Electronic Supplementary Material (ESI) for Journal of Materials Chemistry B.
This journal is © The Royal Society of Chemistry 2020

Supplementary Information

Controlled Drug Release from Polyelectrolyte-Drug Conjugate

Nanoparticles

Ruginn Catarata?, Nilab Azim®¢, Santanu Bhattacharya 9*, Lei Zhai®b-c*

Determination of Zeta Potential

The =zeta potential of the nanpoparticles was determined using the Smoluchowski
approximation on the Malvern Zetasizer instrument. The reviewer is correct in suggesting to use a
different approximation method to use since the Smoluchowski formula is typical implemented to
approximate the zeta potential of micron (0.2um <) sized particles.

Ohshima’s correction to Henery’s approximation, equation 28!, becomes applicable to smaller
nanoparticles at relatively higher ionic strengths, k@ <10, However, Henry’s equation is still applicable
but only for low zeta potentials with magnitude less than 50 mV?23.

We began with -calculating the ka of each pH parameter (Table 2) first by assuming

i (nm™ 1) ~ 33[I(M]Y? and resulted in the values provided in the table below. The zeta potential in

eld|
terms of kT was determined as well for each parameter and is provided in the table below. Since the

el{|
values of ka for pH 6 and 7.4 lied in the region 1 < ka < 10 and the kT > 4, equation 28 could not be

applied because it no longer becomes a good approximation'. Therefore, we considered using Henry’s
equation since the values of the measured zeta potential fell below 50 mV?? and f(xa) was ~12.
Henry’s equation describes the relationship between zeta potential ($) and the electrophoretic mobility

(W:
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Where /19 is the Henry function where ¥ is inverse Debye screening length (m_l) and @ is particle
radius (nm), €0 is the permittivity of vacuum (8854-107"2C*J"'m™") & i5 4 unitless dielectric
constant of the solution and 7 is viscosity (kg s~ tm” 1). The Smoluchowski and Huckel approximations
assume that f#(*®) ig 1.5 and 1, respectively*. Ohshima previously proposed a simplified expression

for /1) which when substituted in the Henry’s equation is>:

1

fy(ka)= (1 +
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By using the approximate for the Debye screening length [ (nm™") =~ 33111 ] we get
values of slightly above 1 for the Fu(@) for each parameter. The Ohshima approximation to Henry’s
function /#(*® was then used to calculate the new zeta potential using Henry’s equation. The new zeta
potential values are essentially the measured values multiplied by 3/2 since the fu(%@) is ~1. Therefore,
we did not think it was necessary to provide newly calculated zeta potentials since the values would

remain relative to each other but just multiplied by a constant.

Kk (nm~ 1) fy(ka) eldl Henry Approximation
pH Radius (nm) kT
Zeta Potential (mV)
4 18.8 9.0E-05 1.0 0.7 -26.1
5 26.4 8.8E-03 1.0 0.9 -34.2
6 30.0 3.1E-01 1.2 1.0 -48.9
7.4 28.9 8.7E-02 1.1 0.8 -31.9

Modeling GEM diffusing from PAA-GEM Nanoparticles



Mathematical equations and models can be used to translate the diffusion curve obtained in
vitro to a theoretical analysis of the mass transfer process®. We have provided the fitting of four
different models: zero order, first order, Higuchi and Korsmeyer-Peppas’. The correlation coefficient
of each curve was used to determine the best model and the Higuchi model resulted in the best linear
fit for both the free GEM and PAA-GEM.

The Higuchi model describes the release to be governed by Fick’s law of diffusion by which
the drug moves down a concentration gradient out from a porous matrix into solution. Physically it can
be described as an inward moving boundary with an inner region having undissolved drug and the
outer region of the nanoparticle having dissolved drug, which eventually is released from the polymer
matrix to the surrounding solvent®. The moving boundary is facilitated by the solvent diffusion into the

polymer nanoparticle.

The free GEM release profile best fitted the Higuchi model but also had a linear fit for the
Korsmeyer-Peppas model. The Koremeyer-Peppas model was used to determine if there more than one
type of release phenomena involved, which can be concluded from the release exponent obtained from
the fit equation®. The determined release exponent (n) was found to be 0.635 for free GEM, therefore
lying in the anomalous transport regime of the release mechanism model. This anomalous transport of
GEM can best be concluded arising from the interaction with the dialysis membrane as there are no
other components in the system. Thus, in the analysis of the release of GEM from the actual NP
system, this release phenomenon can be neglected and therefore, only the Higuchi model is considered.
The physically trapped GEM from the NP follows Fickian diffusion and the calculated rate constant

describe a slow controlled release system in comparison to free GEM.
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