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The aim of this study was to establish xenograft models of

tumor in mice bladder and evaluate the antitumor efficacy

of ampelopsin sodium (Amp-Na). A total of 2�106 human

bladder carcinoma EJ cells and murine sarcoma 180 cells

were instilled into the bladder of BALB/c nu/nu mice and

Swiss mice after preconditioning to establish the tumor

model. Mice bearing orthotopic tumors were treated with

Amp-Na by intravenous, intraperitoneal, or intravesical

instillation. In addition, the pharmacokinetics property of

Amp-Na was investigated in normal BALB/c mice. Our

results showed that Amp-Na was excreted mainly through

the urine, where it existed at a high concentration. Amp-Na

significantly inhibited the proliferation of EJ and sarcoma

180 cells both in vivo and in vitro and this can be at least

partially attributed to the cell cycle arrest induced by

Amp-Na. This study suggests that the use of Amp-Na is an

attractive chemotherapeutic modality for bladder cancer

patients. Anti-Cancer Drugs 23:590–596 �c 2012 Wolters

Kluwer Health | Lippincott Williams & Wilkins.
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Introduction
Bladder cancer is the fourth most common cancer among

men and the eighth most common cancer among women

in the USA. In the USA alone, there are 70 530 new cases

of bladder cancer each year, with 14 680 associated

deaths [1]. Transitional cell carcinoma accounts for more

than 90% of bladder cancer cases. The majority of

transitional cell carcinomas are superficial at the time of

diagnosis and most of them have a propensity for

recurrence after initial transurethral resection of bladder

tumor. Therefore, there is an urgent need to develop

effective strategies to control bladder cancer. Chemopre-

vention and chemointervention refer to the administration

of chemical entities either as individual agents in their

pure chemically defined forms or as naturally occurring

constituents of the diet such as fruits, vegetables, common

beverages, and several herbs and plants [2,3]. Intravesical

administration of Bacillus Calmette–Guerin (BCG) after

transurethral resection is by far the most effective

treatment for superficial bladder cancer [4–6]. However,

BCG therapy would cause obvious side effects, and

approximately one-third of patients fail to respond.

In the present series of trials, Adriamycin (doxorubicin,

ADM) intravesical instillation (i.i.) therapy was found to

be effective against tumors of papillary morphology. The

rate of complete disappearance increased in proportion to

the concentration of ADM and the duration of retention

of the drug. However, ADM caused local side effects

dependent on both the drug concentration and the

duration of drug retention [7–10]. Carboplatin, paclitaxel,

and irinotecan are potent anticancer chemotherapy drugs

commonly used in the treatment of many solid tumors. As

a second-generation analog of cisplatin, carboplatin shares

many structural and pharmacologic features with cispla-

tin, and yet, it has an improved toxicity profile. These

characteristics have made carboplatin an ideal candidate

for chemotherapy [11–14].

Among several classes of the chemical agents, ampelopsin

has received increased attention in the last few years.

Ampelopsin is an active component extracted from the root

of the Chinese medicinal herb Radix Ampelopsis cantoniensis
or Ampelopsis grossedentata, which has detoxification and anti-

inflammation functions [15,16]. The structural analysis,

extraction, and purification of ampelopsin have been well

established [17]. Several recent studies by others and us

have shown that ampelopsin possesses anticancer effects

on various human cancer cell lines including hepatic, lung,

prostate, breast, colon, and skin cancers in vitro and on

transplanted B16 mouse melanoma in vivo [18–20].

However, the clinical use of ampelopsin requires repeated

large dose application because it is insoluble and unstable,

with a short half-life in the body. To improve the solubility

and stability, ampelopsin is prepared as a sodium salt

[ampelopsin sodium (Amp-Na)], which is more suitable

for the clinical use of drug formulation. In this study, we

evaluated the antitumor effects of Amp-Na on bladder

cancer cells in vitro and bladder cancer xenograft in vivo.

Furthermore, we investigated the pharmacokinetics prop-

erty of Amp-Na in mice. Our results suggest that Amp-Na

is a promising agent for the chemotherapy of bladder

cancer.
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Materials and methods
Cell culture and reagents

The human bladder carcinoma cell line EJ and murine

sarcoma 180 (S180) were obtained from the American

Type Culture Collection (Rockville, Maryland, USA); EJ

cells were cultured in RPMI-1640 medium (GIBCO,

Carlsbad, California, USA) supplemented with 10% heat-

inactivated fetal bovine serum, 2 mmol/l L-glutamine,

100 U/ml penicillin sodium, and 100 mg/ml streptomycin

sulfate, in a humidified atmosphere of 5% CO2 and 95%

air at 371C. S180 cells were maintained as ascites in Swiss

Webster mice by weekly passage. Amp-Na was a gift from

Taihe Pharmaceutical (Guangdong, China). Carboplatin

(CBP) and Adriamycin (ADM) were purchased from Qilu

Pharmaceutical (Shandong, China) and Zhejiang Hisun

Pharmaceutical (Zhejiang, China), respectively.

Animals

Female athymic nude mice (BALB/c nu/nu) aged

6–7 weeks were purchased from the Shanghai Institute

of Materia Medica (Shanghai, China), housed in sterile

cages under laminar airflow hoods in a specific pathogen-

free room with a 12-h on/off light cycle, and fed autoclaved

chow and water. BALB/c and Swiss mice (6–7 weeks old,

weighing 18–22 g) were purchased from Lanzhou Uni-

versity (Lanzhou, China). The animals were maintained in

an air-conditioned barrier-system animal room with an

ambient temperature of 25 ± 21C, a relative humidity of

50 ± 10%, and a 12-h on/off light cycle. The study

protocols were in accordance with the regulations of Good

Laboratory Practice for Non-clinical Laboratory Studies of

drug issued by the National Scientific and Technologic

Committee of People’s Republic of China. All experiments

were carried out according to institutional ethical guide-

lines on animal care.

Cell proliferation assay

The effect of Amp-Na on cell proliferation was evaluated

by an 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-

lium bromide (MTT) assay as previously described [21].

Briefly, EJ cells were seeded at 6� 103/well in 96-well

plates. Following 24 h of culture, the medium was

removed and replaced with 100 ml fresh complete

medium containing 50.0, 63.0, 80.0, and 100.0 mg/ml

Amp-Na. The control group was treated with the vehicle

control. After incubation for 48 or 72 h, 10 ml MTT (5 g/l)

was added to each well and incubated at 371C for 4 h, and

then 100 ml SDS (10%, w/v, in 0.01 mol/l HCl) was added

to each well and mixed thoroughly to dissolve formazan

crystals at 371C. Cell proliferation was determined

by measuring the absorbance at a wavelength of 570 nm

after 10 min of shaking at room temperature in a Micro-

plate Reader (EL� 800 Instruments; Bio-TEK, Seattle,

Washington, USA). The percentage of cell proliferation

was calculated using the formula: absorbance of the test

group/absorbance of the control group.

High-performance liquid chromatography analysis of

Amp-Na concentration in the urine

Twenty-five BALB/c mice were given a single intravenous

(i.v.) dose of 200 mg/kg Amp-Na and were divided into five

cages (five mice per cage). Urine was collected at 0.17,

0.33, 1, 2, 4, 6, 8, 12, and 24 h postdose. The excreted

volume was measured and urine samples were stored at

41C. The concentration of Amp-Na in 200ml urine samples

was detected using the high-performance liquid chroma-

tography (HPLC) method as previously described [22].

Briefly, the HPLC system consisted of a model M 45

HPLC pump and a model 712 WISP auto-sampler (Waters,

Mississauga, Ontario, Canada), a variable wavelength UV

detector model SPD-10A UV–vis (Shimadzu, Japan), set

at 290 nm for detection. Analysis was conducted on a

15 cm� 4.6 mm i.d. 5-mm C18 analytical reverse-phase

column (Chromatography Sciences Co., St-Laurent, Que-

bec, Canada). The mobile phase consisted of acetonitrile:

2% acetic acid (1 : 9, v/v), pumped at a flow rate of

1.0 ml/min. The temperature of the column was main-

tained at 251C.

High-performance liquid chromatography analysis of

Amp-Na concentration in the serum

The female BALB/c mice were anesthetized with a single

dose of an intraperitoneal (i.p.) injection of 30 mg/kg

sodium phenobarbital. The mouse bladder was catheter-

ized through the urethra using a 20-gauge disposable

anesthesia epidural catheter under sterile conditions. The

bladder was then drained and mice were given a single dose

of 260 mg/kg Amp-Na (100ml) or mice were administered

with i.v. (without anesthetizing). After the drug admini-

stration (n = 5 mice per time point), blood samples

(approximately 0.5–1.0 ml) were withdrawn through the

orbital vein of each animal at 0, 10, 20, 30, 45, and 60 min

postdose and collected in heparinized tubes. They were

centrifuged at 2000 g for 5 min and plasma was harvested

and kept at – 201C until analyzed. The concentration of

Amp-Na in 200ml plasma samples was detected by HPLC

as described above.

Tumor implantation and treatment

EJ or S180 cell suspension was implanted into mice

following the protocols previously described [23,24].

Briefly, healthy female BALB/c, nu/nu, or Swiss mice were

anesthetized with a single dose of i.p. of sodium

phenobarbital (30 mg/kg body weight). The mouse bladder

was catheterized through the urethra with a 20-gauge

disposable anesthesia epidural catheter under sterile

conditions. To facilitate tumor seeding, the bladder

mucosa were conditioned with an acid rinse. Conditioning

consisted of an intravesical administration of 100ml 0.1 N

HCl solution for 15 s and neutralization with 100ml 0.1 N

KOH for 15 s. The bladder was then drained and flushed

with sterile PBS. Immediately after bladder conditioning,

2� 106 EJ or S180 cells suspended in 100ml serum-free

RPMI 1640 medium were instilled and left indwelling for
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at least 1 h. The mice were turned 901 every 15 min to

facilitate whole bladder exposure to the tumor cell

suspension. After 1 h, the catheter was removed and the

mice were allowed to void the suspension spontaneously.

On day 2, the mice were divided into five groups (9–11

animals per group): pH 6.0 PBS only; 40 mg/kg CBP or

2 mg/kg ADM; 160 mg/kg Amp-Na; 200 mg/kg Amp-Na;

and 260 mg/kg Amp-Na. All drugs were diluted with pH

6.0 PBS and administered i.v., i.p., or i.i. On day 21 (for EJ

cells) and day 14 (for S180 cells), animals were sacrificed

and tumors were excised from each mouse and weighed.

The efficacy of the treatment was expressed as best tumor

growth inhibition [25,26]. The T/C value was calculated as

follows: %T/C = (median tumor weight of treated tumors/

median tumor weight of control tumors)� 100.

Flow cytometry analysis

EJ tumors obtained from the orthotopic xenograft were

dissociated into single-cell suspensions after filtration

through 400 mesh. The single-cell suspension was washed

in cold PBS (pH 7.4), fixed in 70% ethanol/30% PBS, and

stored at 41C until processing. 1� 106 cells were washed

twice in cold PBS and incubated for 30 min at 41C in the

dark with a fluorochrome DNA staining solution (1 ml)

containing 40mg propidium iodide and 0.1 mg ribonuclease

A. The stained cells were analyzed by flow cytometry for

cell cycle profiling as described previously [27].

Statistical analysis

Data were presented as mean ± SD. The one-way

analysis of variance test, followed by the Student–

Newman–Keuls test was used to assess the statistical

difference among independent groups. Tumor growth

inhibition was expressed as percentages. P-value less than

0.05 was considered statistically significant. Pharmacoki-

netic parameters of Amp-Na were calculated using

noncompartmental analysis (WinNolin version 5.3; Phar-

sight, California, USA). The observed peak plasma

concentration (Cmax) and the time-to peak concentration

(Tmax) were recorded. Absolute bioavailability (F) after

i.i. doses was calculated as the AUCi.i./AUCi.v. ratio.

Results
Pharmacokinetics of Amp-Na in the female BALB/c

mice

The concentration of Amp-Na in the urine of healthy

female BALB/c mice at different time intervals after i.v.

of 200 mg/kg Amp-Na was detected by HPLC (Fig. 1a).

The cumulative percent of Amp-Na excreted in the urine

was calculated as shown in Fig. 1b. The cumulative

percent of Amp-Na excreted in the urine after 1 and 12 h

was 21.28 and 21.54%, respectively.

The plasma concentration–time profiles and the main

pharmacokinetic indices of Amp-Na after i.v. and i.i.

administration are shown in Fig. 1c and Table 1. The peak

plasma concentration, after i.i. administration, occurred

approximately 30 min postdose. The absolute bioavail-

ability for i.i. doses was 69.10%.

Amp-Na inhibits the proliferation of bladder carcinoma

cells in vitro

MTT assay showed that Amp-Na significantly inhibited

the proliferation of EJ cells in a time-dependent and

concentration-dependent manner (Fig. 2). Notably,

strong inhibition of cell growth was observed at 80 and

100 mg/ml doses of Amp-Na following treatment for 48

and 72 h.

Antitumor activity of Amp-Na in vivo

To further evaluate the in-vivo antitumor effect of Amp-

Na, first, we established a bladder cancer xenograft.

Single-cell suspensions of 2� 106 S180 cells instilled into

normal (nonconditioned) bladders did not result in tumor

establishment. In contrast, S180 cells instillation into

bladder with preconditioned mucosa led to the establish-

ment of bladder tumor. The microscopic and gross

characteristics of the bladder tumors are shown in Fig. 3.

Next, S180-xenografted and EJ cell-xenografted mice

were treated with Amp-Na for 2–3 weeks, respectively,

according to the regimen. Antitumor activity was

evaluated by tumor weight. In the S180 cell-xenografted

models, the inhibition of tumor growth by Amp-Na at

160, 200, and 260 mg/kg through i.v. or i.i. was 59.14 ±

13.81 51.96 ± 7.35, and 48.68 ± 10.66, or 46.58 ± 14.27,

45.40 ± 9.74, and 39.08 ± 7.66%, respectively. In the EJ

cell-xenografted models, the inhibition of tumor growth

by Amp-Na at 160, 200, and 260 mg/kg through i.p. or i.i.

was 74.01 ± 12.01, 57.31 ± 11.41, and 55.64 ± 9.93, or

53.00 ± 5.63, 46.69 ± 4.70, and 43.21 ± 6.56%, respec-

tively (Fig. 4). In both tumor models, Amp-Na showed

profound antitumor potential compared with the negative

controls, but its antitumor effects were not as strong as

CBP or ADM.

Finally, to investigate the mechanism by which Amp-Na

exhibits antitumor effects against bladder cancer cells

in vivo, EJ tumors were taken from orthotopic xenografts

and dissociated into single-cell suspensions for cell cycle

profiling analysis. Flow cytometry analysis showed that

Amp-Na induced an accumulation of EJ bladder cancer

cells in the G2/M phase at the dose of 160 mg/kg and

induced an accumulation of EJ bladder cancer cells in the

S phase at higher doses of 200 and 260 mg/kg (Fig. 5).

These results provide in-vivo evidence that Amp-Na

inhibits the proliferation of bladder cancer cells.

Discussion
Although the technique of orthotopic bladder tumor

implantation has been used widely to establish an in-vivo

bladder cancer model, the rate of success ranges from 50

to 90% [28,29]. To our knowledge, in the current study,

we have established a bladder xenograft model of murine

S180 for the first time. In addition, we increased the rate
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of human orthotopic bladder tumor formation to 100% for

EJ cells by pulsing with 20% supernatant of murine S180

ascites that are rich in growth factors. This model

produces superficial tumors that closely mimic human

bladder carcinoma and thus provides better opportunities

for the evaluation of antitumor activity of antineoplastic

agents.

Our in-vitro results clearly showed that Amp-Na sig-

nificantly inhibited the proliferation of human bladder

carcinoma EJ cells in a time-dependent and dose-

dependent manner, consistent with our preliminary data

on the in-vitro antitumor effects of Amp-Na against

human lung adenocarcinoma cell line SPCA-1, A549,

murine LLC, and S180 (Zhang et al. unpublished

observation).

Intravesical ADM and BCG instillation are widely used as a

topical therapy for superficial bladder tumors, and their

efficacy has been confirmed by different groups [4–6,30,31].

In our current study, the antitumor effects of Amp-Na were

evaluated on the basis of a more clinically relevant mouse

orthotopic xenograft model. Through i.p., i.v., and i.i.

administration, we examined the antitumor effects of Amp-

Na on S180 and EJ orthotopic xenograft tumors in mice

bladder. As expected, we observed that Amp-Na could

significantly inhibit the growth of S180 and EJ xenografts in

mice compared with the negative control. Furthermore,

flow cytometry analysis showed that tumor cells derived

Fig. 1
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Pharmacokinetics of ampelopsin sodium (Amp-Na) in the mice. (a) Urine concentration of Amp-Na in healthy female BALB/c mice, (b) cumulative
percent of Amp-Na excreted in the urine of healthy female BALB/c mice after its intravenous (i.v.) administration, and (c) mean Amp-Na plasma
concentration vs. time curve after single i.v. and intravesical instillation (i.i.) administration of 260 mg/kg Amp-Na in healthy female BALB/c mice.

Table 1 Main pharmacokinetic indices of ampelopsin sodium after
the administration of 260 mg/kg ampelopsin sodium to the female
BALB/c mouse

Route of administration

Pharmacokinetic indices i.v. i.i

Tmax (min) Not determined 30
Cmax (mg/ml) 484.75 105.14
AUC0 – t (mg h/ml) 4855.71 3132.33
AUC0 –N (mg h/ml) 4898.81 3385.09
t1/2 (min) 6.34 11.01
F (%) – 69.10

AUC, area under the curve; i.v., intravenous; i.i., intravesical instillation.
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from EJ orthotopic xenografts treated with Amp-Na were

primarily arrested in the S phase, proving that the in-vivo

antitumor activity of Amp-Na can at least partially be

attributed to the inhibition of the proliferation of bladder

cancer cells.

Pharmacokinetics analysis of Amp-Na in normal mice

revealed that Amp-Na was excreted mainly through the

urine, where it existed at a high concentration after a

single dose i.v. 200 mg/kg Amp-Na, and the concentration

of Amp-Na in the urine remained at an effective level

Fig. 2
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control group (n = 6). MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.

Fig. 3

Microscopic and gross features of sarcoma 180 bladder tumors at different stages. (a) The method for the establishment of a xenograft model, (b) a
normal mouse bladder. Hematoxylin and eosin (H&E) staining, magnification, �100, (c) mouse bladder on day 7 after implantation, H&E staining,
magnification, �100, and (d) mouse bladder on day 14 after implantation. H&E staining, magnification, �100.
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(50 mg/ml) for more than 2 h. On the basis of the

pharmacokinetic properties of Amp-Na, the bladder is a

promising target for the antitumor effects of Amp-Na.

The absorption of Amp-Na through the mice bladder

epithelium was investigated using the HPLC method.

Our data indicate that Amp-Na could be absorbed by the

mice bladder epithelium after i.i. administration. The

absolute bioavailability was 69.10%. In addition, Amp-Na

administered to the bladder had a significantly longer

half-life than Amp-Na given i.v. (11.01 vs. 6.34 min).

Therefore, the mice given i.i. therapy are exposed to a

lower systemic level of Amp-Na but for a significantly

longer period of time than i.v. chemotherapy, which would

help avoid the side-effects following i.i. of Amp-Na.

Indeed, our preliminary studies showed that Amp-Na

causes little damage to the bladder mucosa of rats and

beagle dogs, indicating the low systemic toxicity of Amp-

Na (Zhang et al. unpublished observation). Nevertheless,

it is possible that i.i. administration of chemotherapy may

alter the immunologic milieu of the bladder. Further

studies are necessary considering the importance of

the practical implications, especially in the field of topical

chemotherapy.

Fig. 4
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Antitumor effects of ampelopsin sodium (Amp-Na) in vivo. (a) Percentage of T/C in sarcoma 180-bearing mice. Sarcoma 180 tumor cells were
transplanted in the bladder of Swiss mice. After 1 day, mice were randomized to receive vehicle (PBS), carboplatin (CBP) [25 mg/kg, intraperitoneal
(i.p.), once per two days] or adriamycin (ADM) [2 mg/kg, intravesical instillation (i.i.), once a week], and Amp-Na [160, 200, and 260 mg/kg, once per
two days intravenous (i.v.) or once a week i.i. for 14 days]. (b) Percentage of T/C in EJ-bearing mice. The EJ cells were orthotopically transplanted in
the bladder of nude mice. After 7 days, nude mice were randomized to receive vehicle (PBS), CBP (40 mg/kg, i.p., once per two days) or ADM
(2 mg/kg, i.i., once a week), and Amp-Na (160, 200, and 260 mg/kg, once a day i.p. for 14 days or once a week i.i. for 21 days one day after tumor
implant). PBS was treated as a negative control and CBP or ADM was treated as a positive control. Each group included nine to 11 mice. At the end
of the treatment, mice were sacrificed and tumors were harvested and weighed. All data were expressed as mean ± SD.**P < 0.01 vs. the negative
control group.
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In summary, the promising results reported here suggest

that further investigation of the mechanisms underlying

the growth inhibition of bladder cancer by Amp-Na

treatment is warranted. Although the low potency of

Amp-Na relative to standard antitumor drug such as CBP

and ADM presents a potentially serious obstacle to its

clinical development, the advantages of Amp-Na lie in its

low systemic toxicity and pharmacokinetic characteristics,

in that the concentration of Amp-Na is high in the urine

after i.v. administration. Thus, we propose that the use of

Amp-Na is an attractive chemotherapeutic modality for

patients with bladder cancer.
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The induction of cell cycle arrest in xenograft bladder cancer cells
by ampelopsin sodium (Amp-Na). EJ cells were orthotopically
transplanted in the bladder of nude mice. After 7 days, nude mice were
treated once daily intraperitoneally for 14 days with Amp-Na (160, 200,
and 260 mg/kg) or left untreated as a control. The tumors were
harvested and a single-cell suspension was prepared for flow cytometry
analysis. All data were expressed as mean ± SD (n = 3).
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