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‘M Barcoded drug delivery systems?

N

= Drug delivery systems (DDS) labeled with
different tags that do not alter their properties

= Barcoding enables screening of multiple DDS
within the same subject

= Rule of 3R’s!
= Reducing the number of animals required
= Refinining the results
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Why we need barcoding?
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How can we do barcoding?
1. Barcode | ‘“

“ e NSNS N
0 532088 9953

Peptide

2. Reader

LC-MS PCR Flow cytometry
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Barcoding of liposomes

DNA{MRNA barcodes for LNP screening:
Ing the efficacy of mMRNA delivery

production

= DNA barcodes for a theranostic application: =
PCR analysis of DNA combined with live-
dead cell imaging to study drug efficacy
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Z. Yaari, et al, 2016. Nat. Commun. 7 (2016) 13325. P.P.G. Guimaraes, et al. (2019) J. Control. Release. 316 (2019) 404-417.
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Absolute quantitation of barcoded
liposomes in ocular tissues

AIM To develop a quantification method that allows studying of multiple liposome
formulations within the same animal.

HYPOTHESIS Ocular pharmacokinetics of various liposome formulations can be
studied within the same animal when the liposomes are labeled with barcode lipids.

3

% érﬁ hN %
N o~ N Analysis with LC/MS T |
(JJHJ {:"' ! = % i

7 ’ Q\ 8
Ve = .

N,‘:\J (_:N J ’ g < 6 - | 023
o 5 7/ - "C_‘U' ]

miz Retention time

.~ CONTROLLED RELEASE SOCIETY A\llllll&ll )lCClillg |NTE.GRAT|N(‘; i
CRS 2024 . Exposition Delivery Science
';','..:... — JULY 8-12, 2024 - BOLOGNA, ITALY ACROSS DISCIPL'NES




\

N

’

validation

A) = B) -
~104n16.20 & 7.51 =)
= 100 x 554 5153 100 =1
S . p . = 11 540.4085
s || 140TAP e S 2ot
c 3 Lol - . 3
3 50 © 040’550 560 570 580 590 *E 50 14 O DAF 38 0 |
O Mass-to-charge (m/z) g Rr,’%g 55-11‘?- éﬁgrsg%g(ﬂgfsg
] O
0=— 0 - ———
6 7 8 9 10 11 12 13 14 15 7 8 9 10 11 12 13 14 15
C) Acquisition Time (min) D) Acquisition Time (min)
& g 1
<100 [ = 0151 6105776 _1oo 9:40 = 0| 5965613
e g X € 64
[ . 3025 3
= 3 W o . 2 Wl
S 50 160 TAP © 0610820830640 650] & 50 160 DAP © 590 600 610 620 630 640)
8 Mass-to-Charge (m/z) g Mass-to-Charge (m/z)
o
U Iy
0 A . ) i 0 A ‘
6 7 8 9 10 11 12 13 14 15 6 7 8 9 10 11 12 13 14 15
E) Acquisition Time (min) F) Acquisition Time (min)
ol o 10.73| = 652.6244
£100 T | 6634543 L % ! 663.4543
. : = . 205
£ 118:0 TAR T $ | 18:.0 DAP e L L
3 90 S L € 50 S Y640 650 660 670 680
o 660 670 680 690 700 8 Mass-to-charge(m/z)
Mass-to-charge (m/z) Q
0 0 == S S —
6 7 8 9 10 11 12 13 14 15 6 7 8 9 10 11 12 13 14 15
G) Acquisition Time (min) H) Acquisition Time (min)
- & & | 6485933
E’i 100 7.1 > 4 662.6078 2100 9.46 15
2 5 2 1
2 £2 £ 663.4542
5 50 DOTAP |¢ ‘\. £ 50 DODAP gosl ||
Q 650660 670 680 600 700 3 640 650 660 670 680 690
O Mass-to-charge (m/z) 5] Mass-to-Charge (m/z)
0 - 0
6 7 8 9 10 11 12 13 14 15 6 7 8 9 10 11 12 13 14 15

Acquisition Time (min)

CONTROLLED RELEASE SOCIETY

Acquisition Time (min)

CRS 2024

Annual Meeting
avo EXposItion

JULY 8-12, 2024 - BOLOGNA, ITALY

Sample preparation and method

Expected concentration (ng/ml)

Merivaara, Arto, et al. Journal of Controlled Release 370 (2024): 1-13.
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Expected concentration (ng/ml)
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1. Add 10yl 2. Add 250 pl 3. Vortex. 4. Centrifuge. 5. Collect 6. Add 200 pl
ISTD. cold methanol supernatant chloroform
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Y Concentration of barcode liposomes
in ocular tissues

= Rats: intravitreal injections,
injection volume 3 pl

7

= 6 barcode liposome
formulations in one injection

= Fluorescent label to confirm

HVR- T A) Barcode liposomes in AH and Vitreous B) Barcode liposomes in neural retina
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‘- )R
Annual Meeting INTEGRATING z %W
avo KX posItion "

—

Delivery Science 7 =/////

JULY 8-12, 2024 - BOLOGNA, ITALY ACROSS DISCIPLINES



Y-
s

N

Evaluation of pharmacokinetics

A) 50 nm PEG cationic B) 50 nm PEG ionizable 100
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Conclusions and take home message

= Barcode lipids offer an accurate, precise, and reliable
method to study the in vivo intraocular pharmacokinetics of
liposomes even in rats.

= The number of animals decreased from 72 to 12 by using
the barcoded liposomes. This is important from an ethical
point of view as well as from an economic point of view.

»The approach can be transferred to other tissues such as
plasma and liver, to study the drug delivery with liposomes.
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