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design! and! microfabrication! process! [START_REF] Serfaty | Multi?turn! split?conductor! transmission?line! resonators.! Magnetic! resonance! in! medicine! :! official! journal! of! the! Society! of! Magnetic! Resonance! in! Medicine! /! Society! of[END_REF].! It! was! composed! of! 10! circular! concentric! copper! tracks! deposited! of! both! sides! of! a! sapphire! substrate.! The! MTLR! was! placed! below! the! µ?slide,! 180!µm! away! from! the! cell! monolayer! (Figure!1!a.!b.)! and! was! inductively! coupled! (14)! to! the! receiver! electronics! using! a! 6!mm! single?turn! copper! loop,! parallel! tuned! at! f 0! =!100.53!MHz.! Orthogonality! between! the! transmit! and! receive!coils!axis!leaded!to!a!attenuated!transmission!coefficient!S 21 !between!the!two! coils!of!about!-!40!dB!at!the!Larmor!frequency.!! MRI#sequence:!A!T 1 ?weighted!3D?FLASH!(Fast!Low!Angle!SHot)!sequence!was! used!with!a!field!of!view!of!0.6!×!1.9!×!0.8!cm 3 ,!a!resolution!of!12.4!µm!in!the!readout! direction,!perpendicular!to!the!cell!layer,!and!an!in?plane!resolution!of!160!×!160!µm ² .! To!reach!such!high!resolution!in!the!readout!direction,!echo!asymmetry!was!adjusted! to! 5%,! meaning! that! only!55%! of! the! k?space! was! acquired.! Acquisition! parameters! were:!TR!(Time!Repetition)/TE!!(Time!Echo)!of!74. 

!bulk!culture!medium's!relaxation!rate!R 1m ,!diffusion!coefficient!D m ,!and!assuming! the!cell!monolayer!was!entirely!contained!in!the!first!voxel,!the!local!relaxation!rate!is! then!expected!to!vary!as!:! ! ! !,!"#$! ! !! = ! !,! !! + ! !,!"#$! ! !! -! !,! !! ! ! ! ! ! .! !,! !! ! Eq.!!1.! Considering! a! Spoiled! Gradient! Recalled! Echo! sequence,! with! TR!=!75!ms, R 1c ( 

  7/3.7!ms,!total!sampling!bandwidth! of! 12.5!kHz,! 2! averages,! 100! dummy! scans! to! reach! the! steady! state,! and! acquisition! time! of! 8!min.! Radiofrequency! spoiling! was! performed! with! a! 117°! phase! increment! between! successive! excitations! to! reduce! residual! transverse! magnetization! effects.! The!alignment!of!the!microfluidic!channel!onto!the!horizontal!image!axis!was!carefully! adjusted!using!scout!scans!at!the!beginning!of!the!protocol.! Data#Processing# A! cylindrical! region! of! interest! (ROI)! of! 5!mm! diameter! was! centered! to! the! sensitivity! pattern! of! the! reception! coil.! One?dimensional! signal! profiles! were! then! ! 9! extracted!with!a!projection!signal!intensity!of!the!ROI!along!the!2!directions,!y!and!z,! parallel! to! the! cell! layer! (5! and! 50!mm).! The! homodyne! method! (15)! was! applied! to! ensure! low! distortion! of! the! reconstructed! profiles! despite! the! highly! asymmetric! k? space! coverage.! To! avoid! truncation! artifacts,! a! linear! phase! ramp! correction! was! applied! to! the! k?space! with! the! appropriate! sub?voxel! shift! before! the! homodyne! reconstruction.! The! R 1 ! measurements! were! performed! on! the! first! non?zero! voxel! along!the!x?axis,!assuming!this!to!be!the!voxel!containing!the!cells.!! The! signal?to?noise! (SNR)! measurements! were! extracted! from! magnitude! images! using! the! average! signal! intensity! over! the! ROI! and! the! standard! deviation! outside!of!the!channel.! The! systematic! evaluation! of! the! performance! of! the! R 1 ! measurements! was! based! on! Cramer?Rao! Bound! according! to! the! SNR! and! the! flip! angle! of! the! experiments!(16).! The! relaxation! rate! was! also! simulated! considering! the! theoretical! model! developed!by!Strijkers!et!al.!(17),!based!on!the!Bloch!equations!including!exchanges!of! water! molecules! among! 3! different! compartments! (vesicles,! cytoplasm! and! the! extracellular! medium).! Their! model! allows! the! quantification! of! the! decreased! efficiency!due!to!the!CA!internalization,!depending!on!the!location!of!the!paramagnetic! chelates.! The! shape! of! the! cells! highly! influences! the! values! of! the! water! molecule! exchange! constants! between! two! compartments.! In! the! present! study,! cells! are! adherent!on!a!surface!and!were!assumed!an!oblate!semi?spheroid!cell!shape,!following! ! 10! a! previous! work! by! Lee! et! al.! (18).! This! modified! model! was! applied! using! the! parameters!of!Table!1!to!simulate!R 1,c! ([Gd])!measurements,!assuming!equal!relaxation! rates!between!the!vesicle,!cytosol,!and!extracellular!compartments!in!the!absence!of! CA.!The!number!of!vesicles,!their!radii,!and!their!permeability!were!of!the!same!order! as!those!reported!in!the!literature!(19?21).! ! Diffusion## Based! on! the! integration! of! the! Bloch?Torrey! equation,! this! system! could! be! represented! by! a! mean! local! relaxation! time! assuming! a! mono?exponential! position? dependent! decay! (Mean! Relaxation! Time! Approximation! (22)).! Due! to! the! planar! configuration! of! the! cell! monolayer! (over! y! and! z! axes),! the! apparent! relaxation! rate! R 1,local (x), induced!by!the!paramagnetic!CA, is!expected!to!vary!along!the!x?direction.! Considering!a!time!integration!of!the!Bloch?Torrey!equation,!from!0!to!infinity,!taking! the

  Figure!3?b! shows! the! R 1,c ([Gd])! values,! R 1 ! measurements! for! different! Gd!
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 41234 Figure! 4.a! presents! the! signal! variation! along! the! x?axis,! i.e.,! the! receiver! coil!