% Institute of
N N - %‘% Universidad
Chemical Biology and W

Fundamental Medicine it : ............... de Alcala

Synthesis of amphiphilic
carbosilane dendrons for
cancer nanomedicine

Valeria I. Arkhipova

Institute of Chemical Biology and Fundamental Medicine, Novosibirsk, Russia

STSM took placeDepartamentodev dzN YNANCH t yVAdEN-Y A O |
L v 2 NHWAHIKAR, Universidad def Q Mdddid, Spain



Dendrimers and dendrons

Core

Dendrimer

Terminal
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Branches
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Dendron
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Highly symmetric hyperbranched
polymers

MW up to 100K and still (almost)
perfect molecular structure
Typical MW for biomedical
applications: 2-50K

Active per se (cancer,
neurodegenerative disorders,
bacterial/viral infections etc.)
Good vehicles for drug delivery
(chemodrugs, nucleic acids,
proteins etc.)

Isolated branches of dendrimers
More simple synthesis

Two topologically inequal types of
functional groups

Self-assemble into complex
architectures 2



Stimultsensitive dendrimer micelles and
dendrimerosomes
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Aim of the work:

A To develop a reliable synthetic methodology for the
synthesis of amphiphilic triazine-carbosilane
dendrons;

A To study the self-assembly of amphiphilic dendrons
Into supramolecular assemblies (micelles/vesicles);
ATo evaluate the potenti al

for drug delivery
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Synthesis otarbosilanedendrons scaffold
Br-&Cl)—(SMeCly)r,

BrGu(SiCly)m

n=1,m=1 \)
2, m=2 n
3 m=4 Br

n
n

Br@(—\]mi- x@(x)mi- x@f\/SWNMeZ.HCUm

BrG.V,. XGnVim XG(SNMe,HCl),,
n=1,m=21 X = N3 4-6 X =Nz 16-18
n=2 m=42 X= H005H4O 7-9 X= HOCEH4O, 19-21
n=3m=8,3 X =Pnht, 1012 X = Pht, 22-24

X =MeCOS, 13-15 X =MeCOS, 25-27

X= y Y‘: MeCOS
v v
HN-CCI S NMey), HS- G ™S~ “NMe,.HC)
NH,G(SNMes ), HSG,(SNMesHCI),,,

28-30 31-33

“Conditions: (i) CIMg(C,H,); (ii) MX (M = Na, X = Ny; M = K, X = Pht, MeC(0)S) or 1,4-C¢H,(OH),, K,COy; (iii) HS(CH,),NMe,-HCl, hy,
DMPA; (iv) H,NNH,; (v) HCL

Fuentes -Pani agua, E-Go nRZeg§fl e z , Gal Bn M. | G- mez, R
Nieves, J. (2013). Thiol - Ene Synthesis of Cationic Carbosilane
Synthons. Organometallics, 32(6), 1789 11796
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Synthesis of amphiphilic dendrons
Linker 1 - piperazine N
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Synthesis of amphiphilic dendrons
Linker 2 - aminohexanoate
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Exploring the potential of triazine
carbosilane dendrons for drug delivery

Hydrophobic
dendron scaffold
| | l\'l
s
NH Ny N
le~Na ™~
=N \ /—/_ S
N)\_ ,>—N\_/N—/\/‘s| HCI
N \
NH S~y
X,\!'
| | Hydrophilic linker
Bilayer-forming hydrophobic tails Hydrophilic periphery
of dendron

pH-sensitive unit



Seltorganization of dendrons
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Drug encapsulation (generation 2)

0 DOX@Ds MTX@DS 5FU@DS Scale bar

P represents 50 nm.
O‘O‘ ' N Black arrows show
OH O, O H
L‘IOH
+

the thickness of a
bilayer.
NHg 5-Fluorouracil (5FU)

TEM images were
obtained in the
group of
microscopic
studies of the
ICBFM SB RAS

Doxorubicin (DOX)

coo™

T

Methotrexate (MTX)

Table 1. Properties of drug-loaded dendrimersomes.

Sample! Particle Size2, nm PDI  Zeta Potential 2, mV  Drug Encapsulation?, % Drug Loading Capacity 3, %

DOX@DSs 92 + 38 0.213 413+73 65+ 10 >20.0
MTX@DS 46 + 17 0.292 1.2+45 75+ 10 >20.0
5FU@DS 75+ 30 0.216 11.0+5.7 25+5 >21

! DS-dendrimersomes; 2 Mean + S.D.; 3 rough estimation, see Section 2.8.

Apartsin , E., Knauer, N., Arkhipova , V., Pashkina ,E.,  Aktanova , A., Poletaeva , J., é G- mez
(2020).  pH- Sensitive Dendrimersomes  of Hybrid Triazine - Carbosilane Dendritic Amphiphiles - Smart
Vehicles for Drug Delivery. Nanomaterials, 10(10), 1899 11



Drug encapsulation (generation 3)

Rose Bengal (RB)

Confocal micrographs: (up) rose bengal; (down) merge of all channels.  TEM images of dendrimersomes at neutral (7.0) and
Scal e bar represents 20 Om. slightly acidic (5.5) pH. Scale bars represent 100 nm.

Sztandera K, Gorzkiewicz M, BNt aM, Arkhipova V, Knauer N, -NSiSnvwehsezJ, de | a Mat a Apaidtsn G-
E, Klajnert - Maculewicz B. Triazine i Carbosilane Dendrimersomes  Enhance Cellular Uptake and Phototoxic Activity 12
of Rose Bengal in Basal Cell Skin Carcinoma Cells. Int J Nanomedicine .2022;17:1139 - 1154



