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Abstract

Poly-[N-(2-hydroxyethyl)-l-glutamine] (PHEG) and poly(ethylene glycol) (PEG)-grafted PHEG conjugates ofN,N-di(2-chloroethyl)-4-
phenylenediamine mustard (PDM) were synthetised. A collagenase-sensitive oligopeptide spacer was selected to link the cytotoxic agent
PDM onto the polymeric carrier. First, the oligopeptide-drug conjugate,l-pro-l-leu-gly-l-pro-gly-PDM, was prepared. In a second step, the
low molecular weight PDM derivative and PEG-NH2 were coupled to aN,N-disuccinimidylcarbonate activated PHEG. Dynamic laser light
scattering measurements indicated the formation of aggregates. The presence of human serum albumin had no significant effect on the diameter
of the conjugates. The hydrolytic stability of the conjugates was investigated in buffer solutions. The conjugates showed an improved stability
compared to the parent nitrogen mustard. The enzymatic degradation studies of the polymeric conjugates were performed in the presence
of collagenase type IV (Clostridiopeptidase A; EC 3.4.24.3), cathepsin B (EC 3.4.22.1), cathepsin D (EC 3.4.23.5) and tritosomes. Only the
bacterial collagenase type IV was able to cleave the spacer releasing free PDM and its peptidyl derivative, gly-l-pro-gly-PDM. The in vitro
cytotoxicity of the conjugates was evaluated against HT1080 fibrosarcoma cells and MDA adenocarcinoma cells. All conjugates showed low
toxicity towards these cell lines.
© 2004 Published by Elsevier B.V.
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1. Introduction

The main objective of covalent linking a conventional an-
titumour agent to a macromolecular carrier is to improve
the therapeutic index of the parent drug. The concept of
water-soluble macromolecular prodrugs was first proposed
by Ringsdorf (1975). Such conjugates are designed to circu-
late in the bloodstream for an extended period of time fol-
lowed by accumulation within the tumour tissue (Maeda and
Matsumura, 1989).

A site-specific drug release can be controlled by select-
ing a proper drug–polymer linkage. During circulation in the
bloodstream the linkage should be stable, but in or near the
target cells, e.g. cancer cells, the spacer should be degraded,
resulting in the release of the antitumour agent. Consequently,
conjugates having oligopeptide spacers, which are substrates
for lysosomal and tumour-associated enzymes have been
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Fig. 1. Structure ofN,N-di(2-chloroethyl)-4-phenylenediamine mustard
(PDM).

investigated by several groups (Duncan, 1992, 2003;
Kopecek et al., 2000; Subr et al., 1992; Rejmanova et al.,
1983; Soyez et al., 1996a,b; Matthews et al., 1996).

N,N-Di(2-chloroethyl)-4-phenylenediamine mustard
(PDM; Fig. 1) is an alkylating antitumour agent which was
selected in this work because of its high cytotoxicity. Due to
the formation of an aziridium ion, it is highly reactive against
nucleophiles (Connors and Knox, 1995). The biological
activity of PDM is a result of the crosslinking of DNA
in the nucleus of the cell (Panthananickal et al., 1978;
Connors and Knox, 1995; Palmer et al., 1990). For aromatic
nitrogen mustards the substituent in para position has a
major influence on the chemical stability and reactivity of
the mustard. In case of PDM, where the para substituent is
an amine, the reactive aziridinium ion is stabilised, resulting
in a fast hydrolysis or a fast rate of alkylation. By acylation
of the aniline function of the nitrogen mustard the highly
toxic agent can be converted into a less toxic compound
(Palmer et al., 1992; Ross, 1955; Johnson and Owen, 1961).

Marquisee and coworkers developed nitrogen mustard
peptide derivatives such as Z-l-pro-l-leu-gly-l-pro-gly-
PDM which were designed to serve as a substrate for tumour-
associated collagenase (Marquisee and Kauer, 1978). The in
vitro results showed to be promising. However, the in vivo
tests using Sarcoma 180 cells were disappointing. This in
vivo lack of specific antitumour activity may be due to com-
peting cleavage by collagenases in certain normal tissues.

Another possible explanation is a premature rapid elimina-
tion of the low molecular weight derivative from the body
through glomerular filtration, which results in low therapeu-
tic concentration of the drug in the tumour tissue. Therefore,
attaching this oligopeptide derivative of PDM to a polymer
carrier is a plausible approach to improve the efficiency.

In this work, poly-[N-(2-hydroxyethyl)-l-glutamine]
(PHEG) and poly(ethylene glycol) (PEG)-grafted PHEG
(Fig. 2) were selected as drug carriers for the preparation
of the macromolecular prodrugs. PHEG is a synthetic poly-
�-aminoacid, introduced by the group of Neri as a plasma
expander (Gerola et al., 1970). The lack of toxicity, its low im-
munogenicity, water solubility, biocompatibility, biodegrad-
ability and the presence of hydroxyl groups makes PHEG
a suitable carrier (Pytela et al., 1989, 1994, 1998; Rypacek
et al., 1985). In our research group, PDM and mitomycin C
(MMC) conjugates of PHEG were already synthetised and
evaluated (De Marre et al., 1994, 1995; Soyez and Schacht,
1997; Soyez et al., 1996a,b, 1997, 1999; Hoste et al., 2000,
2002). Due to the poor water solubility of hydrophobic drugs
like MMC and PDM, soluble conjugates are only obtained
for low degree of substitution. In order to maintain the wa-
ter solubility of the conjugates and to increase the degree of
substitution of the drug, PEG was used as solubilising entity.

It was shown in the work of Hoste et al. that PEG-grafted
dextran and PEG-grafted PHEG are promising candidates as
macromolecular drug carriers (Hoste et al., 1994, 1996, 2000;
Schacht and Hoste, 1997). The substitution of PEG onto the
PHEG resulted in a better solubility of the conjugates. More-
over, the in vivo evaluation of MMC-PHEG-PEG conjugates
showed a strong tumour regression within colorectal SW380
bearing mice (Hoste et al., 2002). Therefore, it was decided
to synthesise PDM conjugates with PEG-substituted PHEG
as carrier.

Fig. 2. Structure of poly-[N-(2-hydroxyethyl)-l-glutamine] (PHEG) and poly(ethylene glycol)-grafted PHEG (PEG-PHEG).



Download English Version:

https://daneshyari.com/en/article/9917760

Download Persian Version:

https://daneshyari.com/article/9917760

Daneshyari.com

https://daneshyari.com/en/article/9917760
https://daneshyari.com/article/9917760
https://daneshyari.com

