. Dross, R.F. Rekker, G. de Vries, R. Mannhold, Quant. Struct.
Act. Relat. 17 (1998) 549-557.

[5] F. Lombardo, M.Y. Shalaeva, K.A. Tupper, F. Gao, J. Med. Chem.
44 (2001) 2490-2497.

[6] S. Ong, H. Liu, X. Qiu, C. Pidgeon, J. Chromatogr. A 728 (1996)
113-128.

[7] T. Salminen, A. Pulli, J. Taskinen, J. Pharm. Biomed. Anal. 15
(1997) 469-477.

[8] A. Reichel, D.J. Begley, Pharm. Res. 15 (1998) 1270-1274.



D. Vrakas et al. / Journal of Pharmaceutical and Biomedical Analysis 39 (2005) 908-913 913

[9] A. Taillardat-Bertschinger, A. Galland, P.-A. Carrupt, B. Testa, J. [15] D. Vrakas, |. Panderi, D. Hadjipavlou-Litina, A. Tsantili-Kakoulidou,

Chromatogr. A. 953 (2002) 39-53. Quant. Struct. Act. Relat. 24 (2005) 254-269.
[10] F. Barbato, M.l. La Rotonda, F. Quaglia, Eur. J. Med. Chem. 31 [16] D.N. Nicolaides, K.C. Fylaktakidou, E. Litinas, K. Papageorgiou,

(1996) 311-318. D.J. Hadjipavlou-Litina, Eur. J. Med. Chem. 35 (1998) 715-—
[11] A. Taillardat-Bertschinger, C.A.M. Martinet, P.-A. Carrupt, M. Reist, 724.

G. Caron, R. Fruttero, B. Testa, Pharm. Res. 19 (2002) 729-737. [17] D.N. Nicolaides, K.C. Fylaktakidou, E. Litinas, K. Papageor-
[12] A. Taillardat-Bertschinger, F. Barbato, M.T. Quercia, P.-A. Carrupt, giou, D.J. Hadjipavlou-Litina, J. Heteroc. Chem 35 (1998) 619—

M. Reist, M.l. La Rotonda, B. Testa, Helv. Chim. Act. 85 (2002) 625.

519-532. [18] D. Vrakas, D. Hadjipavlou-Litina, A. Tsantili-Kakoulidou, J. Pharm.
[13] C. Pidgeon, U.V. Venkataram, Anal. Biochem. 176 (1989) 36-47. Pharmacol. 56 (2004) 1191-4.

[14] D. Vrakas, A. Tsantili-Kakoulidou, D. Hadjipavlou-Litina, Quant. ~ [19] D. Reymond, G.N. Chung, J.M. Mayer, B. Testa, J. Chromatogr. 391
Struct. Act. Relat. 22 (2003) 622-629. (1987) 97-109.



	Retention of substituted coumarins using immobilized artificial membrane (IAM) chromatography: A comparative study with n-octanol partitioning and reversed-phase HPLC and TLC
	Introduction
	Materials and methods
	IAM chromatographic conditions
	Octanol-water partition coefficients
	Reversed phase HPLC logkwBDS and TLC RMw

	Results and discussion
	Comparison of IAM retention with octanol-water partitioning
	Comparison with reversed-phase chromatography

	Conclusions
	Acknowledgements
	References


