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 Bioconjugate Chem. 2009, 20, 2154–2161
 
 Design, Synthesis, Characterization, and Biological Evaluation of Triazine Dendrimers Bearing Paclitaxel Using Ester and Ester/Disulfide Linkages Jongdoo Lim,† Abdellatif Chouai,† Su-Tang Lo,‡ Wei Liu,‡ Xiankai Sun,‡ and Eric E. Simanek*,† Department of Chemistry, Texas A&M University, College Station, Texas 77843-3255, and Department of Radiology, University of Texas Southwestern Medical Center, Dallas, Texas 75390. Received July 22, 2009; Revised Manuscript Received September 14, 2009
 
 The design, synthesis, characterization, and preliminary biological assessment of three dendrimers are reported. All three dendrimers, 1-3, present twelve paclitaxel groups linked by acylation of the 2′-hydroxyl group. The linker for dendrimers 2 and 3 also includes a disulfide. Installation of the paclitaxel group relies on reacting twelve primary amines of a second generation triazine dendrimer, a scaffold available on kilogram scale, with a dichlorotriazine bearing the drug. This dichlorotriazine is available in four steps by (i) reacting paclitaxel with glutaric anhydride, (ii) activating with N-hydroxysuccinimide (NHS), (iii) treating the resulting ester with either 1,3-diaminopropane (for 1) or cystamine (for 2 and 3), and (iv), finally, reacting with cyanuric chloride. After reaction with the dendrimer, the resulting monochlorotriazine groups are reacted with 4-aminomethylpiperidine (AMP) and then a poly(ethylene glycol) (PEG) group of molecular weight 2 kDa. Two different PEG-NHS esters are employed that differ in lability. For 1 and 2, the PEG incorporates an ester-linked succinic acid group. For 3, the PEG incorporates an ether-linked acetic acid group. Both mass spectrometry and 1H NMR spectroscopy prove valuable for determining the final ratios of dendrimer:paclitaxel:AMP:PEG. These values are typically 1:12:12:9. Cytotoxicity of these constructs using an MTT-based assay and PC-3 cells reveals IC50 values in the low nanomolar range with dithiothreitol and glutathione enhancing the toxicity of the disulfide-containing constructs 2 and 3. Preliminary toxicology assessment of 1 suggests that it is well tolerated in vivo with preferential renal clearance. The elimination half-lives of all of the dendrimers appear shorter than predicted from the previous results. Tumor localization is observed for all the three dendrimers.
 
 INTRODUCTION The emerging field of polymeric therapeutics (1-6) captures attention with the prospect of improving the efficacy of conventional drugs by overcoming obstacles in their clinical use that might arise due to the drug’s low solubility, high systemic toxicity, instability, low bioavailability, or rapid excretion. The architectures currently being explored represent an eclectic collection of linear polymers (7, 8), grafts (9, 10), stars(11,12),andotherconstructs(13)includingdendrimers(14-18). Our interest in dendrimers stems from their globular shape and the opportunity to exploit multivalency. As monodisperse entities (or low dispersity mixtures), we hypothesize that the batch-tobatch behavior of these materials will be consistent; namely, reproducible pharmacodynamics and pharmacokinetics will be observed. Another inherent advantage of macromolecules is derived from their passive accumulation in solid tumors through the enhanced permeability and retention (EPR) effect (19, 20). In addition, some dendrimers display targeting ligands, biocompatible polymers, and reporting groups (21-24). Triazine dendrimers have been our choice of scaffold due to their ease of synthesis. The differential reactivity of various amine nucleophiles with chlorotriazine derivatives allows us to prepare chemically diverse dendrimers at moderate to large scale (20 to 1000 g) with high purities (23-30). Here, the product of the kilogram-scale synthesis is intercepted with a drug-bearing dichlorotriazine (Scheme 1). This strategy—interception with a functional monomer—is of significance to us because the * To whom correspondence should be addressed. simanek@ mail.chem.tamu.edu. † Texas A&M University. ‡ University of Texas Southwestern Medical Center.
 
 scope and limitations of this strategy have not been probed. The efforts reported serve as proof-of-concept for this potential: paclitaxel is elaborated successfully to a reactive dichlorotriazine and provides, on interception, a poly(monochlorotriazine) that is manipulated in two steps to yield the final pegylated target. We believe that this strategy will prove to be quite general. We favor covalent attachment over noncovalent association of drugs. While the noncovalent encapsulation of hydrophobic drugs is straightforward, it is limited by drug loading and provides less control over release rates. As an alternative, covalent drug loading offers higher drug loading and a wealth of literature on biodegradable linkages including (i) acid-labile linkers for endosomal/lysosomal release including esters (31, 32), acetals (33, 34), and hydrazones (35, 36), (ii) reductively labile disulfide bonds (37) that can be cleaved by glutathione or other intracellular thiols, and (iii) enzymatically labile peptide linkers (38). Here, we attach paclitaxel with linkers that contain either an ester or an ester/disulfide pair. Paclitaxel is a mitosis-inhibiting antitumor agent to treat patients with breast, ovarian, lung, head and neck cancers, and Kaposi’s sarcoma (39, 40). The hydrophobic drug is, however, poorly water soluble (














Copyright © 2024 DATAPDF.COM. All rights reserved.

About Us |
Privacy Policy |
Terms of Service |
Copyright |
Contact Us










×
Sign In






Email




Password







 Remember me

Forgot password?




Sign In




 Login with Facebook
















