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Fat-free Albumin as a Novel Drug Delivery System* Rohanah Hussain1 and Giuliano Siligardi1,2 (Accepted March 21, 2006; online publication April 19, 2006)



The search for eﬀective drug delivery systems is one of the major challenges in drug formulation especially for biopharmaceuticals such as proteins, and peptide-based drugs and vaccines. A procedure has been developed whereby human serum albumin (HSA) can be used as a delivery vehicle for these biomolecules using its role as main fatty acid carrier. Using essentially fatty acid free HSA (HSAﬀ) it is possible to form stable complexes with lipidic chain compounds (lipo-compounds). Two lipo-compounds have been used to develop this system, a novel antimicrobial lipopeptide and c-amino-n-butyric acid, GABA, conjugated with an alkyl chain, lipo-GABA, in both cases C8 and C14 alkyl chain lengths were evaluated. The HAS–lipo compound complex had a mutual stabilizing eﬀect on both the HSA and the lipo-compound. The protease enzyme study showed that the alkyl chains of these lipocompounds bound to HSAﬀ confer a similar if not greater biostability than caprylic acid shown by CD and importantly, the bound lipopeptide was stabilized by the HSA shown by mass spectrometry. Heat stability studies at 60°C over 10 h also conﬁrmed that the lipo-HSA complexes confer stability and provide a method of preparing sterile formulation for therapeutic use. No further increased in stability of the lipo-compounds when HSA containing fatty acid (HSAfa) was used. With the antimicrobial lipopeptide, there was enhanced activity with HSAﬀ formulation suggesting increased biostability and bioavailability of compounds. These ﬁnding allowed us to develop a simple and eﬀective way of delivering lipo-compounds using fatty acid free HSA as the carrier.
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drug delivery systems are currently being developed with varying degrees of success and applicability (Scherrmann 2002). Biological molecules such as proteins, peptide vaccines, peptide-base tumour therapeutic agents, and peptide-base antimicrobials have particular problems such as susceptibility to proteases and distribution to target sites. The use of lipidic moieties covalently attached to these compounds has been used to improve absorption and transportation in vivo (Hussain 1992). However, this strategy has met with limited success. Biostability to enzymatic degradation still poses a problem with the peptide-base drugs containing lipidic moieties. To counteract this problem an increased number of lipidic moieties have to be covalently-linked to these drugs which poses another formulation problem i.e.



INTRODUCTION Pharmacokinetics, bioavailability and interactions of pharmaceuticals are important features for the drug formulation and dosage determination. Drug delivery system can crucially inﬂuence these pharmaceutical properties which are vital for its therapeutic and/or prophylactic action. Numerous
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312 solubility for in vivo administration. Once again this problem will limit the amount that can be administered into the body, hence its eﬃcacy since once administered into the body, the drug is partitioned to various biological compartments and is bound to circulating carrier proteins. One of the major carrier proteins in the body is human serum albumin, HSA. Exploiting this carrier property of albumin, we propose the use of defatted albumin as a novel drug delivery system for lipo-compounds. In this paper we present the use of an exogenous preparation of essentially fatty-acid free albumin as a novel carrier vehicle (Fig. 1). A procedure whereby bioactive compounds tagged with C8 and C14 alkly chains are formulated with exogenous essentially fatty acid-free human serum albumin (HSAﬀ) in order to be stabilised and improved eﬃcacy will be discussed.



METHODS AND MATERIALS HSAﬀ and HSAfa were obtained from Sigma; Baxter HSA was obtained from Baxter Healthcare Ltd. PronaseÒ Protease, Nuclease free from Streptomyces griseus from Calbiochem. Delipidised Baxter was prepared using dialysis. The lipo-Gaba compounds, NH2(CH2)3COO(CH2)7CH3 (GabaC8) and NH2(CH2)3 COO(CH2)13CH3 (GabaC14) were synthesised using crown ether



Hussain and Siligardi chemistry (Hussain 1992). The lipopeptide RH01 (myristoylFARKGALRQ) was synthesised using standard Fmoc/TFA solid phase peptide synthesis. The UV and circular dichroism (CD) data were collected with a Jasco spectropolarimeter J720 using a 0.5 cm path length cell (Hellma).



Formulation of HSA (HSAff and HSAfa) with Lipo-compounds The lipo-Gaba-HSA [6:1 molar ratio] formulations were prepared following procedures: (i) by adding 10 lL of lipo-Gaba/ethanol stock solution in 520 lL of HSA in 0.9% NaCl solution. This corresponds to about 2% (v/v) of ethanol added to HSA, which did not denature the protein. The formulations were incubated for 3 h (ii) by drying an ethanol solution of lipo-Gaba as a thin ﬁlm on the walls of a glass vessel, then adding a solution of HSA and incubated overnight. An aqueous solution of lipopeptide RH01 was added to HSA to give the required molar ratios. The mixtures were incubated under gentle agitation. The formation of the complexes between the HSA and the ligands at various molar ratios were determined also by ultrasonic spectroscopy (data not shown).



GABase Studies The GABase assays for GABA was preformed using the method described by Jakoby (1962) with the modiﬁcation that esterase (70 units) was added for the assay of lipo-Gaba, GabaC8



Fig. 1. Cartoon representation of HSA (green) complexed with lipo-drugs. FAs are the fatty acid binding sites. Yellow circle (solid front view, striped back view) represents drug coupled to fatty acid (red).



Fat-free Albumin as a Novel Drug Delivery System and GabaC14. The GABase assay monitors the reduction of NADP to NADPH spectroscopically at 340 nm, pH 8.6 at 25°C, as a function of time using GABA as a substrate.



Pronase Studies Measuring the CD spectra (195–260 nm) as a function of time after pronase addition (1/100 w/w) it is possible to monitor the rate of albumin degradation in the presence of lipo-compounds and hence assess the ligand eﬀect on albumin stability. The percentage of pronase stability was calculated by dividing the CD intensity at 220 nm of the formulation with pronase as a function of time by the CD intensity without pronase and multiplied by 100. S. aureus time kill studies. Lipopeptide RH01 time-kill assays were preformed on Staphylococcus aureus NCTC 6571 Oxford strain (Colindale, UK) in suspension medium (PBS) using standard microbiological techniques.



RESULTS AND DISCUSSION Formulation of HSA with Lipo-compound Although HSA is known to be a carrier in the body, its full potential as a drug delivery system can only be achieved if it is formulated exogenously with the lipo-compounds concerned. We have developed methods to fully load lipo-compounds exogenously into HSAﬀ and to assess the stability of the formulation to enzymes and temperature degradations. The in vitro data show that the formulation of delipidised Baxter HSA (DL Bax) with lipopeptide RH01, molar ratio (1:2) is better stabilised by up to 50% when preincubated 1 h before pronase addition compared to the non pre-incubated formulation (Fig. 2). This



313 exogenous use of HSAﬀ as a novel drug delivery system is supported by the fact that fatty acids require time to fully bind to defatted albumin (Peters 1996). These observations are also consistent with in vivo data reported by Lee et al. (1991) on an antimicrobial lipopeptide daptomycin (N-dodecyl cyclic peptide) where the concentration of total and free lipo-peptide in six human subjects was reduced by 90% within the ﬁrst hour after intravenous injection. Stabilization of Lipo-Gaba by HSAff The GabaC8 stability was assessed using the GABase assay. There was no GABase activity with GabaC8 as the substrate (data not shown). Only with the addition of plasma esterase to the assay mixture was GabaC8 susceptible to GABase (Fig. 3). Formulations of GabaC8 with fatty acid-containing HSA (HSAfa) and fatty acid free HSA (HSAﬀ) both showed reduced GabaC8 susceptibility to GABase (Fig. 3). However, the formulation of GabaC8 with HSAﬀ showed a remarkable resistance to esterase hence to GABase (Fig. 3) 10-fold higher than using the HSAfa. These results suggest that the tagged GabaC8 is protected from esterase degradation as it is bound tightly to HSAﬀ as opposed to HSAfa, which contains approximately 4moles of fatty acid per mole of albumin. Stabilization of HSAff by Lipo-compounds Interestingly, not only does HSAﬀ enhance the stability of lipo-compounds to enzymatic biodegradation,
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Time (sec) Fig. 2. Eﬀect of preincubation to the pronase stability of delipidised Baxter HSA with RH01 (1:2) by CD spectroscopy at 37°C. The percentage of pronase stability was calculated for each pronase degradation experiment as a function of time by dividing the CD intensity at 220 nm by the CD intensity of the formulation without pronase and multiplied by 100. The data were corrected accordingly for the dilution incurred by the addition of a small aliquot of pronase into the 0.05 cm cuvette cell.



Fig. 3. Lipo-Gaba stability to GABase with and without HSAfa and HSAﬀ as monitored by the reduction of NADP to NADPH of the GABase assay. The formulations of gabaC8 contained 8 molecules per molecule of HSAﬀ and 6 per molecule of HSAfa in order to maintain the total amount of ligands similar in both formulations. However, the same results were obtained also using gabaC8+HSAﬀ [6:1] 2.6 mM (data not shown).
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Time (min) Fig. 4. Pronase stability of HSAﬀ with and without lipo-Gaba compounds compared to HSAﬀ by CD spectroscopy at 37°C. The percentage of pronase stability was calculated for each pronase degradation experiment as a function of time by dividing the CD intensity at 220 nm by the CD intensity of the formulation without pronase and multiplied by 100. The data were corrected accordingly for the dilution incurred by the addition of a small aliquot of pronase into the 0.05 cm cuvette cell.



Efﬁcacy of HSAff-antimicrobial Lipopeptide RH01 Complex Another property of HSAﬀ as exogenous material to formulate lipo-drugs is that it can increase the eﬃcacy of the lipo-drug. We have found that the HSAﬀ enhances the antimicrobial activity of a lipopeptide RH01 against S aureus. The activity of RH01 formulated with HSAﬀ was twice as potent when compared to the lipopeptide alone or with HSA containing bound fatty acid (HSAfa). RH01 formulated with HSAﬀ had a faster and greater rate of kill towards S aureus, Fig. 5. The diﬀerence in potency widens more signiﬁcantly when samples are subjected to appropriate enzymatic degradative conditions.



This is consistent with the protective eﬀect of HSAﬀ on the lipopeptide towards digestive enzymes in the body. The results demonstrate that HSAﬀ can be used as external ingredient to enhance the biological activities of other lipo-drugs by regulating their biostability.



CONCLUSIONS In this study we have demonstrated the potential use of HSAﬀ in the formulation of lipo-tagged pharmaceuticals that otherwise have a limited use.
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but the lipo-compounds themselves in turn stabilises HSAﬀ from protease degradation (Fig. 4). The result show that the stability of defatted albumin containing the FDA recommended stabilisers Na caprylate (Na octanoate) and N-acetyl tryptophanate in the molar ratio 1:5.4:5.4 (Baxter HSA) is also achieved by the addition of GabaC8 or GabaC14 in the molar ratio 1:6 (Fig. 4). Similar eﬀects were also achieved for thermal stability at 60°C for 10 h (data not shown). The stability to pronase degradation of HSAfa, higher than that of HSAﬀ (Fig. 4), is consistent with an average content of four molecules of fatty acid per molecule of albumin compared to defatted HSA. Similarly the pronase stability of the mixture HSAfa:gabaC8 (1:6) is higher than that of HSAﬀ:gabaC8 (1:6) as the total content of molecules of ligands per molecule of albumin is about 10 with HSAfa and 6 with HSAﬀ.
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Time (h) Fig. 5. Time kill curves of RH01, (RH01+HSAﬀ [6:1 molar ratio]) and (RH01+HSAfa [6:1]) formulations on S. aureus. RH01 formulations was added to washed cells of S. aureus corresponding to 106 cells ml)1 in PBS and the eﬀect on viability determined at timed intervals as CFU ml)1 and compared to that for control cells. Each datum is the mean of at least three experiments and each experiment was carried out in triplicate. For each datum the SEM was less than 10% therefore error bars were excluded for clarity.



Fat-free Albumin as a Novel Drug Delivery System Due to the simplicity of its fatty acid carrier mechanism, HSAﬀ provides a compelling case for its use as an exogenous ingredient in drug delivery technology. The application of HSAﬀ formulations has a number of important beneﬁts over other delivery systems, such as compatibility with host as it is a naturally occurring protein. HSAﬀ can be used in sustained delivery of lipo-drugs via its depot eﬀect through equilibrium with endogenous fatty acids with real possibility of reduced dosage of lipo-drugs due to increased stability thus extending in vivo drug half-life and reducing toxicity. HSAﬀ can also regulate the biodistribution of these lipo-drugs via increased penetration index enabling the crossing of membrane barriers. Another potential beneﬁt of HSAﬀ in formulation is the ability to prolong the shelf-life of the lipo-drug via mutual stabilization. In drug discovery



315 stage, HSAﬀ provides a route to reduce the need to increase the lipid component of the drug. All these factors are especially vital for patient compliance and crucial for drugs that have narrow therapeutic index thus taking a step closer to improving patient’s quality of life.
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