
Saritha et al.                                                                   European Journal of Biomedical and Pharmaceutical Sciences 

 

www.ejbps.com 

 

 

468 

 

 

 

IN VITRO ANTIPROLIFERATIVE ACTIVITY OF RETICULATACIN ON HUMAN 

PROSTATE CANCER CELL LINES (LNCAP AND PC-3) 
 
 

Saritha Surapaneni*
1
, T. Prakash

1
 and Dinesh Ghatamaneni

2
 

 
1
Department of Pharmacology, Acharya & B.M. Reddy College of Pharmacy, Bangalore-560 107, Karnataka, India. 

2
Department of Medical Rehabilitation Science, King Khalid University, Abha, Saudi Arabia – 61481. 

 

 

 

 

 
Article Received on 01/09/2018                                 Article Revised on 16/09/2018                              Article Accepted on 01/10/2018 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

Prostate Cancer, The American Cancer Society’s 

estimates for prostate cancer in the United States for 

2016 are about 180,890 new cases of prostate cancer, 

about 26,120 deaths from prostate cancer. About 1 man 

in 7 will be diagnosed with prostate cancer during his 

lifetime. Prostate cancer develops mainly in older men. 

About 6 cases in 10 are diagnosed in men aged 65 or 

older, and it is rare before age 40. The average age at the 

time of diagnosis is about 66. Prostate cancer is the 

second leading cause of cancer death in American men. 

About 1 man in 39 will die of prostate cancer. Prostate 

cancer can be a serious disease, but most men diagnosed 

with prostate cancer do not die from it. In fact, more than 

2.9 million men in the United States who have been 

diagnosed with prostate cancer at some point are still 

alive today.
[1]

 The proportion of patients with metastatic 

prostate cancer is substantially higher even in the more 

developed Asian countries than in migratory Asian 

populations residing in Western countries and in 

Westerners. Consequently, the most appropriate 

approaches to the management of prostate cancer in 

Asian countries probably also differ, and therefore 

individualized prostate cancer screening and treatment 

strategies based on the epidemiological features and 

socioeconomic status of each country are needed. The 

most common cancers expected to occur in men is 

prostate cancer 2016 in European countries. Prostate 

cancer account for 44 % of all cases in men, with 

prostate cancer alone accounting for 1 in 5 new 

diagnoses.
[2]

 The Annonaceous acetogenins are 

promising new anti-tumor agent.
[3]

  

 

MATERIALS AND METHODS 

Chemicals and Instruments  

DMEM media - Sigma Aldrich, USA D5648, Fetal 

Bovine Serum - Gibco, US orgin, 0.25% Trypsin - 

Invitrogen, USA 25200-056, Micropipettes- F1 Thermo 

scientific USA, CO2 Incubator- Eppendorf, GERMANY, 

Thermo scientific USA, Image Magnification- 10 X, 

Phase Contrast Microscope- Olympus, JAPAN with 

Optika Pro 5 Camera, MTT- Sigma Aldrich M5655, 

ELISA Reader - ERBA, GERMANY, Culture Plates and 

Flasks - NUNC.  

 

In vitro Cell culture PC-3 (human prostatic carcinoma) 

LNCaP (human prostate adenocarcinoma cells) cell line 

was initially procured from National Centre for Cell 
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ABSTRACT 

The prostate is a highly heterogeneous tissue. In addition to the luminal epithelial and tumor cells that have been 

the typical and traditional basis of in vitro models. Globally oncologists are looking towards compounds from 

natural origin that inhibits the growth of resistant tumor cells. We find that acetogenins are naturally occurring 

compounds that are chemically one of the least investigated families. For which anti-tumor activity has been 

documented within the literature. Reticulatacin as a potential anti-tumor activity is analyzed on the prostate cell 

lines, LNCaP and PC-3 cell lines was cultured and antiproliferative effect by MTT Method, Neutral red 

cytotoxicity, measurement of LDH (Lactate Dehydrogenase Assay) release, determinations of apoptosis by 

acridine orange (AO) and ethidium bromide (EB) double staining. Inhibition of protein denaturation, caspase 

levels by indirect ELISA and DNA fragmentation was performed. The results clearly depict increased 

fragmentation in PC3 upon compound treatment which can be attributed to the apoptotic activity of compounds. 

Results postulated that the Reticulatacin is more cytotoxicity and effective in inducing apoptosis. Double staining 

method (AO/Et-Br staining) for evaluating the cytotoxicity impact of Reticulatacin revealed the fact that the 

Reticulatacin is capable of inducing apoptosis.  

 

KEYWORDS:  Reticulatacin, MTT assay, Lactate Dehydrogenase Assay, DNA fragmentation, caspase-3/7, 

Acridine orange, Ethidium bromide. 
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Sciences (NCCS), Pune, India and maintained 

Dulbecco’s modified Eagles medium (Gibco, 

Invitrogen).The cell line was cultured in 25 cm
2
 tissue 

culture flask with DMEM supplemented with 10% FBS, 

L-glutamine, sodium bicarbonate and antibiotic solution 

containing: Penicillin (100 U/ml), Streptomycin (100 

µg/ml), and Amphoteracin B (2.5 µg/ml). Cultured cell 

lines were kept at 37ºC in a humidified 5% CO2 

incubator (NBS Eppendorf, Germany).  The viability of 

cells were evaluated by direct observation of cells by 

Inverted phase contrast microscope and followed by 

MTT assay method.  

 

Cells seeding in 96 well plate 
Two days old confluent monolayer of cells were 

trypsinized and the cells were suspended in 10%  growth 

medium, 100 µl cell suspension (5x10
4
 cells/well) was 

seeded in 96 well tissue culture plate and incubated at 

37ºC in a humidified 5% CO2 incubator.  

 

Preparation of compound stock 

The sample solution was filtered through 0.22 µm 

Millipore syringe filter to ensure the sterility.  

 

Cytotoxicity Evaluation 

After 24 hours the growth medium was removed, freshly 

prepared each compounds in 5% DMEM were five times 

serially diluted by two fold dilution (100 µg, 50 µg, 25 

µg, 12.5 µg, 6.25 µg in 100 µl of 5% DMEM) and each 

concentration of 100 µl were added in triplicates to the 

respective wells and incubated at 37ºC in a humidified 

5% CO2 incubator.
[4] 

 

Cytotoxicity Assay by Direct Microscopic observation 

Entire plate was observed after 24 hours of treatment in 

an inverted phase contrast tissue culture microscope 

(Olympus CKX41 with Optika Pro5 CCD camera)   and 

microscopic observation were recorded as images.  Any 

detectable changes in the morphology of the cells, such 

as rounding or shrinking of cells, granulation and 

vacuolization in the cytoplasm of the cells were 

considered as indicators of cytotoxicity.      

 

Cytotoxicity Assay by MTT Method 

Fifteen mg of MTT (Sigma, M-5655) was reconstituted 

in 3 ml PBS until completely dissolved and sterilized by 

filter sterilization. After 24  hours of incubation period, 

the sample content in wells were removed and 3 0 µl of 

reconstituted MTT solution was added to all test and cell 

control wells, the plate was gently shaken well, then 

incubated at 37ºC in a humidified 5% CO2  incubator for 

4 hours. After the incubation period, the supernatant was 

removed and 100 µl of MTT Solubilization Solution 

(DMSO was added and the wells were mixed gently by 

pipetting up and down in order to solubilize the formazan 

crystals. The absorbance values were measured by using 

microplate reader at a wavelength of 540 nm.
[5]

 The 

percentage of growth inhibition was calculated using the 

formula:  % viability = Mean OD Samples x   100 / 

Mean OD of control group 

LD50 value –Above 100μg/mL (calculated using ED50 

PLUS V 1.0 software) 

 

Neutral red assay 

Neutral red cytotoxicity test was based on the ability of 

living cell to uptake and bind neutral red. Neutral red is a 

positively charged dye that easily diffuses through 

cellular cytoplasm and stores in the acidic environment 

of lysosomes. The amount of accumulated neutral red 

was thus directly proportional to the amount of live cells 

in cell culture. pH of neutral red solution was adjusted to 

6.35 with addition KH2PO4 (1 m). 10 micro litre of 

neutral red solution was added to culture plates treated 

with sample and incubated for 3 hours in CO2 incubator 

at 37˚ c. Cells were then washed with PBS and fixed 

with 200 µ of fixing solution (50% ethanol and 1% acetic 

acid). After 1 minute the fixation solution was discarded 

and 200 µl of extraction buffer was added and mixed 

properly then plates were placed for 20 minutes at room 

temperature.
[6] 

The absorbance was measured using 

micro plates reader at 540 nm and the percentage 

viability was calculated. Percentage of cell viability = 

mean absorbance of sample ÷ mean absorbance of 

control × 100. 

 

Lactate dehydrogenase assay 

Lactate dehydrogenase is used as a quantitative marker 

enzyme for the intact cell, its activity providing 

information on cellular glycolytic capacity. Measurement 

of LDH release (leakage) is an important and frequently 

applied test for severe irreversible cell damage. 

Enzymatic reaction catalyzed by lactate 

dehydrogenase.
[7] 

 Pyruvate + NADH + H
+
 → L- lactate 

+ NAD
+
.  LDH release assay was performed with cell 

free supernatant collected from tissue culture plates 

exposed to different concentration of sample (6.25µg/ml, 

12.5µg/ml, 25µg/ml, 50µg/ml, 100µg/ml). To this added 

2.7 ml potassium phosphate buffer, 0.1 ml 6 mM NADH 

solution, 0.1 ml sodium pyruvate solution, into a cuvette 

and mix well. The decrease of OD was recorded at 340 

nm in a spectrophotometer, thermo stated at 25
0
 C. The 

blank solution was prepared by adding enzyme dilution 

buffer instead of sample. Activity of lactate 

dehydrogenase can be calculated by using the formula, 

Volume of activity (U/ml) = [(Abs – Ab0) x 3 (ml) x df] 

÷ [6.2 x 0.1 (ml)] 

 

Determination of apoptosis by acridine orange (ao) 

and ethidium bromide (eb) double staining. 

PC 3 (Prostate Cancer )cells was initially procured from 

National Centre for Cell Sciences (NCCS), Pune, India 

and maintained Dulbecos modified Eagles medium 

(Gibco, Invitrogen). 

 

The cell line was cultured in 25 cm
2
 tissue culture flask 

with DMEM supplemented with 10% FBS, L -glutamine, 

sodium bicarbonate and antibiotic solution containing: 

Penicillin (100U/ml), Streptomycin (100 µg/ml), and 

Amphoteracin B (2.5 µg/ml). Cultured cell lines were 

kept at 37ºC in a humidified 5% CO2 incubator (NBS 
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Eppendorf, Germany). DNA - binding dyes AO and EB 

(Sigma, USA) were used for the morphological detection 

of apoptotic and necrotic cells. AO is taken up by both 

viable and non-viable cells and emits green fluorescence 

if intercalated into double stranded nucleic acid (DNA). 

EB is taken up only by non-viable cells and emits red 

fluorescence by intercalation into DNA. After treatment 

with IC 50 of sample at a final concentration for 24 h, the 

cells were washed by cold PBS and then stained with a 

mixture of AO (100 μg/ml) and EB (100 μg/ml) at room 

temperature for 10min. The stained cells were washed 

twice with 1X PBS and observed by a fluorescence 

microscope in blue filter of fluorescent microscope 

(Olympus CKX41 with Optika Pro5 camera). The cells 

were divided into four categories as follows: living cells 

(normal green nucleus), early apoptotic (bright green 

nucleus with condensed or fragmented chromatin), late 

apoptotic (orange-stained nuclei with chromatin 

condensation or fragmentation) and necrotic cells 

(uniformly orange-stained cell nuclei).
[8]

 

 

Elisa protocol 

Samples of 100 μl each was added to the 96 well plate/ 

and kept in incubation for 37
0
 c overnight. The following 

day, the wells were drained and washed with PBS for 2 

times Added 200 μl of blocking buffer (1 hour at room 

temperature). Composition - 0.2% gelatin in 0.05% 

Tween 20 (merck; Germany) in PBS (freshly prepared). 

And washed with PBS TWEEN (2 times).Added 100 μl 

of primary antibody (CASPASE) and left for 2 hours at 

room temperature. Primary antibody was collected, and 

was washed with PBS TWEEN (2 times). Secondary 

antibody (HRP Conjugate, Santacruez, USA) – 100 μl 

was added and left it for 1 hour at room temperature.  It 

was then washed with PBS TWEEN for two times. O- 

dianizdinehydrochloride (Sigma Aldrich,USA) (200 μl)  

was added and left it for 30 minutes at room temperature. 

Composition - 1 mg/100 ml methanol + 21 ml citrate 

buffer pH 5 + 60 ml H2O2.The reaction stopped by 

adding 5N HCL (50 μl).OD was read at 415 nm in an 

ELISA reader.
[25] 

Calculation- Activity of Caspase = OD 

Value / Protein Concentration.
[9] 

 

RESULTS AND DISCUSSION  

Acetogenins which are well known for inhibition of 

tumor cells those are resistant to multiple drugs.
[10]

  

Reactive oxygen species (ROS) are generated in 

response to endogenous and exogenous stimuli  cells 

under physiological conditions basal low levels of ROS 

are crucial mediators of multiple cell processes including 

growth migration (or) differentiation.
[11]

 The Androgens 

are essential for normal prostate physiology and have 

been shown to play a key role in the development and 

pathogenesis of PC.
[12]

 Studies have also shown that 

androgen deprivation may prevent the development of 

PC.
[13]

 Therefore, we used both androgen dependent and 

androgen independent LNCaP and PC-3 cells for our in 

vitro studies. In our study, MTT results exhibits a 

significant decrease in cell viability in a dose dependent 

manner. 100 ug of compound reduced the cell viability to 

48.87% with a LD50 value of 85.16µg/ml suggesting 

significant anticancer activity. LDH is an intracellular 

enzyme and leakage of LDH to media depicts loss of 

membrane integrity and in the present study treatment 

with compound has increased LDH leakage to media 

confirming apoptosis/necrosis. Loss of lysosomal 

function with treatment of compound was observed in a 

dose dependent manner suggesting anti cancer activity.  

Treatment with compound shows cells with red 

fluorescent nuclei an indicator of apoptosis DNA 

fragmentation is used to confirm induction of apoptosis 

by compound treated. The results clearly depict 

increased fragmentation in PC-3 upon compound 

treatment which can be attributed to the apoptotic 

activity of compounds. Results postulated that the 

Reticulatacin is more cytotoxic and effective in inducing 

apoptosis. Double staining method (AO/Et-Br staining) 

for evaluating the cytotoxicity impact of Reticulatacin 

revealed the fact that the Reticulatacin is capable of 

inducing apoptosis. The percentage of live cells 

decreased on increase in concentration. The reduction in 

live cells and increase in apoptotic cells indexed the toxic 

effect of Reticulatacin exerted on the treated PC-3 cells. 

Apoptosis popularly take place within developmental 

circumstances in response to physiological stimuli such 

as hormones and is dependent on de novo gene 

expression. Reticulatacin treatment induced apoptosis in 

LNCaP & PC-3 cells as shown by increase in standard 

peak, decrease in membrane potential and DNA 

fragmentation. Apoptosis popularly take place within 

developmental circumstances in response to 

physiological stimuli such as hormones and is dependent 

on de novo gene expression. In spite of the perceived 

omnipresence of this observable fact, little is known 

about what tells a cell to die and less still about the 

physiological and molecular mechanisms that bring 

about death.
[14] 
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Fig. 1: MTT Phase contrast analysis of PC-3 cells treated with Reticulatacin. Treatment with sample decline 

cells morphology and nuclear changes observed (A) Control PC-3 cell line (B) 6.25 μg in 100 μl of 5% RPMI 

1640 (C) 12.5 μg in 100 μl of 5% RPMI 1640(D) 25 μg in 100 μl of 5% RPMI 1640 (E) 50 μg in 100 μl of 5% 

RPMI 1640(F) 100 μg in 100 μl of 5% RPMI 1640. 

 

 
Fig. 2: MTT Viability assessment of PC-3 cells treated with Reticulatcin along X axis percentage cells viability 

(%) and X axis concentration of sample (µg/ml). 



Saritha et al.                                                                   European Journal of Biomedical and Pharmaceutical Sciences 

 

www.ejbps.com 

 

 

472 

 
Fig. 3: Neutral red uptake assay in PC-3 cell lines showing decreased: Along Y - axis percentage cells viability 

(%) and X - axis concentration in µg/ml. 

 

 
Fig. 4: LDH leakage assay in PC-3 Along Y axis enzyme activity in Enzyme units, Along X axis sample 

concentration in ug/ml. 
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Fig. 5: Determination of apoptosis by acridine orange (ao) and ethidium bromide (eb) double staining of 

Reticulatacin. (A) Untreated PC-3 Cell lines before treatment control cells showing intact cells with Acridine 

orange stained green nucleus (B) cells treated with 6.25 μg/ml taraxerol increased apoptosis.  

 

 
Fig. 6: Caspase activity in PC-3 cell lines units per mg protein, Along X axis Samples (I – untreated control, ii - 

Compound treated). 

 

 
Fig. 7: Caspase activity in LNCaP cell lines units per mg protein, Along X axis Samples (I – untreated control, ii- 

Compound treated. 

A B 
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Fig. 8: MTT Phase contrast analysis of LNCaP cells treated with Reticulatacin. Treatment with sample decline 

cells morphology and nuclear changes observed (A) Control LNCaP cell line (B) 6.25 μg in 100 μl of 5% DMEM 

(C) 12.5 μg in 100 μl of 5% DMEM (D) 25 μg in 100 μl of 5% DMEM (E) 50 μg in 100 μl of 5% DMEM (F)  100 

μg in 100 μl of 5% DMEM. 

 

 
Fig. 9: MTT assay in LNCaP cells along Y axis percentage viability, along X axis concentration in µg 

Interpretation. 
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Fig. 10: NRU assay in LNCaP cells Along Y axis percentage viability, Along X concentration in ug/ml. 

 

                        
Fig. 11: LDH leakage assay in LNCaP cells Along Y axis enzyme activity in Enzyme units, Along X axis sample 

concentration in ug/ml. 

 

     
Fig. 12: Determination of LNCaP cells with Acridine orange and Ethidium bromide analysis of Reticulatacin. 

(A) Untreated PC-3 Cell lines before treatment control cells showing intact cells with Acridine orange stained 

green nucleus (B) cells treated with 6.25 μg/ml Reticulatacin increased apoptosis. 

A B 
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Loading order 

M – Marker 

Lane 1- Control untreated PC3 cells 

Lane 2- Control untreated LNCaP cells 

Lane 3- PC-3 cells treated with compound 

Lane 4: LNCaP cells treated with compound 

Fig. 13: DNA fragmentation freshly isolated PC-3, LNCaP (1.56106) treated with testosterone and reticulatacin 

(50 μg in 100 μl) for 24 h. (A) For determination of mitochondrial membrane potential rhodamine 123 was 

added, incubated for 60 min and its fluorescence measured using a flow cytometer with FL-1 filter. Results 

expressed as representative histogram (B) Apoptotic effect was assessed by DNA fragmentation by (1.5%) 

agarose gel electrophoresis. Vehicle treated cells showing no ladder formation or single band of DNA (lane 2) 

while ladders were observed in both PC-3 and LNCaP cells by reticulatacin treated cells (lane 3 and 4) as alone 

treated cells (lane 5). Vehicle treated cells. Marker was run in lane 1. The result shown here is representative of 

three independent experiments with similar results. 

 

CONCLUSION 

As described above, our results have compared relative 

efficacy of cytotoxity and antioxidant system in PC. The 

cell line models presented hear shows an important 

approach to understand cytotoxity at different stages of 

PC. Reticulatacin is effective against the PC-3 and 

LNCaP cell lines loss of lysozymal function with 

treatment of compound was observed in a dose 

dependent manner suggesting anti cancer activity. 

Results postulated that the Reticulatacin is more 

cytotoxic and effective in inducing apoptosis.   
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