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Abstract :

T

his study was designed to evaluate the anticancer Effects of the beta glucan (ß- glucan ) extract of the Saccharomyces
cerevieses on cancer cell lines .
In vitro study was performed on two cancer cell lines (murine mammary adenocarcinoma AMN-3 cell line) and rat
emberyogenic fibroblast (Ref) as normal cell line. Periods of exposure of cell lines were measured at 24-hours, 48-hr, and
72-hr in a microtitration plate under complete sterile conditions. Different concentrations starting from (5,50,500, 1000)
µg/ml of two fold dilution for extract were prepared and tested on each cell lines, The extract showed concentration and
time dependence growth inhibitory effects, and the highest effect was obtained from beta glucan extract at higher concentrations after 48 hr. of exposures on AMN3, that the higher concentrations gave a significantly (P<0.05) and the higher
inhibition growth rate of cells were increased at 24 hours.
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Introduction:

C

ancer is one of the leading causes of death in the world.
The main cause is that they damage immune systems
in tumor treatment. So, it is necessary to develop novel
anti-tumor agents with administrating immunity potential.
Polysaccharides have attracted more attention recently in
the biochemical and medical because of their anti-tumor
and immunomodulating properties (1).Some polysaccharides extracted in medicines Laboratory have been reported
to possess anticancer activities (2) .
Recent developments of modern techniques of targeted
tumor cell elimination (3), include Immunotherapy, which
also called biological therapy, that uses the body’s own immune system to fight cancer (4), and gene therapy, as a new
trials to treat cancer (3). However, there is a continuing
need for development of new anticancer drugs, drug combinations and chemotherapy strategies, by methodical and
scientific exploration of enormous pool of synthetic, biological and natural products (5). A safe and effective cancer
treatment has been the goal of scientists for many decades.
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Such a technique must be selective in destroying the cancer
cells without irreversibly damaging normal cells (6).
Beta glucan is a scientifically proven biological defence
modifier (BDM) that nutritionally potentiates and modulates the immune response. through immune response potentiation and modulation, in many instances various therapeutic healing effects generated by the immune cells. For
many years Glucans have been investigated (History) for
these immune enhancing properties (7,8) .
β-Glucans (beta-glucans) are polysaccharides of D-glucose monomers linked by β-glycosidic bonds. β-glucans
are a diverse group of molecules that can vary with respect
to molecular mass, solubility, viscosity, and three-dimensional configuration. They occur most commonly as cellulose in plants, the bran of cereal grains, the cell wall of
baker’s yeast, certain fungi, mushrooms and bacteria.(9).
Polysaccharides from fungi have attracted attention in
the fields of biochemistry and pharmacology for their immunopotentiation and anti-tumor effects (10 , 11) . The antitumor activities of polysaccharides are mostly resulted from
their immunopotentiation effects (12). Polysaccharides can
stimulate immune cells such as granulocytes,monocytes,
macrophages and nature killer cells to trigger the secretion
of cytokines that will stimulate the immune system (13,14).
Carboxymethylated derivatives from both a- and b-Dglucans show higher water solubility along with antitumor
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activity against cell lines,(15) Moreover, hydroxyethylation, hydroxypropylation, and methylation can also increase the water solubility and antitumor activity of certain
polysaccharides.(16) In addition, the introduction of suitable ionic groups with appropriate degrees of substitution
(DS) can also cause the polymer chain to adopt certain conformations in aqueous solution.15 The effects of different
substitution groups, their positions, and DS, on the bioactivities of polysaccharides have been reported one of the
most important traditional medicines in China and Japan,
and exhibits various biological activities.(17).
Therefore this study has been designed to assess the
cytotoxic activity of fungal extract of Saccharomyces cerevisiae though performs the following aims:
* - Study the effect of extracts on the growth of :
1 - cancer cell lines ( AMN-3) .
2 - normal cell line (REF) in vitro.

Material & Methods:
Cell lines:
The cell lines that used in this study were supplied by
experimental therapy department , tissue culture unit/ Iraqi
Centre for Cancer and Medical Genetics Research (ICCMGR) maintaintained in RPMI- 1640.
Ahmed-Mohammed-Nahi-2003 (AMN-3 cell line) :
The cell line was supplied by tissue culture unit / ICCMGR, Baghdad, Iraq (passage number 162). The origin
and description of this cell line was first mentioned by AlShamery, (18). The specimen was taken from murine mammary adenocarcinoma.
Embryo Fibroblast (REF):
The normal culture of the rat embryo is the most important source for the undifferentiated fibroblastic culture. This
cell line was supplied by experimental therapy department
, tissue culture unit / Iraqi Center for Cancer and Medical Genetic Research (ICCMGR), Baghdad, Iraq (passage
48). The specimen was taken from rat embryo then killed
and Trypsinized , then it was maintained in RPMI-1640
medium with 20% bovine calf serum, when it becomes
confluent monolayer, the cells treated with Trypsin-Versine
mixture in order to pursue subculture process(19) .
Extraction of beta glucan:
Laboratory extract of Beta-glucan in our experiment,
by Extraction Procedure of beta-glucan from baker yeast
(Saccharomyces cerevisiea) . a combination of (20) and
(21).
Processing of yeast glucan
The starting S. cerevisiae -glucan material was obtained from the Market, This material was processed from
common baker’s yeast using the following procedure. Active dry yeast (300gm) was added to one liter 0.1 mol of
NaOH and stirred for 30 min at 60 °C. The material was
then heated to 115 °C at 8.5 psi for 45 minute and then allowed to settle for 72 h. The sediment was resuspended and
washed in distilled H2O by centrifugation (350 g for 20
min). The alkali insoluble solids were combined with 0.1
mol of 1L of acetic acid and heated to 85 °C for 1 h, then
allowed to settle at 38 °C. The acid insoluble solids were
drawn off and centrifuged as above. The compacted solid
material was mixed with 3% H2O2 and refrigerated for 3
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h with periodic mixing. The material was then centrifuged
and the pellet washed twice with distilled H2O followed by
two washes in 100% acetone. The harvested solid material
was dispersed on drying trays and dried under vacuum at
38 °C for 2 h in the presence of Ca2SO4, and then further
dried overnight under vacuum at room temperature. This
procedure yielded a white powder .
were phosphorylated individually by the improved
method for (21) ,The fraction (4gm) of powder was dissolved in (200) ml of Me2SO containing (72)gm of urea.
With stirrer, About (40) mLof H3PO4 (85%) was added
dropwise slowly to the above solution at ambient temperature. Then the solution was heated to 100 ◦C , and the
reaction was carried out for 6h with stirring. A crystalline
precipitate (presumed ammonium phosphate) formed at
1–2 h of reaction. Following heating, the reaction mixture
was cooled to ambient temperature and diluted in distilledwater to form a yellow clear solution. Finally, the resulting
phosphate derivative was dialyzed (3000 – 5000) Millipore
in size against distilled water for seven days to remove endotoxin (includingMe2SO,H3PO4 and salt).
Phenol-Sulphuric Acid Assay to Determine Composition of Starch-Oil Composites
The phenol-sulphuric acid procedure was conducted as
described by Dubois (22), with the modification that the
solvent for samples at final dilution (at concentrations low
enough for absorbance measurement Samples containing
1 mL of solvent were mixed with 1 mL of 5% phenol in a
test tube cuvette with a 19-mm path length; 5 mL of concentrated sulphuric acid was added rapidly to generate heat
to drive the reaction. The reaction mixture was allowed to
cool to room temperature, and absorbance was measured
at 490 nm in a spectrophotometer (Sequoia-Turner, model
690) against a water blank.
MTT Staining Assay:
The colorimetric MTT method (23) was used for measuring, the proliferation of tumor cells. and Detection of
tumoricidal activity of immunotherapeutic effect of betaglucan.Colorimetric 3-(4,5- dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide (MTT) method was used for
measuring the proliferation of adherent tumor cells. The
tumor cells were inoculated on a 96-well cultivation plate
at a concentration of 1 x 10^6 cells/mL. Each well was inoculated with 100 µl UL Roswell Park Memorial Institute
(RPMI) 1640 medium supplemented with 10 % fetal bovine serum solution containing the tumor cells and 20µL
samples (at concentrations of 0.005 mg, 0.05 mg ,0.5mg
,and 1 mg/mL in PBS, at 37 C̊ for 24 - 36h . The tumor
cells were continuously inoculated for another, 4h after 10
µL MTT (5mg/mL) had been added. The supernatant was
removed by centrifuging, and then 100 µl Me2SO was
added to terminate the reaction. The optical density of each
well was read by using a micro-ELISA reader at a transmitting wavelength on at 550nm. The sample groups were
compared with control group in the absence of the tested
samples. All in vitro results were expressed as the inhibition ratio of tumor cell proliferation as follows:

IR. = ( ODc – ODt ) / ODc × 100
IR= inhibitor rate , ODc = the optical density of
control , ODt = the optical density of test. IR
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were converted for arsine transformation for statically analysis

Results and Discussion:

Extraction:
The dried leaves of Beta- glucan extracts of Saccharomyces cerevisiea as in the table (1) gave a bright yellow
product, which became powder upon drying.

In vitro study:
Table (1): The percentage of crude extraction of beta glucan

Weight of baker›s yeast (gm)

Weight of extract
(gm)

Percentage of extraction %

300

37

12.3

Table (1): The percentage of crude extraction of beta glucan

chemical detection of active compounds:
samples containing carbohydrate developed a redorange colour rather than the amber colour typical of the
phenol-sulphuric acid assay. Intensity of the red colour
increased with increasing the concentration, absorbance at
490 nm (the wavelength of maximum absorbance for glucose and starch).
Growth inhibitory effect:
Cancer cell lines in invitro study (AMN-3 and REF)
were exposed to four concentrations, of dilutions between
(5 ,50, 500 ,1000 µg/ml) of Saccharomyces cerevieses extracts for 24, 48 and 72 hours durations, and optical density
was measured under wavelength 530 - 550 nm with microELISA reader after their staining with MTT assay . The
growth inhibitory effect by the extracts of Saccharomyces
cerevieses that the extract had the greatest inhibitory effect
on both AMN3 and Ref .
Cytotoxic effect of beta glucan extract on (AMN3), &
(REF) cell lines:
The effect of different concentrations of extract from
(5,50,500 to 1000 µg/ml) on tumour cell lines after (24,
48 &72) hrs. of exposure in table ( 2 ). The results revealed significant cytotoxic effect at levels (P<0.05) for all
concentration , all extracts inhibited cell growth at highest
concentrations and have no effect at the lower concentrations. The extract had highest inhibitory growth on AMN3

cell lines at the concentrations ( 500 and 1000 µg/ml) for
the period of 48 hrs. Some of concentrations increase in
their inhibitions over the previous one, like (500 µg/ml) for
24 hrs, 48 hrs . and (50 µg/ml) for 72 hrs on AMN3 cell
line , figure( 1 )
while on REF cell line were (500 µg/ml) & (1000 µg/
ml) on 24 hrs, and (5 µg/ml), (1000 µg/ml) on 48 hrs and
(50 µg/ml), (500 µg/ml), for 72 hrs., table (2 ) shows the
effect of beta glucan extract on proliferation of the cell
lines. The results revealed significant cytotoxic effect for
all concentration .
Cancer cell lines control cells for AMN3 exhibited
confluent monolayer of cohesive malignant cell as shown
of AMN-3 cell line with wall differentiation, there are no
empty spaces and in (Fig-2)
AMN-3 cell line showed cellular swelling, vaculation and
lyses of nucleus after their exposure to beta glucan extract
of Saccharomyces cerevisiea as seen in (Fig-3).
REF cell line showed very low growth inhibition after exposure to 50 µg concentration of extract.
the outline cellular feature has been lost and the changes
progressed with highly effect of high concentration and
this can be seen in (Fig-3). The dead cells became prominent more than what seen in low concentration for beta glucan extract of Saccharomyces cerevisiea.

Table ( 2 ): Mean values of inhibition rate percentage (IR%) of (AMN3,& REF ) cell lines after treatment with different concentrations
of Beta glucan extract of Saccharomyces cerevisiea for (24, 48 & 72) hours.

IR% AMN3

IR% REF

Concentration
µg/ml

24 hrs

48 hrs

72 hrs

LSD

24 hrs

48 hrs

72 hrs

LSD

5

26

21.4

33.3

*5

7.3

12.9

11.9

*1.2

50

33

35.4

50.7

*7.6

3

9.5

24.7

*2.4

500

60

79.7

53

*8.1

11

6.4

15.4

*3.3

1000

51

84.7

56.3

*7.4

12.8

20.5

11.5

*2.8

(*) mean significant difference between means comparation with columns groups and in comparation with arrows groups at levels
(P<0.05).
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Figure (1) : The inhibitory effects of beta
glucan extract of Saccharomyces cerevieses on AMN3 cell line growth during
different periods of exposure.

1000

Concentration µg/ml

Figure-(2)- Confluent monolayer in control group of AMN-3
cell line with wall differentiation, no empty spaces (X200),
(crystal violet stain).

Discussion:

T

he extractions of Saccharomyces cerevisiea yield crude
extract (12.3%) which was the greater than (8.7%) of
beta glucan extracts of Poria cocos (17). Differences between percentage of extracts may be due to some lost during processing of extraction depending on the type of preparation to each one. The extractions showed fine bright yellow powder and sticky extract, but was dark brown sticky
for hot aqueous extract of Poria cocos.
After treatment with different concentration of the extracted of Saccharomyces cerevisiea during 24,48,72
hours the optical densities (OD) for the stained cell lines
, revealed that differences of (OD) between the concentration , that the high concentration gave low value of OD ,
indicating maximum response ,Whereas the low concentration gave high value of OD which indicate minimum
response in proportional to high percentage of viable cells.
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Figure(3): The cell line of AMN-3 show cellular swelling,
vacuolation and (lysis of nucleus ) after their exposure
500 µg of beta glucan extract of Saccharomyces cerevieses
(X200), (crystal violet stain)

The result of this study showed that Saccharomyces
cerevisiea extracts have selective effect on the viability
of different cell-lines, this selective effect of extractions
may appears on the cell adhesion. These results indicate
that Saccharomyces cerevisiea extracts have one or more
constituents capable to interfere with the adhesion process
of cells leading to detach from plate and not involved in the
measurement of O.D. Most cells in culture need a period of
lag phase to attach on the substratum and adapt to medium
conditions before they will start to proliferate (19). The
other factor may be osmolality effect, in which extracts of
Saccharomyces cerevisiea rich in proteins, carbohydrates,
minerals and other constituents that make it hypertonic
solution (24, 35) and may cause dose-dependent osmotic
shock to cell-lines.
The sensitivity of mammary gland adenocarcinoma
(AMN3) may be due to the natural bioactive structures of
beta glucan which inhibit the tyrosine kinase activity of
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growth factor receptors and oncogene products, as well as
the in vitro growth of some tumor cell lines( 26 ).
The sulfation and carboxymethylation significantly enhanced the antitumor activities of the b-glucan against cell
lines (AMN3, Sarcoma 180 and gastric carcinoma tumor

cell in vivo and in vitro). Considering the molecular parameters and bioactivities, good water solubility, relatively
high chain stiffness, and moderate molecular mass of the
derivatives in aqueous solution are shown to be beneficial
to enhancement of antitumor activity (15 ) .
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دراسة تأثير المستخلص الخام لخميرة الخبز Saccharomyces
 cereviesesعلى نمو الخاليا السرطانية في الزجاج (خارج الجسم
الحي)
علي جواد جابر ،1نضال رؤوف مهدي ،2ناهي يوسف ياسين

3

 1فرع االحياء المجهرية  /كلية الطب  /جامعة ميسان
 2فرع االحياء المجهرية /كلية الطب البيطري /جامعة بغداد
 3المركز العراقي لبحوث السرطان والوراثة الطبية

اخلالصة:

صممت هذه الدراسة للتحري عن التأثري السمي للمستخلص مخرية اخلزب Saccharomyces cereviasie
للخطوط اخللوية الرسطانية واخلاليا الطبيعية خارج اجلسم احلي .
شمل الفحص المختربي استخدام اثنان من اخلطوط اخللوية الرسطانية المزروعة يف الزجاج (وهي خط رسطان
الغدة اللبنية الفأري  )AMN3و خط اخلاليا اجلنينية الليفية الفأري الطبيعي ( , )Refوقد تم معاملة اخلطوط اخللوية
خالل  24اسعة  48،اسعة و 72اسعة وبظروف التعقيم التامة يف أطباق المعايرة اخلاصة بالزراعة النسجية .تم حتضري
وإنهتاء بالرتكزي
تراكزي خمتلفة ثنائية التخفيف من المستخلصات اخلام ابتدائا من الرتكزي  500,50, 5مايكروغرام\مليليرت
ً
 1000مايكروغرام\مليليرت واختبارها لكل من خطوط اخلاليا الرسطانية مبعدل ثالث مكررات لكل تركزي.
أظهر المستخلص تأثريات تتثبيطية يف النمو متعلقة مبقدار تراكزيه ومدة تعريضه وإن اعىل تأثري لوحظ عند الرتاكزي
العالية( )500,1000مايكروغرام\مليليرت للمستخلص بعد مرور 48اسعة من التعريض خطوط اخلاليا الرسطانية
(الغدة اللبنية الفأري ) ,أظهرت بأن الرتاكزي العالية أعطت فرقآ معنويآ ( )P<0.05وأن أعىل معدل لتثبيط منو اخلاليا
ازداد خالل الفرتة 24اسعة.
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