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Abstract

DNA and cetyltrimethylammonium bromide (CTAB) hayeen used to prepare gel
particles for controlled release studies. Thisckrtireports on the release of DNA and
CTAB in four different solutions: in sodium bromida strong acid, pH=2 and pH=9
solutions for salmon testes DNA-CTAB gel particlédso, compares results at extreme
acid media and 10 mM NaBr solution with higher nealar weight DNA gel particles. The
direct surfactant release was followed for thetfiime and shows the need of using
biocompatible surfactants for the preparation @sthgel particles. The release behavior
depends on the receptor solution pH and the maesutight of DNA. The first stage of
the release corresponds to the so-called normeésel profile and after this period, the
release changed to a slow release profile. Alsoeffect of dehydration and rehydration on
the gel particles structure has been studied ®ffitht time. The last process was observed
visually and by SAXS measurements as a functiotinoé. This process maintains the
particle membrane integrity, structure and barfigrction. The rehydration of dry gel

particle in water occurs in only a few hours.
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1. Introduction

In recent times, significant advances in drug-aelvsystems have enabled more efficient
administration. Many delivery mechanisms have beéned through the development of
more reliable dosage forms, such as tablets ansulsp [1-2] Controlled drug delivery
involves the ability to control the distribution tiferapeutic agents both in space and time.
Controlled-release systems also increase the lbedfiaiency of the drug by maintaining
the drug concentration in the body within the optimtherapeutic range and under the
toxicity threshold. In the past, significant advesdn drug-delivery systems have enabled
more effective drug administration. In order toide drugs to specific organs, a range of
particulate delivery systems has been designed, (®igelles, liposomes, and polymeric
nanoparticles). [3-4]

Oppositely charged polymers and surfactants cam fgel particles, which might display
different structures and compositions. Studies woiffagtant-polyelectrolyte gels have
demonstrated that gelation can give rise, underescomditions, to homogeneous “solid-
like” particles, whereas, in a more inhomogeneoegiatgpn process, hollow or core-shell
capsules form. [5-6] Those systems find applicaionthe pharmaceutical area; however,
the list of commercially available products beconwesy narrow, mainly because of
regulatory hurdles to demonstrate their safetyhi@man use. The number of applications
proposed for nano/gel particles is steadily indregsbeing reflected in a rising number of
papers and patents, as well as formulations undaeggminical trials. It is well known that

the nucleic acids (DNA and RNA) can self-assemblté wationic lipids or surfactants via



electrostatic attractions and hydrophobic inteomdi between the apolar surfactant
hydrocarbon tails. Due to these interactions thmstecules compact and stabilize DNA.
The self-assembly will result in complexation amhdensation of the nucleic acid and is
thermodynamically driven by the release of countesi [7] Most of these complexes are
dispersed in aqueous solution with well understpodperties and well characterized
structures. [8-10] The drug release behavior atalyte activity of these nanoparticles are
strongly influenced by their morphology. The drugligery application of DNA gel
particles includes the collapse of extended DNAirgha@nto compact, ordered particles
containing only one or few molecules. [11, 14-1%d& some of the physical properties of
the colloidal delivery systems can be modified, ingnto protect the DNA from
denaturation, minimize DNA loss, prevent harmfaleseffects, enhance targeting, increase
drug bioavailability and stimulate the immune sysie[12-13] Apparently, minor changes
in the structure can have major effects on biolalgactivity. [15] The main essential step in
the process of transfection is to compact the edenhigh-molecular-mass, negatively
charged DNA into a condensed, positively chargadn@utral) particle which has to be
small enough to be object of endocytosis. This eosdtion requires, a chemical species
bearing multiple positive charges to replace th@owalent counterions of DNA. [16]

For these reasons, the release study of these eregpbpens new perspectives in the field
of controlled release.

Clearly, it is important to have knowledge of theahanisms controlling the rate of release
and selective extraction of the components frongeiearticles.

Nowadays natural products such as DNA and otheatiedy charged polymers from
natural origin are the two main approaches to fogrbiocompatible gel particles. The

formation of gel particles using chitosan was eantixplored and also used to encapsulate
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an aromatic oil in surfactant-polyelectrolyte gertcles, and its release was followed
either in agueous or organic phases. [6] Earliekyas observed that when the DNA-
surfactant gel particles are suspended into a iteefimedium, different responses are
encountered: swelling or shrinkage, dissolution aetbase of DNA. [20] In some
applications, a physical cross-linker is used tbagmce the biodegradation of the gel. A
simple alternative for this enhancement is the @aton between surfactants and
polyelectrolytes. [17, 18, 19]

On the other hand, it is known, that protonation @NA bases leads to helical
destabilization and melting, which results in mapaypolymer structural changes. [21-23]
Also, it was observed that, as base protonationgrpsses, a B-DNA to C-DNA
conformation conversion occurs, with significant ®Npectral changes. The protonation
of Guanine bases occurs at €84 [24] In addition, previous studies found that AN
denatured by treatment with 1-4 M HCI for a perad@0 minutes. [25]

Moran et. al previously reported the simple prepamaof DNA-cationic surfactant gel
particles. [26] In the present work two types of Sationic surfactant gel particles were
studied: DNA from salmon testes and calf thymus DNAe aim of this work was to
follow the release of CTAB and DNA from gel paréslin different receptor solution and
also the study of rehydration of the dry gel p#&sc The release studies are presented in
10mM salt, pH=2, pH=9 solution and in strong aciddm. In the first cases, the release
was slow but in strong acid solution fast releass wbserved in the first hour. To increase
the shelf life of the gel particles dehydrationyeétation studies were performed. Those
showed that the dry gel particles are completehydeated in four hours, and they retain

their structure and properties.



2. Experimental section

2.1 Materials. Double stranded DNA was used during the studieaxiribonucleic acid
from salmon testes (sodium salt) (stDNA) with malec weight of 1300 kDa and DNA
sodium salt from calf thymus (ctDNA) with a moleaulveight of 10000-15000 kDa were
purchased from SIGMA and used as received. The BhiAcentrations were determined
spectrophotometrically at 260 nm from calibratiamves. The sodium bromide (NaBr),
borax and hydrochloride acid (HCIl) were obtainedonfr SIGMA and
cetyltrimethylammonium bromide (CTAB) from FLUKA.IlRexperiments were performed
using Millipore Milli-Q deionized water and NaBrlstion.

2.2 Particle Preparation. The DNA stock solutions were prepared as 2% DNAGnmM
NaBr in order to stabilize the DNA secondary stuuetin its native B-form conformation.
[27] CTAB solution was prepared as 2% CTAB in 10 nNABr dissolved in Milli-Q
water. DNA solutions were added drop-wise into yeagitated surfactant solution (4 mL).
The DNA droplets in contact with the surfactantusioin gelled into gel particles. [15]
These gel particles were left to stabilize and ldmnaite in the surfactant solution for a
period of 2h. (See the sketch of the particle praan in Supporting Information Figure
1S). Then the gel particles were separated andedath x 4 mL of Milli-Q water to
remove excess salt and surfactant.

2.3 CTAB and DNA release studies. A certain quantity of gel particles (15 gel pdeg)
were suspended in 2 mL of different receptor sohgi 10 mM NaBr, 0.5% of HC|+10mM
NaBr, pH=2 (0.2M HCI + 0.2M NaBr) and pH= 9 (0.0293drax) solution. The samples
were kept under constant agitation at room tempexaf27+0.5°C). At defined time
intervals, the supernatant was collected, and &epgrticles were re-suspended in fresh

receptor solutions. CTAB released into the supamatvas determined by surface tension
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measurements (using a home-made pendant drop nresity The released DNA was
determined by measuring the absorbance at 260 timavgpectrophotometer (Carry 300 —
UV/VIS spectrophotometer). Because of the DNA dersion in acid media, the DNA
calibration curve in acid media was determined e maximum was between 264-266
nm, which agrees with the literature data. [28] Tiedeased surfactant- and DNA
concentrations were determined from the calibratiarves (see Supporting Information
Figure 2S for CTAB and Figures 3S-6S for DNA) takimto account the dilutions. The
surface tension of the receptor solution is usdth tie calibration curve to determine its
CTAB concentration. In case the surface tensiom ithe high-concentration plateau, the
sample is diluted till a usable value is obtainedcase the sample produces a surface
tension in the low-concentration plateau, the cotre¢ion cannot be determined. The
maximum possible release of DNA and CTAB was calad from the weight of the 15 gel
particles (before immersing in the receptor sohjtiand taking into account the amount of
CTAB incorporated into the gel particles (obtairiemn the difference in concentration of
CTAB before and after gel particles formation). 8 determination is further confirmed in
the case of complete degradation of the gel padi@¢h 0.5% HCI-10mM NaBr).

2.4 Hydration. The gel particles were freeze-dried and rehydratedater. The rehydration
was followed by X-ray measurements.

2.5 X-ray measurements. Small angle X-ray measurements (SAXS) were cawigdising
an S3-MICRO (Hecus X-ray systems GMBH Graz, Auttaupled to a GENIX-Fox 3D
X-ray source (Xenocs, Grenoble), which providestedor focused X-ray beam with the
Cu Ka line (1.542 A) with more than 97% purity and laéban 0.3% K. Transmitted
scattering was detected using a PSD 50 Hecus wipxel resolution of 542m and

approximately 1cm pixel width. The samples weresitedd in a capillary with 1 or 2 mm
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diameter, depending on the size and the textutkeo$ample. The SAXS scattering curves
are shown as a function of the scattered vectomusd according to:

g = 4/A sin ©/2),

where/ is the wavelength of the used X-ray (1.542 A) @\ the scattering angle. The

scattering patterns are shown as obtained, tmahisly with the detector smearing.

3. Results and discussion

3.1 Receptor solution effect on release studies

The release of gel particle components was followetth time and the total released
concentration of the different components (DNA &i0AB) was determined. As it was
mentioned already, after two hours, the gel pasielere washed with water and separated
in the different receptor solutions. For the reégdw/o samples were taken during the first
hour and further one sample every hour. The saogllection was performed by changing
the receptor solution with new solutions. From eaample, the DNA and CTAB
concentrations were determined by UV-spectrometrg aurface tension measurement
respectively.

In Figure 1 the total released CTAB (a) and thaltetleased DNA (b) are presented as a
function of time for stDNA-CTAB complexes in diffemt receptor solution. For the DNA
release at pH=9, the results for the first houesrast shown in the Figure 1b because the
concentrations were below the limit of the detattidhe CTAB release in different
receptor solution had the same behavior, in tist fiours was faster and after 24 hours was

getting slower. In acid solution, the CTAB rele@aséaster than in 10 mM NaBr and pH=9



solution. This can be explained by the denaturatb®NA, which induces a faster and
bigger amount of CTAB and DNA release in the fingturs. In 10mM NaBr, a small
amount of surfactant is released, but in acid mestarting from the first minutes, the
released amount of CTAB is significantly bigger.dH=9 solution, the DNA release was
not observed, and the gel particles were stablacith media, the released amount of DNA
is faster which correlate with the denaturatiorgdigtion of the gel particles.

The effect of the pH on the release studies wdsrdiit for CTAB and DNA release. The
released amounts in percent, in different recepbduition, are presented in Table 1S (see
supporting information). In DNA release a cleareeffof the receptor solution pH was
observed, by increasing the pH the amount of relt&NA decreases and also, in the first
hours of the studies, the kinetics are getting slolRegarding the proportion of the release
of the membrane components, in the first hours,rétie of the released CTAB/DNA is
close to that of the complex membrane (around [B4).This ratio can be considered
constant for 10mM NaBr receptor solution. However,acid media this ratio clearly

decreases with time as a consequence of the campletse of the encapsulated DNA.

3.2 Molecular weight effect on release studies

The release studies of stDNA-CTAB complexes werengared, at very acid media
(0.5%HCI, 10mM NaBr) and 10mM NaBr solution, withNB-complexes formed with
higher molecular weight, namely with calf thymus ANIn Figure 2, the total CTAB
(Figure 2a) and DNA (Figure 2b) release is preskmte a function of time for ctDNA-
CTAB gel patrticles together with the results of SMBCTAB complexes. The calibration
curves for ctDNA are presented in Figure 8S andi®Supporting information. The

released amount of surfactant for ctDNA-CTAB geftigées in the first hours in NaBr was
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smaller to that obtained for sStDNA-CTAB gel partig] but after 2 hours it was similar. For
the ctDNA release in gel particles, differencesevebserved in both receptor solution
compared with salmon testes DNA. The differencesédiease in acid media can be
explained by the slower denaturation of calf thyrA, in this case, the membranes of
gel particles were dissolved only after 3 days &ssion 3.3).

The controlled release from these gel particlesbheadescribed as a diffusion process from
core-shell spherical particles. A simple modeltfue diffusion process is described by the
Fick's law diffusion equation but, in the contextdrug release studies, several other
equations have been developed. [29] Also, spenificiels for the release of a molecule
encapsulated in the interior of gel particles héeen proposed in the literature, for
instance, the shrinking core model.[6] In the pnésmse, because the released molecules
form part of the structure of the shell and are &sind in the core of the particle, we have
used just the more phenomenological model. Theasel can be described by the empirical

power law equation developed by Peppas[30]:

%=ktn
M,

l M. _ ] log k
ogM =nlogt + log

[ee]

WhereM, is the absolute cumulative amount of drug releagddnet, M, is the amount
of drug initially loaded into microgel¥ is a release rate constant amds a release
exponent.

For drug release from spherical particles, the e/alithe exponent for Fickian diffusion
depends on the width of the distribution. [31] Tasen<l1 corresponds to slower diffusion

thann>1. The cas@&=1 corresponds to the so-called normal diffusiolne Telease would



also depend on the membrane structure. The retddSEAB and DNA from gel particles
is a specific diffusion from a spherical partichdso, we should mention that washing the
gel particles after preparation assures that aogd DNA or CTAB is removed from the
surface, eliminating the possibility of burstingfeets. In Figure 2a, the dashed lines
correspond to three different diffusion ordangs (L, 1/2 and 1/4. It can be observed that, in
the first 4 hours in acid, the release can be de=tras normal diffusion with=1. (See
more details in Supporting information Figure 7S)weéver, in 10mM NaBr solution the
diffusion has an order of ¥z or less. After 24 hoting release shows diffusion of order %
or smaller. We should also remark that in these-sbell gel particles, the CTAB release
can come only from the membrane while that of DNeh correspond both to molecules
involved in the formation of the membrane as wsllfaee” DNA molecules in the interior
of the gel particles.

The accelerated release of the gel particles th @ be explained by the stability of DNA
and DNA-CTAB complex in acid media. Mixing DNA witlnstrong acid like stomach HCI
causes rapid degradation. The strong acid readfs the hydrogen bonds of double
stranded DNA, major destabilization of the helidaplex occur, which causes denaturation
into 2 single strands. [21] Also, it is known thatjd treatment of DNA causes hydrolysis
of the sugar-phosphate backbone. [32] Becauseessighnded DNA is very unstable in
acid media, spontaneous breakdown occurs until sinigle nucleotides, or at least small
chunks of them, are left. The acid-base behavioDNA may play also a role in the
stability with the protonation of phosphate grougrsd subsequent destruction of the
complex because of the reduction of the existiegtebstatic forces.

As we observed in acid media, the gel particlesgaaly from the first moment start to

denature. The transparent gel particles changedioe to white, shrink and with time they
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start to dissolve in the acid solution. In Tabletle proportion of released molecules is
shown in 10mM NaBr and in 0.5% HCI-10 mM NaBr s@at In the first two hours, a
smaller amount of CTAB and ctDNA is released fromDNA-CTAB gel particles
compared to stDNA-CTAB. This result suggests thatihteraction is much stronger in the
case of calf thymus DNA. An indication of how stgois this interaction is the formation of
a stronger and thicker membrane (gel particle skihg whiter ctDNA-CTAB gel particles

suggest a thicker skin formation.

The release in acid media is different from thal@mM NaBr. After 24h in acid media,
the gel particles are destroyed, more than 80%eDINA and more than 60% of CTAB is
released in 0.5% HCI-10mM NaBr solution. As it d@seen in Table 1, in 10 mM NaBr,
the released stDNA and ctDNA after 8 days is arolt0l2%, and the released CTAB is
between 5.7 % and 3.8 % respectively. In this casBNA-CTAB complexes, the
surfactant release show slower kinetics. This smghllonent in the kinetics implies that,
after 3 months only 4-7% of DNA is released.

While in acid media after five hours around 30%stdNA is released, for ctDNA-CTAB
gel particles only 20% of ctDNA has been releasedhe same time. This difference
suggests that, in the case of calf thymus DNAieraction is stronger. As stated above,
an indication of how strong is this interactionthe observation of a mechanically stiffer
film constituted by the polyelectrolyte-surfactax@mplex. From these results, we should
also pay particular attention to the release of 8TAat is small (but not negligible) in 10
mM NaBr and is near complete in acidic conditiolhe importance of the surfactant
release associated to the DNA release from this tfpgel particles was already pointed

out by Morén et al. [36]. Those authors used theetation between haemolytic activity
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and cationic surfactant concentration to evaluageamount of surfactant released. In the
present case, we have evaluated the surfactanertvaton in the receptor solution by
surface tension measurements. Moreover, the caatems of surfactant obtained by
Moran et al. were much higher than in the presasécdue to the different composition of
the complex when using different surfactant chaimgths and surfactant solubility. Thus,
the present complexes have a surfactant/nucleataeof around 1.5 in the shell or around
5 in the whole particle compared to 11 found by &voet al. for surfactant with shorter
chain length. These observations reinforce thed rfee using the most biocompatible
choice possible for the cationic surfactant whemidating these gel particles for their use

in vivo. [20,33]

3.3 Visual changes of gel particles

DNA-CTAB gel particles after formation and prepavatfor release had a different color.
The stDNA-CTAB gel particles were more transpatean the ones of ctDNA-CTAB. The
whiter color of ctDNA-CTAB gel particles suggesthacker film formation and also can be
correlated with the molecular weight of the ctDNAigh result in a more viscous gel.
During the release studies, the visual changekeofjel particles were also monitored. For
the gel particles in NaBr solution, the size andrfaemained unchanged, but in HCI
solution the gel particles got whiter, smaller, afigtr a few minutes they formed a bigger
aggregate (all the gel particles were stuck togetidese changes are shown in the photos
of Figure 3.

The pH of the NaBr supernatant solutions evolvedif6.5 to 7.5 and for the HCI solution
was around 0.5. After 24 hours, the gel partictesnfsalmon testes DNA in HCI solution

were dissolved, only traces of the membranes wér@isible. The gel particles from calf
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thymus DNA after three days still had small piecEmembrane in HCI. In NaBr solution,
the color of the ctDNA gel particles changed totehiless transparent. See photos of gel

particles in Figure 4 after 24 hours.

After four days, the gel particles in NaBr lookée tsame, but in acid solution for ctDNA-
CTAB gel particles very small pieces of the geltiggs were visible at the bottom part of

the vials.

As it is well known, for the gel particles [16, 28]e stability is given mainly by the
electrostatic attraction between DNA and the oppbsi charged surfactant. The
electrostatic interaction is expected to be weakethe presence of an electrolyte. Gel
particles placed in acid solution show a fast, fmoigressive dissolution with time. In this
case, an initial denaturation of DNA in gel pagglcan be deduced. Clear difference in
stDNA-CTAB and ctDNA-CTAB gel particles in NaBr smion was observed after few
hours when the ctDNA gel particles were gettingteehihe observed color changing can

be attributed to water uptake from the solutiondisb to the stability.

3.4 Studies of rehydration of dry gel particles

The structural study of these complexes at the cotde level is crucial for understanding

the structure-activity relationship. In earlier ¢gies, [33-34] the structure of cationic

surfactants and DNA complexes was clarified anldexagonal structure of the studied gel
particles was observed. The hexagonal structutbeotomplexes in the dry state but also
in the hydrated form had already been observed. [34

In this study, another observation was made ongafyparticles. The gel particles after

formation and washing with water were vacuum-dfi@d24 hours. For the first time, it
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was observed that the dry gel particles in watéydeate (i.e. not only the complex
rehydrate, but there is a net flux of water toitireer part of the particle due to the osmotic
difference) while in higher salt concentration (88 NaBr) they slowly dissolve. We can
distinguish two different processes: namely theratydn of the complex itself and the
hydration of the core-shell particle as such. Thkparticle dissolution with time in high-
salt concentration (150mM) was earlier observedMiyran et. al. [35] In the studied
systems the observed response for DNA-surfactamplExes was explained by a higher
flexibility and higher amphiphilic character comwiion.

Concerning the hydration of the complex, the capyllwith the gel particle during
hydration was measured by SAXS in a 2 mm diamedpillary in the presence of excess
water. After 4 hours, the gel particles were congiyehydrated. The dry particle in water
rehydrates (see Figure 10S in Supporting Informatiand in acid denaturalize. The 2D
spectra of gel particles did not show anisotrogye BAXS spectra for stDNA-CTAB gel
particles are presented in Figure 5 and for ctDNPAB in Figure 6 together with the
spectra of the dry gel particles.

The hexagonal structure for the studied gel pagielas observed. This structure is more
defined when the gel particles are hydrated artighncase the repeating distance is bigger.
The repeating distance corresponds to 40.80 A ripmdl particles and to 50.27 A in the
hydrated form for stDNA-CTAB complexes. For ctDNAFEB complexes, in the dry
state, the repeating distance is 41.89 A and imatgd form 50.67 A, with a small band at
241.66 A. The band at big repeating distance (gemgll g value) corresponds to ctDNA
(see below) hydration. The hydration of DNA wasodlsllowed for up to 24 hours, and
when the complexes reach the maximum hydration liared disappeared. The repeating

distance with water content is changing with tirker ctDNA alone, the hydration was
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followed in a capillary by SAXS measurement. Thecm are presented as Supporting
Information Figure 11S. It was observed that tl#ENA hydration present the same band at
small g value when is completed hydrated. The presendbi®fDNA band also suggests

that inside of the gel particles an excess of DElAresent.

In Table 2, the repeating distances for the studiatiplexes (calculated from the most

intense peak) as a function of time is presentethi®two complexes.

The repeating distance in the dry state suggestsyaclose-packed structure for the studied
complexes. As it was observed, the hydration is/ Vfast in the first 30 minutes, the

repeating distance increases by 8 A. Later on, ordyginal increases were observed (1-2
A). Taking into account the repeating distances el hexagonal structure, the water
amount that can be sufficient for an agueous mgeolgan be estimated. The water
molecules can penetrate into the headgroup regiatributing to the expansion of lattice

spacing, which may be compatible with the locat@nsurfactant molecules along or

between the DNA helixes. In the whole hydrated ggeticle, the water content is around
97%. This water content corresponds both to themebntained in the membrane and
inside the particle. The hydrated membranes ofgéleparticles have a water content
around 50% (as determined gravimetrically), whigheas with the change in the structure

deduced from the change in repeating distance (&bfnto 51 A).

4. Conclusions

In the present work, the salmon testes DNA, calfrths DNA and CTAB released from

gel particles stored in four different receptorusimins were studied. It was observed that in
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10 mM NaBr the released DNA amount is around 1%thrdCTAB amount is under 6%.

In this case, the release is slow which corresptm@xponents in Peppas equation n<1. In
pH=2 and 9 the CTAB release was similar after 2drficand the DNA release was
observed only in pH =2 while in pH=9 solutions wadow the limit of the detection. In

strong acid media, the denaturation/dissolutiothef gel particle membranes occurs, and
near complete release is achieved after 24 hours.r&lease rate at intermediate times
depends on the DNA used, being faster for calf ty@NA than for salmon testes DNA.

The corresponding release is close to the so-calmunal release which, in Peppas
equation, is defined as n=1. The release of CTA®BNfthe membranes has been
determined directly for the first time in this até and reinforces the literature link of
toxicity of these gel particles and its relationtrwthe cationic surfactant release. The
observed release highlight the need for using padible components when preparing

these vehicles for use as vehicles.

For the first time, also, it was observed thatrflrying, the gel particle membrane can be
rehydrated, keeping the form, structure and fumctithe hydrated core-shell gel particles
may be used as drug delivery systems and can ghasi for developing DNA-based
carriers. Further studies will focus on gel paetichs new prototypes for DNA-transfer and
controlled drug release. For instance, the rel&ase different gel particles will be studied
improving the DNA release, taking into account émeapsulated/free amount of DNA in
the gel particle. The rehydration studies will fean incorporating new molecules in the
gel particles. Also, the role of the shell DNA asnpared to the inner free DNA should be

elucidated.

Supporting Information
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Experimental details about particle preparationipcation curves of CTAB, stDNA and
ctDNA and also photographs of rehydration of the giel particles and the SAXS spectra

of calf thymus DNA hydration are provided.
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Figures and Tables

Figure 1: Total released CTAB (a) and DNA concentration g§b)a function of time for stDNA-CTAB gel

particles in different receptor solution. The dakhiees correspond to different diffusion order. (Rjom top

to bottom n=1, n=1/2, n=1/4.
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Figure 2: Released CTAB concentration (a) and DNA concéintma(b) as a function of time for stDNA-
CTAB (dark symbols) and ctDNA-CTAB (open symbol®l garticles. The square symbols correspond to

0.5% HCI, 10mM NaBr solutions, and the circle sytsito 10mM NaBr solutions.
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Figure 3: Gel particles in the first minutes in 210mM NaRj) @énd 0.5% HCI-10mM NaBr (b). On the left side
of the photos a 3x magnification of the gel paetscis shown.
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Figure 4: Gel particles after 24 hours in 10mM NaBr stDNAAB (a), ctbNA-DNA (b) and in 0.5%HCI,

10mM NaBr (¢).On the right side of the photos a 3x magnificatbithe gel particles is shown.

Figure 5. SAXS spectra of stDNA-CTAB gel particles in they gtate and in water at different hydration
times. From top to the bottom: dry gel particldsera30 minutes in water, after 4 hours in wated after 24

hours in water. Thé arrows show the position of the hexagonal packind the| arrows the DNA band.
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Figure 6: SAXS spectra of ctDNA-CTAB gel particles in theydstate and in water at different hydration
times. From top to the bottom: dry gel particlétera30 minutes in water, after 4 hours in wated after 24

hours in water. Thé arrows show the position of the hexagonal packimd) the| arrows the DNA band.

— Dry

o Mg
WYM“»W\ JW\M I /MM Ll W‘” k(0 ol 1 ‘l
t M‘M;“ AT A )
| J M |

I

104

L LA IR I B B |
025 030 035 040 045 050 0.55

q (A"

— T T T T
0.05 0.10 015 0.20



Table 1. The proportion of released stDNA, ctDNA and CTAB stDNA-CTAB and ctDNA-CTAB gel
particles.

Time Release in 10 mM NaBr Release in 0.5% HCI-10mM NaBr
(min) | sStDNA% | ctDNA% | CTAB% | *CTAB% | sStDNA% | ctDNA% | CTAB% | *CTAB%
30 0.08 0.02 1 0.1 1.6 15 13 19
60 0.12 0.04 1.3 0.4 5.3 3.2 34 35
120 0.2 0.06 1.6 0.9 11 6.9 41 39
180 0.2 0.2 1.9 1.3 17 11 47 43
240 0.3 0.3 2.2 14 23 16 59 49
300 0.3 0.4 2.5 1.6 29 22 61 53
1440 0.4 0.5 2.8 1.7 89 90 67 66
5760 0.8 0.9 5.5 2.0 99 99 86 83
11520 0.9 1.3 5.7 3.8 100 100 93 94

*Released CTAB in ctDNA-CTAB gel particles. Theease in the acid solution has an error of + 10%- 5
for stDNA and ctDNA respectively. In 10 mM NaBr teeor were smaller + 0.1%-0.05%.

Table 2: The repeating distances of stDNA-CTAB and ctDNAABI during the hydration. Time zero
corresponds to the dry gel particles.

Time (min, dsonacras (A) | deonacras (A)
0 40.80 + 0. 41.89 +0.!

30 48.71£0.2 50.27 £0.5

240 49.87 £0.2 50.67 £0.5

1440 50.27 £0.2 51.50 £ 0.5

Supporting Information

Release of DNA and surfactant from gel particlae: ieceptor

solution effect and the dehydration-hydration atpec
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Figure 1S: Schematic draw for gel particle preparation.
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Figure 2S — Surface tension versus surfactant concentratioves are presented for CTAB
solutions in 10mM NaBru«(), in 0.5%HCI, 10mM NaBr«), in pH=2 (A) and in pH=9 ¥)

solutions.
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Figure 3S— Salmon testes DNA calibration in 10 mM NaBr
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Figure4S— Salmon testes DNA calibration curve in 0.5% HImM NaBr.
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Figure 5S— Salmon testes DNA calibration curve in pH=2 solu
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Figure 6S— Salmon testes DNA calibration curve in pH=9 solu
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Table 1S: Release of stDNA-CTAB gel particles

Release in 10 mM

Release in 0.5%

Time NaBr Release in pH=9 HCL-L0mM NaBr Release in pH=2
(min) | stDNA% | CTAB% | sStDNA% | CTAB% | sStDNA% | CTAB% | stDNA% | CTAB%
30 0.08 1 - 4.9 1.6 13 0.15 1.8
60 0.12 1.3 - 7.1 5.3 34 0.37 3.2
120 0.2 1.6 - 8.8 11 41 0.85 4.9
180 0.2 1.9 - 9.7 17 47 15 9.4
240 0.3 2.2 - 12 23 59 1.9 11
300 0.3 2.5 - 14 29 61 25 12

1440 0.4 2.8 - 16 89 67 6.7 17
5760 0.8 5.5 0.16 19 99 86 19 20
11520/ 0.9 5.7 0.59 23 100 93 30 21
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Figure 7S: Controlled release of CTAB (in pH=2 receptor s of sStDNA-CTAB gel
particles) described by core-shell particle diffusi using Peppas exponents. In the first
hours, as can be seen in the figure, normal ddfugn=1) was observed and this diffusion
with time decrease.
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Figure 8S— Calf thymus DNA calibration curve in 10 mM NaBr
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Figure 9S — Calf thymus DNA calibration curve in 0.5% HCQ M NaBr

1.2 4
1.0

0.8

Abs.

0.6

0.4+

0.2

0.0 . , . , . , . , . ,

CCtDNA(Mg/rn L)

33



Figure 10S: Hydration of gel particles
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