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Highlights

e Characterizaon of a hybrid polymeric nanoparcle/thermosensive hydrogel system.
o NPs-hydrogel resulted in lower permeated BZC compared to the plain hydrogel.

®

e BZC:NPs permeated through the arcial membrane Strat-M
o Development of a promising skin drug-delivery system for local anesthec benzocaine.

ABSTRACT Q

In recent years, the development of hybrid drug delivery systems, su Qﬁp els and
nanoparticles, has gained considerable attention as new formulatfns for ¥kin-delivery.
Meanwhile, transdermal diffusion synthetic membranes hav% to assess skin
permeability to these systems, providing key insights into the re%gtioggips between drug and

nanoformulations. In this study, benzocaine-loadedNgoNgc-gprolactone nanoparticles
(BZC:NPs) were synthesized, characterized and i d into Poloxamer 407-based

hydrogel (PL407). Benzocaine (BZC) was use% model since has been commonly
s.Qle

applied as a topical pain reliever in the last lence, we developed a hybrid polymeric
nanoparticle/thermosensitive hydrogels and evaluated the in vitro permeation of the
BZC, as well as nanoformulati ing T an artificial membrane. In vitro permeation
study was conducted in a vggica ion cell system using a Strat-M ® membrane model.

BZC:NPs were prepar, opgecipitation method and their physico-chemical stability

measured before rating into the thermosensitive hydrogel. Also, viscosity

measurements gin

Different teCngi#fles

receptoff mediyr®and synthetic membranes. Results showed high BZC encapsulation

ef@c}' NPs (93%) and good physico-chemical stability before and after hydrogel
C

ion. BZC in vitro permeation kinetics from NPs-loaded Poloxamer 407-based

-gel transition temperature were performed by rheological analysis.
cluding microscopy, were used to tracking the nanoparticles on both

in
gel presented slower permeation profile compared with the BZC: Poloxamer 407-based
drogel. Also, NPs were observed into the diffusion cells receptor compartment after the in
vitro permeation study. These results contribute to a better understanding the interaction
between hydrogels, nanoparticles and synthetic membrane, as well as open perspectives for
the development of new drug delivery systems for skin.
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Keywords: Synthetic membrane, permeation study, hybrid systems, nanoparticles,
hydrogels, controlled release.

INTRODUCTION &

The growth of nanotechnology has created new therapeutic strategigs d the
treatment of diseases, mainly for the topical route, whose drug permeatioggmlim the

stratum corneum due to a highly hydrophobic and protein-rich regj . ong the
technologies used, the development of biodegradable polymerj @ers have been

responsible for enhancing drug permeation across the skin . However, some

studies described limitations for obtaining new formgulati at present adequate

rheological parameters (such as viscosity) associated to b e properties. In this sense,

nanocarriers hybrid systems, such as polymerig nanowgrtictes-loaded hydrogels have been

developed [12-14], promoting the permea 'on?e ingredient across the skin deeper
eh

ydrogel with the capacity to decrease

itionally, capable of to modulate the release and
§ules [15, 16]. Then, it is worthy to note that the

permeation of the incorporateg
contribute in the nanomedicine field.

development of new hybrigéys .

On the other hy@, s eation models and/or mechanisms are still unclear, since

different factorsQon Njons can interfere on analysis, such as pH, temperature, skin
€,

composition, ncentration and loading of the nanocarriers, not to mention in the

unexpec gep that may occur during inflammatory processes on the skin [5].
Nowadds, venpical diffusion cells (Franz-type) are the most used device to evaluate the
pefmeation profile of active compounds, and ex vivo human or animal skins are used as
e e [17, 18]. In some cases, due the difficulty for obtaining biological membranes,
ated to sample variability and ethical issues, synthetic membranes have been used as in
vitro model for bioactives permeation in order to obtain cheaper, reproducible assays and to
perform studies regarding to formulations design [19].
Skin-mimetic membrane (Strat-M®, Merck Millipore, USA) is a type of artificial

membrane composed of multiple layers of polyester sulfone that presents morphology similar
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to human skin. Considering that, the Strat-M membrane layers have different pores (some
more resistant to diffusion than others) impregnated with synthetic lipids [20]. Recently,
studies have shown that Strat-M® can adequately simulate skin barrier performance and it
can be used as a transdermal diffusion model for many drugs [20, 21]. However, few studies
have reported the use of synthetic membranes to evaluate the drugs permeation profile fg®m
nanoparticulate skin-delivery system [22-24]. Moreover, there are no reportge0f
permeation studies of nanomaterials using this skin artificial model.

Although BZC has been used as a drug model, it is known that t Nm nt of
new topical formulations for local anesthesia has been extensively exgjereNQ theMast years
[25, 26]. Thus, this study does not only focus on fate of activegndgedienfpand polymeric
nanoparticles in synthetic membrane, but also develop a promysi olled release system
for local anesthetic to be applied to the skin. In this conte@r se of this work was to
develop a new hybrid system containing benzocaine(B Q- d polymeric nanoparticles

incorporated into poloxamer-based hydrogel, ag wel udy the drug permeation in a
transdermal diffusion membrane (Strat-M®), F%re, nanoparticles were tracked after

the permeation assays by analytical t ch as Photon Correlation Spectroscopy

(PCS), Nanoparticle Tracking Analysis

Atomic Force Microscopy (AFQ
EXPERI MENTAL&

Chemicals

Pohy- Naprghactone (PCL, MW 80 kDa), benzocaine (BZC) and Poloxamer 407
(PL4Q7Rwere gpurchased from Sigma-Aldrich. Strat-M ® membrane was purchased from
M{rck (Darmstadt, Germany). Acetonitrile (HPLC grade) was obtained from J. T. Baker.

), Scanning Electron Microscopy (SEM) and

ig Ides of capric and caprylic acids (in the form of Myritol 318) were kindly provided
Cognis. Other reagents (analytical grade or better) were purchased from local suppliers.

Synthesis of polymeric nanoparticles
Polymeric nanoparticles (NPs) were synthesized according to the preformed polymer
interfacial deposition method as described in our previously study [27]. This methodology
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involves a mixture of two phases: an organic containing 100 mg of polymer (Poly- -
caprolactone, PCL), 30 mL of organic solvent (acetone), 200 mg of oil (triglycerides of capric
and caprylic acids, in the form of Miglyol 810), 40 mg of sorbitan monostearate surfactant
(Span 60), and 100 mg of active ingredient (benzocaine, BZC). The aqueous phase was
composed of 30 mL of a solution containing 60 mg of polysorbate 80 surfactant (Twee

After the dissolution of the components of both phases, the organic phase was po
the aqueous phase under stirring. The nanoformulation was evaporated ith

evaporator to 10 mL, and the drug concentration was 10 mg.mL 1. Also, \Ns
efficiency (EE%) of the nanoparticle associated with BZC wge eWgua
ultrafiltration/centrifugation method using an analytical methodglodk prevjpusly validated

by High Performance Liquid Chromatography (HPLC) g ibed in Supporting
Information.
Preparation of hydrogel and incorporation of nan iICles

Poloxamer 407 (PL407) solution (40 % w/ repared in ice bath under magnetic

stirring until complete dissolution, a imkd at 8 °C for future use. Afterwards,

immediately the nanoparticles (plain or cOalning BZC) were added to the hydrogel ina 1:1

(volume ratio) in an ice bath u ing for 30 minutes. In addition, hydrogels containing
only BZC (at the same cong€ntgat ded to nanoparticles suspension) were also prepared
to be used as control th&pefitro permeation assays. For drug content determination,
hydrogels sampleq magwere homogenized in water (4.5 mL) during 24 h and analyzed

by HPLC.

Phy 'c@n?a%characterization of the nanoparticles and hybrid system
&o} orrelation Spectroscopy (PCS) was initially applied to determine the size
jst on and polydispersity index of the nanoparticles, while the microelectrophoresis
chnique was used to determine its zeta potential. The nanoparticles and nanoparticles
oaded hydrogel were analyzed by a ZetaSizer Nano Z590 system (Malvern Instruments) at

a fixed angle of 90 and 25 C. Also, the concentration of particles was determined by

Nanoparticle Tracking Analysis (NTA), using a NanoSight LM 10 cell (green laser, 532 nm,
Malvern Instruments) and a SCMOS camera, controlled by NanoSight v. 3.1 software.
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Nanoparticle suspensions were diluted 1500-fold and all the analyses were performed in
triplicate. In addition, the morphology and size distribution of the nanoparticles were evaluate
by Scanning Electron Microscopy (SEM, EVO-LS-15, Carls Zeiss), operated at 15 kV of
high voltage with a spot size between 3.0 - 4.0 and working distance (WD) of 10.0 mm. Size
distribution measurement by SEM was presented using Image J program.

Furthermore, the hybrid hydrogel was analyzed by rheology (Oscillatory R
Kinexus Lab, Malvern). All rheological measurements were conducted by a cgne
9¥

geometry (cone upper geometry 4°/40 mm diameter) and the hydrogels co » NPs
or BZC: s moduli
Hz andal%

stress-strain under constant temperature (32.5 °C). For tempegat eop tests, evolution of
50 °C was measured wgder erature range from 10

to 50 °C, at a heating rate of 5 °C.min"!. From the oftain ere determined also other
parameters such as viscosity ( ) and sol-gel transiti erature (Tsol-gel). Rheograms
were presented using the GraphPad Prism 6 ro%

Transdermal diffusion assays across -M? artificial membrane
Permeation kinetics as e performed using a vertical Franz diffusion cell
apparatus (Microette Plu n esearch, Chatsworth, CA, USA) based on two
compartments, donor (J€/2 c rmeation area) and receptor (7 mL), which were separated
by a transdermal siomgest model synthetic membrane (Strat-M ® membranes, 25 mm
discs, Millip SA, an ultrafiltration membrane with thickness of 325 um) [20].
HydrogeLpsaMgles #0.5 g) were placed in the donor compartment (in contact with Strat-M ©
membrage). The receptor compartment was filled with 5 mM phosphate buffer with 154 mM
saffne solytion (pH=7.0). The system was maintained under magnetic stirring (350 rpm) and
m re was 32.5 £ 0.5 °C. Aliquots were withdrawn at 0, 2, 6, 10, 15, 24, 48, 72 hours
ervals, and then analyzed by HPLC. All experiments were performed in triplicate. The
ZC cumulative amount permeated was expressed as pg.cm 2 and percentage and results
plotted as a function of time (hours).

Tracking of the nanoparticles during transdermal diffusion study
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The permeation of the nanoparticles across the transdermal diffusion synthetic
membranes was also studied. During the permeation assays, aliquots from the receptor
compartment were withdrawn at 24 and 72 hours and analyzed by PCS (ZetaSizer Nano
Z590, Malvern) and NTA (NanoSight LM 10 cell, Malvern). Also, aliquots were deposited
onto silicon plates and analyzed by atomic force microscopy (AFM, Easy Scan 2

BT02217, Nanosurf). AFM analyses were performed using an Easy Scan 2 Basic

atomic force microscope (Nanosurf, Switzerland), operated in non-contact modgw
G cantilevers (BudgetSensors, Bulgaria) and a scan rate of 90 Hz. The i M
e

addition,
after the permeation study, each artificial membrane, were dried ig,a &siccagpr and the inner

pixels) were captured in time mode and were analyzed using Gwyddiogemft

faces were metallized with thin layer of gold in sputter cga Turbo-Pumped,
Quorumtech) and analyzed by SEM to observe the presengg of Qs ¥ their inner surface.

Data Analysis

All the experiments were performed, at eas?icate. Results are presented as mean
and standard deviation (S.D.). Statisticajana re performed using GraphPad Prism 6.0

using two-

RESULTS AND DISCU OQ
&zation of the hybrid system

Physicochemical
In recent garsNeveral new drug-delivery systems consisting of polymers, lipids, and

proteins nggynthesized [10]. However, the association of nanocarriers (such as
polymeR¢ nangparticles) in PL407 hydrogels confers an increase on systems capability for
medulati e release of different molecules. In addition, this hybrid systems improve the

ec al properties, colloidal stability and reduce the aggregation capacity of the
nocarriers [12-14].
In this study, poly-e-caprolactone nanoparticles (with and without BZC) were
synthesized and characterized, and subsequently added in PL407 hydrogels. Thus, the
concentration of PCL nanoparticles in suspension measured by NTA was the order of 10 12

nanoparticles.mL™! and the average size measured by PCS was 262 + 7 nm and 277 + 3 nm
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to the NPs and BZC:NPs, respectively. Also, similar size distribution profile and spherical
morphology were observed from nanoparticles by SEM, and BZC:NPs may be observed in
the Figure 1. In addition, polydispersity index were calculated and presented values below
0.2 and zeta potential up to -20 mV, as presented in Table 1, which indicate good stability
and monodisperse nanoparticles. Moreover, the encapsulation efficiency (EE%) of the

hydrophobic core of the NPs composed by Miglyol 810, as already shown in prﬂ&

from our group [28, 29]. %

Table 1
Figure 1 0 :

Rheological analysis was performed for PL40 gels containing BZC, NPs or
BZC: ; }C»
moduli and also the interference of BZL 0 Mcorporation into the hydrogels viscosity
() and sol-gel transition temperature (TN{-del). Figure 2 presents rheological profiles and

and Tsol-gel) for all hydrogels formulations.
i0 resented thermosensitive behavior. However, the
ged the sol-gel transition temperature (Tsol-gel), from 12.7

incorporation of NPs B
°C for PL hydroQ 30%nd 20.9 °C in the presence of NPs and BZC:NPs, respectively.
u

All hydrogels for,

Similarly, pr: ports revealed changes on sol-gel transition temperature (Tsol-gel)

ddjpion of drugs as salts [30, 31].
to rheological parameters, all formulations showed profiles inherent to
vigoelastjC materials, with higher on
a ructure. On the other hand, the NPs incorporation into the hydrogels reduced the
and viscosity values, even after BZC encapsulation, showing an
Interference of NPs insertion on hydrogels structural organization. The presence of NP into

on PL micelle-micelle self-aggregation, an essential step for forming viscous-elastic
hydrogels. Similar results were also reported by other authors, describing the influence of
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biodegradable polymer (e.g. poly-lactic-co-glycolic acid) in different concentrations after
incorporation into PL407 hydrogels rheological parameters!®?. Beside that, the size
distribution and concentration of nanoparticles did not change when incorporated in the
hydrogel (Figure S1 in the Supporting Information)

In addition, at 32.5 °C after frequency vm
stability to spreadability and a good application for skin-delivery, as observed'n\Qe S2

in the Supporting Information. %

Figure 2
Table 2

In vitro model transdermal diffusion assays 0

Figure 3 presents the BZC permeation profileNgcross artificial membrane Strat-M ©,

from plain and NPs-hydrogels. All formulatjons plied in infinite dose conditions and

the total drug concentration was 5 % th hydrogels. Plain and NPs-hydrogels

showed regular drug permeation duringNge experiment (72 h). However, NPs-hydrogels

reduced the permeated BZC tions when compared to the plain hydrogels (p <
0.001). From those data, g#fmgatN\ggfarameters such as flux, permeability coefficient and
lag-time were caIcuI& sed by Eq. 1:

Q (1)

2.h1) is the drug flux across the membrane, P (cm.h1) is the permeability

where J{g.c
cogfficient and Cd is the drug concentration into the donor compartment. The flux values
er ulated from the slope of the curves linear regression and lag time determined from
e intercept at the time axis. As observed for the cumulative BZC permeated concentrations,
drug flux and permeability coefficient values were lower for NPs-hydrogels (21.6 £ 1.8
g.cm 2h ! and 4.32 x 10 cm.h!) than that observed for plain hydrogels (49.6 + 2.1
g.cm 2.h T and 9.92 x 103 cm.h™Y). In addition, NPs incorporation into the hydrogels also
reduced the area under the curve (ASCo.72n, 6319.7 £ 800.3), being statistically different from

https://reader.elsevier.com/reader/sd/pii/S092777651830747..18 A43F85E29761CD2EA4ACB44DE19DCEFOD6E9COC1AGE2851AA213418 Pagina 10 de 24



Influence of hybrid polymeric nanoparticle/thermosensitive hydrog...al membrane permeation: a promising system for skin drug-delivery 21/11/2018 16:57

BZC-hydrogels (15642.5 + 1476.1, p < 0.001). On the other hand, similar results were
observed for lag-time, being slightly slower after NPs incorporation (1.54 h) in comparison
to plain hydrogel (1.32 h). Results obtained showed that hydrogels containing polymeric
nanoparticles were able to reduce significantly (p < 0.001) the BZC permeation rate (154

g.cm 2) when compared to plain hydrogels (346 g.cm 2) which possibly can be due

drug retention on membrane upper layers. Cumulative percentage-time profiles of
plain and NPs-hydrogels across the Strat-M ® membrane can be also shown ithI

the Supporting Information, and it was observed a slow depletion of the drysagonNge donor

compartment to the NPs-hydrogels. Hence, when compared NPsg s with plain

hydrogel the drug permeation from NPs-hydrogel was reduced b than)2.4 times.
Since BZC is a lipophilic drug (partition coefficien + 5, determined

between dimyristoyl phosphatidylcholine liposomes andegwateMy[ 71 and Strat-M ® upper

layers are impregnated with lipids such as cera ty acids, cholesterol and

phospoholipids, the drug retention possibility cquld i cal anesthetic effect for a long
period of time.
Considering that BZC permeatign fi |®n hydrogels is faster than that for hybrid

system, it would be expected that the cONJnUous contact between NP and hydrogel could
reduce the drug encapsulated nd, at this point, the drug diffusion across the PL
matrix and membrane wo This factor has important implications on the final
pharmaceutical formuygion ation, since the hybrid systems would be prepared just
before applicaticQ)w r, the permeation profiles were obtained from an artificial

a full thickness skin, which limits to perform tape stripping analysis

(useful fi angification of drugs skin penetration and deposition) and the study of the
dru biotgansformation or blood supply influences. Others special points are the
cofgservation of transepidermal water and skin hydration, described as conditions capable of
RQCr e permeability of several molecules applied to the skin, since differences are also
served regarding to transepidermal water loss, being more pronounced in Strat-M © [34],
as well as reported by its wettability [20]. In this context, the viscosity of the hydrogels matrix

could be changed, also modulating the drug permeation profiles and kinetics parameters.
Even Strat-M® artificial membranes have been extensively used as an alternative to

human and animal skins, predicting transdermal diffusion of several compounds and skin-
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delivery systems [20, 35, 36], correlations with human skin are related to diffusion
parameters and further studies, using ex vivo models skin, are necessary to stablish the
permeation and accumulation relationships for nanoparticulate systems. In fact, the
polyolefin and polyethersulfone layers present in Strat- M ® membrane mimic the epidermis
and the dermis being used for evaluating diffusion processes. In this context, to

understand the whole interaction of nanoparticles with skin other kinds of membr

skin

different architectures is necessary to be investigated, as observed by preyio
presenting comparable results between some types of artificial me x
a

(isopropyl myristate/silicone oil supported on polycarbonate membrang c es, Strat-

M® with rat, human or porcine ear skin) [37, 38]. In addition, ti presgnce of stratum

corneum in skin can also act as a physical barrier to penetratign particles. Moreover,
the use of more specific techniques such as 3D confoca§lase ing microscopy [39],
cutaneous microdialysis [40], Raman confocal microgco ong others [18] may help

to understand the permeation profile of drugs and narormulations in-depth region in skin

tissue.

Figure 3

Tracking of the nanoparjg egtransdermal diffusion study

During th &n study aliquots were collected from the receptor compartment
in specific inggfval€4 and 72 hours) and analyzed by several physicochemical techniques

in order igmst thgetracking of NPs in the Strat-M ® membrane. PCS (24 hours) and NTA
(72 ) anghyses showed that BZC:NPs (277 + 3 nm) permeate through the artificial
manbrang (Figure 4A). By the way, a similar size distribution profile was observed when
at the control formulation (Figure S1), only the concentration of NPs that was lower
an initial one (1.3 x 10°+ 3.8 x 107 particles.mL™). Hence, hydrogel-BZC without NPs was
also evaluated as control for both techniques and no size distribution profile was observed.
Additionally, aliquots from the receptor compartment (after 24 hours of permeation
study) were dripped and dried into silicon grids and investigated by AFM, showing the
presence of spherical nanoparticle in this compartment (Figure 4B), which is similar than

10
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SEM images as showed in the Figure 1. BZC-Hydrogel was also studied by AFM and no
nanoparticles were found (Figure S4-A in the Supporting Information). Also, after
permeation studies, membranes were dried and analyzed by SEM (Figure 4C) and it was
observed presence of NPs surrounding the fibers of the Strat-M ® inner face, which confirm

Information)

Several reports have been used Strat-M® as skin-model memb N sion
studies, presenting results for hydrophilic or hydrophobic drugs ingeucNgs sofutions or
emulsions. In a recent study, Haq and colleagues, 2018 demonstragjed®at Stget-M © presents,
for diffusion experiments conditions [37], better correlatio n skin compared to
cellulose acetate membrane [21, 42, 43]. Q

Strat-M® is an artificial and inert membrane ral arragement composed
of two layers of polyethersulfone (PES) and gpe sudgort ot polyolefin (POF) layer with

thickness measuring ~ 300 um. The PES agd P s are increasingly porous, larger in

thickness and the PES upper layers ho reated with a combination of lipids such

as ceramides, cholesterol, free fatty acids. Wt€rms of hydrophobicity and layers arrengement,

Strat-M® can be considered ictive model of diffusion, however reports in the
literature did not providegfregiseNg#rmation about their pore diameter size, since this
information could beg&sen understand the modulation of nanoparticulate systems

the Wyeractions with their components, charge and size. Then, the use

permeation, inclu
of those megmramg models presents a number of drawbacks, even they have wide
applicati

ning formulations during the early stages of the development.
dditiopally, little is discussed about the NPs permeation across skin-models
ar@ mbranes, such as Strat-M®. In fact, the presence of a tensoactive corona (for
' 9 NPs coloidal stability properties) and the high water content into the NPs emulsion
uld modulate their permeation across the PES deeper layers, associated to the possible
igher Strat-M ® average pore diameter compared to that observed for human skin (~ 40 nm)
[44].

On the other hand, results presented here are promising and contribute to a better
understanding of the interaction among NPs, hydrogels and transdermal membrane models.

11
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This study proposes that hybrid delivery-systems composed of NPs-loaded hydrogels can
reach deeper layers, being a useful carrier of drugs, including local anesthetics. In addition,
showed that NPs-hydrogels can be possible promising depot formulations on superficial skin
layers, a useful strategy for the longer duration of action of topical local anesthetics. This fact

slower permeation profile when compared to plain hydrogels. More

nanoparticles by different physicochemical techniques has been little on Permeation

studies throught synthetic skin-models membranes, mainly PCS TA, pimultaneously.

Those techniques are essential for characterize skin-delivery Ince it is possible to
observe the differences among several nanocarriers acc

membranes.

Figure 4 v

Conclusions
Poloxamer hydrogel benzocaine and PCL nanoparticles-loaded hydrogel
were synthesized aimin Io ¥new skin hybrid drug-delivery formulation, as well, to
study an in vitro mer& ation using a synthetic membrane. The results showed high
drug encapsulat|C|en into the nanocapsules, adequate physico-chemical stability and
rheologlcal opgrtidy, Benzocaine- loaded NPs incorporated into the hydrogels exhibited
sIower Inetics compared with plain hydrogel. Also, NPs were observed into the
tment on different periods after membrane permeation experiments, showing
th hos anocarriers were able to across the Strat-M ® membranes. Those results contribute
% etter understanding of the interaction between hydrogels nanoparticles and transdermal

[

ffusion synthetic membranes, as well, to develop a hybrid skin drug-delivery system
capable of modulate the local anesthetic permeation rate.
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Figures Captions

Figure 1. Scanning electron microscopy of the BZC:NPs formulation: A) 10,000x
magnification, B) 30,000x magnification and c) Percentage size distribution ofgfhe

nanoparticles (n= 565 particles). Q
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Figure 3. Permeation profiles of BZC from plam ogels across the Strat-M ®
membrane (mean = SD, n = 3/formulation) usi ical Franz diffusion cell apparatus.
Hydrogels samples (0.5 g) were placedgin or compartment and the receptor
compartment was filled with phosphate 7.0). The system was maintained under

magnetic stirring (350 rpm) and temperattg was 32 °C within 72 hours.
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Figure 4. Tracking of the BZC:NPs in synthetic membrane (Strat-M ®) after the hybrid
hydrogel aplication in Strat-M® membrane: A) Size distribution profile of the BZC:NPs
nanoformulation after 24 hours by DLS and after 72 hours by NTA; B) Atomic force
microscopy and of the dry membrane after permeation study and C) Scanning electron
microscopy of inner side of the membrane after 72 hours of permeation 5000x magnificg#on

&

and 20,000x magnification.
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Tables

Table 1. PCL-Nanoparticles physicochemical characterization by Photon Correlation

Spectroscopy and Nanoparticle Tracking Analysis measurements.
Samples Size (nm) PDI Zeta Potential  Encapsulation
(mV) Efficiency (%)

BZC:NPs 277+3 0.10+0.03 -20.1+0.6 93.3+09 X
NPs 262+7 0.06 +0.03 -31.4+£04 - <

Table 2. Rheological parameters for PL407 hy

viscosity ( ) and sol-gel transition tempera -gel).
Hydrogels G’ G” Tol-gel
(x10%,Pa)  (x10% Pa) 10 °C 32°C (°C)
PL 296100 f@ 446.7 390 4714 12.7
PL-NPs 301 @ . 33.1 39.6 586.1 30.0
PL-BZC 20 489.8 3835 1277 2949 <10

PL-BZC:N%Z@O 296.5 37.8 50.8 1809 20.9
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