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Summary

The enthalpic effect due to the interaction between a,B-poly(N-hydroxyethyl)-pDL-aspartamide (PHEA) and sodium dodecyl
sulfate, cetyltrimethylammonium bromide, and octylphenoxypolyethoxyethanol in aqueous solutions, as a function of the surfactant
concentration, was measured by the calorimetric technique. Below the critical micellar concentration, no enthalpic effect was
measured. At higher concentrations, the enthalpic effect, exothermic for the interaction of PHEA with the anionic micelles and
endothermic for that with the cationic and nonionic micelles, was interpreted in terms of the binding of micelles to the polymeric
chain. The influence of a simple electrolyte (sodium chloride) on the PHEA-micelle interaction was also investigated and is discussed

here.

In recent years the synthesis of polymer-drug
adducts has received increasing attention from
numerous workers, since using these adducts as
therapeutic agents, the side-effects of drugs, due
to hyperdosage, can be minimized while ensuring
a prolonged action and controlled drug delivery to
target cells or tissues (Kydonieus, 1980; Anderson
and Kim, 1986). In addition, attachment of drugs
to hydrophilic macromolecular carriers can im-
prove their biostability, biosolubility and phar-
macokinetics (De Duve et al., 1974; Sinkula, 1978).
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The main properties that a polymeric carrier
may possess are: biodegradability, water solubility
and non-toxicity. In particular, hydrophilic poly-
mers can be used in controlled release of drugs if
they have special properties which include an ade-
quate diffusion coefficient (mainly affected by its
molecular weight) as well as a high degree of
binding to the cell surface. Since, in many cases, at
physiological pH, the cell surface bears a net
negative charge, positively charged carriers are
favoured (Wallach, 1969). It was also found that
corneal uptake of liposome-associated radioactiv-
ity is greatest for positively charged liposomes
(Scaeffer and Krohn, 1982).

A class of candidates as drug carriers are some
synthetic polyamino acids. In particular, «,f-
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TABLE 1

Molar enthalpy of interaction between PHEA and SDS, CTAB and Triton X-100 in aqueous solutions at 25°C

[SDS] (M) AH (kJ /mol) [CTAB] (M) AH (k] /mol) [Triton X-100] (M) AH (kJ /mol)
0.005991 0.0 0.000821 0.0 0.000180 0.0
0.01371 -886 0.002638 10.0 0.03483 53
0.03509 ~102.0 0.004774 30.0 0.04885 10.6
0.05834 ~115.2 0.009866 50.0 0.08713 15.8
0.1197 ~121.9 0.01656 55.2 0.1193 26.4
0.1895 ~1252 0.02807 485 0.2143 26.5

0.03810 446

0.06113 338

0.08571 16.7

0.1185 0.0

0.1480 -352

poly( N-hydroxyethyl)-DL-aspartamide (PHEA)
seems to have ideal properties: it is nontoxic,
nonantigenic, biodegradable in living systems and
highly soluble in water (Neri et al., 1973; Haines
and Alexander, 1975; Drobnik et al., 1979). The
possibilities to link covalently some drugs to
PHEA and to perform tests on the improved
pharmaceutical efficiency of these adducts have
been previously investigated (Giammona et al.,
1987, 1989).

In spite of the great potentialities of PHEA,
only a few studies of its physico-chemical proper-
ties have been performed (Antoni et al., 1974,
1980). In particular, studies concerning the bind-
ing ability of PHEA to biomembranes or more
simply to model membranes, despite being of the
utmost importance to explain the pharmaceutical
efficiency of PHEA-drug adducts, are lacking in
the literature.

With the aim of gaining more information on
this subject, we have undertaken a systematic in-
vestigation of the interactions between PHEA and
model membranes (i.e. vesicles, micelles, reversed
micelles) (Castelli et al., 1990).

In this work, the results of a calorimetric inves-
tigation of the interactions between PHEA and
micelles of anionic, cationic and nonionic surfac-
tants in aqueous solutions are reported and dis-
cussed.

PHEA was prepared and purified following
previously described methods (Neri et al., 1973;
Giammona et al., 1987). After dialysis, the average

molecular weight, as determined by viscosimetry
using the Mark Houwink equation ([n]=2.32 X
1073 - M%% =139 ml/g), was M = 22000
(Antoni et al,, 1974). The IR and analytical data
of PHEA were in agreement with those reported
in the literature (Giammona et al., 1987 and refer-
ences therein).

Sodium dodecyl sulfate (SDS), N-cetyl
N, N, N-trimethylammonium bromide (CTAB), oc-
tylphenoxypolyethoxyethanol (Triton X-100) and
sodium chloride were reagent grade Sigma prod-
ucts and were used without further purification.

The calorimetric measurements were carried out
at 25°C by using an LKB 2107 flow micro-
calorimeter. Each calorimetric measurement was
carried out by mixing inside the calorimeter an
aqueous solution of PHEA (0.00005 M) with an
aqueous solution of the surfactant. In order to
cancel the thermal effect due to the dilution of the
surfactant solution, the baseline was taken as the
signal obtained by mixing into the calorimeter the
same surfactant solution with water. No thermal
effect due to the dilution of the aqueous solution
of PHEA was observed.

The experimental molar enthalpies (AH) of
interaction of PHEA with SDS, CTAB and Triton
X-100 in aqueous solutions as functions of the
surfactant concentration are reported in Table 1
and graphically depicted in Fig. 1. Considering
that the critical micellar concentration (CMC) val-
ues of SDS, CTAB and Triton X-100 are 8.3 X
1073, 92x107* and 2.4 X 10~* M, respectively
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Fig. 1. Molar enthalpy of interaction between PHEA and SDS,
CTAB and Triton X-100 as a function of surfactant con-
centration.

(Lindman et al., 1980), a perusal of the data
reported in Table 1 demonstrates that, below the
CMC of the surfactants, no thermal effect is ob-
served. This result suggests that the interactions
between PHEA and monomeric surfactant mole-
cules are negligible. In contrast, above the CMC,
an enthalpic effect is observed that is endothermic
for the interaction of PHEA with the nonionic and
cationic micelles whereas it is exothermic with the
anionic micelles. Taking into account that the
interactions between polymers and ionic surfac-
tants are strongly exothermic when they are op-
positely charged (Abuin and Scaiano, 1984; Skeri-
anc et al., 1988), it it may be concluded that
PHEA is positively charged. This conclusion was
further directly confirmed in our laboratory by
electrophoresis. On inspection of Fig. 1, it can also
be observed that the molar enthalpies relative to
SDS and Triton X-100 reach a nearly constant
value at sufficiently high surfactant concentrations
whereas the trend relative to CTAB is char-
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acterised by a maximum. In the case of SDS and
of Triton X-100, the behaviour of AH indicates
clearly that, at sufficiently high surfactant con-
centrations (i.e. when the molar enthalpy levels
off), the PHEA polymer chain is completely
saturated by the micellar aggregates. The satura-
tion occurs at lower concentration in the case of
SDS as a consequence of the favourable electro-
static effect (i.e. the binding constant of the nega-
tively charged SDS micelles to the positively
charged PHEA is greater than that of the neutral
Triton X-100 micelles). The behaviour of AH
shown by CTAB is less clear and probably ad-
ditional processes must be invoked (for instance,
conformational change in the polymeric chain in-
duced by the positively charged CTAB micelles).

Given the pre-eminent role played by the
charges transported by PHEA and micelles, fur-
ther calorimetric measurements were carried out
in order to explore, at least qualitatively, the in-
fluence of a simple electrolyte on the PHEA-
micelle interactions. In Table 2 is reported the
molar enthalpy of interaction of PHEA with SDS,
CTAB, Triton X-100 micelles in the presence of a
simple electrolyte (NaCl).

A perusal of Table 2 shows that the interaction
between PHEA and SDS becomes less exothermic
on increasing the NaCl concentration whereas the
interaction between PHEA and CTAB or Triton
X-100 becomes more exothermic. Both findings
can be attributed to the effect of the screening of
the charges existing on PHEA and the ionic
micelles due to the sodium and chloride ions and
demonstrate that the binding of PHEA to micelles
is a consequence not only of electrostatic forces
but also of dipolar and hydrophobic interactions.

Molar enthalpy of interaction between PHEA and SDS, CTAB and Triton X-100 micelles, at fixed surfactant concentration, as a function

of the NaCl concentration

[SDS]=0.14 M [CTAB] = 0.046 M [Triton X-100] = 0.10 M

[NaCl] (M) AH (kJ /mol) [NaCl) (M) AH (k] /mol) [NaCI] (M) AH (k] /mol)

0.02778 —101.6 0.06624 ~10.3 0.03679 10.6

0.1015 ~68.5 0.1408 -316 0.05490 0.0

0.1260 ~61.4 0.1179 -106
0.1628 -26.7

Each set of data is headed with the surfactont concentration.



242
Acknowledgements

We thank M.P.I. for partial financial support
and Dr A. Floriano for helpful discussions. This
paper is taken in part from the Ph.D. thesis of
F.P., University of Palermo.

References

Abuin, E.B. and Scaiano, J.C., Polyelectrolyte-surfactant ag-
gregates on photochemical behavior. J. Am. Chem. Soc.,
106 (1984) 6274-6283.

Anderson, JM. and Kim, S.W., Advances in Drug Delivery
Systems, Elsevier, Amsterdam, 1986.

Antoni, G., Neri, P., Pedersen, T.G. and Ottesen, M., Hydro-
dynamic properties of a new plasma expander. Poly(hy-
droxyethyl)aspartamide. Biopolymers, 13 (1974) 1721-1729.

Antoni, G., Presentini, R. and Neri, P., Determination of the
Mark-Houwink hydrodynamic parameters of poly-[ N-(2-
hydroxyethyl)-L-glutamine] by gel permeation chromato-
graphy. Il Farmaco, 35 (1980) 575-580.

Castelli, F., Giammona, G., Puglisi, G., Carlisi, B. and Gur-
rieri, S., Interaction of macromolecular pro-drugs with lipid
model membrane. A calorimetric study of 4-biphenylacetic
acid linked to aB-poly( N-hydroxyethyl)-DL-aspartamide in-
teracting with phosphatidylcholine vesicles. Int. J. Pharm.,
59 (1990) 19-25.

De Duve, C., De Barsey, T., Poole, B,, Trouet, A., Tulkens, P.
and Van Hoof, F., Lysosomotropic agents. Biochem.
Pharmacol., 23 (1974) 2495-2531.

Drobnik, J., Saudek, V., Vlasak, J. and Kalal, J., Polyasparta-

mide — a potential drug carrier. J. Polym. Sci. Polym.
Symp., 66 (1979) 65-74.

Giammona, G., Carlisi, B. and Palazzo, S., Reaction of «,f-
poly( N-hydroxyethyl)-pL-aspartamide with derivatives of
carboxylic acids. J. Polym. Sci., 25 (1987) 2813-2818.

Giammona, G., Puglisi, G., Carlisi, B., Pignatello, R., Spadaro,
A. and Caruso, A., Polymeric pro-drugs: «,f-poly(N-hy-
droxyethyl)-pL-aspartamide as a macromolecular carrier for
some non-steroidal anti-inflammatory agents. Int. J.
Pharm., 57 (1989) 55-62.

Haines, J.R. and Alexander, M., Microbial degradation of
polyethylene glycols. Appl. Microbiol., 29 (1975) 621-625.

Kydonieus, A.F., Fundamental concepts of controlled release.
In Kydonieus, A.F. (Ed.), Controlled Release Technologies:
Methods, Theory, and Applications, vol. 1, 1980, pp. 1-19.

Lindman, B., Wennestrom, H. and Eicke, H.F., Amphiphile
aggregation in aqueous solution. In Dewar, M.J.S. and
Hafner, K. (Eds), Topics in Current Chemistry, Springer,
Berlin, vol. 87, 1980, pp. 3-30.

Neri, P., Antoni, G., Benvenuti, F., Cocola, F. and Gazzei, G.,
Synthesis of a,B-poly( N-hydroxyethyl)-DL-aspartamide, a
new plasma expander. J. Med. Chem., 16 (1973) 893-897.

Scaeffer, H.E. and Krohn, D.L., Liposomes in topical drug
delivery. Invest. Ophthalmol. Sci., 22 (1982) 220-227.

Sinkula, A.A., Methods to achieve sustained drug delivery. The
chemical approach. In Robinson, J.R. (Ed.), Sustained and
Controlled Release Drug Delivery Systems, Dekker, New
York, 1978, pp. 411-555.

Skerianc, J., Kogej, K. and Vesuaver, G., Polyelectrolyte-
surfactant interactions. Enthalpy of binding of dodecyl-
and cetylpyridinium cations to poly(styrenesulfonate) an-
ion. J. Phys. Chem., 92 (1988) 6382-6385.

Wallach, D.F.H., Generalized membrane defects in cancer.
New Engl. J. Med., 280 (1969) 761-767.



