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Introduction

OBJECTIVE

P-MAPA (200-400 pm) is known that exhibited significant in vivo antitumor activity, unfortunately with
low capacity of suspension. Our aim is to study the effects of nanocrystals (400-600 nm) produced by
nanonization compared to bacillus Calmette-Guerin (BCG) vaccine on bladder cancer at a non-muscle
invasive stage (NMIBC).

METHODS

To induce NMIBC, 20 female Fischer 344 rats received intravesically 1.5 mg/kg dose of N-methyl-N-
nitrosourea (MNU), and control animals were injected with PBS solution. After cancer induction, MNU
(cancer) group received identical treatment that control group; a group received 106 CFU dose of BCG
for 6 weeks; P-MAPA-Nano+Pluronic group was injected with intravesically 0.8 mg/kg dose of P-MAPA
for 6 weeks. A histopathological analysis of bladder after 16 weeks was carried out. Following the same
procedure, the P-MAPA-Nano-Chitosan was studied.

RESULTS

In P-MAPA-Nano+Pluronic crystals, a better antitumor activity than BCG treatment was found and
correlated with the apoptosis raised. However, unfortunately in the case of chitosan as stabilizer, the
effect was negligible. One reasonable explanation to this low effect was probably through a drastic pH
change (basic) in the urinary bladder in cancer case.

CONCLUSION
The results demonstrated that this new nanoformulation of P-MAPA in the presence of Pluronic F68
could be a potential candidate for treatment of in vivo bladder cancer.
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and non-invasive tumor (pTa and pT1), and the oc-
currence of invasive case is occasionally.[5] However,
around 50% of non-muscle invasive tumors will died

Urinary bladder carcer (BC) is the second most usual
malignancy at urinary tract.[1-3] The American Cancer
Society evaluates that there will be about 83,730 new
cases of CB diagnosed in the US in 2021 (564,280 men
and 19,450 women. 17,200 will be killed by this dis-
ease).[4] Over 70% incidence of BC is superficial (pTis)

happening in 4 years after the diagnosis, and around
12% will progress to an invading phenotype.[6,7]

In general, BC treatment is performed by intravesi-
cal therapy. This treatment has the comparative advan-
tage of decreasing systemic effects of the drugs used in
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the treatment of urothelial tract diseases cause when
administered intravenously. In general, the intravenous
route requires the administration of higher doses of the
drug, since a part of it is distributed throughout the
body, while the other is metabolized and excreted be-
fore reaching its specific target.[8]

Besides this, the adverse effects are more pro-
nounced. Thus, it is ideal drug delivery at the site
where its action is desired, because such a strategy
may increase the pharmacological efficacy and reduce
drug dosage required to achieve the desired effect
thus reducing the toxic effects.[8] In this direction,
the intravesical route of administration of drugs in
the urinary tract has already been widely used that
the bladder is an organ of easy access and therefore
suitable for topical therapy, in this route is possible
to expose the injured area (bladder/tumors) directly
to the drug and the amount of drug delivered can be
easily controlled.[9,10]

Bladder cancer (BC), characterized by superfi-
cial lesions, has a high recurrence and progression
rate after endoscopic resection. According Richie and
D' Amico[11] (2005), 70% of bladder cancers do not
invade the muscular layer of this body, yet 20-30%
had progression and 70% exclusive post-treatment
recurrence with transurethral resection. Moreover, it
is known that intravesical instillation of bacillus Cal-
mette-Guerin (BCG), these indices decreased to 31%.
[11,12] Morales et al.[13] and Morales[14] were pio-
neers to prove success in the treatment of superficial
BC with BCG.[15] Since then, BCG is the treatment of
choice for superficial BC of high risk and is currently
considered the immunotherapy with the best results,
inclusive superior to intravesical chemotherapy related
to recurrence rates and tumor progression.[16] How-
ever, for patients who develop BCG unresponsive dis-
ease, cystectomy remains the standard of care.[17]

The immunotherapy with BCG results in massive
immune response characterized by the induction of
cytokine expression in both in urine and bladder and
influx of inflammatory cells in the bladder wall. How-
ever, utilization of live-attenuated bacillus may cause
side effects and complicate its prediction response. Th-
ese effects are observed in 90% of patients treated with
BCG and that these irritative symptoms ranging from
mild to moderate urinary tract to decease, experienc-
ing serious difficulties, such as persistent fever, hemo-
dynamic instability, or allergic reactions difficulty its
use.[15,18,19] Therefore, alternative treatments using
immunomodulators have been proposed with promis-
ing results.[20-25]
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An immunomodulator (biological response mod-
ifier), the proteinaceous aggregate of magnesium and
ammonium phospholinoleate-palmitoleate anhydride
(P-MAPA) developed by Farmabrasilis from Aspergillus
oryzae,[26] has appeared as an important drug for many
diseases. P-MAPA exhibits anti-tumor activity in many
mouse models.[27] Studies on toxicology indicated that
this immunomodulator is a safe drug, through different
toxicological stages carried out in rodents, monkeys,
and also in human Phase I clinical trials. Besides these
results, no teratogenicity effect either in vitro or in vivo
studies was found. The positive effects, such as P-MAPA-
induced proliferation of lymphocyte T, rise interfer-
on-gamma and interleukin-2, natural killer (NK) cell
activity,[20-22,27-30] and promote nitric oxide (NO)
delivery by macrophages were observed.[31]

A dose injected intraperitoneal (i.p) 24 h post-infec-
tious confrontation on C57BL/6 mice was significantly
effective and avoiding death due to Punta Toro virus in-
fection. This administration also decreased systemic vi-
ral burden and liver anomalies on day 3 of infection.[32]

P-MAPA exhibited ligand activities as toll-like recep-
tors (TLRs) ligand in vitro and enhanced the immuno-
logical status in bladder cancer, rising TLR2 and TLR4
protein levels. The immunotherapy by P-MAPA was
efficient in restoring tumor protein (p53) and TLRs re-
activity and demonstrated significant higher antitumor
activity than BCG, a reference drug in these treatments.
The activation of TLRs and p53 may give a possible and
hypothetical mechanism for the immunotherapeutic ef-
fects in either cancer or in infectious.[33-36]

P-MAPA showed also to exhibits antileishmaniasis
activity. Studies with Leishmania-infected dogs showed
diminish in TLR2 in macrophages related to healthy
dogs and in the case of P-MAPA’ induction. Reactive
oxygen species (ROS) were raised in peripheral blood
mononuclear cell from Leishmania spp.-infected dogs
related to healthy dogs. However, P-MAPA upgraded
ROS production. NO generation was augmented in
culture supernatant from macrophages promoted by
P-MAPA in a similar way on healthy and Leishmania
spp.-infected dogs.[26,37,38] Recently was shown that
immunotherapy with P-MAPA may be an alternative
in the treatment of non-muscle invasive bladder can-
cer (NMIBC), especially in cases where BCG therapy
failure, as evidenced by the effect of P-MAPA on tumor
regression in comparison of BCG treatment.[39]

As the nanobiotechnology plays an important role
in cancer research,[40-44] the aim of this study was
to study the nanofunctionalized P-MAPA effect on
bladder cancer.
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Materials and Methods

Compound
Theanticancer, P-MAPA, was provided by Farmabrasilis
(Sr. Iseu Nunes, Campinas, SP, Brazil).

P-MAPA Characterization

Previously, it was characterized as an aggregated
magnesium and ammonium phosphate associated to
linoleate-palmitoleate anhydride.[20]

Nanonization of P-MAPA Microcrystals
Nanonization of P-MAPA microcrystals was carried
out in an ultrasonicator at 750 Watt (VCX 750 - Son-
ics). Briefly, 5 mg of P-MAPA microcrystals were dis-
persed in a 5 mL of aqueous solution of Pluronic F68
(5% w/v) (Aldrich) or in 5 mL of a dispersion of chi-
tosan (0.2% w/v) (105 kDa ~81% acetylation, Polymar,
Brazil). These dispersions were ultrasonicated in cycles
of 10 min till 1:40 in ice bath. In each sonication cycle,
the temperature of the dispersion was measured for
keeping below 20°C during all the nanonization pro-
cesses.[45,46]

Characterization of the P-MAPA Nanocrystals

Scanning electron microscopy (SEM)
The morphology was determined by SEM Jeol JSM-
6360LV at 20 kV.

X-ray diffraction (XRD)

The XRD was measured in a X-Diffractometer Shimadzu,
model XRD7000, under radiagio CuKa (A\=1,54060 A),
at 40 kV, current 30 mA, scanning at 2° min™.

Differential scanning calorimetry (DSC)

The physical state and interaction between compounds
in nanoparticles were studied by a DSC-Q10 (TA In-
struments). First, samples were lyophilized and then
placed in aluminum pans and sealed. All samples were
heated from 10°C up to 160°C, at 5°C min"! and held
isothermally for 1 min, in a nitrogen atmosphere (50
mL min?).

Size distribution and zeta potential

The average diameter, polydispersity index, and zeta
potential were studied by dynamic light scattering tech-
nique, using a Zetasizer Nano instrument, ZEN3600
(Malvern Instruments). All samples were diluted in
1 mmol L* solution of KCI, ratio 1:10 of sample: KCl
solution. Measurements were performed at 25°C. Zeta
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potential was measured by electrophoretic mobility us-
ing the same equipment with fixed angle of 173° and a
temperature of 25°C.

Influence of pH on the stability of the nanoparticles
The pH effect on the nanoparticles size was carried
out using a titrator MTP-2 Multi-Purpose Titrator
(Malvern®) coupled to the Zetasizer Malvern. Titrating
solution of NaOH (0.25 e 1M) and HCI (1 M) was used.
The pH range used was from 6 to 9 and diameter mea-
sured at intervals of 0.5 pH’s units.

In vivo Study on Bladder Cancer

Induction protocol of NMIBC

Fisher 344 strain rats (n=35) were used, at aged of 7
weeks, weighing on average 150 grams, obtained from
the Vivarium of the University of Campinas (CEMIB/
UNICAMP). For the experiments, the protocol fol-
lowed strictly the ethical principles in animal research
(CEUA/UNICAMP-Protocol Nr 2684-1).

For induction, NMIBC wused N-methyl-N-
Nitrosourea (MNU) diluted in sodium citrate solu-
tion and administered through intravesical (Favaro
et al,, 2012). Thirty animals were anesthetized with
xylazine hydrochloride 2% (5 mg/kg i.m.; Konig, Sao
Paulo, Brazil) and ketamine hydrochloride 10% (60
mg/kg, i.m.; Fort Dodge, Iowa, USA), kept in this state
for 45 min to prevent spontaneous urination, and in-
stilled a dose of 1.5 mg/kg of N-methyl-N-Nitrosourea
(MNU - Sigma, St. Louis, MO, USA) dissolved in 0.3
ml sodium citrate (1 M, pH 6) every 15 days (weeks
0, 2, 4, and 6), totaling four doses (Favaro et al., 2012).
For induction procedures, we used Class II safety cab-
inet A2 (The Baker Company, Sanford, ME, USA).
The other five animals that did not receive MNU were
considered as control group (Group 1). Two weeks af-
ter MNU induction, the animals were divided into six
groups (five animals per group): Group 2: MNU (can-
cer): Received an intravesical dose of 0.3 ml of 0.9%
saline for 6 consecutive weeks (Favaro et al., 2012);[33]
Group 3: MNU + BCG: Received intravesical dose of
106 CFU - 40 mg of BCG (Ataulpho de Paiva Founda-
tion, Rio de Janeiro, Brazil) diluted in 0.3 ml of saline
0.9% for 6 consecutive weeks[33] (Favaro et al., 2012);
Group 4: MNU + P-MAP-Micro Pluronic: Received
intravesical dose of 0.2 mg P-MAP (Farmabrasilis,
Sao Paulo, Brazil) dissolved in 0.2 ml (concentration
of 1 mg/mL) of aqueous Pluronic F68 (5% w/v) (Sig-
ma-Aldrich, USA) for 6 consecutive weeks; Group 5:
MNU + P-MAPA-Micro-Chitosan: Received intraves-
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ical dose of 0.2 mg P-MAPA (Farmabrasilis, Sao Paulo,
Brazil) dissolved in 0.2 ml (concentration of 1 mg/mL)
of aqueous chitosan (0.2%) (105 kDa/81%~acetylation,
Polymar) for 6 consecutive weeks; Group 6: MNU + P-
MAPA-Nano-Pluronic: Received an intravesical dose
of 0.2 mg P-MAP nanonizado dissolved in 0.2 ml (con-
centration of 1 mg/ml) aqueous solution of Pluronic
F68 (5% w/v) for 6 consecutive weeks; and Group 7:
MNU+P-MAPA-Nano-Chitosan: Received an intrav-
esical dose of 0.2 mg P-MAPA nanonized dissolved in
0.2 ml (concentration of 1 mg/ml) aqueous solution of
chitosan (0.2%) for 6 consecutive weeks.

The intravesical doses in the different experimen-
tal groups were instilled through flexible catheter 20
gauge (Abocath, Sdo Paulo, Brazil). The animals of all
experimental groups received water and the same diet
ad libitum (Nuvilab, Colombo, PR, Brazil). After 16
weeks of the experiment, the animals were euthanized
and the urinary bladders collected and submitted to
histopathological analysis.

Histopathological Analyses

Samples of the urinary bladder of all the animals of each
group were collected and fixed in Bouin solution for
12 h and enclosed in plastic polymers (Paraplast Plus,
ST. Louis, MO, USA). Then, the materials were cut on
a rotary microtome Biocut 1130 (Reichert-Jung, Mu-
nich, Germany) with a thickness of 5 um and stained
with hematoxylin-eosin and photographed in the light
microscope Nikon Eclipse Ni-U (Nikon, Tokyo, Japan)
equipped with camera Nikon DS-IR-1 (Nikon, Tokyo,
Japan). The urothelial lesions were classified accord-
ing to the consensus staging proposed by the World
Health Organization/International Society of Urolog-
ical Pathology.[47]

Analysis of the Urinary pH

The urine samples (200 uL) were collected from uri-
nary bladder through flexible catheter 20 gauge (Abo-
cath, Sdo Paulo, Brazil) from all the animals in each
group at the euthanasia procedure. Subsequently, the
urine of each animal was applied in the pH uro dipstick
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(Urofita 10 DLU, Prodimol Biotechnology), following
the instructions provided by the manufacturer.

Statistical Analysis

Histopathological results were compared with a pro-
portion test. The difference between the two propor-
tions was tested using test of proportion with a type-I
error of 1%.

Results

P-MAPA Nanoparticles Characterizations
Nanocrystals of P-MAPA with a diameter below 500
nm after the nanonization process were obtained (Table
1). The surface charge was dependent of the stabilizer
used. Negative charge was obtained when Pluronic F68
as used and contrary with chitosan a positive charge
was observed.

These differences are explained by the structures of
the stabilizers. Pluronic F68 exhibits several hydroxyl
groups that give negative charge density (8-), and in the
case of chitosan, the amino group at the pH moiety is
protonated.

Related to the morphology of the micro- and nano-
crystals from P-MAPA, the former had 200-400 um (Fig.
la). Nanocrystals of P-MAPA stabilized by Pluronic F68
exhibited a size of ~500 nm (Fig. 1b, c). This SEM mi-
crograph showed agglomeration due to the Pluronic F68
presence after drying for those measurements.

The preparation of nanocrystals of P-MAPA by
sonication looses completely the typical crystallinity
of microparticles of P-MAPA and appeared neatly only
the presence of Pluronic F68. The DSC of P-MAPA
microparticles showed a peak at ~122°C and in the
presence of Pluronic F68 (nano) did not appear the
P-MAPA peak by only the peak at ~52°C correspond-
ing to Pluronic F68. However, a DSC signal of micro
P-MAPA in the presence of Pluronic F68 (8:2) ratio in
a physical mixture appeared the peak at ~52°C from
Pluronic F68 and also P-MAPA peak, but at ~132°C.
This shift probably was related to a different behavior
of P-MAPA in Pluronic F68.

Table1  Size and zeta potential of P-MAPA nanocrystals

Samples Diameter (nm) IP (polydispersity index) Zeta potential (mV)
P-MAPA 300.000+100.000 0.610 -20+4
P-MAPA-Pluronic F68 496.8+89.4 0.541 -14+2
P-MAPA-Chitosan 461.7+83.1 0.573 +23+3

P-MAPA: Proteinaceous aggregate of magnesium and ammonium phospholinoleate-palmitoleate anhydride
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(a) SEM micrograph of microcrystal of P-MAPA, (b), (c) SEM micrograph of the nanocrystals of P-MAPA stabi-

SEM: Scanning electron microscopy; P-MAPA: Proteinaceous aggregate of magnesium and ammonium phospholinoleate-palmitole-

ate anhydride.
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~850C and at ~1380C.

SEM: Scanning electron microscopy; P-MAPA: Proteinaceous aggregate of magnesium and ammonium phospholinoleate-palmitole-

ate anhydride.

SEM of Chitosan

Microcrystal of P-MAPA after sonication in water with the presence of chitosan (a) SEM of nano-P-MAPA (water),
DSC peak: ~1520C ; (b) SEM of chitosan, DSC peak: ~1400C; (c) SEM of Nano-P-MAPA in chitosan, DSC peak:
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SEM of Nano-P-MAMA-Chitosan

The behavior of nanocrystal of P-MAPA in the
presence of stabilizer chitosan is also different, related
to Pluronic F68. Figure 2 shows that microcrystal of
P-MAPA lost it crystallinity after sonication (SEM and
DSC as compared with Fig. 2).

In the DSC study, mainly appears chitosan (from
the DSC analysis was around 140°C) presumably with
some contribution of P-MAPA crystals transforma-
tion. From DSC, the loss of water around 85-90°C is
observed, indicating different chemical structure in the
presence of chitosan (not shown).

Micro- and Nanoparticles of P-MAPA Stability at
Different pHs

In the pH titration on nanoparticles P-MAPA, pro-
duced by Pluronic F68 as stabilizer exhibited a good
range of stability (as shown by the zeta potential value

at pH 7.5) compared to the use of chitosan as stabilizer
where a great decay at the same range was observed
(Fig. 3). Size distribution was not altered with Pluronic
F68 at the range of pH 5-7.5 (~450 nm) and then with a
slightly increase of its size was stable at pH 7.5-9 (~600
nm). On contrary, the size of the nanoparticles stabi-
lized by chitosan was quite stable at pH range of 5-7.5
(~500 nm) but increased when the pH was more basic
(over pH 7.5) at to size of 3 um with significant change
in the zeta potential was observed.

Urinary pH

Through urine analysis showed that the moiety pre-
sented by the urinary bladder affected by cancer exhib-
ited basic pH values between 8 and 9, and in the blad-
der of the control animals, the pH values were acids
with a pH value between 5 and 6. The increase in the
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Fig. 3. Titration by pH effect on the size and Zeta poten-
tial of nanoparticles of P-MAPA crystals prepared
by (a) Pluronic F68 and (b) Chitosan.

P-MAPA: Proteinaceous aggregate of magnesium and am-
monium phospholinoleate-palmitoleate anhydride.

pH of the urine in NMIBC can be explained by renal
impairment (hydronephrosis) detected in all animals
affected by cervical cancer.

Evaluation and Comparison of the Antitumoral
Activity of Nanoparticles of P-MAPA Crystals
with BCG Immunotherapy

Histopathological analyses

The urinary tract control group (Group 1) showed
no structural changes (Fig. 4a, b, Table 2). The nor-
mal urothelium was composed of 2-3 layers, of
which basal cell layer, an intermediate cellular layer,
and a surface layer composed of apical umbrella cells
(Fig. 4a, b).

In contrast, urinary tract MNU group (Group 2)
showed drastic histopathological changes, such as hy-
dronephrosis and hydroureter; urothelial carcinoma
invades the lamina propria (pT1) (Fig. 4c, d), papil-
lary carcinoma (PTa), and squamous metaplasia in the
bladder were found in 80%, 20%, and 60% of animals,
respectively (Table 2).

Papillary carcinoma (pTa) (40%) (Fig. 4e), the
low-grade intraurothelial neoplasia (40%), and car-
cinoma in situ (pTis) were the most frequent histo-
pathological changes in the urinary bladder of MNU
group+BCG (Group 3) (Table 2). In addition, the
urinary tract MNU + BCG group showed significant
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macroscopic abnormalities such as cystic kidney le-
sions, hydroureter, thickening, and papillary lesions
in the bladder.

The macroscopic characteristics of the urinary tract
MNU group + P-MAP-Micro Pluronic (Group 4) were
similar to those in the control group. In the urinary
bladder, the normal urothelium was found in 20.0% of
the animals (Table 2). The most frequent histopatho-
logical changes in the MNU + P-MAP-Micro Pluronic
group were flat hyperplasia (60%) (Fig. 4f) and papil-
lary hyperplasia (20%) (Table 2).

Urinary tract MNU group + P-MAP-Micro Chito-
san (Group 5) showed drastic histopathological chang-
es, such as hydronephrosis and hydroureter; urothelial
carcinoma with invasion of the lamina propria (pT1)
(Fig. 4g), papillary carcinoma (pTa), carcinoma in situ
(pTis), and squamous metaplasia were found in the
urinary bladder in 40%, 40%, 20%, and 40% of animals,
respectively (Table 2).

The papillary hyperplasia (60%) (Fig. 4h), the low-
grade intraurothelial neoplasia (20.0%), and the flat
hyperplasia (20%) (Table 2) were the most frequent
histopathological changes in the urinary bladder MNU
group + P-MAP-Nano Pluronic (Group 6).

Similar to MNU Group, MNU group + P-MAP-
Nano Chitosan (Group 7) showed drastic histopath-
ological changes, highlighting papillary carcinoma
(pTa) (60.0%) (Fig. 4i, Table 2), urothelial carcinoma
with invasion lamina propria (pT1) (40%), and squa-
mous metaplasia (60%) (Fig. 4i, Table 2). Furthermore,
changes were observed macroscopic as hydronephrosis
and hydroureter.

The occurrence of urinary stones and macroscop-
ic hematuria was observed in MNU groups, MNU +
BCG, MNU + P-MAP-Micro-Chitosan, and MNU +
P-MAP Nano-Chitosan. These changes were absent in
MNU + P-MAP-Micro Pluronic and MNU + P-MAP-
Nano Pluronic groups.

Interesting is to compare the MNU+P-MAPA-
Micro Pluronic (Group 4) and MNU+P-MAPA-Nano
Pluronic (Group 6), since these groups were the most
effective against bladder cancer. Both groups exhibited
flat hyperplasia and papillary hyperplasia, although in
different distribution, only Group 4 exhibited a 60%
of flat hyperplasia and 20% of normal urothelium in
animal bladders. Apparently by this analysis, Group 4
looks better than Group 6. In other words, the micro
P-MAPA appeared better than nano-P-MAPA in this
protocol. However, in this case, it must be considered
that nano-P-MAPA was around 7-fold less concentra-
tion that micro P-MAPA.
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Fig. 4. Photomicrographs of the most frequently histopathological alterations of urinary bladder of control groups (a, b),
MNU (¢, d), MNU+BCG (e), MNU+P-MAPA-Micro Pluronic (f), MNU+P-MAPA-Micro Chitosan (g), MNU+P-
MAPA-Nano Pluronic (h) and MNU+P-MAPA-Nano Chitosan (i). (a), (b) Normal urothelium composed of 2-3
layers: a layer of basal cells (closed arrowhead), a middle layer of cells (arrow) and a surface layer composed of
apical umbrella cells (open arrowheads). (c), (d) urothelial carcinoma with invasion of the lamina propria (pT1):
neoplastic cells arranged in small groups (arrows) invading the lamina propria. (e) papillary carcinoma (pTa) char-
acterized by extensive papillary lesions and urothelial cells with disordered arrangement and loss of polarity; and
inset figure: mitotic figure (arrow). (f) Flat hyperplasia characterized by thickening of the urothelium and no atypi-
cal cytologic. (g) urothelial carcinoma with invasion of the lamina propria (pT1): neoplastic cells arranged in small
groups (arrow) invading the lamina propria; inset of Fig 1g: invasion lamina propria tumor (arrow). (h) papillary
hyperplasia characterized by thickening of the urothelium with papillomatosis and no atypical cytologic. (i) papil-
lary carcinoma (pTa) associated with squamous metaplasia (Ms).
Lp: Lamina propria; M: Muscle layer; Ur: Urothelium; Ms: Squamous metaplasia; MNU: N-methyl-N-nitrosourea; BCG: Bacillus
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calmette-guerin; P-MAPA: Proteinaceous aggregate of magnesium and ammonium phospholinoleate-palmitoleate anhydride.

Discussion

In this study, the stabilizer Pluronic F68 showed to be
more stable to pH variations as compared with chitosan.
It was observed that the particle size of the nanopar-
ticles of P-MAPA is not changed in basic pH, where
it remained at the nanometer scale. This fact favored
treatment, because no change in the stabilizing struc-

ture (Pluronic F68) ensured that its contact surface re-
mains unchanged providing better adsorption capacity
to the urothelium of the bladder and consequently in-
ternalization of the P-MAPA. This can be seen because
the structure of the P-MAPA and Pluronic F68 was a
eutectic mixture, even at low concentration of Pluronic
F68 such as at 0.3%, as demonstrated by DSC and by
the diffraction in the XRD measurements.
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Table 2
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Percentage of histopathological alterations in the urinary bladder of the animals from control groups (Group 1),

MNU (Group 2), MNU+BCG (Group 3), MNU+P-MAPA-Micro Pluronic (Group 4), MNU+P-MAPA-Micro-Chitosan
(Group 5), MNU+P-MAPA-Nano Pluronic (Group 6), and MNU+P-MAPA-Nano-Chitosan (Group 7)

Groups

Histopathology Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7

(n=5) (%) (n=5)(%) (n=5)(%) (n=5)(%) (n=5)(%) (n=5)(%) (n=5) (%)
Normal 05 (100)* - - 01 (20) - - -
Flat hyperplasia - - - 03 (60)* - 01 (20) -
Papillary hyperplasia = = = 01 (20) = 03 (60)* =
Low-grade intraurothelial neoplasia - - 02 (40)* - - 01 (20) -
High-grade intraurothelial neoplasia- = = 01 (20)* = 01 (20)* = =
Carcinoma in situ (pTis)
Papillary carcinoma (pTa) - 01 (20) 02 (40) - 02 (40) - 03 (60)*
Urothelial carcinoma with invasion - 04 (80)* - - 02 (40) - 02 (40)

of lamina propria (pT1)

The histopathological alterations are expressed as a percentage of the number of rats (n) examined in each group. *P<0.0001 (proportions test). Benign lesions:
Flat hyperplasia; Pre-neoplastic lesions: Low-grade intraurothelial neoplasia; Neoplastic lesions: pTis, pTa, and pT1. MNU: N-methyl-N-nitrosourea; BCG: Bacillus
calmette-guerin; P-MAPA: Proteinaceous aggregate of magnesium and ammonium phospholinoleate-palmitoleate anhydride

Regarding chitosan, it can be concluded that the ba-
sic pH of the urine in the urinary bladder led to depro-
tonation and precipitation of chitosan that hindered
the adhesion and action of P-MAPA in the urothelium,
resulting in low effectiveness of this drug in the treat-
ment of intravesical NMIBC. The low affectivity of
chitosan as stabilizer of nanoparticles of P-MAPA is
possible to explains in the following manner: The zeta
potential value of the nanonized P-MAPA with chito-
san was positive pH 6 which decreases as the pH be-
comes neutral or basic, reflecting the deprotonation of
chitosan terminal, indicating that the electrostatic sur-
face charges on the colloidal have been eliminated. This
effect can be illustrated schematically (Fig. 5).

The pH <6, the amino groups of chitosan are fully
protonated and the P-MAPA chitosan is individually
dispersed in water due to strong electrostatic repulsion.
Increasing the size can be explained due to the chitosan
terminals are extended and the semi-rigid structure.
At the pH ~7.5, most chitosan segments are deproton-
ated and intramacromolecular and internal repulsion
decreases, resulting in twisting of the chitosan chains.
However, Columbic residual forces prevailing over-
whelm the hydrogen bond between the domains of P-
MAPA and chitosan, preventing the formation of larger
aggregates, which explain the maintenance of the size
in this pH range. The pH >7.5 apparently begins to neu-
tralize the P-MAPA-chitosan structure and gradually
begins to aggregate and precipitate due to hydrophobic
association and the strong binding interaction with hy-
drogen. Similar effects were found with graphene oxide
and chitosan. [48-51] Therefore, the understanding of

pH is critical for the application of formulations con-
taining chitosan.

The previous studies in our laboratories have dem-
onstrated that microparticles P-MAPA intravesically
used at a dose of 5 mg/kg (concentration of 6.25 mg/mL)
produced a significant antitumor effect in NMIBC. [52]
In this study, the nanoparticles of P-MAPA were admin-
istered at a dose of 1 mg/mL, that is, a reduction in the
dose of 6.25 times the dose used initially. Even with this
reduction, stabilization of micro and Pluronic P-MAPA
nanocrystals ensured the similar antitumor effect of this
drug observed at the dose of 6.25 mg/mL. The stabilized
PMAPA with Pluronic allowed greater suspension and
reducing the therapeutic dose of P-MAPA, and ensures
that their contact surfaces remain unchanged providing
better adsorption capacity to the bladder urothelium

i\ ~C_ C & ; _
Nl g T
" pH<4, 25°C \ \(‘} \ // pH<8, 25°C
e
\ A
b e\
pH<5~7, 25°C

Fig. 5. Deprotonation scheme of the amino terminal
group of chitosan (modified from [48]).
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and therefore greater effectiveness in the treatment of
immunotherapy when compared NMIBC by BCG.

Conclusion

Taking in account these present available data, this new
nanoformulation of P-MAPA immunotherapy in the
presence of Pluronic F68 could be a potential candi-
date for treatment of patients with non-muscle invasive
bladder cancer.
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