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Abstract

In this paper, we describe the haemolytic effect of papama-sulphonato-calixif]-arenes and their derivatives bearing
one pendant group at the lower rim of calix-arene towards human erythrocytes. A maximum of 30% of haemolysis has been
observed fopara-sulphonato-calix-[8]-arene for a concentration of 200 mM representing 300 g of calix-arene per liter of human
blood, para-sulphonato-calix-[4]-arene ammra-sulphonato-calix-[6]-arene show much lower haemolytic effects, 0.5 and 8%,
respectively at 200 mM concentration. Coupling of a methoxy-carboxylate function at the phenolic group reduces haemolytic
effects in all cases. The presence of an ethoxy-amine function increases the haemolytic behaviour for the calix-[4]-arene and
calix-[6]-arene systems, but reduces the effect for the calix-[8]-arene derivatives.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction arenes, it has became evident that the calafenes
show a wide range of interesting biological activi-
The possible use of water-soluble supramolecu- ties. Interestingly the initial reports on the biological
lar complexes as transport systems for bio-active activity of the calix-arenes date back to 1955 when
compounds or as biologically active molecules has Cornforth demonstrated the anti-tubercular properties
provoked strong interest for a number of years, in of certain compoundsQornforth et al., 1956 Of
particular with respect to the cyclodextrinSzetjli, the available water-soluble calix-arenes derivatives,
1988; Huekama, 2002In the case of the calixd]- the para-sulphonato-calixi]-arenes are the most
arenes, although their use in biological and medical widely studied for their pharmacological properties.
applications was held back by a lack of readily avail- The chloride ion channel blocking properties of the
able water-soluble derivatives with the emergence of para-sulphonato-calix4j]-arenes were patented by

the highly water-solublepara-sulphonato-calixf]- Atwood et al. (1996) subsequently patents on the
anti-thrombotic Hwang et al., 199pand anti-viral
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arenes, in which four peptide loops are arrayed around complexation of aspartic acid. As a consequence, it
a central calix-arene core, as receptors for protein is necessary to study, both, the effects of macrocycle
surface recognition has been reported by Hamilton size and the effects due to the presence of pendant
(Lin et al., 1998; Park et al., 1999Recently, the lower rim groups on the haemolytic properties of the
formation of ion channel both in vitro and in vivo by  para-sulphonato-calix4j]-arenes.

the calix-[4]-arene tetrabutylamide has been demon-

strated bySidorov et al. (2002)Both Ungaro and

ourselves have published a number of studies on the2. Experimental

complexation of amino acids by thpara-sulphonato-

calix-[n]-arenes Douteau-Guével et al., 1998, 1999; All calix-[ n]-arene derivatives were synthesised ac-
Arena et al., 1999; Sansone et al., 1999; Kalchenko cording to the literature methods, and their physi-
et al., 2001, 2002; Da Silva and Coleman, 2003 cal properties are in full agreement with previously

Apart from the work of Reinhoudt, all these studies published datalda Silva et al., 2001; Da Silva and
have been carried out in vitro on the isolated biologi- Coleman, 2008
cal molecules. In order to proceed to full bio-medical Chemicals were purchased from Acros Organics,
applications, it is necessary to obtain information on phosphate buffer saline (PBS) pH 7.4 was prepared by
the interactions, first at the cellular level and then in dissolving NaHPO, (1.9 mmol, 228 mg), NgHPO,
vivo, between molecules and biological entities. For (8 mmol, 1.14g), NaCl (128 mmol, 7.49) in 11 of
medical applications, the toxicity of molecules is evi- de-ionised water. Drabkin reagent (}GO; 80%,
dently a key factor, and the measure of the haemolytic K4Fe(CN} 16%, KCN 4% w/w) was purchased
properties represents a useful starting point. Indeed, from Sigma Drabkin and Austin, 1935 (Warning:
many of the medical applications of the cyclodextrins Drabkin reagent is highly toxic and must be manipu-
have been held up by the haemolytic activity ®f lated with non-permeable gloves, contact with eyes,
cyclodextrin and many of its derivatives, which ef- skin, ingestion and inhalation must be avoided).
fectively precludes their use as injectable drug-carrier
systemsl(eray et al., 1995; Bost et al., 1997; Nagase 2.1. Haemolysis tests
et al., 2002; Memisoglu et al., 2003

In this paper, we wish to report on the haemolytic Haemolysis tests were carried out on washed ery-

properties of a series gbara-sulphonato-calix4il- throcytes: 50 ml of freshly drawn human blood was
arene derivatives. In a previous study, we have shown centrifuged in a polypropylene vial with 50 ml of phys-
that the complexation of thpara-sulphonato-calix- iological serum (NaCl 0.9%) during 5 min at 129@.

[n]-arenes by bovine serum albumin is strongly de- The supernatant was removed and this operation was
pendant on the size of the macrocycle. Complexes repeated twice. The volume of the washed erythro-
of 1:1, 1:2 and 1:3 BSA/calix-arene stoichiometry cytes was adjusted to 50 ml with PBS.

were observed in the case péra-sulphonato-calix- To 500! of the PBS buffered solution of water-
[4]-arene. For para-sulphonato-calix-[6]-arene 1:1 soluble calix-arene derivatives, were added aD6f
and 1:2 complexes are observed while wyara- the suspension of erythrocytes. After moderate man-

sulphonato-calix-[8]-arene only a 1:1 complex is ual stirring, the mixture was incubated during 30 min
observed. With regard to amino acid complexation in a thermostated bath at 3€ and centrifuged at

in general the association constant increases with in- 1200 x g during 5min. A 2Qul aliquot of the su-
creasing size of the macrocycle. However, we have pernatant was added to 2 ml of Drabkin reagent. The
observed that both the strength of complexation and quantity of haemoglobin was assayed spectrophoto-
the selectivity of complexation are strongly modi- metrically at 540 nm. To ensure results reproducibility
fied by the presence of pendant group (2-carboxy all assays were repeated twice. Positive and negative
methoxy group, 2-amido methoxy group and 2-amino controls have been realised by replacing the sample
ethoxy group) functions at the lower rim of tipara- with water (total haemolysis due to hypotonic stress)
sulphonato-calix4f]-arenes. In particular both the and PBS, respectively. The percentage of haemolysis
carboxylic acid and amine functions induce strong is expressed as the ratio between the absorbance of the
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sample (corrected using the value obtained for PBS)
and the absorbance of the positive control.

3. Results and discussion

The structures of the various calirjfarene deriva-
tives tested for haemolytic properties are given in
Scheme 1

The study of the haemolytic effect of water-soluble
para-sulphonato-calix4f]-arenes was carried out on
freshly washed erythrocytes. Drabkin's reagent was
used to stabilize the haemoglobin released from lysed
red cells and the complex absorbed at 540 Modre
et al., 198). The percentage of haemolytic effects is
described as follows:

Haemolysig%)
__ Optical density of sample with calixarene

= 100
Optical density of sample with distilled Waté<r

It can be clearly seen that the haemolytic effects in-
crease with the ring, with a maximum value of 30%
at a 200 mM concentration &a. For 1a, there is ef-
fectively no haemolytic effect, while a small effect of
8% is observed in the case 2é. It should be noted
that a 200 mM concentration represents 150 g/llgr
220g/l for2aand 300 g/l for3a. At 50 mM concentra-
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Scheme 1. Schematic representation of different water-soluble
para-sulphonato-calix#f]-arenes.

The presence of pendant group at the lower rim of
calix-arene does not alter the behaviour of the macro-
cyclic compounds towards to red blood cells except for
2d and3d for which the haemolytic effect attains the
highest values. Thus, the presence of a pendant amine
group may close the way to possible medical applica-
tions of such calix-arene derivatives. In contrast for a
concentration of 100 mM in calixd]-arene, the pres-
ence of a methoxy-carboxylate function reduces the

tions, all three parent compounds show less than 5% haemolytic effect for the calix-[4]-arene derivative

haemolytic effects.

No haemolytic effects €5%) were observed for
any of the water-soluble calix-arene derivatives at a
concentration of 50 mM (average 40 g/Bigs. 1-3.
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from 0.5 to 0.1%, for the calix-[6]-arene derivative
from 5 to 2% whereas calix-[8]-arene derivative the
haemolytic effects are effectively the same 9% in
both cases. Fopara-sulphonato-calix-[4]-arene the

200 100

50 10 5

[calixarene] mM

Fig. 1. Comparison of haemolysis percentage betwesa-sulphonato-calix-[4]-aren&a (dark grey) and its derivativesb (clear grey),

1c (black) andld (white).
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Fig. 2. Comparison of haemolysis percentage betwsen-sulphonato-calix-[6]-aren@a (dark grey) and its derivativegb (clear grey),
2c (black) and2d (white).

ethoxy amide function increases the haemolytic ef- B-cyclodextrin decreases the haemolytic effect, with
fect at concentrations of 50 mM or greater, whereas 100% heamolysis now observed at a concentration of
for the para-sulphonato-calix-[6]-arene angara- 20mM (Shiotani et al., 1995 Similar effects were
sulphonato-calix-[8]-arene the haemolytic effect is observed byMacarak et al. (1991)Similarly, zero
decreased with respect to the parent macrocycle at allhaemolytic effects have been reported for the pen-
concentrations. tosan polysulfateRertoux et al., 197)/ A recent pa-
The above results may be compared to those of per of Shahgaldian et al. reported the non-toxicity of
the cyclodextrins where for the native compounds, solid lipid nanoparticles based on amphiphilic calix-
haemolytic effects are observed in the concentration [4]-arenes against human red blood cells at concentra-
range of 2mM Bost et al., 199Y The work of Sh- tion of 150 mg/l Shahgaldian et al., 2093
iotani et al. shows that unmodifigdcyclodextrin pro- Natural tea polyphenols (TPP) have been ob-
vokes 100% haemolytic effect at a concentration of served to reduce the haemolytic effect on rabbit red
3mM and that the presence of sulphates group on blood cells, by free radical species{Oand HO;
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Fig. 3. Comparison of haemolysis percentage betwmen-sulphonato-calix-[8]-aren8a (dark grey) and its derivative3b (clear grey),
3c (black) and3d (white).
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species) induced by 8-aminoquinoline, from 35 to
5% at 10ug/ml of TPP Grinberg et al., 1997 The
haemolytic effect (100%) induced by hypotonic phos-
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amino acids by water soluble calix-[4]-arenes. Tetrahedron
Lett. 40, 1597-1600.

Atwood, J.L., Bridges, R.J., Juneja, R.K., Singh, A.K., 1996.
Calixarene Chloride-Channel Blockers. US Patent 5,489,612.

phate buffer on human erythrocytes is reduced to 22% Aubert-Foucher, E., Coleman, A.W., Hulmes, D.J.S., 1998. Use of

by the polyphenol flavonoid quercetiRgwlikowska-
Pawlega et al., 2003

From the above, the presence of a polyphenolic
skeleton and sulphonate groups, in the series of com-
pounds studied in this article, are both major factors

in the low to zero haemolytic effects observed.

4, Conclusion

In this study, we have shown thpdra-sulphonato-
calix-[4]-arene and three of its lower rim mono-
substituted derivatives have effectively no haemolytic
effects for concentrations up to 200 mM. For fieea-
sulphonato-calix-[6]-arene derivatives a maximum of

12% haemolysis occurs for the ones bearing an amine poyteau-Guével, N

function at concentration of 200 mM. Haemolysis of
29% is observed fopara-sulphonato-calix-[8]-arene
at 200 mM. However, for all derivatives, haemolysis

of less than 5% are observed for concentrations be-

low of 50 mM. The haemolytic effect increases with
macrocycle ring size.
For the para-sulphonato-calix-[4]-arene arghra-

sulphonato-calix-[6]-arene derivatives, the presence of

a single ethoxy-amine function on the lower rim in-

creases the haemolytic effect at all concentrations. In

Calix-[n]-Arenes for Treating Fibrotic Diseases. FR 2782007.
Bertoux, F.C., Freyria, A.M., Traeger, J., 1977. Anticomplement
activity or a polyanion: pentosan sulfate. Pathol. Biol. 25, 105—

Bost, M., Laine, V., Pilard, F., Gadelle, A., Defaye, J., Perly,
B., 1997. The haemolytic properties of chemically modified
cyclodextrins. J. Inclusion Phenom. Mol. Recognit. Chem. 29,
57-63.

Cornforth, J.W., D'Arcy Hart, P., Nicholls, G.A., Rees, R.J.W.,
Stock, J.A., 1955. Antituberculous effects of certain surface-
active polyoxyethylene ethers. Br. J. Pharm. Chem. 10, 73-86.

Da Silva, E., Coleman, A.W., 2003. Synthesis and complexation
properties towards amino acids of mono-substitutpd
sulphonato-calix#f]-arenes. Tetrahedron 59, 7357-7364.

Da Silva, E., Memmi, L., Coleman, A.W., Rather, B., Zaworotko,
M.J., 2001. Synthesis and Solid-State Structures of Mono-
Functionalizedpara-H-Calix-[6]-Arenes. J.Supramol. Chem. 1,
135-138.

., Coleman, AW., Morel, J.-P., Morel-
Desrosiers, N., 1998. Complexation of basic amino acids
by water-soluble calixarene sulphonates as a study of the
possible mechanisms of recognition of calixarene sulphonates
by proteins. J. Phys. Org. Chem. 11, 693-696.

Douteau-Guével, N., Coleman, A.W., Morel, J.-P., Morel-
Desrosiers, N., 1999. Complexation of the basic amino acids
lysine and arginine by three sulphonato-calij-frenes ¢ =
4, 6 and 8) in water: microcalorimetric determination of the
Gibbs energies. J. Chem. Soc., Perkin Trans. 2, 629-633.

Drabkin, D.L., Austin, J.H., 1935. Spectrophotometric studies. II.
Preparations from washed blood cells nitric oxide hemoglobin
and sulfhemoglobin. J. Biol. Chem. 112, 51-65.

all cases, the presence of a carboxy-ethoxy function Gansey, M.H.B.G., De Haan, A.S., Bos, E.S., Verboom, W.,

leads to a significant reduction of the haemolytic ef-
fects at concentrations of 50 mM and above. It may
be deduced that theara-sulphonato-calixij]-arenes
and their derivatives will be innocuous with regard to
haemolytic effects at doses of less than 50 mM.
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