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ABSTRACT

Due to its fluorescent and phototoxic properties, rose bengal (RB) is used
in photodynamic therapy. To improve the delivery of RB to its site of
action, the application of nanocarrier systems has been proposed. The
most promising approach includes the use of pH-responsive nanoparticles.
To evaluate the pattern of drug release in different buffers, equilibrium
dialysis is commonly used. Here, we used water and two buffers to
determine the impact of solvent composition on the aggregation and
dialysis rate of RB through a cellulose membrane. The results show that
buffer composition does not influence the fluorescent properties of RB.
However, the presence of additional ions causes a change in diffusion rate

that is most probably linked to the size of RB aggregates.
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Introduction

Rose bengal (RB) is one of the
synthetic dyes, designed as a fluorescein
analogue and classified as a xanthene
(Snyder and Paugh 1998). It is used in
the textile (Alexander 2010), food (Cossu
et al. 2016) and pharmaceutical indust-
ries (Patel et al. 2020). In medicine, RB
is used for staining damaged conjunctival
and corneal cells to indicate eye damage
(Bron et al. 2003) and for diagnosis of
liver and eye cancer (Capinera and
Squitier 2000) as well as (due to the
fluorescent properties) as a photosensi-
tizer in anticancer photodynamic therapy
(Qin et al. 2017). RB is characterized by

maximum absorbance at 550 nm, high
efficiency of free radical production,
fluorescence emission, low photodegra-
dation, non-toxicity in the dark and a
lack of allergic reactions and other side
effects (Allison et al. 2004). However,
its applicability may be limited due to
the hydrophilic nature of RB, leading
to its poor cellular uptake (Gianotti et al.
2014). Thus, the main advantage of
nanotechnology in this case is based
on increasing transmembrane transport
of the drug, leading to an increase of
its photodynamic potential (Sztandera
et al. 2020). Nowadays nanotechnology

DOI: https://doi.org/10.18778/1730-2366.16.11


https://doi.org/10.18778/1730-2366.16.11
https://orcid.org/0000-0001-7595-7198

FOLIA BIOLOGICA ET OECOLOGICA

allows the synthesis of complex nano-
carriers such as dendrimers (Dabrzalska
et al. 2017), polymersomes (Villani et al.
2017) or dendrimersomes (Apartsin et al.
2020). Depending on the type of nano-
particle, RB can be conjugated via a
linker to the surface of the nanoparticle
or encapsulated inside its structure
(Patri et al. 2005). To limit potential
side effects, a photosensitizer should be
released from its nanocarrier under
strictly controlled conditions occurring
only in neoplastic lesions. pH is probably
the best factor for triggering the release
in the case of anticancer therapies, due to
the slightly acidic tumour environment
(Sztandera et al. 2019). Evaluating this
feature is crucial during the design of
new nanosystems. For these assays and
for the purpose of purification steps, in
which free RB is removed from the
nanocarrier solution, equilibrium dialysis
is most frequently used. Application of
semi-permeable membranes with an
optimal weight cut-off allows the sepa-
ration of molecules with different sizes,
and the use of different pH conditions
enables an evaluation of pH-dependent
release of the drug from its nanocarrier.
However, since different nanoparticles
and carrier systems require different
buffers, which may affect the properties
of the therapeutics and dialysis membra-
nes, it is important to evaluate the
correlation between buffer composition
and the rate of RB dialysis through the
membrane.

Materials and methods

Materials

RB and PBS were purchased from
Sigma-Aldrich (Taufkirchen, Germany).
Snakeskin™  Dialysis Tubing (3.5K
MWCO, 22 mm) was obtained from
Thermo Fisher Scientific (Waltham,
MA, USA). Na,HPO, and NaH,PO,
required to prepare phosphate buffer were

purchased from POCH

Poland).

Spectroscopy studies

Fluorescence spectra were acquired
using a PerkinElmer LS-50B spectro-
fluorometer. Measurements of the evalu-
ated RB samples were performed in
proper buffer, at room temperature. The
excitation wavelength was set to 525 nm
and spectra were collected in a
wavelength range from 540 to 640 nm.
Excitation and emission slits were 5 and
7 nm, respectively.

(Gliwice,

Dialysis

To evaluate the rate of photosensit-
izer dialysis against different buffers, a
50 uM solution of RB was enclosed in
dialysis membrane tubing (SnakeSkin™
Dialysis Tubing, 3.5K MWCO, 22 mm;
Thermo Fisher) and immersed in PBS
(10 mM, pH 7.4), phosphate buffer
(10 mM, pH 7.4) or H,0. Samples from
the internal phase were collected at
subsequent intervals (0.5, 1, 2, 4, 8
and 24 h) and measured spectrophoto-
metrically using a PerkinElmer LS-50B
spectrofluorometer.

Size measurements

Size measurements were performed
using a Zetasizer Nano ZS (Malvern
Instruments Ltd., UK) at a constant
temperature of 25 °C to check the hydro-
dynamic diameter of RB immersed in
different buffers. Samples at the final
concentration of RB (100 puM) were
prepared in PBS (10 mM, pH 7.4),
phosphate buffer (10 mM, pH 7.4) and
H,0.

Statistical analysis

Two-way ANOVA for concentration
series followed by post-hoc Tukey’s test
for pairwise difference testing were used
to test statistical significance. In all tests,
p-values < 0.05 were considered statist-
ically significant. Data are presented as
arithmetic mean + SD.
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Results

Fluorescence measurements showed
that the maximum fluorescence intensity
of RB occurs at 565 nm regardless of
the buffer used (Figure 1). Moreover, the
fluorescence intensity of RB was almost
the same in all examined buffers.

Based on the fluorescence intensity
from the previous experiment, we calcu-
lated the percentage of RB remaining
in the dialysis tube after a specified
time (Figure 2). RB diffused through the

cellulose membrane over time; however,
the release rate was dependent on the
type of external buffer. Dialysis against
PBS was the most rapid — after 6 h
almost all RB molecules were released.
Diffusion in phosphate buffer was
slower; however, the release rate after
24 h was like that in PBS. By contrast,
dialysis against water was very slow and
after 24 h only 20% of RB was released
from the dialysis tube.
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Figure 1. Fluorescence spectra of RB (1 uM) in PBS, H,0 and phosphate buffer.
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Figure 2. Dialysis of RB against different buffers. Data presented as mean + SD, *p < 0.05.
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Table 1. Hydrodynamic diameter of RB dissolved in evaluated buffers.

H,O

Phosphate buffer PBS

Hydrodynamic

diameter [nm] 120.76 +37.25

1.27+0.32 0.72+0.13

Measurements of hydrodynamic dia-
meter showed that the composition of
the buffer influences the aggregation
of RB. The largest RB aggregates were
observed in H,O, while in PBS and
phosphate buffer there were almost no
clumps observed.

Discussion

Equilibrium dialysis is a relatively
easy but very important step in the
preparation and characterization of new
drugs and their carriers. Owing to the
application of semi-permeable membra-
nes, this method allows the purification
of final products from residues and
checking of the conditions of drug
release from nanosystems (Apartsin et al.
2020; Wu et al. 2013). Our experiments
have shown that buffer composition does
not cause a shift of the maximum
emission wavelength of RB, but greatly
impacts the diffusion rate of this dye
through semi-permeable cellulose mem-
brane. Dialysis buffers used in the ex-
periments differed in their ion content:
water was ion-free, phosphate buffer
contained sodium and phosphate ions,
and PBS in addition to these also
contained chloride and potassium ions in
high concentrations (Cold Spring Harbor
Protocols 2006). In the case of dialysis,
buffers have an additional advantage as
opposed to water — they are able to
maintain a constant pH, which is critical
in the case of pH-sensitive nanosystems
(Karimi et al. 2016). Based on hydro-
dynamic diameter measurements, we can
conclude that the composition of buffer
influences RB aggregation, which results
in the presence of RB in the solution in

the form of aggregates of various sizes
(largest in water, smallest in PBS buffer,
most probably due to interactions of the
anionic RB with oppositely charged ions
in the solution). A cellulose membrane
has a so-called molecular weight cut-off
(MWCO), which is the largest particle
size that can pass through the membrane.
Thus, smaller molecules diffuse more
rapidly than particles with a size close to
the MWCO, which is reflected in our
results — the aggregates in water could
not cross the membrane as fast as those in
phosphate buffers. Moreover, in a
production process, a membrane with
heterogenous pores is usually obtained,
which may additionally slow down the
dialysis rate (Haney et al. 2013). Finally,
one additional possible explanation
involves changing the properties of
hydrophilic cellulose membrane in the
presence of counter-ions and facilitating
the passage of solutes.

Conclusions

Buffer composition significantly in-
fluences the diffusion of RB through a
semi-permeable cellulose membrane. The
most  probable explanation involves
the influence of ions contained in the
buffers that protect RB from clumping
compared to the environment of ion-free
water, where the biggest aggregates
were observed. Increased size of RB
aggregates limits dialysis efficiency.
Thus, the optimization of this method
is crucial to prevent miscalculation of
the concentration of final product or
misstatement about the pH-dependent
stability/lability of bonding with nano-
particles.
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