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Abstract
Purpose Polyphosphazenes are synthetic polymers that contain phosphate-nitrogen molecules. Polyphosphazene’s 
inorganic main structure is capable of hydrolytic degradation and modulated by choosing the relevant side group. 
Poly[di(carboxylatophenoxy)-phosphazene (PCPP) is a polymer that is preferred due to its macromolecular structure, excel-
lent film-forming, and microcapsule forming ability. It has biological activity when used with antigenic proteins of bacteria 
and viruses as microcapsule forms. Sodium chloride is added to the solution of the PCPP polymer to create coacervate 
microdroplets. These microdroplets are stabilized by cross-linking by adding calcium ions. PCPP is known as a biocom-
patible polymer; however, there are no studies on the cytotoxicity of the microparticle or water-soluble form of the PCPP.
Methods To show the compatibility of PCPP on cell culture, different concentrations of PCPP’s cytotoxic effect were inves-
tigated. The microparticle form of PCPP polymer was obtained by the coacervation method. The size of these microcapsules 
was shown by the dynamic light scattering. Also, the cytotoxicity of PCPP microparticles and PCPP polymer in different 
concentrations were examined using mouse fibroblast cell lines by XTT assay. The number of cells undergoing apoptosis 
was determined by the DAPI staining assay. Concentration-dependent cytotoxicity was shown by this study.
Results PCPP microparticles and soluble form of this polymer have shown no toxic effects in studied concentrations. The 
average size range of the PCPP microparticles was found to be 2828 µm. This study also showed that, when ISO standards 
are referenced, both soluble and microparticle form of the PCPPdid not demonstrate any toxic effect on the L929 cell line.
Conclusions PCPP is not toxic at the concentrations studied in in vitro cell culture and supports the literature regarding its 
biocompatibility.
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Introduction

Polyphosphazenes are synthetic polymers that contain phosphate-
nitrogen molecules. It was first synthesized by Liebig and Wohler 
in 1834 by the reaction between ammonium chloride and phos-
phopentachloride. Polyphosphazene’s inorganic main structure 
is flexible. It can be degraded hydrolytically and the structure can 
be modified by choosing the appropriate side group [1].

Poly[di(carboxylatophenoxy)-phosphazene] (PCPP) is 
a multifunctional polymer. It has advantageous properties 
such as injectability, water-solubility, biodegradability, and 

controllable hydrolytic degradation rates [2]. Its main struc-
ture allows the formation of microcapsule form by various 
methods. One of them is coacervation. In the coacervation 
method, drugs and antigens are active substances and the 
polymer acts as a shell material for them [3, 4]. These coacer-
vated microcapsules could be used for pharmacological for-
mulations. For example, antigen encapsulated microcapsules 
were benefited in vaccine studies against bacterial, proto-
zoal, and viral agents [5] because of their adjuvant properties. 
PCPP formulated with antigenic molecules, acts as an adju-
vant by enhancing immune response, and released immune 
molecules (antigens) slowly [6]. This is critical in providing 
a continuous release of antigen during weeks to months so 
that the humoral immune response is stimulated repeatedly 
by slow-release formulations from polymer particles [7, 8].

Polyphosphazenes are generally known as biocompat-
ible polymers. In vitro and in vivo biocompatibility of 
some polyphosphazenes were shown by previous studies 
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[9]. Laurencin et al. showed poly[(ethyl glycinate) phos-
phazene] (PNEG) did not affect cell growth negatively 
[10]. They also showed that ethyl glycinate/methyl phe-
noxy substituted polyphosphazenes have no adverse effect 
on cell adhesion and proliferation [11]. Cytotoxicity of 
poly[bis(ethyl-4-aminobutyro) phosphazene] has been 
studied by Gumusderelioglu and Gur (2002) [12], where 
they show that extracts of the polymeric film had not sig-
nificantly decreased the cell viability [9].

Andrianov et al. (2009) stated in their studies that the 
PCPP polymer is biocompatible and non-toxic [2, 13]. How-
ever, there are no studies on the cytotoxicity of the water-
soluble form of the PCPP compared to the microparticle form 
depending on concentration on cell culture. The aim of this 
study is to produce PCPP microparticles and investigate the 
toxic effect of different concentrations of PCPP polymer and 
microparticles in vitro cell culture by XTT assay and DAPI 
staining methods.

Material and Method

Preparation of Polymer Solution

PCPP polymer is commercially available from Sigma (cata-
log no: 652717). The dried PCPP polymer was dissolved in 
PBS (130 mM NaCl, 7.5 mM  Na2HPO4, 1.5 mM  KH2PO4, 
pH 7.4 Sigma) with the concentration of 0.2% (w/v). The 
solution was stirred at room temperature for 120 h [14].

Microencapsulation of PCPP

A 1.9 mL 6.2% (w/v) NaCl was added dropwise into the 
1 mL of PCPP polymer (0.2% w/v) solution. It was stirred at 
room temperature for 20 min. The mixture was then added to 
200 mL of 8.8% (w/v)  CaCl2 solution. It was stirred at room 
temperature for 10 min. The final mixture was centrifuged at 
3456 rpm (1340 g) for 10 min. Supernatant was discarded, 
and the pellet was washed by 10 ml of  dH20 [15].

Size Analysis of Microcapsules by Dynamic Light 
Scattering

One milliliter of solutions containing PCPP microparticles 
were analyzed in terms of size and potential by Zeta-Sizer 
(Malvern Zetasizer MPT-2) device.

L929 Cell Culture

The L929 mouse fibroblast cell line was widely used in tox-
icity studies [16]. L929 cells were transferred to DMEM-
F12 medium containing 10% FBS, penicillin–streptomycin, 
and centrifuged at 1000 rpm for 5 min. The supernatant 
was discarded, and 5 mL of DMEM-F12 (10% FBS) was 
added to the pellet and transferred to the sterile cell cul-
ture flask. Cells were incubated at 37 °C with 5%  CO2. 
When cells were 80–90% confluent, they were detached 
using Trypsin–EDTA and were transferred to Falcon 

Fig. 1  Size analysis results of PCPP microparticles
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tubes containing 5 mL of medium. They were centrifuged 
at 1000 rpm for 5 min. The pellet was resuspended and 
diluted in the Trypan Blue solution for cell counting.

Cytotoxicity Experiments: XTT Assay

L929 cells were seeded in a sterile, flat bottom, 96-well 
plate, with the concentration of 1 ×  104 cells/well. Cells 
were incubated for 24 h at 37 °C with 5%  CO2. PCPP 
microparticles and soluble PCPP polymer at concentra-
tions of 1 µg/mL, 2 µg/mL, 4 µg/mL, 6 µg/mL, 8 µg/mL, 
10 µg/mL, 20 µg/mL, 30 µg/mL, 40 µg/mL, 50 µg/mL were 
added to the cells and PBS was added to the control group. 
Cells were incubated at 37 °C with 5%  CO2 for 24 h. The 
medium in the plate was removed, and 100 µL of XTT 
solution (4 mg tetrazolium salt had dissolved in 10 ml cell 
culture medium with 10 µL PMS) was added to each well. 
Cells were incubated for 4 h, and absorbance was meas-
ured by multiple readers (Labline) at 450 nm [17].

DAPI Staining

The DAPI staining method was used to determine the 
nuclear morphologies of cells. L929 cells (3 ×  105) were 
seeded into 24-well plates and incubated for 24 h. Cells 
were treated with PCPP microparticles and soluble PCPP 
polymer at concentrations of 1 µg/mL and 50 µg/mL for 

24 h. Following treatment, cells were stained with DAPI 
solution. The plate was incubated at 37 °C for 15 min in a 
dark environment. All the liquid in the plate was aspirated 
and washed with PBS. After washing, the cells were exam-
ined using a fluorescent microscope [18].

Results

Size Analysis Results of PCPP Microparticles 
with DLS

As seen in Fig. 1, the size range of PCPP microparticles was 
found to be 2.237 µm, and the PDI value was 0.513. Meas-
urements were repeated, and the PCPP size range was found 
to be 2.239 µm with a 0.533 PDI value. In another measure-
ment, the PCPP size range had been found 2.434 µm with a 

Fig. 2  % Viability of L929 cells was exposed soluble PCPP polymer and PCPP microparticles

Table 1  The number of DAPI-stained apoptotic cells of L929 
exposed with the PCPP microparticles and polymer at low and high 
concentration

Number of cells (average)

Dyed substance Low concentration
(1 µg/mL)

High concentration
(50 µg/mL)

Control 4 4
PCPP polymer 6 11
PCPP microparticles 10 20
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0.632 PDI value. Regarding these three measurements, the 
average size range and PDI value of PCPP microparticles 
was found as 2828 µm and 0.559 respectively.

In the measurements taken, a single peak was observed 
from the microparticles. The obtained peaks appear to have 
a monodisperse structure. According to previous studies, the 
size range should be 1 and 10 µm of coacervate microcap-
sules [13]. The measurements show that the PCPP micro-
particles are the expected size.

Results of XTT Cytotoxicity Assay

The effects of PCPP microparticle and soluble form on via-
bility on the L929 (fibroblast) cell line were tested at various 
concentrations. Cell viability was expressed as percent via-
bility by the control, and results of different concentrations 
were shown in Fig. 2. The viability of cells was 147.9% in a 
lower concentration of polymer (1 µg/mL). The toxicity pro-
file of PCPP polymer was similar to microparticles, and they 
have the least toxic effect at a concentration of 1 µg/mL. It 
has been seen that the low concentration of both PCPP poly-
mer and microparticles have a viability value above 100%.

Cell viability after PCPP microparticles and polymer 
treatments decreased at higher concentrations, but cell 
viability at these concentrations was still higher than 80%. 

According to ISO standards, results over 80% are considered 
non-toxic [19]. Our results also showed that, according to 
ISO standards, both PCPP polymer and microparticles have 
no toxic effect on studied concentrations.

Results of DAPI Staining Assay

DAPI (4′, 6-diamidino-2-phenylindole dihydrochloride) is a 
fluorescent substance and widely used to mark the apoptotic 
cell [20]. L929 cells, exposed to microparticle and soluble 
form of PCPP polymer at high (50 µg/mL) and low (1 µg/
mL) concentrations for 24 h, were stained with DAPI dye. 
The number of apoptotic cells which was exposed with 
PCPP microparticles and PCPP polymer is shown in Table 1.

According to the DAPI results, the images of apoptotic 
cells with high and low concentrations in the polymer and 
microparticles had shown in Fig. 3 and Fig. 4.

When the DAPI and XTT results had been compared, the 
viability values corresponding to the concentrations found in 
both showed consistency. The apoptotic effects of the poly-
mer and microparticles are not high when compared to the 
control. The apoptotic effect of the polymer in cells is less 
than in the form of particles. It also appears to cause less cell 
apoptosis at low concentrations.

Fig. 3  DAPI staining of L929 
cells exposed to PCPP polymer. 
A Control group. B Low con-
centration PCPP polymer 24 h 
of exposed L929 cells. C High 
concentration of PCPP polymer 
L929 cells exposed to their 
microparticles 24 h

Fig. 4  DAPI staining of L929 
cells containing PCPP micro-
particles. A Control group. B 
Low concentration PCPP micro-
particles 24 h of exposed L929 
cells. C High concentration of 
PCPP microparticles L929 cells 
exposed to their microparticles 
24 h
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Discussion and Conclusion

In the present study, we demonstrated that the micropar-
ticle and soluble form of this polymer had no significant 
toxic effect in examined concentrations. PCPP has a high 
potential as a vaccine carrier and adjuvant against a wide 
range of bacterial and viral pathogens [21], and it is often 
used in microparticle form. The microparticle form of this 
immunostimulant polymer is releases the active substance 
in a controlled manner [5].

In the previous study of A. K. Andrianov et al. (1998), 
PCPP microparticle size was found to be between 1 and 
10 µm [13]. In our present study, we found the average 
size range of PCPP microparticles as 2828 µm. The size 
range of microparticles produced in this study is compat-
ible with the A. K. Andrianov et al. (1998). Moreover, the 
microparticles have a monodisperse structure as a result 
of the DLS method.

Furthermore, this study and relevant studies stated that 
soluble and microparticle forms of PCPP are biocompati-
ble [1, 13, 15, 22]. However, there is no comparative study 
to investigate the cytotoxic effect of PCPP in cell culture. 
Therefore, in this study, the biocompatibility of micropar-
ticles and soluble form of PCPP were compared. The toxic 
effect and viability percentages of different concentrations 
of PCPP polymer and PCPP microparticles on L929 cells 
had been investigated by XTT and DAPI methods. Accord-
ing to ISO standards, results over 80% are considered non-
toxic for toxicity values of substances [19]. This study also 
showed that when ISO standards-referenced, both soluble 
and microparticle forms of PCPP in studied concentrations 
have no toxic effect.

In addition to the XTT assay to determine cell viabil-
ity, the DAPI staining method demonstrated its apoptotic 
effects. When these cells had compared with the control 
group, it was seen that the apoptotic effect is not signifi-
cant. The results thus obtained are consistent with the XTT 
results.

According to the data obtained, the PCPP polymer is not 
toxic at the concentrations studied in vitro cell culture and 
supports the biocompatibility results in the previous studies.
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