* IBEC

Swarms of enzyme-powered e
nanomotors enhance the diffusion P O
of macromolecules in viscous media A
Noelia Ruiz Gonzalez o ’ p 23

PhD candidate in Nanosciences at the Institute of Bioengineering of Catalonia

EEEEEEEEEEEEEEEEEEEEEEEE A{nllll&ll ).IL:Clillg INTEGRAT'NG
C RS 2024 o Lxposition Delivery Science
:i.'..';.:-;-..,..:::. r— JULY 8-12, 2024 « BOLOGNA, ITALY ACROSS DISCIPLINES

~ \



Nanobots for knee injuries

Ruiz-Gonzalez et al. Small 2024, 20, 2309387. DOI: 10.1002/smll.202309387

ﬁ}f&NTROLLED RELEASE SOCIETY 4\11]1“&'1 )[cclillg

avo EXposition

JULY 8-12, 2024 « BOLOGNA, ITALY

Urea

- (R
. *‘“w}n 0, + NH,*

UrNM in SSF (200 mM Urea)

- t=0s’ t=15s" t=30s t=60s’ t=110s

e O o ¢ @e

INTEGRATING
Delivery Science

ACROSS DISCIPLINES



Nanobots for knee injuries

Ruiz-Gonzalez et al. Small 2024, 20, 2309387. DOI: 10.1002/smll.202309387

.f:‘;:f“-» CONTROLLED RELEASE SOCIETY A\llllll‘ll )lcClill g
CRS 2024 wo ixl‘)()silion 5

see® JULY 8-12, 2024 « BOLOGNA, ITALY
) x o....

With HyaNM
pretreatment

INTEGRATING

Delivery Science
ACROSS DISCIPLINES

sl

©
s Urea

- ¥
“‘-w} 0, + NH.*

Vel
5}

&3 ’ f UrNM
! Ry? R ey
& X Troop 2
S \ \
g N
= e t=0s’ t=15s"
3 § . .
L0
s a
o t=0s t=15s

UrNM in SSF (200 mM Urea)

t=30s I t=60s "’ t=110s

e e @e




- '] A L
M o re i nf O rm ati o n i n . BEC Synergistic effect of swarms of enzyme-powered 7
u nanomotors for enhancing the diffusion of macromolecules
Noelia Ruiz-Gonzalez,' David Esporrin-Ubieto,' Ana C. Hortelao,' Juan C. Fraire.' Anna C. Bakenecker,” Marta Guri- Canais.'
Ramon Cugat, 3¢ José Maria Carrillo.* Montserrat Garcia-Batllethd,* Patricia Laiz,* Tania Patfio.* Samue! Sanchez!/

Geunca ané Tachnciogy (EST), Daci {Raleac 10-22, 20020 Twcaiona. Goain

Labentay -, Pracvacy Gact roean, mmum
o s s o e e 1 emers o
e e e e
® UxivERSITAT.. —— e e e v e [Harenmzyez
W} BARCELONA o B S o e Sy D, S ey o ey 1312 S T b () rruzpmecosrceonacs

Session #4, Poster 785 T

Most fluids present in the human body are viscoelastic media such as synovial fluid (SF) present in the joints, mainly composed of hyaluronic acid. These
biological barriers are 3 challenge for the field of nanomedicine as passive partcles are retained and trapped in the complex network 2, thereby limiting the
mobility and impeding their ability to reach the intended target site* However, the of (NMs) capable of
interacting with these biological barriers and allowing them to move within these fluids is not well-studied yet - - Here we demonstrate the synergistic effects of
two NM troops. namely hyaluronidase NMs (Troop 1) and urease NMs (Troop 2) in (a) simulated synovial fluid (SSF) and (b) ex vivo synovial fiuid from sheep.
Troop 1 interacts with the SF by reducing its viscosity, thus allowing Troop 2 to swim more easily through the SF, increasing the diffusion of macromolecules.
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A 3 challenge in biomedicine.l'! Particularly, S
Over the past decades, the development of nanoparticles (NPs) to increase passive nanoparticles (NPs) have been ex- o . J— \
the efficiency of clinical treatments has been subject of intense research. Yet, plored to act as drug carriers. Yet, they still i . = c =
most NPs have been reported to possess low efficacy as their actuation is "‘7‘5‘? to DVEYCOW?[ Zc‘j!"Plfx scenarios, such H NE
hindered by biological barriers. For instance, synovial fluid (SF) present in the as viscous media,”™! the extracellular ma- 1 e
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joints is mainly composed of hyaluronic acid (HA). These viscous media pose i i : g
s 3 2 5 in the joints, to name a few. These struc- 3 i
a challenge for many applications in nanomedicine, as passive NPs tend to tures are highly complex and are mainly 1 g,
become trapped in complex networks, which reduces their ability to reach the composed of hyaluronic acid (HA), glyco- 1,"_::,‘;_’.‘;: s el ey =y d p gl kel oep g % 3
target location. This problem can be addressed by using active NPs proteins, and collagen, with a high viscos- et e e e g o % @ % % ) 00 P
(nanomotors, NMs) that are self-propelled by enzymatic reactions, although ity that reduces the ability of conventional - B bt sl £
ey q bl PR nonmotile carriers to reach their target site. Second troop: Urease nanomotors B ¢ ¢
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synergistic effects °ﬂw° NMs troops, namely hyaluronidase NMs (HyaNMs, technologies capable of increasing the pen- mp:;'genwfa! 'I'r;nguééumus: B B e e e -
Troop 1) and urease NMs (UrNMs, Troop 2) are demonstrated. Troop 1 etration and diffusion efficiency facing bio- : Conclusions and Outlook
interacts with the SF by reducing its viscosity, thus allowing Troop 2 to swim logical environments. In this context, self- " — s — — | - m e ;‘ngu fve een E,@,;}‘.r o fabricale two troops of
. can viscosity reduction of both simulaed and &x

propelled NPs, namely nanomotors (NMs),
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more easily through the SF. Through their collective motion, Troop 2 Kold Gieat poratial 16 overicane thalow dif g

increases the diffusion of macromolecules. These results pave the way for

vivo synowa fluid Manks % thelr enzymatic catalysis. Urease nanomoiors show
difusion In the presence of urea when synovial fluds have bean treated with

L N A IR fusion problem. However, NMs have mostly hyaluroniaase nanomotors.
more P use of enzyme-p NMs, e.g., for treating joint injuries been studied in liquids such as water, phos- : T;': mnanm MR A erHe aaRcLY. [cenmd NI S
A S % ; A A B ynowal fuld. effects of enzyme-p ofter

and imp g p effec comp with traditional methods. phate buffer solution (PBS), or Newtonian D potential 36 joint Injury therapautcs.

fluids, while their actuation in complex i,
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