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A B S T R A C T
Increase in the levels of cholesterol is harmful, it is a risk factor for cardiovascular
disease. This study was carried out to compare the in vitro anti-hypercholesteremia
effects of different concentrations of probiotic bacteria (lactobacillus casei and
lactobacillus plantarum) and cyanobacteria (Spirulina platensis) isolated as intact
cells or cell lysates. The results showed that S. platensis is more effective The
mixture of cell lysates from L. casei, L. plantarum and Spirulina platensis lowered
the level of cholesterol by 65% as compared to the inhibitory effect of L. casei
(32%), L. plantarum (33%) and S. platensis (47%). Their significant differences by
using the mixture of testing bacteria as intact cells and cell lysate in the percentage
of cholesterol reduction.
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INTRODUCTION

Coronary Heart Disease (CHD) is currently a leading
cause of death worldwide, this disease is still increasing and
has become a true pandemic that respects no borders (WHO.,
2009). Elevated blood cholesterol (hypercholesterolemia) is an
important risk factor associated with atherosclerosis and
coronary heart diseases. Although, there are multiple risk
factors for CHD, hypercholesterolemia remains a major
determining factor for this pathology (Castelli et al., 1986). To
decrease the incidence of CHD, it is therefore necessary to
reduce the level of serum cholesterol in hypercholesterolemic
subjects (Murray and Lopez, 1997). The WHO has predicted
that, by 2030, cardiovascular diseases will remain the leading
causes of death, affecting approximately 23.6 million people
around the world, the risk of heart attack is three times higher
in those with hypercholesterolemia, compared to those who
have normal blood lipid profiles (WHO., 2009).

Recent modalities for lowering blood cholesterol levels
involve dietary management, behavior modification, regular
exercise and drug therapy (Dunn Emke et al., 2001).
Pharmacological agents that effectively reduce cholesterol
levels are available. But they are expensive and known to have
severe side effects (Bliznakov, 2002). Probiotics are defined
as living microorganisms, which upon ingestion in certain
numbers; exert health effects beyond inherent basic nutrition
(Guarner and Schaafsma, 1998). There are many reports
describing probiotic health-promoting effects on
gastrointestinal infections, anti-microbial and anti-viral
activity, improvement in lactose metabolism, reduction in
serum cholesterol level and blood pressure, improvement in
mineral absorption, stabilization of the gut mucosal barrier,
anti-mutagenic and anti-carcinogenic properties, immune
system stimulation, anti-diarrheal and anti-constipation
properties, urogenital infections and improvement in
inflammatory bowel disease (Sanders, 1999; Saarela et al.,
2000).
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Lactic acid bacteria, predominantly selected from the
genera Lactobacillus and Bifidobacterium, constitute a
significant proportion of probiotic cultures in nutritional
supplements,    pharmaceuticals    and    functional   foods (Del
Piano et al., 2006). Lactic Acid Bacteria (LAB) with active
Bile Salt Hydrolase (BSH) or products containing them have
been suggested to lower cholesterol levels through interaction 
with  host  bile  salt  metabolism  (De  Smet  et al., 1998).
Klein et al. (2008) proposed the mechanism based on the
ability  of certain probiotic lactobacilli and bifidobacteria to
de-conjugate bile acids enzymatically, increasing their rates of
excretion.

Cholesterol, being a precursor of bile acids, converts its
molecules to bile acids replacing those lost during excretion
leading to a reduction in serum cholesterol. This mechanism
could be operated in the control of serum cholesterol levels by
conversion of deconjugated bile acids into secondary bile acids
by colonic microbes. The use of such orally applied
microorganisms (probiotics) is a major aim of the concept of
functional food. Recently, there has been much interest in
LAB,  especially  lactobacilli,   due   to  their  beneficial
effects  on  health including anti-cholesterol, anti-diabetic,
anti-pathogenic, anti-carcinogenic properties and stimulation
of the immune system (Nagpal et al., 2007). Bengmark et al.
(1998) reported that, both of Lactobacillus plantarum and
lactobacillus casei have bile salt hydrolase enzyme,
Lactobacillus plantarum the predominating Lactobacillus
species on oral and intestinal human mucosa, has shown the
ability to survive the passage through the human
gastrointestinal tract and to establish itself for at least a shorter
time in the intestine after consumption.

Recently, a trend has been started to add microalgae
(cyanobacterial biomasses) into fermented milks in order to
increase the functional product characteristics via promoting
viability of probiotics as well as to enhance the nutritional
attributes (Varga et al., 2002). Spirulina is blue-green
microalgae, which contain high-anti-oxidant components,
abundant amino acids, high-quality proteins, Fe and Ca,
unsaturated fatty acids and  many  types  of  vitamins,
including A, B2, B6, B8, B12, E and K. Spirulina have anti-viral,
anti-inflammatory and anti-tumor effects and reduce blood
lipid profile, blood sugar, body weight and wound healing
time. Therefore, they are known as therapeutic and functional
food (Dillon and Phan, 1993). It seems that the co-addition of
microalgae and probiotics stimulates growth and increases
viability and acid production  of  the  probiotic  bacteria
(Webb, 1982).

The Aim of the present study is to investigate the potential
effect of different concentrations of probiotic bacteria
(lactobacillus casei, lactobacillus plantarum) in comparison
with Spirulina platensis (cyanobacteria) and mixtures of them
in the reduction of cholesterol in vitro.

MATERIALS AND METHODS

Bacterial strains: Lactobacillus plantarum p9 and
Lactobacillus  casei  ATCC  7469  isolated  and  identified by

Hoda et al. (2010). Lactobacillus plantarum p9 was cultivated
in nutrient broth (Lab M, IDG, UK) and incubated at 37°C for
24 h and preserved in reconstituted skim milk in Eppendorf
tube. Lactobacillus casei ATCC 7469 was cultivated in MRS
agar medium and incubated at 37°C for 24 h and preserved in
reconstituted skim milk in Eppendorf tube. The culture was
preserved in reconstituted skim milk in Eppendorf tubes,
stored at -80°C with glycerol (20%, v/v). Prior to use, strain
was sub cultured (1%, v/v) twice in MRS broth and adjusted
at 1×107 CFU mLG1.

Isolation and identification of cyanobacteria: Isolation and
purification of cyanobacteria were made according to the
methods described by Rippka (1988) Briefly, S. platensis was
isolated after repeated light migrations on solid medium
(Zarrouk, 1966).

S. platensis was identified according to Vonshak (1997).

Alga cultivation: The cyanobacterium S. platensis, was
cultivated in Zarrouk medium (Zarrouk, 1966) at 25±2°C, pH
10 with continuous illumination using cool white fluorescent
tubes (2500 Lux) and twice daily shaking by hand for 15 days.
Cells were collected by filtration using filter paper 8 mm pore
size (Screen printing paper)and was washed with buffer
solution (pH 7), diluted to be known volume and processed for
further inoculation.

Dry weight measurement: For dry weight measurement
homogenous suspension of known quantities of Spirulina
sample was filtered through screen-printing paper and oven
dried at 75°C for 2-6 h.

Cell lysate and intact cells of microbial strain
Preparation of cell lysate: Cells were harvested by
centrifugation at 4°C for 30 min (5,000 rpm) after overnight
incubation at 37°C and  the  pellet  was  washed  twice  with
20  mM  sodium  phosphate  buffer   (SPB,  pH   7.4),   then
re-suspended in SPB. Washed cell suspension was disrupted
with an ultrasonic cell disrupter (Brands on 4°C) and filtered
(0.45 µm, Millipore). Cell debris was removed by
centrifugation (10,000×g for 10 min and concentrations were
measured by the Bradford method (Bio- Rad Laboratories) and
adjusted to 10 mg mLG1 (Kim et al., 2006).

Preparation of the intact cells: Cells were washed twice with
SPB and resuspended in SPB. The total cell number was
adjusted to 107 CFU mLG1 (Kim et al., 2006).

Treatments:  1-Standard,   2-  Lactobacillus  plantarum  p9
3- Lactobacillus casei ATCC 7469,   4- Spirulina  platensis,
5-L. plantarum p9+L. casei ATCC 7469, 6-Spirulina
platensis+ L.   casei   ATCC   7469,   7-Spirulina  platensis
+L. plantarum p9, 8- Spirulina platensis+L. casei ATCC
7469+L. plantarum p9. All treatments tested as intact cells and
cell lysate.
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(a)Cholesterol binding assay: Different concentration (200, 400,
600, 800 and 1000 µg mLG1) of cell lysates  and  intact  cells 
for L. plantarum p9, L. casei ATCC 7469 and Spirulina sp.
were prepared from stock of ten milligrams of lyophilized cells
per  mL suspended in 1 mL of cholesterol-ethanol solution
(100 μg of cholesterol dissolved in 1 mL of 60% ethanol),
vortexed and incubated at 37°C for 1 h in a shaking water bath.
The mixture was then centrifuged at 1118×g for 10 min and
unbound cholesterol in the supernatant was determined by
enzymatic analysis and the tests were carried out in triplicate.
An enzymatic colorimetric kit used for the determination of
cholesterol was obtained from Biodiagnostic Company Dokki,
Giza, Egypt  (Richmond, 1973). The absorbance of the sample
and standard against blank was measured at 517 nm. The
percentage of cholesterol lowering effect was determined by
this equation:

A517 sample
Cholesterol reduction (%) = A517standard - × 100

A517 standard

Statistical analysis: Data obtained was subjected to analysis
of variance and the means were compared using the Least
Significant Differences (LSD) tested for the 0.05 levels, as
recommended by Snedcor and Cochran (1982).

RESULTS AND DISCUSSION

Consumption of fermented milk containing bacterial
strains provides beneficial effects, such as the reduction of
serum cholesterol levels of human (Gilliland et al., 1985;
Mann and Spoerry, 1974). the relationship between Lactic
Acid Bacteria (LAB) and the serum cholesterol has become
important subject for study,  studies evaluating this
relationship have found that lactobacilli or bifidobacteria can
exhibit hypocholesterolaemic properties in animal models
(Gilliland et al., 1985; Nguyen et al., 2007) and in humans
(Agerbaek et al., 1995; Anderson and Gilliland, 1999).

Several hypotheses have been proposed to explain the
mechanism of action of (LAB) lower cholesterol as:
Consumption of cholesterol by intestinal bacteria, thus
reducing the amount of cholesterol available for absorption
(Pigeon et al., 2002; Pereira and Gibson, 2002). Cholesterol
may be bound to the bacterial cellular surface (Liong and
Shah, 2005) or incorporated into the bacterial cellular
membranes (Lye et al., 2010a) or converted into coprostanol
by cholesterol reductase, which is produced by strains of
lactobacilli (Lye et al., 2010b). Some bacterial species excrete
bile salt hydrolase, leading to increased bile excretion in feces
(Begley et al., 2006).

Result in Fig. 1a, shows the percentage reduction of
cholesterol  when  incubated with different concentrations of
L. plantarum intact cells and cell lysate. The reduction of
cholesterol   increased   with   increasing   concentrations  of
L. plantarum intact cell and cell lysate. L. plantarum cell
lysate has the highest effect in cholesterol reduction than intact
cell. Naruszewicz et al. (2002) reported that the
supplementation of diet with  Lactobacillus  plantarum  299v 

Fig. 1(a-c): Effect      of      different     concentrations     of
(a)   Lactobacillus   plantarum,   (b)
Lactobacillus casei and (c) Spirulina platensis
intact cells and cell lysate on reduction of
cholesterol

significantly lowered LDL cholesterol concentration. Viljoen
and Wierzbicki (2008) suggested that the probiotics reduce
serum cholesterol levels due to their capability to compete
with cholesterol for intestinal absorption.
 Result in Fig. 1b, show the effect of different
concentrations of L. casei intact cell and cell lysate on
lowering cholesterol. The results revealed that the cell lysate
was more effective than intact cells. The highest
concentrations were caused highest percentage reduction of
cholesterol by 32.2% L. casei cell lysate.

Result in Fig. 1c, shows the effect of different
concentration of Spirulina platensis intact cells and cell lysate
on reduction of cholesterol in vitro.  These  results indicate
that all treatments showed reduction of cholesterol in vitro.
The highest concentration of Spirulina platensis cell lysate
(1000 µg mLG1) caused the maximum lowering of cholesterol
(47.37%).

Figure 2a  illustrate  the  mean  percentage  of  reduction
of   cholesterol   by   different  concentrations  of  mixture of
L. plantarum and L. casei intact cells and cell lysate. The
obtained   results   indicate   that   all   concentrations  caused
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Fig. 2(a-d): Effect  of different concentrations of mixture of
(a) Lactobacillus plantarum and Lactobacillus
casei, (b) Spirulina platensis and Lactobacillus
casei, (c) Spirulina platensis and Lactobacillus
plantarum and (d) Lactobacillus plantarum,
Lactobacillus casei  and Spirulina platensis intact
cell and cell lysate against cholesterol

reduction of cholesterol and the percentage of reduction
increase by increasing the concentrations.

The lowering effects of cholesterol were observed   in
(Fig. 2b) by effects mixture of Spirulina platensis and L. casei
intact cell and cell lysate on cholesterol in vitro. The
concentration 1000 µg mLG1 of Spirulina platensis + L. casei
cell lysate and intact cell caused the percentage reduction of
cholesterol  in  vitro  46.6  and  40.8  and  40.6,  respectively. 

Fig. 3: Comparison between different treatments
Lactobacillus plantarum, Lactobacillus casei and
Spirulina platensis each and mixture on cholesterol
reduction at 1000 g mLG1 of intact cells and cell lysate,
T2: Lactobacillus plantarum p9, T3: Lactobacillus
casei ATCC 7469, T4: Spirulina platensis, T5:
Lactobacillus plantarum p9+Lactobacillus casei
ATCC 7469, T 6: Spirulina platensis+ Lactobacillus
casei ATCC 7469, T7: -Spirulina platensis+
Lactobacillus  plantarum p9, T 8: Spirulina platensis+
Lactobacillus casei ATCC 7469+Lactobacillus 
plantarum p9

The results in Fig. 2c informed clearly the effect of
different concentrations of mixture from Spirulina platensis+
L. plantarum, intact cell and cell lysate against cholesterol.
Results indicate that different concentrations of the mixtures
of  Spirulina  platensis  +  L.  plantarum  (200, 400,  600, 800
and1000) demonstrate the lowering of cholesterol level in vitro 
for intact cells (26.21, 30.58, 34.46, 40.29 and 44.85%,
respectively) and cell lysate (31.06, 35.43, 39.32, 45.14 and
50.48%, respectively).

The data obtained from Fig. 2d show that the  mixture  of
L. plantarum, L. casei and Spirulina platensis cell lysate and
intact cells were more effective on cholesterol reduction and
increase  with  concentration  from  200-1000  µg  mLG1.  The
results revealed that the mixture was more effective in
lowering cholesterol as cell lysate (65%) than intact cells
(55%) with concentration of 1000 µg mLG1.

The   percentage   reduction   of   cholesterol   by
Spirulina platensis is more effective than  L.  plantarum and
L. casei, meanwhile the mixture of L. plantarum and L. casei
and Spirulina platensis was given the maximum cholesterol
reduction. Prakash and Kumari (2011) studied the preparation
of low-fat and high-protein frozen yogurt enriched with
papaya pulp and Spirulina with the objective to find out the
optimum level of Spirulina that could be incorporated to
obtain a better-quality frozen yogurt.

Results of Fig. 3, informed that the percentage reduction
of   cholesterol  by  Spirulina platensis is more effective  than
L. plantarum  and  L.  casei,  mean   while   the   mixture   of
L. plantarum and L. casei and Spirulina platensis was given
the maximum cholesterol reduction. Prakash and Kumari
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(2011) studied the preparation of low-fat and high-protein
frozen yogurt enriched with papaya pulp and Spirulina with
the objective to find out the optimum level of Spirulina that
could be incorporated to obtain a better-quality frozen yogurt.

REFERENCES

 Agerbaek, M., L.U. Gerdes and B. Richelsen, 1995.
Hypocholesterolaemic effect of a new fermented milk
product in healthy. Eur. J. Clinical Nut., 49: 346-352.

Anderson, J.W. and S.E. Gilliland, 1999. Effect of fermented
milk (yogurt) containing Lactobacillus acidophilus L1 on
serum  cholesterol   in   hypercholesterolemic   humans.
J. Am. Coll. Nutr., 18: 43-50.

Begley, M., C. Hill and C.G.M. Gahan, 2006. Bile salt
hydrolase activity in probiotics. Applied Environ.
Microbiol., 72: 1729-1738.

Bengmark, S., S. Ahrne, G. Molin and B. Jeppsson, 1998.
Intestinal colonizing lactobacilli. J. Nutr., 14: 585-594.

 Bliznakov, E.G., 2002. Lipid-lowering drugs (statins),
cholesterol, coenzyme Q10. The baycol case-a modern
Pandoras box. Biomed. Pharm., 56: 56-59.

Castelli,  W.P.,  R.J.  Garrison,  P.W.  Wilson,  R.D. Abbott,
S. Kalousdian and W.B. Kannel, 1986. Incidence of
coronary heart disease  and  lipoprotein  cholesterol
levels. The framingham study.  J.  Am.  Med.  Assoc.,
256: 2835-2838.

De Smet, I., P. de Boever and W. Verstraete, 1998.
Cholesterol lowering in pigs through enhanced bacterial
bile salt hydrolase activity. Br. J. Nutr., 79: 185-194.

Del Piano, M.,  L.  Morelli,  G.P.  Strozzi,  S.  Allesina  and
M. Barba et al., 2006. Probiotics: From research to
consumer. Digestive Liver Dis., 38: S248-S255.

Dillon, J.C. and P.A. Phan, 1993. Spirulina as a source of
proteins in human nutrition. Bulletin l'Institut
Oceanographique, 12: 103-107.

Dunn Emke, S., G. Weidner and D. Ornish, 2001. Benefits of
a low-fat plant-based diet. Obesity Res., 9: 731-731.

Gilliland, S.E., C.R. Nelson and C. Maxwell, 1985.
Assimilation of cholesterol by Lactobacillus acidophilus.
Applied Environ. Microbiol., 49: 377-381.

Guarner, F. and G.J. Schaafsma, 1998. Probiotics. Int. J. Food
Microbiol., 39: 237-238.

Hoda, M., K. El-Halafawy and M.A.E. El-Soda, 2010.
Functionalities of Lactic Acid Bacteria Isolated from
Egyptian Environment. Springer, Germany, Pages: 192.

Kim, J.W., I. Tchernyshyov, G.L. Semenza and C.V. Dang,
2006. HIF-1-mediated expression of pyruvate
dehydrogenase kinase: A metabolic switch required for
cellular adaptation to hypoxia. Cell Metab., 3: 177-185.

Klein, A., U. Friedrich, H. Vogelsang and G. Jahreis, 2008.
Lactobacillus acidophilus 74-2 and Bifidobacterium
animalis subsp lactis dgcc 420 modulate unspecific
cellular  immune  response  in healthy adults. Eur. J. Clin.
Nutr., 62: 584-593.

Liong, M.T. and N.P. Shah, 2005. Acid and bile tolerance and
cholesterol removal ability of lactobacilli strains. J. Dairy
Sci., 88: 55-66.

Lye, H.S., G. Rusul and M.T. Liong, 2010a. Removal of
cholesterol by lactobacilli via incorporation and
conversion to coprostanol. J. Dairy Sci., 93: 1383-1392.

Lye, H.S., G.R. Rahmat-Ali and M.T. Liong, 2010b.
Mechanisms of cholesterol removal by lactobacilli under
conditions that mimic the human gastrointestinal tract.
Int. Dairy J., 20: 169-175.

Mann, G.V. and A. Spoerry, 1974. Studies of  a  surfactant
and cholesteremia in the  Maasai.  Am.  J.  Clin. Nutr.,
27: 464-469.

Murray, C.J.L. and A.D. Lopez, 1997. Mortality by cause for
eight regions of the world: Global burden of disease
study. Lancet, 349: 1269-1276.

Nagpal, R., H. Yadav, A.K. Puniya, K.S. Singh and S. Jain,
2007. Potential of probiotics and prebiotics for synbiotic
functional dairy foods: An overview. Int. J. Probiotics
Prebiotics, 2: 75-84.

 Naruszewicz, M., M.L. Johansson, D. Zapolska-Downar and
H. Bukowska, 2002. Effect of Lactobacillus plantarum
299v on cardiovascular disease risk factors in smokers.
Am. J. Clin. Nutr., 76: 1249-1255.

Nguyen, T.D.T., J.H. Kang and M.S. Lee, 2007.
Characterization of Lactobacillus plantarum PH04, a
potential probiotic bacterium with cholesterol-lowering
effects. Int. J. Food Microbiol., 113: 358-361.

Pereira, D.I.A. and G.R. Gibson, 2002. Cholesterol
assimilation by lactic acid bacteria and bifidobacteria
isolated from the human gut. Applied Environ.
Microbiol., 68: 4689-4693.

Pigeon, R.M., E.P. Cuesta and S.E. Gilliland, 2002. Binding
of free bile acids by cells of yogurt starter culture
bacteria. J. Dairy Sci., 85: 2705-2710.

Prakash, D.R. and K. Pooja, 2011. Preparation of low fat and
high protein frozen yoghurt enriched with papaya pulp
and Spirulina. Trends Biosci., 4: 182-184.

Richmond, W., 1973. Preparation and properties of a
cholesterol oxidase from Nocardia sp. and its application
to the enzymatic assay of total cholesterol  in  serum.
Clin. Chem., 19: 1350-1356.

Rippka, R., 1988. Isolation and Purification of Cyanobacteria.
In: Methods in Enzymology:  Cyanobacteria,  Glazer,
A.N. (Ed.). Vol.  167,  Academic  Press,  San  Diego,
CA., pp: 3-28.

Saarela,   M.,   G.   Mogensen,   R.   Fonden,   J.  Matto  and
T. Mattila-Sandholm, 2000. Probiotic bacteria: Safety,
functional and technological properties. J. Biotechnol.,
84: 197-215.

Sanders, M.E., 1999. Probiotics. Food Technolol., 53: 67-75.
Snedcor, G.W. and W.G. Cochran, 1982. Statistical Methods.

7th Edn., The Iowa State University Press, Ames, Iowa,
USA., pp: 507.

642www.ansinet.com | Volume 11 | Issue 6 | 2015 |



Int. J. Pharmacol., 11 (6): 638-643, 2015

Varga, L., J. Szigeti, R. Kovacs, T. Foldes and S. Buti, 2002.
Influence of a Spirulina platensis biomass on the
microflora of fermented ABT milks during storage (R1).
J. Dairy Sci., 85: 1031-1038.

Viljoen, A. and A.S. Wierzbicki, 2008. New approaches in the
diagnosis of atherosclerosis and treatment of
cardiovascular disease. Recent Patents Cardiovascular
Drug Discovery, 3: 84-91.

Vonshak, A., 1997. Spirulina Platensis Arthrospira:
Physiology, Cell-Biology and Biotechnology. CRC Press,
USA., ISBN: 9780748406746, pp: 1-16.

WHO., 2009. Cardiovascular disease. Fact Sheet No. 317,
WHO, Geneva, Switzerland.

 Webb, L.E., 1982. Detection by Warburg manometry of
compounds stimulatory to lactic acid bacteria. J. Dairy
Res., 49: 479-486.

Zarrouk, C., 1966. Contribution to letuded unecyanobacterie:
Influence of various physical factors and chimiquessur
growth and photosynthesis of  Spirulina  maxima
(Setchell and Gardner) Geitler. Ph.D. Thesis, University
of Paris, France.

643www.ansinet.com | Volume 11 | Issue 6 | 2015 |


	IJP.pdf
	Page 1


