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ABSTRACT 
 
 Structure characteristics of the prebiotic exopolysaccharide (EPS), isolated and purified from probiotic 
Lactobacillus plantarum NRRL B-4496 fermentation broth, were investigated by a combination of chemical and 
spectroscopic analysis. Monosaccharide composition analysis revealed that EPS produced by Lactobacillus 
plantarum NRRL B-4496 is a homopolysaccharide "glucan" comprised of one type of monosaccharide unit; 
glucose.  The spectral data obtained from the different analyses (UV, IR and NMR)  indicated that the EPS was 
a β-glucan with  β-D-(1-4), β-D-(1-6)-linked glucose residues. The results revealed that the EPS was active in 
vitro against tumor cell lines viz CACO (intestinal carcinoma cell line), HELA (cervical carcinoma cell line), 
HCT116 (colon carcinoma cell line), HEPG2 (liver carcinoma cell line), MCF7 (breast carcinoma cell line) and 
HEP2 (larynx carcinoma cell line) if compared with HFB4 (normal melanocytes). The results revealed that the 
prebiotic EPS and probiotic Lactobacillus plantarum NRRL B-4496 were active in vivo against Ehrlich Ascites 
Carcinoma, when increase median survival time was 17 days and percentage of increase in life span was 88.9%.  
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Introduction 
 
 Probiotics have been defined as “live microbial food supplements which beneficially affect the host by 
improving the intestinal microflora balance” (Mishra et al., 2012), or more broadly as “living microorganisms, 
which upon ingestion exert health benefits beyond inherent general nutrition”. Prebiotics have been defined as a 
non digestible food ingredient that beneficially affects the host by selectively stimulating the growth and/or the 
activity of one or a limited number of bacteria in the colon, and thus improves host health (Mishra et al., 2012). 
Probiotic benefits include: Increased resistance to infectious diseases, particularly of the intestine, decreased 
duration of diarrhea, reduction in blood pressure, reduction in serum cholesterol concentration, reduction in 
allergy, stimulation of phagocytosis by peripheral blood leucocytes, modulation of cytokine gene expression, 
regression of tumors and reduction in carcinogen or co-carcinogen production (Jamila et al., 2011). 
 Polysaccharides are the most diverse families of biopolymers. Many kinds of polysaccharides are found to 
have wide applications. In recent years, much attention has been focused on polysaccharides because of their 
multiple bioactivities and pharmacological actions (Xiaohua and Lina, 2009). The primary structure of 
polysaccharides varies in composition and sequence, and different kinds of polysaccharides are characterized by 
regular repeating units. The bioactivity of a given polysaccharide is closely related to its structure and 
physicochemical properties (Xiaohua and Lina, 2009). 
 Microbial exopolysaccharides are extracellular polysaccharides (EPS) mainly involved in cell adhesion and 
protection, and often covalently bound to the cell surface in the form of capsules, or secreted into the 
extracellular environment in the form of slime (Sivakumar  et al., 2012). Lactic acid bacteria (LAB) produced 
EPS have been widely studied for their physicochemical properties and potential health effects during the last 
decades (Degeest et al., 2002). LAB EPS are considered to not only play an important role in improving the 
theology, texture and mouthful of fermented products, but also provide beneficial physiological effects on 
human health, such as antitumour activity, immunomodulating bioactivity and antimutagenicity (Van Calsteren 
et al., 2002; Doleyres et al., 2005). 
 Colon cancer is a widely expressed cancer due to somatic mutations in colon cells occurring during the 
lifetime of an individual. The protective role of probiotics and prebiotics in colon cancer has recently been 
reviewed (Wollowski et al., 2001). Probiotics may also have a role in prevention of colon Cancer and trials are 
now feasible for “at risk” individuals (Dugas et al., 1999; Rafter, 2003). Several overlapping mechanisms for 
probiotic associated anticancer effects have emerged including a reduction in the ability of the enteric flora to 
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convert dietary procarcinogens to carcinogens (Challa et al., 1997; Femia et al., 2002). Other mechanisms may 
involve direct modulation of mucosal immune and proliferative functions. In a murine model of enterocolitis, 
probiotic therapy was found to reduce the severity of inflammation and the rate of progression from colitis 
through dysplasia to invasive colon cancer (O’Mahony et al., 2000; O’Mahony et al., 2001). 
 The aim of this study was determine the structure characters of the EPS using spectroscopic analysis and 
paper chromatographic, as well as estimated the bioactivity of the probiotic and their prebiotic  In vitro and In 
vivo. 
 
Materials and Methods 
 
Bacterial strain and culture condition: 
 
 Bacterial strain Lactobacillus plantarum NRRL B- 4496 was selected from Agricultural Research Service 
culture collection (house research arm of the U.S. Department of Agriculture). The strain was subcultured in 10 
ml of MRS broth (Fluka No. 93780) (De Man et al., 1960) and incubated aerobically at 30 °C for 72 h. The 
culture was propagated for EPS production in growth medium MRS broth at 30°C for 24 h. 
 
Isolation and purification of EPS: 
 
 The EPS was isolated and purified according to Cerning et al., 1994 with some modification. The growth 
cultures were heated at 100 °C for 5 min to inactivate enzymes potentially capable of polymer degradation and 
the cells were removed by centrifugation at 8000 rpm for 5 min at 4 °C. The EPS was precipitated using 2 vols. 
of absolute ethanol. After standing overnight at 4 °C, the resultant precipitate was collected by centrifugation at 
8000 rpm for 20 min. The EPS was dissolved in deionized water, dialyzed against deionized water at 4 °C for 24 
h and freeze-dried. The freeze-dried powder was dissolved in 10% (w/v) trichloroacetic acid to remove proteins. 
The supernatant was dialyzed at 4 °C against deionized water for 5 days and freeze-dried. These preparations 
were referred to as purified EPS and were stored at 4 °C. 
 
UV, IR and NMR spectra of EPS: 
 
 The UV spectrum analysis of the purified EPS was recorded using T80+UV/VIS Spectrometer, PG 
Instrument Ltd. Range: 190-1000 nm. The IR spectrum analysis was carried out using: FTIR, Jasco 6100, 
Model Japan, Resolution: 4 cm-1. The sample was ground with spectroscopic grade potassium bromide powder 
and then pressed into a 1 mm pellet for FT-IR measurement in the frequency range of 4000–400 cm-1 (Mid 
infrared region). The 1H and 13C NMR spectra were recorded using JEOL-ECA 500 spectrometer in D2O. 
 
Monosaccharide composition analysis of EPS: 
 
 The EPS was dissolved in 2 ml of 2 mol H2SO4 and hydrolyzed for 1 h at 110 ˚C. The resulted hydrolysis 
was neutralized by addition of BaCO3. The precipitate was then filtered and thoroughly washed with water. The 
resulted solution was concentrated and then subjected to qualitative examination using paper chromatography. 
 The EPS acid hydrolysis was applied to paper chromatography. D-galactose, D-glucose and D-mannose 
were applied to the paper and used as controls. The solvent system: n-butanol: acetone: water (4: 5: 1, v/v) 
(Jayme and Knolle, 1956) and aniline phthalate reagent were used (Partridge, 1949). When the solution had 
migrated to 10 cm, the paper was taken out of the chamber, air-dried, then soaked for 1 min in the developer, 
and air-dried again. The paper showed color at 80 °C for 10 min. 
 
Assay of antitumor activity in vitro and in vivo: 
 
a. Antitumor activity of EPS in vitro: 
 
Culture medium and cell lines: 
 
 Cells were maintained in RPMI-1640 medium (Sigma Chemical Co., St. Louis, Mo, and U.S.A) 
supplemented with 10 % heat inactivated fetal bovine serum (GIBCO BRL), 100 U/mL penicillin and 100 U/mL 
streptomycin. The cells were grown at 37°C in a humidified atmosphere of 5% CO2. Human tumor cell lines 
were used, CACO (intestinal carcinoma cell line), HELA (cervical carcinoma cell line), HCT116 (colon 
carcinoma cell line), HEPG2 (liver carcinoma cell line), MCF7 (breast carcinoma cell line), HEP2 (larynx 
carcinoma cell line) and HFB4 (normal melanocytes) were purchased from the American Type Culture 
Collection (Rockville, MD). 
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Cytotoxic activity (Sulforhodamine B assay): 
 
 According to Skehan et al., 1990 human cancer cell lines were grown in RPMI 1640 (37oC, 5% CO2) to 
assess the growth inhibition by a colorimetric assay, which estimates cell number indirectly by staining total 
cellular protein with the dye sulforhodamine B (SRB). Logarithmically growing cells were seeded at a density 
of 104cells/well into 96-well plates, and allowed to adhere for 24 h at 37°C. Then the supernatant was replaced 
by 100 ml culture medium supplemented with EPS at specified concentrations for 48 h. At the end of the 
treatment, the supernatant from each well was discarded and cells were fixed by layering 100 μl ice-cold 15% 
trichloroacetic acid (TCA) on top of the growth medium. They were then incubated at 4 oC for 1 h. The plates 
were then washed five times with cold water, the excess water drained off, and the plates were air-dried. SRB 
stain (100 μl; 0.4 in 1% acetic acid) was added to each well and left in contact with the cells for 1 h. 
Subsequently, the cells were washed with 1% acetic acid and rinsed four times. The plates were dried, and 1ml 
of 10 mM Tris base was added to each well to dissolve the dye. The plates were shaken gently for 20 min on a 
gyratory shaker, and the absorbance (OD) of each well was read on a spectrophotometer at 540 nm. Cell 
survival was measured as the percentage absorbance compared to the control. 
 
b. Assay of antitumor activity in vivo: 
 
Animals:  
 
 Twelve Ehrlich ascites carcinoma (EAC) female mice weighing approximately 20 g were kept in separate 
cylindrical wire cages and were supplied with pellet food and drinking water.  
 
Inoculation in mice's:  
 
 The in vivo antitumor activity of the EPS was investigated in Ehrlich Ascites Carcinoma (EAC) mice 
model. The animals (n=12) were divided into four groups. All groups received 0.1 ml of EAC cell suspension. 
The first group served as EAC control. After 24 hrs of tumor inoculation, the second, third and fourth groups 
received L. plantarum NRRL B-4496 lyophilized cells (20 mg/ kg body weight, orally), EPS (20 mg/ kg body 
weight, i.p.) and L. plantarum cells plus EPS, respectively for nine consecutive days. The effects of L. 
plantarum cells and EPS on tumor growth were assessed by recording median survival time (MST and the 
percentage of increase in life span (%ILS) as well as daily measuring of body weight.  
 
Results and Discussion 
 
Structure analysis of the EPS: 
 
 The UV absorption spectrum of the purified EPS revealed that the detection of two peaks. The peak at 212 
nm is characteristic of carbohydrates. Similar results were obtained by Yun and Park, 2003 who reported that 
the polysaccharide showed two peaks at 212 and 228 nm. The peak at 212 nm is characteristic of carbohydrates. 
 The IR (potassium bromide) spectrum illustrated in Fig. (1) exhibits absorbance peaks at: 3416 cm-1 (OH 
stretching vibration), 2930 cm-1 (C-H stretching vibration), 1413 cm-1 (-OH deformation vibration) and 1079 cm-

1  (C-O stretching vibration). The broader peak at 3416 cm-1 is due to the stretching vibration of the hydroxyl 
groups (–OH) and its deformation at 1413 cm-1. The stretching vibration of C-O groups was detected at 1079 
cm1. The weak band at 2930 cm-1 represented the C–H stretching vibration. On the other hands, the weak peak 
at 918 cm-1 was ascribed to that for the β-configuration of the sugar units in EPS (Lee et al., 2009). Each 
polysaccharide exhibited high absorbance in the region 1200–950 cm1, which was within the so-called 
fingerprint region, where the position and intensity of the bands are specific for polysaccharide, allowing its 
possible identification, and this region was dominated by ring vibrations overlapped with stretching vibrations 
of (C–OH) side groups and the (C–O–C) glycosidic band vibration (Filippov, 1992). 
 The 1H NMR spectrum of the EPS is illustrated in Fig. (2). The chemical shift of the anomeric protons of 
the EPS could not be identified due its overlapping of it with that of the deuterated water solvent. The other 
protons of the sugar unites were overlapped from 4.1 to 3.2 ppm. The 13C NMR spectrum of the EPS is 
illustrated in Fig. (3). The spectrum exhibits signals at δ 103.18, 102.20, 100.59, 99.75 and 98.21(5 anomeric 
carbons), δ 78.73, 73.29, 71.21,70.81, 70.51, 70.35, 70.05,66.88, 66.43 and 65.53(CH-OH), δ 69.56 and 61.11 
(CH2OH). So that, the EPS contains a ß -D-glucan with ß -(1-6), ß -(1-4)-linked residues ( Zhao et al., 2010). 



428 
J. Appl. Sci. Res., 9(1): 425-434, 2013 

 

 
 
Fig. 1: Infrared spectrum (IR) of the EPS produced by Lactobacillus plantarum  NRRL B-4496. 
 

 
 
Fig. 2: 1H NMR spectrum of the EPS produced by Lactobacillus plantarum  NRRL B-4496. 
 

 
 
Fig. 3: 13C NMR spectrum of the EPS produced by Lactobacillus plantarum  NRRL B-4496. 
 
Monosaccharide composition of EPS: 
 
 The complete acid hydrolysis of the purified EPS was analyzed by paper chromatography. The paper 
chromatogram indicated the presence of one single brown spot equidistant with authentic glucose spot. Similar 
results were obtained by Savadogo et al., 2004 who reported that the exopolysaccharides from Lactobacillus 
spp. that consist of 100% glucose. 
 
Antitumor activity of the EPS in vitro:  
 
 The EPS from probiotic, Lactobacillus plantarum NRRL B-4496 was exhibited various degrees of activities 
against human tumor cell lines target cells especially human intestinal carcinoma cell line. The inhibitory effect 
of different concentrations of the EPS, ie. (50.0, 25.0, 12.5, 5.0 and 0.0 µg/ml) were performed on the growth of 
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seven cell lines; CACO (intestinal carcinoma cell line), HELA (cervical carcinoma cell line), HCT116 (colon 
carcinoma cell line), HEPG2 (liver carcinoma cell line), MCF7 (breast carcinoma cell line) HEP2 (larynx 
carcinoma cell line), and HFB4 (normal melanocytes).   
 Results revealed that EPS inhibited the proliferation of the six cell lines in a dose- dependent manner. The 
IC50 values were found to be; 9.07, 15.8, 17.6, 19.9, 24.2, and 34.7, respectively. These results indicated that 
EPS has a potent inhibitory effect on CACO cell line and a significant inhibition toward MCF7 compared to its 
effect on HFB4 (normal melanocytes). On the other hand, the EPS failed to exhibit any significant inhibitory 
effect on HELA and HEP2 cell lines compared to normal cell line (HFB4). In addition, the EPS exhibited a 
comparable inhibition activity on HCT116 and HEPG2 cell lines compared to HFB4 as showing in Fig. (4, 5, 6, 
7, 8, 9 and10). 
 The mechanisms of the underlying resistance were not clear up to date (Hernandez et al., 2001). This study 
also demonstrated the selective sensitivity of EPS against CACO cells which exhibited almost complete 
suppression of cell growth at very low IC50 (9.01). Consistent with the finding of You et al., 2004 obtained 
polysaccharide revealed a marked inhibition of proliferation of HCT 116 and CACO cells. 
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Fig. 4: Surviving fractions of CACO cells in vitro at different conc. of EPS. 
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Fig. 5: Surviving fractions of HELA cell in vitro at different conc. of EPS. 
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Fig. 6: Surviving fractions of HCT116 cell in vitro at different conc. of EPS.  
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Fig. 7: Surviving fractions of HEPG2 cell in vitro at different conc. of EPS. 
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Fig. 8: Surviving fractions of MCF7 cell in vitro at different conc. of EPS. 
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Fig. 9: Surviving fractions of HEP2 cell in vitro at different conc. of EPS. 
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Fig. 10: Surviving fractions of HFB4 cell in vitro at different conc. of EPS.  
 
Antitumor activity in vivo: 
 
 Ehrlich Ascites Carcinoma (EAC) is similar to human tumors which are the most sensitive to chemotherapy 
because it is undifferentiated and has a rapid growth rate. In EAC tumor bearing hosts, control group, a drastic 
increase in ascitic fluid volume could detect (Photo 1). L. plantarum cells and EPS individually or together 
significantly reduced the tumor volume (Photo 2, 3, 4) in dose dependent manner as reflected by recorded body 
weights compared to EAC control (Table 1). Furthermore, in EAC control group median survival time (MST) is 
9 days, whereas in groups 2, 3 and 4 are 17, 15, 17days, respectively corresponding to percentage of increase in 
life span (%ILS) of 88.9, 66.7 and 88.9%, respectively (Table 2). The highest MST (17 days) was recorded by 
group 2 treated with L. plantarum cells and group 4 treated with both L. plantarum cells and EPS. Also, the 
growth profile of the later groups are closely similar compared with group 3 treated with EPS only.  
 The EAC cells increased via rapid cell division during the proliferating phase in the load peritoneal cavity. 
Ascites fluid accumulation occurred in parallelism with the proliferation of tumor cells. After a given time, the 
host animal died due to the pressure exerted by the tumor volume and/or the damage that resulted from the 
tumor (Ozaslan et al., 2011).   



432 
J. Appl. Sci. Res., 9(1): 425-434, 2013 

 

 Orsod et al., 2012 results revealed that oral administration of L. casei significantly increased the production 
of IL-12 and IFN-3 (P<0.05) and increased the natural killer cells (NK) cytotoxicity in spleen cells culture of 
test mice (P<0.05). It has also been demonstrated that the growth rate of tumor in the test mice was decreased 
and their survival was significantly prolonged in comparison to the controls. Daily intake of L. casei can 
improve immune responses in mice bearing invasive ductal carcinoma, but further studies are needed to 
investigate the other involving mechanisms in this case. 
 Some microbial EPS is a potent activator of NF-Kappa-B and induce both IL- 1β and TNF-α production 
from pyres patch and interferon-gamma production from spleen cells which may result in potentiating the 
immune system leading to suppressing cancer development and infection (Balachandran et al., 2006). These 
data suggested that the EPS under study could be a candidate anticancer therapeutic agent. However, further 
studies may be needed to investigate its mode of action. 
 
Table 1: The body weight of mice through the firstly nine days of ascites formation. 

Days of EAC formation Means of mice body weight (g/mouse) 
G1 G2 G3 G4 

0 20.0 20.0 20.0 20.0 
2nd 21.0 20.6 20.0 21.0 
4th 22.4 21.0 21.0 21.0 
6th 24.6 21.4 21.3 21.0 
7th 25.0 22.0 21.5 21.0 
9th 29.0 24.0 26.5 23.0 

 
Table 2: Survival time days of EAC mice treated with different treatments. 

Groups Treatment 
(mg/kg b.w/day) 

Mode of injection *MST (days) **ILS 
(%) 

One --- --- 9.0 ± 1 0.0 
Two L.  plantarum Oral 17.0 ± 1 88.9 

Three EPS interaprotinial 15.0 ± 1 66.7 
Four L.  plantarum  & EPS Oral & interaprotinial 17.0 ± 1 88.9 

* MST = median survival time  
** ILS = percentage of increase in life span 

  

               
 
Photo 1: Back and front view of individual from group one. 
 

        
Photo 2: Back and front view of individual from group two.  
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Photo 3: Back and front view individual from group three.  
 

        
 
Photo 4: Back and front view individual from group four. 
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