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Abstract
The prodigiosin pigment was extracted from Serratia marcescens bacteria by using different methods 
such as by using ethyl acetate and acetone and purified by using column cahromatography , Detection and 
characterization of the pigment was done by using Thin layer chromatography and λ max, The purified 
Prodigiosin was dissolved in DMSO solvent and prepared in four concentration (1000, 500, 250, 125) µg/
ml at exposure time 24 hrs so it was used in treating MCF7 and CAL-51 cell line, the result showed that 
the inhibition ratio against MCF-7 was significant (p < 0.001) and maximum ratio of inhibition was 83% at 
conc. of 1000 µg/ml , 78% at 500 µg/ml , 73% at 250 µg/ml and 72% at 125 µg/ml while inhibition ratio 
against CAL-51 was also significant (p < 0.001) and 78% inhibition ratio was seen at conc. of 1000 µg/ml 
, 61% at 500 µg/ml , 27% at 250 µg/ml and 14% at 125 µg/ml , effect of the solvent DMSO on tumor cells 
also was studied and compared to the effect of prodigiosin and result showed that there was no effect or 
slightly effect of the solvent DMSO on MCF-7 tumor cells.(Inhibition was 6% ,13% ,16% , 22% for conc. 
125 , 250 , 500 , 1000 µg/ml respectively) also there was no effect or slightly effect of the solvent DMSO on 
tumor CAL-51 cells.(Inhibition was 2% , 8% , 21% , 26% for conc. 125 ,250,500, 1000 µg/ml respectively) .
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Introduction
Serratia marcescens are pigmented and produce the 

red pigment, so the organism has been regarded in medical 
laboratory experiments as nonpathogenic bacteria (1), 
Prodigiosin, is a group of natural red pigments, the 
scientist who first gave the name Prodigiosin to the red 
pigment produced by Serratia spp. was Kraft in 1902, 
after his successes in extraction of pigment from this 
bacteria (2), This pigment is a promising drug therapy 
due to its reported characteristic of having ant metastatic 
(3), anti-proliferative and immunosuppressive activit (4), 
Prodigoisin pigment induces apoptosis in hematopoietic 
cancer cells with no marked toxicity in benign cells (5), 
and has cytotoxicity effects on cancer cell and induces 
apoptosis in HT-29 and T47D cancer cell lines (6), it also 
induces cell death and morphological changes which is a 

clear signal of apoptosis in gastric cancer cell line HGT-
1 (7) , which increase the possibility of its therapeutic 
application as an antineoplastic drug. Prodigoisin appear 
its content of anticancer compounds (8), Prodigioisin 
pigment was regarded as anticancer agent (9), the effect 
of this pigment was studied on many tumor cell line, 
the main aspect of this pigment is that its inhibitor 
effect appears on tumor cells only while not effected 
normal cells, by its effect on cell cycle arrest and induce 
programmed cell death that’s the cause behind its use as 
treatment for tumor cells (10).

This study aimed to investigate the cytotoxicity 
effect of prodigiosin pigment on two breast cancer cell 
line MCF-7 and CAL-51.

Materials and Method
The selected isolate of S. marcescens, which isolated 

and identified in college of science-Mustansiriyah 
University was inoculated into 250ml flasks containing 
50ml of peptone glycerol broth, (pH=8). The culture was 
incubated at 30 °C for 72 hrs with shaking (160 rpm), 
and then centrifuged at 10000 rpm for 15 minutes. The 
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resulting supernatant was taken and ethyl acetate was 
added in equal volume of the supernatant. the resulting 
pellet was re suspended in 1 ml of acetone in percentage 
1:1 (W/V) and mixed gently. Then it was transferred 
into small tube to mix with the previously supernatant 
and concentrated in incubator at 40 °C for 24 hrs. The 
extract was sterilized using membrane filter (0.22 µm) 
and stored at 4 °C until purification step (11).

Purification of Prodigiosin by column 
chromatography

After extraction of prodigiosin by ethyl acetate 
and acetone from S. marcescens (SKT14) isolate the 
pigment purified by using column chromatography. The 
crude extract was dissolved in ethyl acetate and subjected 
to silica gel (20gm , Merck) column chromatography 
(2.5×17 cm). The colored fractions were eluted with ethyl 
acetate, and the individual fractions were evaporated to 
dryness. Because of the light sensitivity of the pigments, 
all further purification steps were carried out in the 
dark. The fraction 7ml were collected and assayed for 
absorbance at 535nm .The purified pigment was stored 
at -20 °C. The Prodigiosin peak fraction was pooled and 
dried at 40 °C to assay pigment concentration (12).

Pigment detection by using thin layer 
chromatography (TLC)

The TLC plates of silica gel (20×20cm) were used, 
the developing solvent which contains ethyl acetate. 
Chloroform and acetone (65:30:5) was standardized and 
poured into the chromatography tank, that was saturated 
with a mobile phase. The sample was spotted about 1 cm 
from the margin of silica sheet then the strip was kept 
in oven for 5 minutes for drying. then allowed to run 
up to 3/4th of the gel about 16 cm. After that, the strip 
was observed under U.V. light for spot observation. The 
Rf value of chromatography was observed in the TLC 
plates. The isolated prodigiosin was estimated using the 
following equation:

Pigment spot was scraped and dissolved in 5ml of 
methanol and centrifuged (6000 rpm for 15 minutes) to 
get rid of silica gel residue. Then measured the optical 
density at wave length range 200-700 nm and methanol 
was used as blank.

The purified pigment was stored in clean sterile 
glass tube and covered with aluminum paper away from 
direct light exposure at 4 °C (13).

Determination of λmax of prodigiosin at different 
optical density

The pigment was analyzed for maximum UV–vis 
absorbance at pH values of 2 and 9 between 200 and 
700 nm, using ethyl acetate as blank. The absorbance 
of pigment at different wavelength and λ max was 
calculated. (14).

Cell line preparation

Two type of cell line were using included MCF7 
cell line, this line was used from 170 passage, Primary 
tumor (invasive breast ductal carcinoma that originate 
from  pleural effusion (11). Estrogen receptors present 
(12), and taken from Iraqi center for medical genetics 
and cancer research. This line was outgrown in RPMI-
1640 supplemented with 10% Fetal calf serum, When 
single monolayer was formed these cells was treated 
with Trypsin/Versin solution to divide it into another 
secondary cell culture. other cell line was CAL- 51 
cell line , this line was used from 210 passage, is a 
new mammary adenocarcinoma cell line derived from 
the malignant pleural effusion of a patient women with 
metastatic breast cancer. and taken from Iraqi center for 
medical genetics and cancer research.

Cancer cell line

Development and growth of cancer cells

The effect of prodigiosin pigment on cancer cells 
was done by using two cell lines. In special culture 
medium in tissue culture falcon 25 cm3 at temp. 37 
°C, when the confluent monolayer was get Subculture 
was done by disposal from old culture medium and 
washing the cells by 2-3 ml of Trypsin/versene solution 
(Sterilizer and warm) So that it covers the surface of 
the cells when falcon was put in horizontal mode with 
shaking gently for 10-15 min. and disposal from it and 
replace it by another 2 ml from the same solution and 
falcon was incubated at 37°C for 3-5 min. Then new 
culture medium was added in quantity about 10-15 ml 
with homogenization of the cells by mixing with the new 
medium then cells suspension was distributed in two 
falcons of the tissue culture falcons in 25 cm size and 
5-7 ml in each falcon(15).
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Seeding (Cell culture)

Micro titer plates with 96 well were used for cancer 
cells culture which was obtained after formation of 
cancer cells monolayer and remove them from falcon 
surfaces and dismantled by T/V solution , after that 
completely nutrient culture medium supported by serum 
(20ml) and incubated at 37°C was added and cells was 
well mixed with medium ,then 0.2 ml was transferred 
from cells suspension by pipette from each well , every 
well contain not less than 1x105 cell, plate surface was 
covered with sterilized transparent adhesive paper, then 
micro titer plate was moved gently stirred and incubated 
at 37°C over night to allow cells attachment and its 
growth (16).

Treatment of cancer cell line by prodigiosin

Serial of half dilutions was prepared to get 
concentration (125, 250, 500, 1000) μg/ml dissolved in 
DMSO, culture medium was poured out from the well 
of falcons after removing of transparent adhesive paper, 
then 0.2 ml/well from each conc. was added about 3 
well per each conc. and one column of wells regarded 
as negative control by adding 0.2 ml of RPMI free of 
serum. All plates were incubated at 37°C, Exposure 
time was 24 hrs only except for plate of Rat Embryo 
Fibroblast (REF) Exposure time was 72 hrs (17), after 
that all plate wells content was poured out and 0.1 ml 
of crystal violet solutions was added to all wells of the 
plates. then all plates was incubated at 37 °C for 30 
minutes (18), Crystal violet was then poured out then 
washed by distilled water and turned over and allowed 
to dryness at room temp. Then O.D was recorded at 492 
nm by using ELISA micro plate spectrophotometer and 
inhibition rate (IR) percentage was calculated as the 
following equation: (18)	

Results and Discussion
1. Detection of prodigiosin pigment by Thin layer 

chromatography (TLC)

Thin layer chromatography method regard the 
earliest procedure used for detection and also for 
purification of prodigiosin, it regard as general method 
for purify of secondary metabolites products (19).

During Purification of pigment from S. marcescens 
SKT14 , Rf was calculated and the result was about 
0.67 as shown in (Figure 1) this result was agree with 
the result of some researcher which pointed out that the 
distance between the movement of spot sample to the 
distance of spot solvent movement was 0.65, while other 
studies pointed out the Rf was ranged from 0.9-0.95 (20).

Figure 1: Separation and detection of prodigiosin pigment 
(Purified) from S. marcescens SKT14 isolate using thin layer 

chromatography (TLC).

2. Determine the λ max (U.V Absorption of 
prodigiosin at different optical density)

The maximum absorption of prodigiosin at different 
wave length ranged from (200-700)nm, Figure 2 and 
Table 1 showed two peak of absorbance (535,539nm), 
maximum absorbance was at the wave length 539nm 
at pH values 2 and the color was red, while drop in 
absorbance was found at pH 9 at 400nm and color was 
yellow. (p < 0.001).

Figure 2: Determination the Lambda max U.V of prodigiosin 



Indian Journal of Forensic Medicine & Toxicology, July-September 2020, Vol. 14, No. 3      1267

pigment

Table 1: lambda max U.V of prodigiosin pigment

O.D 200-700nm
U.V Abs pH=2
Mean±SD

U.V Abs pH=9
Mean±SD

P value

200 0.17±0.02 e 1.02±0.03 a 0.000

300 0.31±0.02 d 0.9±0.04 b 0.000

400 0.54±0.04 c 0.29±0.020 c 0.000

500 1.08±0.001 b 0.25±0.005 c 0.000

535 1.158±0.001 a 0.19±0.02 d 0.000

539 1.19± 0.01 a 0.14±0.01 d 0.000

600 0.67±0.03 b 0.08±0.02 e 0.000

700 0.27±0.02 d 0.02±0.005 f 0.000

P value between the groups F=93.5 / P value 0.000 -

P value within the groups F=71.9 / P value 0.000 F=47.09 / P value 0.000 -

*LSD 0.11 0.06 -

*LSD test was used to calculate the significant differences between tested mean, the letters (a, b, c, d and e) 
represented the levels of significant, highly significant start from the letter (a) and decreasing with the last one.

3. Effect of prodigiosin on MCF7 cell line

Prodigiosin pigment in four concentrations at 
exposure time 24 hrs was used in treating MCF7 cell 
line. As shown in (table 2) inhibition ratio was significant 
(p value <0.001) and maximum ratio of inhibition was 
83% at conc. of 1000 µg/ml, 78% at 500 µg/ml, 73% at 
250 µg/ml and 72% at 125 µg/ml . also the table showed 
that there was no effect or slightly effect of the solvent 
DMSO on tumor cells.( Inhibition was 6% ,13% ,16% , 
22% for conc. 125 , 250 , 500 , 1000 µg/ml respectively).

As showed by some researchers, staphyloxanthin 
pigment caused inhibition of MCF-7 cell line and the 
cell viability was 35% when 400 µg/ml of pigment 
was used (20), The apoptosis and inhibition of cancer 
cell is dose dependent and that is agree with the result 
of other researchers which showed that the apoptosis 

demonstrated a dose-dependent relationship in the early 
apoptotic cells (21).

Table2: Inhibition ratio of MCF7 cell line when 
treated at 24 hrs with purified prodigiosin .

Conc. Mg/ml IC of 
prodigiosin %

IC of 
DMSO%

X2 test/P 
value

1000 83 22 0.000

500 78 16 0.000

250 73 13 0.000

125 72 6 0.000
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4 Effect of prodigiosin on CAL-51 cell line

Prodigiosin pigment in four concentrations was used 
in treating CAL-51 cell line tumor. As shown in (table 
3) inhibition ratio was significant (p < 0.001) and 78% 
inhibition ratio was seen at conc. of 1000 Mg/ml, 61% at 
500 Mg/ml, 27% at 250 Mg/ml and 14% at 125 Mg/ml. 
also the table showed that there was no effect or slightly 
effect of the solvent DMSO on tumor cells.( Inhibition 
was 2%, 8%, 21%, 26% for conc. 125,250,500,1000 µg/
ml respectively). The studies showed that some natural 
product that extracted from plant exhibited considerable 
cytotoxicity against Cal-51 triple negative breast cancer 
cell with even lower IC50values (11).

Table 3: Inhibition ratio of Cal51 cell line when 
treated with purified prodigiosin .

Conc. µg 
/ml IC of prodigiosin% IC of DMSO% X2 test/P 

value

1000 78 26 0.000

500 61 21 0.000

250 27 8 0.001

125 14 2 0.001

Prodigiosin pigment had significant effect against 
MCF-7 and CAL-51and the P values were 0.01 for 
125,250,500 µg/ml while non significant for conc. 1000 
µg/ml.

The effect of DMSO solvent on MCF-7 and CAL-
51 showing Non significant effect for both (p value 
0.64, 0.13) respectively, the p value between the two 
group was significant (p <0.01) , the p value between 
each conc. was also significant (p <0.01) for conc. 
125,250,500,1000 µg /ml).
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