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Capsaicin-Induced Apoptosis in 
MBT-2 Murine Bladder Tumor Cells and Bladder 
Wall Penetration Effect of the Nano-Encapsulated 

Capsaicin in Rabbit
Shin Jay Cho, Hyong Woo Moon, Woong Jin Bae, Yong-Hyun Park, 

U-Syn Ha, Sung-Hoo Hong, Sae Woong Kim, Ji Youl Lee

Department of Urology, Seoul St. Mary’s Hospital, College of Medicine, 
The Catholic University of Korea, Seoul, Korea

Purpose: In this study, we attempted to characterize capsaicin’s effects with regard to the apoptosis of murine 
bladder cancer cells (MBT-2) as well as the pharmacodynamics of nano-encapsulated capsaicin formulation for 
intravesical instillation.
Materials and Methods: We assessed the viability of the MBT-2 cells via MTT staining, agarose gel electrophoresis, 
and flow cytometric apoptosis analysis. Intravesical reagents were instilled into 3 groups of male white New 
Zealand rabbits. Instillation agents were nano-encapsulated capsaicin dissolved in saline, capsaicin dissolved in 
saline, and capsaicin dissolved in dimethyl sulfoxide (DMSO). We also determined the pharmacokinetics of urine, 
plasma, and bladder tissue after intravesical capsaicin instillation.
Results: Capsaicin treatment was determined to reduce cell viability in a time- and dose-dependent manner. The 
capsaicin concentrations in the urine of the rabbits decreased in each of the treatment groups, but we noted 
a more profound reduction of capsaicin concentration in the nano-encapsulated capsaicin group. Plasma 
concentrations were definitely lower as compared with the levels measured in the bladder tissue and urine. We 
noted distinctive differences in patterns of concentration change between the capsaicin with normal saline solution 
(NSS) or DMSO and the nano-encapsulated capsaicin groups. The concentration of nano-encapsulated capsaicin 
in the tissue appeared to increase directly with tissue depth.
Conclusions: Our results show that capsaicin can induce apoptosis in MBT-2 cells, as well as the excellent 
permeation properties of nano-encapsulated capsaicin. Treatment with intravesical capsaicin may be a promising 
alternative therapeutic modality for the treatment of bladder cancer. (Korean J Urol Oncol 2019;17:168-177)
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INTRODUCTION

Bladder cancer is the most frequently encountered uro-

logical malignancy in Korea. Approximately 70% of newly 

diagnosed bladder cancers are superficial variants (Ta, T1, 

or Tis).1 The normal treatment regimen for these superficial 

bladder cancers includes a transurethral resection for the re-

moval of any visible tumors, coupled with subsequent intra-

vesical therapy. This technique has been widely considered 
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to be the most effective method for the prevention of blad-

der cancer recurrence, as well as the aggravation to invasive 

bladder cancer. Intravesical chemotherapy has the decided 

advantage of being able to selectively deliver high concen-

trations of drugs to the tumor-bearing bladder, while mini-

mizing overall systemic exposure. Intravesical bacillus Cal-

mette-Guerin (BCG) constitutes the main treatment modal-

ity currently used in cases of superficial bladder cancer. 

However, 30%–40% of treated patients fail to respond to 

BCG, and another 30%–40% of initial responders experi-

ence a relapse within 5 years. BCG has also been associated 

with possibly severe complications, including fever, gran-

ulomatous prostatitis, hematuria pneumonia, sepsis, and 

hypersensitivity.

In previous studies, a host of intravesical chemothera-

peutic agents have been assessed, and many have been 

shown to reduce short-term recurrence rates. However, none 

have proven effective for preventing long-term recurrence 

rates or tumor progression. Several studies have reported 

BCG’s superior efficacy as compared to mitomycin C and 

doxorubicin.2-5 

Several studies have also indicated that the failure mito-

mycin C and doxorubicin treatments are attributable, in part, 

to the inability of the drugs to penetrate bladder tissue and 

also to the low activity of these drugs when pitted against 

more aggressive tumors.6-10 Enhanced drug delivery was 

shown to improve treatment outcomes in a phase III trial, 

which demonstrated that the augmentation of mitomycin C 

delivery resulted in a recurrence-free rate nearly double pre-

vious levels in superficial bladder cancer patients.11 

Taken together, these findings show that the 2 most im-

portant properties of a drug to be used in intravesical ther-

apy are its activity against bladder cancer and its ability to 

penetrate bladder tissues. As discussed below, capsaicin ap-

pears to be an attractive candidate for such use.

Capsaicin (trans-8-methyl-N-vanillyl-6-nonenamide), the 

primary acrid compound in the red pepper, has been applied 

in food ingredients and drugs for quite a long time. 

Recently, an attempt was made to use capsaicin as an intra-

vesical drug for the treatment of detrusor hyperreflexia in 

overactive bladder.12 Capsaicin has also been demonstrated 

to impair growth and cause apoptosis in vitro in a variety 

of transformed cell types, but this was not found in normal 

counterpart cells.13-16 Furthermore, these compounds re-

portedly promote apoptosis in vivo as the mechanism under-

lying tumor cell elimination in animal carcinogenesis 

models.17 In particular, studies have shown that in certain 

bladder cells capsaicin induces cell cycle arrest, apoptosis, 

and decreased cell migration.18 

Chemically, capsaicin features an aromatic ring, an amide 

bond, and a hydrophobic side chain in its structure, which 

renders it an extremely hydrophobic molecule that is in-

soluble in water. Therefore, for intravesical application, cap-

saicin is normally incorporated with normal saline solution 

(NSS) and 30% ethanol.19 However, this vehicle has been 

reported to exacerbate the adverse histological changes as-

sociated with capsaicin, including epithelial thinning and 

submucosal edema.20 Thus, better and safer vehicles for wa-

ter-insoluble capsaicin are clearly a prerequisite for the de-

velopment of an effective delivery protocol.

In order to improve the delivery of the extremely hydro-

phobic capsaicin, we decided to encapsulate it within a hy-

drophobic polymer matrix. Therefore, we selected polylactic 

acid-polyglycolic acid (PLGA) copolymer and poly(ethyl-

ene oxide)-poly(propylene oxide)-poly(ethylene oxide) 

(Pluronic F-127) as materials for the encapsulation.21

In the present study, in order to assess the possibility of 

utilizing nano-encapsulated capsaicin in an intravesical ther-

apeutic strategy in cases of superficial bladder cancer, we 

have attempted to determine (1) whether capsaicin is able 

to induce apoptosis in bladder tumor cells, applying the 

MBT-2 murine bladder tumor cell line, and (2) the pharma-

codynamics of our nano-encapsulated capsaicin formulation 

with regard to intravesical instillation in rabbits, in order to 

assess the possibility of utilizing nano-encapsulated cap-

saicin in an intravesical therapeutic strategy in cases of su-

perficial bladder cancer.

MATERIALS AND METHODS

1. The Effect of Capsaicin on MBT-2 Cells

1) Cell culture

MBT-2 cells were cultured on Rosewell Park Memorial 

Institute (RPMI) 1640 medium (Sigma, St. Louis, MO, 

USA) supplemented with 10% fetal bovine serum (Hyclone, 

Logan, UT, USA), 2.0-mg/mL sodium bicarbonate, 10 mM 

HEPES, 100-units/mL penicillin, and 100-g/mL streptomy-

cin at 37℃ in a humidified atmosphere containing 5% CO2. 
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The cells were split via trypsinization in a 1:3 ratio every 

other day.

2) Cell viability assay

Cell viability was evaluated via 3-(4,5-dimethylthia-

zol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assays on 

the basis of the decreased amount of MTT into formazan 

dye as the result of mitochondrial activity.22 In brief, the 

cells were cultured with the determined drug concentrations 

in 100-L RPMI 1640 medium for 48 hours, at an initial 

cell density of 5×103 cells/cm2. Then, 10 L MTT solution 

(5-mg MTT/mL in phosphate-buffered saline [PBS]) was 

added to each of the wells of the microtiter plates, and in-

cubated for another 4 hours. After washing, the formazan 

dye solidifies, the extent of which was proportional to the 

number of live cells, were liquefied in 200-L dimethyl 

sulfoxide (DMSO). Absorbance was observed at 540 nm 

with an enzyme-linked immunosorbent assay reader 

(Molecular Devices, Downingtown, PA, USA).

3) DNA fragmentation detection

Following incubation, the cell that were either treated 

with or without capsaicin, were harvested via centrifugation 

at 400×g for 5 minutes, washed twice in PBS (pH, 7.4), 

then resuspended in 800 L of lysis buffer consisting of 5 

mM Tris, 0.5% Triton X-100, and 10 mM ethylenedia-

minetetraacetic acid (EDTA) (pH, 8.0). The cell suspensions 

were then incubated for 30 minutes on ice and pelleted via 

centrifugation (13,000×g for 20 min at 4℃). The super-

natants were then incubated with 8-L RNase A (10 

mg/mL) for an additional 1 hour at 37℃. After this in-

cubation, 8-L proteinase K (10 mg/mL) was mixed, and 

incubation resumed for one more hour at 37℃. The cellular 

DNA was then separated using phenol:chloroform (1:1) and 

centrifuged at 13,000×g for 10 minutes, after which 800-L 

isopropanol retaining 0.3M sodium acetate was added. This 

solution was then pelleted via centrifugation (13,000 g for 

15 minutes at 4℃). The extracted and purified DNA was 

liquefied in loading buffer (2.5% Ficoll, 20 mM EDTA, 

0.04% bromophenol blue, 1.8% xylene cyanol FF) and elec-

trophoresed on 1.8% agarose gel in TBE buffer (45mM 

Tris-borate, 1 mM EDTA) at 50V, then it was formed visu-

ally by staining with 0.5-g/mL ethidium bromide.

4) Flow cytometric analysis

In order to confirm the extent and rate of apoptosis, the 

cells were then stained with propidium iodide as previously 

described.23 The cells were then examined applying flow 

cytometric analysis using the FACSCalibur system (Becton- 

Dickinson, Franklin Lakes, NJ, USA) equipped with the 

Cell Quest program.

5) Statistical analysis

Two-tailed Student t-tests were used in order to examine 

the significance of the tested data. The data were demon-

strated as the means±SEM. Values of p＜0.05 were consid-

ered to be significant.

2. The Pharmacodynamics of the Nano-Encapsulated 

Capsaicin

1) Materials 

Pluronic F-127 can be represented by the formula poly 

(ethylene oxide)-poly(propylene oxide)-poly(ethylene ox-

ide), based on its nominal molecular weight of 12600 and 

75% PEO content. The PLGA copolymer (75 mol% of lac-

tide, Molecular weight: 90,000) was purchased from 

Boelinger Ingelheim (Ingelheim, Germany). The tetraglycol, 

Tween 80, and capsaicin were purchased from Sigma.

2) Preparation of Capsaicin-Loaded PLGA 

Nanoshperes

Ten ml PLGA/tetraglycol solution was prepared sepa-

rately by mixing PLGA with tetraglycol. Then, 0.5% (by 

weight) Tween 80 was added to the total amount of PLGA 

as an emulsifier. This solution was then sprayed into 

100-mL water, in order to induce the precipitation of PLGA 

in a nanospheric form. After the formation of the PLGA 

nanospheres, dialysis was conducted for the removal of the 

tetraglycol. In order to complete the drug loading, 50 ml 

of ethanol-capsaicin solution was added to the dialyzed 

aqueous media. Drug loading was then carried out via the 

evaporation of ethanol in a vacuum oven at 25℃ for 48 

hours, and the atmosphere in the vacuum oven was replaced 

every 6 hours with clean air. During the initial stage of drug 

loading, the capsaicin was loaded by adsorption into the 

PLGA nanospheres. Finally, 10-mL pluronic F-127 aqueous 

solution was poured into the solution mixture containing the 

capsaicin-adsorbed PLGA nanospheres. This solution mix-
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ture was then freeze-dried to induce pluronic F-127 in order 

to stabilize the capsaicin-adsorbed PLGA nanospheres. All 

of the above-mentioned manufacturing steps were con-

ducted by the Department of Polymer Science & Engineer-

ing Chemical Delivery Polymers Laboratory.

3) Animal study

This study was performed with 15 male white New 

Zealand rabbits, each weighing between 2–3 kg (Changddul, 

Gwangju, Korea). These rabbits were given access to both 

water and feed ad libitum. The rabbits were exposed to light 

from 7 AM to 6 PM, and their environment was maintained 

at a temperature of 22℃–24℃ and a humidity of 40%–60%. 

The rabbits were anesthetized via intramuscular injection of 

a 0.7-mL/kg mixture of ketamine (25 mg/mL) and xylazine 

(20 mg/mL), and they remained under anesthesia throughout 

the experiment. A 24-gauge intravenous Teflon catheter 

(Instyle-WR, Becton Dickinson, Heidelberg, Germany) was 

placed into the marginal ear vein to stabilize the intravenous 

line, from which the blood samples were extracted. After 

the external genitalia were sterilized, a 10F urethral catheter 

was inserted, and ballooning was performed within the blad-

der using 3-mL distilled water. The urine was gathered us-

ing the inserted urethral catheter. All of the tests took place 

between 8 AM and 11 AM. After the bladder had been 

emptied by the collection of urine via the inserted urethral 

catheter, the drugs were introduced through the same 

catheter.

The intravesical reagents were instilled in 3 groups of fe-

male white New Zealand rabbits. We used the following 

combinations intravesical agents in this study: (1) nano-en-

capsulated capsaicin dissolved in saline (30 M), (2) cap-

saicin dissolved in saline (30 M), and (3) capsaicin dis-

solved in DMSO (30 M). The volume of intravesical in-

stillation was 20 mL for each capsaicin formulation.

After the drugs had been instilled, the blood and urine 

samples were regularly taken both before and after drug in-

jection, and until the bladder was extracted. A 10-mL sy-

ringe was inserted into the end of the urethral catheter for 

urine collection. This syringe was used to collect an initial 

5-mL urine, to ensure that the urine would fully fill the 

catheter. Then, a 1-mL syringe and a 30-gauge needle were 

used to take 100-L urine samples via the perforating of 

the catheter. Any residual urine within the catheter was sent 

back into the bladder. Urine collection was performed with-

in 2 minutes in all cases.

The drugs were permitted to remain inside the bladder 

for 120 minutes. After 120 minutes of treatment, the bladder 

was extracted dissecting the central line of the abdomen.

4) Pharmacodynamics 

(1) Capsaicin concentration changes in urine

Shifts in the capsaicin concentration within the urine were 

evaluated in order to observe the pharmacodynamic changes 

occurring after the injection of drugs into the bladder. Urine 

was taken every 10 minutes during the initial 30 minutes 

of drug injection, every 15 minutes during the next 30 mi-

nutes (twice), and every 30 minutes afterward, for 120 

minutes. These collected urine samples were promptly fro-

zen with liquid nitrogen. The capsaicin concentration was 

measured in each of these samples using high-pressure liq-

uid chromatography (HPLC).24 

(2) Capsaicin concentration changes within the blood

Shifts in capsaicin concentration were examined in order 

to measure pharmacodynamic changes in the drugs infused 

into the blood stream after their absorption into the bladder 

tissues. As was the case with the urine samples, the blood 

samples were collected every 30 minutes for 120 minutes. 

The collected blood samples were also frozen immediately 

with liquid nitrogen. The plasma capsaicin concentrations, 

however, were so extremely low that we used competitive 

inhibition enzyme immunoassay, with a measurement limit 

of 0.2 ng/mL.

(3) Capsaicin concentrations in bladder tissue

Frozen bladder wall tissue samples were carved, parallel 

to the urothelial surface, into 50-m slices using a cryotome 

(Carl ZEISS, Thorn-wood). Preweighed tissue samples were 

vortex-mixed with 30-L internal standard (margaric acid, 

2.01 mg/mL) and 1-mL chloroform, until all of the tissue 

floated loosely in solution. This compound was quantita-

tively relocated to 15-mL nalgene culture tubes. An addi-

tional 4-mL chloroform was then mixed. This mixture was 

incubated at 37℃ with continuous shaking for 120 minutes, 

and supplemented with vortex-mixing every 15 minutes. 

After 15 minutes of centrifugation at 2,000×g at 4℃, the 

aqueous supernatant was extracted by suction and removed. 

The remaining organic layer was then quantitatively moved 

to a 10-mL glass tube. The residue compound was recon-
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Fig. 2. MBT-2 cells were treated for 48 hours with or without
each concentration of Capsaicin. DNA was isolated from the
cells and analyzed by 1.8% agarose gel electrophoresis. Lane
M represents DNA marker.

Fig 3. MBT-2 cells were treated with Cap (100 M) for each designated time. Cells were stained with propium iodide, and the
number of apoptotic cells was measured by flow cytometry. (A) Capsaicin (100 M) was shown to induce apoptosis in a 
time-dependent manner, according to the results of flow cytometry. In bar graphs the data represent the mean values of 4 replications
with bars indicating standard error of the mean. *p＜0.05. (B) The region to the left of the Go/G1 peak, designated Ao, was
defined as cells undergoing apoptosis-associated DNA degradation.

Fig. 1. MBT-2 cells were treated for 48 hours with or without
each concentration of Capsaicin. Capsaicin decreased cell 
viability in dose dependent manner analyzed by MTT assay.

stituted in 200 L methanol/acetonitirile/water (72:13:15), 

and 100 L of the reconstructed derivatized product was an-

alyzed via HPLC. The first sections were abandoned, in or-

der to dismiss any tissue contamination due to urine. The 

next 8 sections were then individually analyzed, whereas the 

latter sections were pooled for analysis as they contained 

lower drug concentrations.

5) Statistical analysis

We employed 1-way analysis of variance tests and post 
hoc multiple comparisons in order to evaluate the sig-

nificance of the data. The data were expressed as means± 

standard error of the mean. Values of p＜0.05 were consid-

ered to be significant.
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Fig. 4. (A) Concentration of urine capsaicin during intravesical instillation for 120 minutes. The data point at zero time is the
concentration in the dosing solution; the later data points represent the concentration in urine samples obtained serially from the
bladder. Values in each group are means±standard deviation (SD) (n=5). *p＜0.05, among groups. (B) Concentration of plasma
capsaicin during intravesical instillation for 120 minutes. Plasma concentrations through time. Values in each group are means±SD
(n=5). (C) Tissue concentration-depth profiles of capsaicin in bladder tissue after the 120-minute treatment. The concentration 
change pattern among capsaicin with NSS or DMSO and nano-encapsulated capsaicin was very distinctive. The concentration of
nano-encapsulated capsaicin in tissue increased with tissue depth. Values in each group are means±SD (n=5).

RESULTS

1. The Effects of Capsaicin in MBT-2 Cells

Capsaicin’s effects on the viability of MBT-2 cells were 

determined via MTT staining. Capsaicin was found to re-

duce cell viability in a dose-dependent manner (Fig. 1). 

Capsaicin began to evidence significant cytotoxicity at a 

concentration of 100 mM. In order to determine the extent 

to which capsaicin induced apoptotic cell death in MBT- 

murine bladder cancer cells, we conducted 2 independent 

measurements, using agarose gel electrophoresis and flow 

cytometry. We determined that capsaicin induced a dose-de-

pendent DNA fragmentation—a hallmark of apoptosis—as 

demonstrated by the results of agarose gel electrophoresis 

(Fig. 2). Furthermore, capsaicin (100 M) was also shown 

to induce apoptosis in a time-dependent manner, according 

to the results of flow cytometry, in which the hypodiploid 

DNA content was determined via propidium iodine staining 

(Fig. 3). These results demonstrate that capsaicin exerts an 

apoptosis-inducing effect in MBT-2 human bladder cancer 

cells.

2. Pharmacodynamics of Nano-Encapsulated 

Capsaicin

1) Changes in urine capsaicin concentration

Fig. 4A depicts the decrease in urine capsaicin concen-

tration against the function of instillation time. The down-
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Table 1. The phramacodynamics of capsaicin at 120 minutes

Variable
Capsaicin

/NSS
Capsaicin
/DMSO

Nano-
encapsulated 

capsaicin/NSS

Cmax (g/mL) 2.00 2.54 4.88
Cu (g/mL) 1.85 1.87 1.45
Cmax;Cu 1.08 1.36 3.37
Weight of dried 

sample at Cmax (g)
51.0 58.2 119.0

Depth at Cmax (m) 100 100 400

Cmax indicates highest concentration of capsaicin. Curo indi-
cates drug concentration from urothelial surface to about 50- 
m depth. Cu is urine concentration at 120 minutes.
NSS: normal saline solution, DMSO: dimethyl sulfoxide.

ward trend in urine concentration from zero time to 10 mi-

nutes reflects the dilution of capsaicin by residual urine in 

the bladder. As the therapy progressed, continuing urine ac-

cumulation also effected an increased dilution, and hence 

a further decrease in the concentration of the drug. We also 

noted a significant difference between the capsaicin dis-

solved in NSS or DMSO and the nano-encapsulated cap-

saicin after 30 minutes of treatment (p＜0.001). The nano- 

encapsulated capsaicin concentration declined at a more rap-

id rate than did the concentrations of the NSS or DMSO- 

dissolved capsaicin.

2) Capsaicin concentration changes within the blood

Capsaicin concentrations within the plasma were de-

termined to increase over time, but these concentrations re-

mained extremely low overall (Fig. 4B). We found no sig-

nificant differences among the experimental groups in this 

regard (p＞0.3).

3) Capsaicin concentrations in bladder tissue

Fig 4C depicts the concentration-depth profiles of cap-

saicin within the bladder tissues. Table 1 describes the phar-

macokinetic parameters of the tissues. The concentration of 

the NSS or DMSO-dissolved capsaicin in the tissue de-

clined exponentially as the drug flowed through the loosely 

packed, capillary-perfused connective tissue. However, the 

concentration of the nano-encapsulated capsaicin increased 

directly with the depth of the tissue, a tendency which was 

not observed with the nonencapsulated capsaicin. The max-

imal ratios of urothelial capsaicin concentration to urine 

capsaicin concentration (Cmax;Cu) were determined to be 

1.08 for the capsaicin dissolved in saline, 1.36 for capsaicin 

dissolved in DMSO, and 3.37 for the nano-encapsulated 

capsaicin dissolved in saline. We detected significant differ-

ences between the concentrations patterns of the capsaicin 

dissolved in NSS or DMSO and the nano-encapsulated cap-

saicin (p＜0.001).

DISCUSSION

In multicellular organisms, differentiated cells apparently 

share the ability to induce their own death via the activation 

of an internally encoded suicide program, which is com-

monly referred to as apoptosis. Apoptosis is arguably the 

most potent natural defense against the development of 

cancer. Therefore, many attempts have been made to devel-

op a chemoprevention strategy that selectively triggers 

apoptosis in both malignant and premalignant cancer cells. 

In this study, we have evaluated the possibility of using 

capsaicin as a new intravesical agent for the treatment of 

superficial bladder cancer. Capsaicin is the principal active 

component of the hot chili pepper, Capsicum. Spicy foods 

have been loosely implicated in carcinogenesis in humans, 

but, thus far, only a single epidemiological study has dem-

onstrated the correlation between the consumption of hot 

chili peppers and the incidence of gastric cancer.25 Howev-

er, several studies have reported the observation of cap-

saicin’s tumor-initiating or -promoting potential, and other 

studies have demonstrated capsaicin’s chemoprotective 

effects.26-30 Moreover, capsaicin has been reported to inhibit 

the cellular growth of neuroblastoma and hepatocarcinoma 

cells, as well as human glioblastoma cells, via apoptotic 

induction. As mentioned above, recent studies have demon-

strated that capsaicin possesses at least some anticancer 

potential.31-33

The mechanism underlying capsaicin-induced apoptosis 

remains unclear. But recently, there have been reports dem-

onstrating anticancer effects of capsaicin on certain bladder 

cancer cells. Experiments revealed that a cancer associated 

phenotype, tumor-associated NADH oxidase (tNOX) was 

inhibited by capsaicin reducing NADH to NAD+ oxidation. 

This downregulated sirtuin 1 (SIRT1), a deacetylase which 

regulates cell functions, resulting in reduced bladder cancer 

cell phenotypes, by apoptosis and cell cycle arrest.34,35 
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Recent reports on the subject have produced controversial 

or conflicting results as well, and the effects of capsaicin 

on human bladder tumor cells have yet to be adequately 

elucidated.

The present study demonstrated that treatment with cap-

saicin markedly induced apoptosis in a time- and dose-de-

pendent manner in MBT-2 cells measured by DNA ladder 

formation and flow cytometric analysis of hypodiploid 

DNA stained with propidium iodide.

These results show that capsaicin induces apoptosis in 

MBT-2 cells, and suggest that capsaicin may be useful for 

the treatment of human bladder cancers.

According to above results, capsaicin may be an attractive 

alternative. For this hydrophobic-natured capsaicin to act as 

an agent with anticancer potential in in vivo bladder tumors, 

an appropriate vehicle (with the property as solvent for 

drugs to be intravesically instilled and property of permeat-

ing into bladder transitional epithelium) is indispensable. 

Additionally, this vehicle must manifest the characteristic of 

causing minimal damage to the normal bladder mucosa and 

minimal absorption into the vascular system to minimize the 

systemic toxicity.

The currently accepted vehicle for intravesical capsaicin 

is ethanol in saline due to the hydrophobic nature of 

capsaicin.19 Unfortunately, in a study in spinal cord injured 

patients, the ethanol vehicle alone was observed to be just 

as irritating to the bladder mucosa as capsaicin.36 The pain 

and autonomic dysreflexia reported by some patients during 

and sometimes after instillations have hindered the wider 

application of the clinical use of intravesical capsaicin. 

Previous reports showed that the alcoholic vector was the 

major cause of poor instillation tolerability.37 The un-

desirable use of ethanol to dissolve capsaicin made the cur-

rent investigate alternative vehicle to NSS. In this study, we 

attempted to characterize the pharmacodynamics of nano- 

encapsulation in the construction of a capsaicin vehicle, us-

ing rabbits as an experimental model. Two different materi-

als, PLGA and pluronic F-127, were used in this study as 

nano-encapsulation materials for the loading of capsaicin in 

this study. PLGA, which has been shown to possess both 

biocompatible and biodegradable properties, has been used 

extensively in biomedical and pharmaceutical applications 

for the control of drug delivery. Pluronic F-127, a triblock 

thermosensitive copolymer, exists as a free-flowing solution 

at room temperature and transforms to a gel at body 

temperature.38 These rheological properties render the poly-

mer eminently suitable for use in the intravesical admin-

istration of capsaicin. Interestingly, we found in this study 

that the concentration of nano-encapsulated capsaicin in the 

tissues increased directly with the depth of the tissues, al-

though the concentration of capsaicin dissolved in NSS or 

DMSO in the tissue declined. As shown in Fig. 4B and 

Table 1, capsaicin concentrations increased with tissue 

depth in the experimental group which had been treated 

with the nano-encapsulated capsaicin. In addition, the max-

imal ratio of urothelial capsaicin concentration to urine cap-

saicin concentration (Cmax;Cu) was found to be higher in the 

nano-encapsulated experimental group than in the other 

groups. These results indicate that nano-encapsulation im-

proves the rate at which the capsaicin permeates the tissues 

of the bladder. The amphiphilic nature of the polymer used 

for encapsulation in this study might have facilitated the 

permeation of the drug through the bladder mucosal epi-

thelium, which indicates the bioadhesive properties of the 

PEO–PPO–PEO triblock polymer, which assumes a gel form 

at body temperature.

By comparing the changes in the capsaicin concentrations 

between the groups, we were able to observe a more dis-

tinctive decline in the urine capsaicin concentration in the 

nano-encapsulated experimental group than in the other 

groups. Comparisons of the plasma capsaicin concen-

trations, which were conducted in order to evaluate systemic 

toxicity, revealed no significant difference in plasma cap-

saicin concentrations between groups. This result can be in-

terpreted to mean that the nano-encapsulated capsaicin, 

which, according to the aforementioned results, was more 

effective than other preparations with regard to the per-

meation of the bladder tissue, exhibits no more systemic 

vascular infiltration ability than does the nonencapsulated 

capsaicin. The above finding may provide us with the 

means to develop a new and effective alternative vehicle for 

capsaicin instillation.

Before the present study, there had been no definitive his-

topathological analyses of the changes in bladder mucosa 

as the result of intravesical capsaicin application. In a pre-

vious study, it was demonstrated that acute damage to ur-

othelial integrity was more profound in rats treated with 

capsaicin in ethanol than in the rats which had been treated 
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solely with an ethanol vehicle. However, the urothelial tis-

sue in these rats returned to normal within a few days.39 

Hence, we conclude that the intravesical instillation of 

nano-encapsulated capsaicin may constitute a promising al-

ternative therapeutic modality, and the further evaluation of 

the properties and efficacy of nano-encapsulated capsaicin 

in superficial bladder tumor models is clearly warranted.
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