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Evolution and impact of lipid-based nanocarriers in drug delivery
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Oral nanocarriers to treat ulcerative colitis

Symptoms of . I?(J: i
U Ic.e':ative HOSPITALS
Colitis

The primary ulcerative colitis symptom is
bloody diarrhoea with or without mucous.
In addition, the following are the symptoms.

« Tenesmus (a painful urge to pass stools,
despite of stool absence in the bowel)

« Unable to hold stool
« Pain in abdomen
« General malaise
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Understanding the role of the structure of single-stimuli hybrid
systems on their behaviour as platforms for colonic delivery

Joaquin Gonzélez-Fuentes'~ - Marfa Plaza-Oliver'-* - Manuel Jesis Santander-Ortega'~ - Maria Victoria Lozano ™0
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Abstract

The success of colon-targeted oral hybrid systems relics in the proper control over the release of the entrapped nanostrsc-
tupes at the colon. This work describes the design of hybrid systems for their colonic enzyme-triggered release. The hybrid
syatems were constituted by naneemulsions, with adequate characteristics for the treatment of ulcerative colitis, included
in a pectin hydrogel-like matrix. For that purpose, pecting with similar degrees of methylation (< 50%) and increasing
degree of amidation, e 0, 13 and 20%, were selected. Hybrid systems were formulated by a novel aggregarion indieced
gelation method, using Ca™, Ba™ or #n™ as aggregating agents, as well as by a polyelectrolyie condensation approach,
obtaining structures in the micrometric range (< 10 pm). Despite the resistanee of pecting to the upper gastrointestinal
tract stimuli, the analysis of the behaviour of the different prototypes showed that the non-covalent crosslinks that allow
the formation of the hybrid structure may play a relevant role on the performance of the formulation.

Owr results indicated thar the partial disassembling of the hybrid system's microstructure due to the imestinal condi-
tions may facilitate the stimuli-triggered release of the nansemulsions at the colon. More interestingly. the particle wrack-
ing experiments showed that the condensation process that oceurs during the formation of the systern may affect to the
enzymatic degradation of pectin. [n this sense, the effect of the high degree of amidation of pectin may be more prevalent
as srructural feature rather than as a promoter of the enevme-riggered release.

Keywords Nanoemulsion - Hybrid system - Pectin - Particle tracking - Colon-targeted oral drug delivery

Introduction treatments [1]. The advances achieved in Manotechnology
have significantly coniribuied to this approach by providing

» Decrease in body weight
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+ Loss of body fluids
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« Vomiting and its feeling @ =

Sinee the conception of the first formulations based on
pH-sensitive methaerylate for colonic drug delivery, the
advances achieved in the field have opened the possibility
of new therapies aiming the enteric immune system or the
treatment of local diseases like uleerative colitis. Colon-tar-
peted drug delivery is one of the approaches for uleerative
colitis therapies, as the localization of the drugs at the dam-
aged tissue may improve the efficacy/oxicity balance of the
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new platfiorims [2], able wo achieve longer retention times at
the colonie mucosa due o their siall size or to obtain mose
homogenous drug absorption, decreasing individual vari-
ability [3-6]. Within this context, our research group has
reported that curcumin-loaded nanoemulsions (NE) consti-
tuted by ascorbate and antionidant coses were able to retain
the antioxidant molecule intracellularly in a monoculiure of
Caco-2 and avoid its permeation across the barvier, proimot-
ing the intracellular antioxidant activity of curcumin [7].

In order to transport the nanosystems o the damaged
tissue, they are often formulated in eobon targeted micoo-
structures like hybrid systems. These systems are con-
stituied by drug-leaded nanostrectures entrapped in an
external hydrogel-like matrix. The formulaion of hybrid
systerns allows the protection of the nanostructures along
the gastrointestinal tract (GIT), preventing their instability,
premarure drug leakage or non-optimal interaction with the
intestinal epithelium [2, #]. Once hybrid systems reach the
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Lipid-based nanocarriers to improve oral drug delivery
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Gastrointestinal barriers: obstacles to oral nanocarriers

Gastrointestinal media Intestinal mucus | Intestinal epithelium
(enzymes, pH...) ’
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Donepezil Nanoemulsion Induces a Torpor-
like State with Reduced Toxicity in
Nonhibernating Xenopus laevis Tadpoles

Maria Plaza Oliver, Erica Gardner, Tiffany Lin, Katherine Shechan, Megan M. Sperry, Shanda Lightbown,
Manuel Ramsés Martinez, Daniela del Campo, Haleh Fotowat, Michael Lewandowski, Takako Takeda,
Alexander C. Pauer, Shruti Kaushal, Vaskar Gnyawali, Maria V. Lozano, Manuel ]. Santander Ortega,
Richard Novak, Michael Super, and Donald E. Ingber®
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ABSTRACT: A hieving a ible decrease of bolism and . e
ather physiological p in the whole as occurs in 3 1 °
animals that experi torpor or hil . could ibute to : "

increased survival after serious injury. Using a Bayesian network tool S ikl

with transcriptomic data and chemical structure similarity assess- a8l * kpe——t—

ments, we predicted that the Alsheimer's disease drug donepesil
(DNP) could be 3 promising candidate for a small molecule drug that

might induce a torpor-like state, This was d in a - ip—

study with Xenopus lnevis tadpoles, a nonhibernator whole ]

model. To_imprave the therspeatic performance of the drug and

minimize its toxicity, we psulated DNP in a

formulated with Low-toxicity This f I is P 1| )i .

of emulsified droplets <200 nm in diameter that contain 1. 250 mM
DNF, representing 295% encapsulation efficiency. The DNP

induced e d.mg in tadpoles, a5 indicated by
reduced swimming motion, cardiac beating freq and oxygen P with an . Use of
the nancemulsion resulted in a more contralled increase of DNP by it o I to free DNF,

and to 3 higher concentration in the brain, which reduced DNP taxicity and enabled induction of a longer torpor-like state that
was fully reversible. These studies also demonstrate the potential use of Xenopas tadpoles as a high-throughput in vive screen
to assess the efficacy, biodistribution, and toxicity of drugloaded nanocarriers.

KEYWORDS: donepesil, manoemulsion, torpor, Xenapus laevis, tadpoles

INTRODUCTION

Hibernation and torpor enable some animals to survive under
harsh environmental conditions, including extreme temper-
atures and low food avaiability. This adaptative response
actively reduces their physical activity and body temperature,
as well as ooygen consumptian, cardiac beating frequency, and
metabolic state.' The extraordinary ability of these animals to
cope with otherwise lethal circumstances has raised great
interest in emergency medicine’ Patients suffering massive
hemaorrhage or cardiac arest after serious trauma rarely survive
if they cannot be rapidly treated. Thus, artificially inducing a
reversible torpar-like state in the whole organism could save
critical time and avoid irreversible organ injury. Currently,
hypothermia is used clinically to decrease metabolism and
ensure organ preservation during processes, such as cardiac
© KKK The Autors Pubished by
Amascan Chareical Socisty

< ACS Publications

sungery or organ transplants.** Unfortunately, hypothermia is
hall ta impl in ituations that acour in

remote settings where sfeci:lizgﬂ personnel may nat be
present, and the immediate availability of resources is lmited.

Although the mechanisms that underlic hibernation and
torpor are complex and are only poory understood, it is
knawn that the central nervous system plays a relevant role.” ™"
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Oral nanocarriers to treat ulcerative colitis

Symptoms of

The prmary uicerative colitis symptom is
blm' diarrhoea with or without mucous.
In

ition, the following are the symptoms.

« Tenesmus (a painful urge to pass stools,
despite of steol absence in the bowel)

« Unabie to hold stool

« Pain in abdomen

« General malaise

« Decrease in body weight

« Increase in body temperature
« Loss of body fluids

« Reduce hunger

« Skin sores

* Anaemia

+ Eye pain while exposed to bright light
« Joint pain

« Canker sores (mouth ulicers)
« Vomiting and its feeling
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Abstract

The success of colon-targeted oral hybrid systems relics in the proper control over the release of the entrapped nanostrsc-
tupes at the colon. This work describes the design of hybrid systems for their colonic enzyme-triggered release. The hybrid
syatems were constituted by naneemulsions, with adequate characteristics for the treatment of ulcerative colitis, included
in a pectin hydrogel-like matrix. For that purpose, pecting with similar degrees of methylation (< 50%) and increasing
degree of amidation, e 0, 13 and 20%, were selected. Hybrid systems were formulated by a novel aggregarion indieced
gelation method, using Ca™, Ba™ or #n™ as aggregating agents, as well as by a polyelectrolyie condensation approach,
obtaining structures in the micrometric range (< 10 pm). Despite the resistanee of pecting to the upper gastrointestinal
tract stimuli, the analysis of the behaviour of the different prototypes showed that the non-covalent crosslinks that allow
the formation of the hybrid structure may play a relevant role on the performance of the formulation.

Owr results indicated thar the partial disassembling of the hybrid system's microstructure due to the imestinal condi-
tions may facilitate the stimuli-triggered release of the nansemulsions at the colon. More interestingly. the particle wrack-
ing experiments showed that the condensation process that oceurs during the formation of the systern may affect to the
enzymatic degradation of pectin. [n this sense, the effect of the high degree of amidation of pectin may be more prevalent

as srructural feature rather than as a promoter of the enevme-riggered release.

Keywords Nanoemulsion - Hybrid system - Pectin - Particle tracking - Colon-targeted oral drug delivery

Introduction

Since the conception of the first formulations based on
pH-sensitive methaerylate for colonic drug delivery, the
advances achieved in the field have opened the possibility
of new therapies aiming the enteric immune system or the
treatment of local diseases like uleerative colitis. Colon-tar-
peted drug delivery is one of the approaches for uleerative
colitis therapies, as the localization of the drugs at the dam-
aged tissue may improve the efficacy/oxicity balance of the
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treatments [1]. The advances achieved in Manotechnology
have significantly coniribuied to this approach by providing
new platfiorims [2], able wo achieve longer retention times at
the colonie mucosa due o their siall size or to obtain mose
homogenous drug absorption, decreasing individual vari-
ability [3-6]. Within this context, our research group has
reported that curcumin-loaded nanoemulsions (NE) consti-
tuted by ascorbate and antionidant coses were able to retain
the antioxidant molecule intracellularly in a monoculiure of
Caco-2 and avoid its permeation across the barvier, proimot-
ing the intracellular antioxidant activity of curcumin [7].

In order to transport the nanosystems o the damaged
tissue, they are often formulated in eobon targeted micoo-
structures like hybrid systems. These systems are con-
stituied by drug-leaded nanostrectures entrapped in an
external hydrogel-like matrix. The formulaion of hybrid
systerns allows the protection of the nanostructures along
the gastrointestinal tract (GIT), preventing their instability,
premarure drug leakage or non-optimal interaction with the
intestinal epithelium [2, #]. Once hybrid systems reach the
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de Ciencia con Futurg precariedad de los
investigadores en Espafia
» Ciencia y tecnologia investigadores en el trabajo. Algunos de ellos tienen que ver con la precariedad

laboral: un salario menos competitivo que en profesiones que requieren una

cualificacion similar, la incertidumbre de los contratos de corta duracion o la
necesidad, en muchas ocasiones, de mudarse a otra ciudad, o incluso a otro pais,

ey HO17 ok ot o P
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Situacion precaria en la investigacion predoctoral

» Alude a "una década de recortes" y pide al nuevo Gobierno que "realmente invierta en ciencia"

Loronavirus
Jovenes investigadores denuncian la falta de financiacion

Los cientificos: respetados, pero precarios tras la pandemia: "Hay mucha precariedad"

» RTVE.es pone rostro a la generacién de doctorandos en Espaiia en diversos ambitos

« La complejidad tematica y la incertidumbre laboral desincentiva que los jovenes se dediquen ala ciencia > Piden més recursos para continuar con sus proyectos y reducir la incertidumbre laboral

= .El lifler de 1.05 investigadores ‘precarios’ deja la
cienciay emigra a Bruselas Bruselas llama a paliar 1a precariedad laboral de los investigadores

José Manuel Fernandez, exportavoz de la Federacion de Jovenes Investigadores, ha 6venes
dejado la investigacién por un puesto administrativo
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