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a b s t r a c t

Compared to hemodialysis, peritoneal dialysis represents a more straightforward and less invasive
alternative, though current solutions are not as effective. Herein, the feasibility of liposome-supported
enzymatic peritoneal dialysis (LSEPD) is explored to increase the functionality of peritoneal dialysis
for the model indication acute alcohol poisoning. Enzyme-loaded liposomes (E-Liposomes) containing
alcohol metabolizing enzymes, alcohol oxidase and catalase, are developed and their in vitro and in vivo
performances investigated. The E-Liposomes outperform the free enzymes in stability, overcoming the
thermal instability of alcohol oxidase and enhancing the in vitro ethanol elimination, which is further
accelerated by hydrogen peroxide, due to the rapid generation of oxygen by catalase. Compared to the
free enzymes, the E-Liposomes exhibit reduced systemic exposure and organ distribution. In a rodent
ethanol intoxication model, LSEPD enhances ethanol metabolism as evidenced by an increased acetal-
dehyde production, ethanol's primary metabolite. In conclusion, LSEPD presents an innovative platform
to temporarily enhance xenobiotic metabolism, in view of the improved enzyme stability and peritoneal
retention.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

While peritoneal dialysis (PD) is considered a less-invasive,
convenient and cost-effective corporeal dialysis modality
compared to hemodialysis (HD), the latter is the modality of choice
owing to its higher clearance capacity [1e5]. In the pediatric pop-
ulation PD is the preferred dialysis modality [6], as children often
cannot tolerate the large extracorporeal circuit volumes present in
HD [7]. Recent evidence has suggested an underutilization of PD [5],
which has triggered various governmental policies in developed
countries to effectively encourage its use [4,8]. The main applica-
tion of PD lies in the management of end-stage renal disease,
though it can also be used for the detoxification of endogenous or
exogenous toxins.

To address the lower clearance capacity of PD, conventional PD
solutions have recently been supplemented with transmembrane
pH-gradient liposomes that can concentrate overdosed

protonizable drugs and some toxic endogenous metabolites in the
peritoneal space, yielding for example a 20-fold increased extrac-
tion of ammonia within 3 h [9,10]. In a rat model of cirrhosis, this
platform termed liposome-supported peritoneal dialysis (LSPD)
was shown to reduce plasmatic ammonia levels and attenuate the
brain edema associated to the hyperammonemic status [11]. The
absence of a hypersensitive reactionwhen injected in pigs provided
the first evidence for a safe application of LSPD [11].

The idea to dialyze blood against enzymes using an artificial
kidney was first proposed approximately 50 years ago, as a means
for enzyme replacement therapy in genetic disorders [12]. Since
then there have been sporadic reports discussing the inclusion of
enzymes in PD solutions for the treatment of cerebral infarction
[13] or pancreatitis [14]. The aim of the current work was to clearly
establish that exogenous enzymatic reactions can take place in the
peritoneal space and to minimize the systemic exposure of these
enzymes and their metabolites by anchoring the enzymes onto
sub-micrometer vesicles. This contribution brings the PD procedure
one step further by endowing it with enzymatic function. Dialysate
withdrawal from the peritoneal cavity following enzymatic meta-
bolism renders this modality particularly appealing from a detox-
ification perspective [15].
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Acute alcohol poisoning was selected as a model indication
owing to ethanol's high water solubility, enabling its effective
dialyzability [16,17]. Inspired by the increased alcohol detoxifica-
tion observed with polymeric nanocomplexes of alcohol metabo-
lizing enzymes [18], alcohol oxidase (AO) and catalase (CAT) were
selected for the current detoxification reaction. Capitalizing on the
substantially improved scavenging capacity of LSPD, we explored
the feasibility of liposome-supported enzymatic peritoneal dialysis
(LSEPD), where ethanol is actively metabolized by enzyme-loaded
liposomes (E-Liposomes). As illustrated in Fig. 1a, circulating
ethanol diffuses from the blood across the peritoneal membrane
and into the peritoneal cavity. There, it is oxidized by AO (anchored
onto a liposome support) to acetaldehyde and hydrogen peroxide
(H2O2), the primary toxic metabolites of ethanol. The latter is then
further degraded by liposome-anchored CAT to water and oxygen
(O2). To achieve this, AO and CAT were hydrophobically modified to
facilitate liposome loading. The in vitro ethanol metabolism, as well
as the in vitro and in vivo enzymatic stability and retention in the
peritoneal space were examined. In a final step, the in vivo enzy-
matic metabolism was studied in rats exposed to an overdose of
ethanol.

2. Materials and methods

2.1. Preparation of E-Liposomes

N-(Succinimidyloxy-glutaryl)-L-a-dioleoylphosphatidylethanol-
amine (DOPE-NHS, NOF, Osaka, Japan) was dissolved in chloroform,

dried under nitrogen flow and subsequently kept under vacuum for
over 12 h, forming a thin lipid film. The filmwas solubilized in 1e2%
m/v b-octylglucoside (Apollo Scientific, Cheshire, UK), 100 mM
potassium phosphate (KPi), pH 7.0 to a final DOPE-NHS concen-
tration of 8 mM. The DOPE-NHS was added to AO from P. Pastoris
(10e40 U/mg) or CAT from bovine liver (�30,000 U/mg) (Sigma-
Aldrich, Buchs, Switzerland) at a final concentration of 3.5 g/L
enzyme, 0.7e1% m/v b-octylglucoside, 100 mM KPi, pH 8.0 at a
phospholipid:protein molar ratio of 316:1 or 100:1, respectively.
Solutions were kept at 4 �C under constant rotation for 4e16 h,
yielding hydrophobically modified AO and CAT (HmAO, HmCAT).
Characterization by activity, reverse phase HPLC, amine titration
and circular dichroism are reported as Supporting Information.

The HmAO and HmCAT in the detergent based solution were
added separately to lipid films composed of 1,2-dioleoyl-sn-glyc-
ero-3-phosphocholine (DOPC) and 1,2-distearoyl-sn-glycero-3-
phosphoethanolamine-N-[azido(polyethylene glycol)-2000]
(DSPE-PEG, both from LIPOID, Ludwigshafen, Germany)
(98:2 molar ratio), prepared as described above. The ratio of
initially added proteins to lipid remained constant at a mass ratio of
3:12.4, where the enzyme concentration was varied from 1 to 3 g/L
and the lipid from 5 to 15 mM. For the preparation of AO-CAT-
Liposomes, HmAO and HmCAT were added at an initial 3:1 mass
ratio. The buffer composition was 0.2e0.9% m/v b-octylglucoside,
100 mMKPi. Enzyme lipid mixtures were subjected to three freeze-
thaw cycles and were dialyzed for 36 h against 100 mM KPi, pH 7.4
using 1000 kDa MWCO Float-A-Lyzers (Spectrum Labs, Breda,
Netherlands) with three changes of buffer to remove unbound

Fig. 1. Liposome-supported enzymatic peritoneal dialysis. (a) Concept of LSEPD. Circulating ethanol diffuses from the blood into the peritoneal cavity during PD, where it is
metabolized to acetaldehyde and H2O2 by HmAO anchored onto a lipid support, under the consumption of O2. The H2O2 is then further degraded by liposome-anchored HmCAT to
water and O2. The PD suspension containing E-Liposomes and waste products is removed after 3 h. (b) Scheme of E-Liposome constituents composed of DOPC:DSPE-PEG (98:2
molar ratio) and loaded with either AO or CAT. The enzymes were hydrophobically modified with DOPE-NHS yielding HmAO and HmCAT. (c, d) Three-dimensional structure of
homoctameric AO (PDB 5HSA) and homotetrameric CAT (PDB 1TGU) [60,61], respectively. Catalytic sites (green) are buried well within the protein core. Lysine residues (red),
potential sites for covalent modification by NHS-activated lipids, are evenly distributed on the surface of the proteins. Enzymes are scaled to estimated diameter [62]. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

A. Pratsinis et al. / Biomaterials 145 (2017) 128e137 129



Download English Version:

https://daneshyari.com/en/article/6450530

Download Persian Version:

https://daneshyari.com/article/6450530

Daneshyari.com

https://daneshyari.com/en/article/6450530
https://daneshyari.com/article/6450530
https://daneshyari.com

