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Developing and characterising a novel
combined nanoelectrode system

L. P. Robinson, A. Mount
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O B E c N E P R E D P O K L A DY Electrochemistry at nanoelectrodes Ag/AgCl as a combined electrode

Nancelectrodes have several advantages for electrochemical sensing The combined reference/counter electrode is

created by electroplating a thin film of Ag onto

Transport to macroelectrodes the Pt microsquare.

proceeds through a relatively ot oo

inefficient linear diffusion prafile. Patentiostatic plating causes Ag to grow

They are also are highly affected by pleferentlal\ry at the corners, creatmrg dendrites, A

convection and iR drop. galvanostatic plating protocal is being developed
Dendritic growth to pravide the required smooth, shiny Ag deposit

Ve I
In contrast, the diffusion pattern . N "
] Y c I te n o ST for nanaclectrades g uickly To convert the newly plated Ag surface to AgCl, it must be functicnalised,

Chemical functionalisation by immersion in FeCl; has been shown to
praduce unifarm deposits of AgCl.

Linear diffusion profile

becomes hemispherical. This
profile is much mare efficient, and

Velikost posteru cca AO (84,1 x 118,92 cm apod. ok oy

reliably detect very low (attemole)

concentrations of analyte, C hara CterISatlon

Cyelic vollammetry and electrochemical

* Ndzev posteru Citelny z 5-10m (velikost fontu cca 70-100 bodd) e e e Combined e ey e oty

that the system is behaving as predicted. The
working electrode has been developed. The na noelectrode syste m Y g as p
project now aims to create a nanoelectrode B . . . nanoband should have a similar repense to
r we 4 . o dovice based an this system which has all This deslgp consists ofa micrasquare at the battom the current nanoelectrode array.
* Vlastni obsah ¢itelny z 1-2m (velikost fontu 16-22 body
one chip the cavity edge.

The Ag/AgCl microsquare
. : _ : X3 v v . . e (7~
Typ pisma — patkové pro bézny psany text, bezpatkové pro nadpisy e

Fabrication passing through the square

L h 1o alfect a
This design has been fabricated at the 15 10L arge snough 1o sl e
its use as the reference i £

Scottish Microelectronics Centre using electrode. Example of a nanoelectrode cycling in 100mM KCI

M phatolithagraphy. In this technigue layers solufion. This eycle is used to determine the
Y p r e e n o S of metal and insulator are depasited and This could create an an-chip device for cleanliness of the electrode surface

patlerned Lo produce the desired arrangement. sensitive analytical detection.

- Cim méné textu tim lépe, heslovité, odrézky [rm— An application

By coating the surface of the warking electrode in a probe nucleic acid, the

1. Siwater with oxide surface 2. Metal is then corresponding DNA sequence can be detected using electrochemical impedance
’, ”, ’ o deposited and coated spectroscopy (EIS). Before the larget molecule is hybridised, the resistance measured
L] T 1' I h d b k k 1' in a nitride passivation for the redox couple i all. When (h
- : e ple is srmall. When the
ext se lépe nahradi obrdzky s komentdrem . T et s e
; and therefore the EIS reponse, is much larger.
n N ‘d o I Ve, Vewv v 7 ) V4 ° V'é vk v ’ ’ g .+ Prehybridisation - the
3. Phatoresist layer is 4. Nitride is removed and i I . redox species has access
e|dulezite|si castli zvyraznit, orameckovat, tucne pismo el e
P P p p
1o UV light through a pattern metal layer
patterned mask ' Post the
] J d TI. -y 1-. M d.-'- I M k h d I o : T accass of the rado . ) \'(-) s
Each layer is deposited and patterned sequentially. This FIS measuremant of 50 am electiade shows species is restricted, and . 3 .
e n o Ive C q S I rd I o g I C y S o rq o U approach reliably produces uniform electrodes cheaply and the increase in resistance upcn addition of 0 the resistance rises at |

easily. the target nueleic acid. the electrade.

Objectives Many thanks to
Dr Damion Corrigan,
Having made the initial measurements, the next steps will include; Ilka Schrmueser,

complete fabrication of the combined system, including optimisation of nanoband and cavity Professor Ancy
dimensions Mount, the Mount

L d the SMC
further investigation of the sensitivity of nancelectrodes for use in DNA sensing and the ?J?:E;"(Onnemmg

relationship between the response and concentration of the target
support and

optimisation of a galvanostatic silver plating protocal expertise. nd skils




Performance Characterization, Sensitivity and Comparison
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ABSTRACT:

One ignored benefit of space travel is a potential
elimination of obesity, a chronic problem for a growing
majority in many parts of the world. - In theory, when an
individual is in a condition of zero gravity, weight is
eliminated. Indeed, in 'space one could conceivably follow
ad libitum feeding and never even gain an gram, and the
only side effect would be the need to upgrade. one’s
stretchy pants(“exercise pants”). But because many diet
schemes start as very good theories only to be found to
be rather harmful, we tested our predictions with a long-
term experiment_in a colony of Guinea pigs (Cavia
porcellus) maintained on the International Space Station.
Individuals were housed separately and given unlimited
amounts of high-calorie food pellets. Fresh fruits and
vegetables were not available in space so were not
offered. Every 30 days, each Guinea pig was weighed.
After 5 years, we found that individuals, on average,
weighed nothing.  In addition to weighing nothing, no
weight appeared to be gained over the duration of the
protocol. If space continues to be gravity-free, and we
believe that assumption is sound, we believe that sending
the overweight — and those at risk for overweight —
space would be a lasting cure.

6673 Co1|ege Avenue Swarthmore PA19081 USA

Federal IRBs.

INTBODUCUON:

The ‘current obesity epidemic started in the early 1960s with the invention and proliferation of elastane and
related stretchy fibers, which released wearers from the rigid constraints of clothes and permitted monthly weight
gain without the need to buy new outfits. Indeed, exercise today for hundreds of million people involve only the
act of wearing stretchy pants in public, presumably because the constrictive pressure forces fat molecules to
adopt a more compact tertiary structure (Xavier 1965).

Luckily, at the same time that fabrics became stretchy, the race to the moon between the United States and
Russia yielded a useful fact: gravity in outer space is minimal to nonexistent. When gravity is zero, objects cease
to have weight. Indeed, early and ts had to secure to their ships with seat belts
and sticky boots. The potential application to weight loss was noted immediately, but at the time travel to space
was prohibitively expensive and thus the issue was not seriously pursued. Now, however, multiple companies are
developing cheap extra-orbital travel options for normal consumers, and potential travelers are also creating
news ways to pay for products and services that they cannot actually afford. Together, these factors open the
possibility that moving to space could cure overweight syndrome quickly and permanently for a large number of
humans

We studied this potential by following weight gain in Guinea pigs, known on Earth as fond of ad libitum feeding.
Guinea pigs were long envisioned to be the “Guinea pigs” of space research, too, so they seemed like the
obvious choice. Studies on humans are of course desirable, but we feel this current study will be critical in

acquiring the attention of granting agencies.

CONCLUSIONS:

Our view that weight and weight gain would be zero in space was confirmed. Although we have not replicated this experiment on larger animals o primates, we are confident that our result would be mirrored in
other model organisms. We are currently in the process of obtaining necessary human trial permissions, and should have our planned experiment initiated within 80 years, pending expedited review by local and

MATERIALS AND METHODS:

One hundred male and one hundred female Guinea pigs (Cavia
porcellus) were transported to the International Space
Laboratory in 2010. Each pig was housed separately and
deprived of exercise wheels and fresh fruits and vegetables for
48 months. Each month, pigs were individually weighed by duct-
taping them to an electronic balance sensitive t0.0.0001 grams
Back on Earth, an identical cohort was similarly maintained and
weighed. Data was analyzed by statistics.

RESULTS:

Mean weight of pigs in space was 0.0000 +/- 0.0002 g. Some
individuals weighed less than zero, some more, but these
variations were due to reaction to the duct tape, we believe,
which caused them to be alarmed push briefly against the force
plate in the balance. Individuals on the Earth, the control
cohort, gained about 240 g/month (p = 0.0002). Males and
females gained a similar amount of weight on Earth (no main of
effect of sex), and size at any point during the study was related
to starting size (which was used as a covariate in the ANCOVA).
Both Earth and space pigs developed substantial dewlaps
(double chins) and were lethargic at the conclusion of the study.
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= Drug Distribution to Retinal Pigment Epithelium: Studies on
Melanin Binding, Cellular Kinetics and SPECT/CT Imaging
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J. A. Manzanares?, H. Kidron?, A. Urtti'
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Retinal pigment epithelium (RPE) is a
densely pig cell

the neural retina and the choroid, which are
drug targets for many diseases in the
posterior part of the eye. The pigment,
melanin, binds many clinical drugs and affects
their pharmacokinetics and effect in ocular
tissues. The effect of melanin binding on drug
distribution to the RPE is inadequately
understood.

The aims of the study were to evaluate:

. If the extent of drug uptake to primary
RPE cells could be estimated based on
in vitro binding studies with isolated
melanin and if cellular accumulation ‘J" IV’
represents the accumulation in vivo. | (

{

-

N

If single photon emission computed \

(SPECT/CT) imaging could be used in
studying pigment binding in vivo with
pigmented and albino rats.

© Re

@ Methods

Drug-melanin binding was studied with porcine RPE-
choroidal melanin. Maximum binding capacity (Bmax).
dissociation constant (K4) and heterogeneity index (n) were
ined by the Sips i (Rimpelé et al. 2016,
\ Manzanares et al. 2016).

the amount of melanin inside the cells using
parameters Bmax, Kd and n from the in vitro
study above.

~ E Cellular drug uptake was calculated varying

Retina RPE
/ / Choroid

A

Drug uptake and elimination were studied
with primary RPE cells containing melanin
to determine the effect of melanin binding
on cellular kinetics. These results were
compared with calculated results above.

Drug accumulation in the ocular
area of pigmented and albino rats
was studied with noninvasive
SPECT/CT imaging to evaluate the
effect of melanin binding on the
kinetics of 3-[I-123}-iodochloroquine.
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Binding depends on the pH, since the ionization states of Amount of melanin in the well (j1g)

melanin and the drug change. The basic (positively charged)
drugs bind to melanin at both pH values, but acidic (negatively
charged) drugs bind only at the lower pH. Concentration range

studied was 0.25-100 pM.

Chloroquine 1.9 uM

s

~a—Timolol 0.65 uM
~e—Timolol 3.2 uM

Cell-associated fraction (%)
F %

1 s n

Time (h)

The high-binding chloroquine was eliminated
from the cells slowly. The elimination of the
moderately-binding timolol was faster.

According to the calculations with B, Ky and n from the in vitro
study, melanin binding explained the cell uptake partly. Other cellular
factors (such as cell and per ility) affect
the uptake, but they were not considered in the calculations.

o @ Conclusions
Chioroquine 0.2 uM | —e-Pigmentedrat 1

g 03 —e—Pigmented rat 2 e
b5 1. Drug distribution to the RPE can be
;_ evaluated based on in vitro binding
z L’“ J experiments with isolated melanin,
E o) but other cellular factors affect the
) distribution as well
oss { Albino rat
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‘ ’ s = * ® accumulation in vivo, and can be
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area of the pigmented rats after intravenous
administration. Elimination was slow, similar to 2

g A 3 lar melanin binding can b
the elimination in the cell study. Ocular melanin binding can be

monitored in vivo with non-invasive
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Figure of the eye: modified from Servier Medical Art (https:
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