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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Abstract.

In this study, B- glucan was extracted by the hot water extraction
method followed by ethanol precipitation and purified using ion
and gel filtration chromatography, then evaluate the anticancer
effects of B- glucan that purified from Phoenix dactylifera
on cancer cell line. Ahmed Nahi Glioblastoma Multiform
(ANGM) cancer cell line was used in the in vitro study. Cell
line exposure times were calculated after 24, 48, and 72 hours in
a micro titration plate under absolutely sterile conditions. High
molecular weight B-glucans can be obtained using the hot water
extraction method without having to use strong agents to change
their structure, like alkalis or acids. Anti-cancer property of
B-glucan derived from Phoenix dactylifera fruits on cancer cell
lines has been reported. In this work, the ANGM cell line was
treated with different concentrations of B-glucan (31.25, 62.5,
125, 250, 500 and 1000 pg/mL). and the inhibition of the cells
was investigated using the MTT assay after 24, 48 and 72 hours.
The result obtained showed time and concentration dependent
cytotoxic effect, and the higher concentrations at 48 hrs of
exposure gave significantly (p<0.05) higher cytotoxic effect.

Key words. B-glucan, Phoenix dactylifera, MTT, Cytotoxicity,
Cancer, Chromatography.

Introduction.

Cancer is a group of illnesses known as cancer that spread over
a lengthy period of time and claim millions of lives worldwide
[1]. Because of its extraordinarily aggressive nature, poor
prognosis, and low survival rate, cancer continues to be a major
global public health concern. With 2.26 million and 2.21 million
new cases of breast and liver cancer, respectively, in 2020, these
two malignancies are among the most dangerous in the world
[2].

Phoenix dactylifera (date palm) belonging to the family
Arecaceae it is indigenous to Southwest Asia and North Africa
and is regarded as one of the oldest plants. Around the world, it
has historically been valued for its nutritional qualities. Recently,
the date palm tree's entire genome was once more sequenced
to improve its growth, The plant's fruits are where it gets the
majority of its nutrients. Fruits are rich in vitamins, minerals,
amino acids, and carbohydrates [3]. B-glucans are a type of
polymer comprised only of glucose monomers are known as a
heterogeneous class of polysaccharides These glucose polymers
differ from one another in some aspects, including chain length,
the presence of branches, whether they are alpha or beta isomers,
and their capacity to dissolve [4].

Ahmed Nahi Glioblastoma Multiform (ANGM) cell line is a
human brain glioblastoma multiform (GBM) that was taken after
surgery for an intracranial tumor on a 72-year-old Iraqi male. In
this study, - glucan was isolated from Phoenix dactylifera by
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water extraction and ethanol precipitation then purified by DEAE
and Sephadex G-100 column chromatography. The structural
characteristics of B-glucan were determined. Further, the cyto-
toxic effects of date fruits-derived B-glucan on malignant cell
line were investigated.

Materials and Methods.

1. Extraction and Purification of P-glucan from Phoenix
dactylifera

Water Extraction Method: A water extraction method was
used to extract B-glucan from date fruits [5]. Dates (500 g) were
mechanically crushed, cut into smaller pieces, and dried. The
powder was mixed with double distilled water in ratio of 1:20
(wt/v). The mixture was heated to 90°C for 6 hours in a shaker
water bath. At 4°C, the mixture was centrifuged for 20 minutes
at 5000 rpm. The particle was discarded, and the supernatant
was obtained. The suspension was centrifuged at 5000 rpm
for 20 minutes at 4°C after the supernatant solution (500 mL)
was diluted with ethanol absolute (500 mL) in a ratio of 1:1.
The supernatant was removed, and the pellet was collected.
The pellet was washed with acetone before the suspension
performed a 20-minute centrifugation at 5000 rpm at 4°C, then
it was dried. An ethanol 100% solution was used to dilute a 200
mL solution of the polysaccharide in water, and centrifugation
was used to collect the precipitate (5000 rpm for 15 min).
Four times of this procedure were done to precipitate $-glucan
(glucan-pl). The phenol-sulfate acid method was used to
determine the polysaccharide content, and protein content was
measured according to Bradford, (1976) by using a UV, Visible
Spectrophotometer that measure the absorbance at 595nm.

2. Purification of - glucan by DEAE cellulose- 52 column

Glucan-P1 was dissolved in distilled water, and a dropper was
used to add the solution gradually along the balanced DEAE
cellulose-52 column wall. The phenol-sulfate acid method was
used to determine the polysaccharide content of each fraction
by using a UV, Visible Spectrophotometer that measured the
absorbance at 490 nm, and protein content was measured at 595
nm. The eluent's main sugar-containing fractions were collected,
mixed, and dried in an oven at 60 C. (glucan-p2).

3. Gel filtration chromatography by using Sephadex G-100
Column

The previous step's glucan-P2 fraction was re-dissolved in
deionized water and gradually added to the Sephadex G-100
column which had been set up for equilibration. Deionized
water was used for elution at a flow rate of 18 ml/hr with a yield
of 5 ml for each tube. At 490 nm and 595 nm, the absorbance of
the samples that were collected and the elution gradient curve
were both calculated. The sample with the highest concentration
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of glucan was chosen, and it was dried in an oven (at 60 °C) to
produce pure glucan (glucan-P3).

4. Determination of Carbohydrate Concentration:

As described by Dubois and his colleagues [6] the phenol-
sulphuric acid method was carried out as mentioned in
subsequent steps. From glucose stock solution (100 pg/ml)
different concentrations (10, 20, 30, 40, 50, 60, 70, 80, 90,
and 100 g/ml) were prepared with a final volume of 1 ml. One
milliliter of solvent and one milliliter of 5% phenol were mixed
in a test tube. With vigorous mixing, 5 mL of strong sulfuric
acid was added, and it was then allowed to cool at room
temperature. It was allowed for the reaction mixture to cool to
room temperature The blank contained 1 milliliter of distilled
water, 1 milliliter of a 5% phenol solution, and 5 milliliters
of H2SO4. Measurements were made of the absorbance at
490 nm. The glucose concentrations were plotted against the
corresponding absorbance on a standard curve (Figure 1). Using
a solution of glucan at a concentration of 1 mg/ml, the amount of
carbohydrate in glucan was determined (glucan- p1, glucan- p2
and glucan-P3). and put through the same prior addition, then
the absorbance at 490 nm was measured. The standard curve
was used to calculate the carbohydrate concentration (Figure 1).

5. Determination of Protein Concentration

Bradford [7] described how to determine protein content as
follows: In order to create a standard curve for bovine serum
albumin, several concentrations of the BSA stock solution (0,
20, 40, 60, 80, and 100 pg/mL) were prepared. Coomassie
Brilliant Blue G-250 dye were added to each concentration
in a volume of 2.5 ml, stirred, and allowed to stand for two
minutes at 37°C. The blank was made up of 2.5 ml of the dye
reagent and 0.1 ml of Tris-HCI solution and used to measure
the absorbance at 595 nm. A standard curve was created by
comparing the BSA concentrations to the matching bovine
serum albumin absorbance. Glucan sample (0.1 ml of 100 g/ml
Tris-HCI) underwent the identical procedures as the preceding
steps (Figure 2).

6. Anticancer effect of f-glucan

Preparation of B- glucan Concentrations: - Glucan (glucan-P3)
stock was prepared by dissolving 200 mg of prepared extract
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Figure 1. Standard curve of glucose.
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Figure 2. Standard Curve of BSA.

powder in 10 mL phosphate puffer saline and filtering through a
sterile Millipore filter (0.22pm). Different concentrations were
prepared starting from concentration (1000 pg/mL) ending with
the concentration of (31.25 pg/mL) by using sterile serum free
medium.

Cell Culture and Maintenance: Brain cancer cells (ANGM) was
graciously provided by the Iraqi center for cancer and medical
genetics research (ICCMGR), Mustansiriyah University. In
RPMI-1640 (Sigma Aldrich, USA) supplemented with 10%
fetal bovine serum cells were maintained and cultivated. In
tissue culture flasks cells were seeded and allowed to reach an
80-90% confluent monolayer (24 to 48 h). Cultures were kept at
37°C in a humid atmosphere using a CO2 incubator. Cells were
harvested using mild trypsinization (50 mg trypsin mL™") [8].

MTT cytotoxicity assay: Using the 3-(4,5-Dimethylthyiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, the
cytotoxic effect of f-glucan on ANGM was calculated. In 96-
well plates, cells were grown and incubated until they reached
80% confluence. 200 pL of various B -glucan concentrations
(31.25, 62.5, 125, 250, 500 and 1000 pL/mL) were added to
the corresponding wells containing the cells after the medium
was discarded. Cells that had not been treated were used as the
negative control in wells. 10 uL of MTT was applied to each
well after 24 hours. Plates were incubated for an additional
4 hours at 37°C and 5% CO2. After carefully removing the
media, 100 L of dimethyl sulfoxide was added to each well,
and each was then given 5 minutes to incubate. A microplate
reader for an ELISA was used to quantify absorbance at 540 nm
[8]. The following formula was used to compute the inhibition
percentage: (%) IR (%) = (ODc—ODt) / OD Control x100

IR = Inhibitor rate, ODc = the optical density of control, ODt=
the optical density of test

Statistical Analysis: Data were presented as means with
standard deviations (SD) and evaluated using GraphPad Prism's
one-way analysis of variance (ANOVA) and Dunn's test (Graph
Pad Software Inc.). A statistically significant difference be-
tween groups was defined as p< 0.05.

Results.

Isolation and Purification of p- Glucan: Ion exchange
chromatography and gel filtration were employed in two steps



to purify B-glucan from date fruits after it had been isolated
using water extraction:

1. Water extraction method.

The method of water extraction was used to extract glucan-P1.
Yield of the glucan-P1 fraction was 62 g.

2. Ion-exchange chromatography.

A DEAE cellulose-52 column was used to purify glucan-P1.
The elution curve for glu-can-P1 by the DEAE cellulose-52
column is shown in Figure (3). Elution peaks were observed
in the tubes numbered 18—48, 59-74, and 94—105. Less protein
impurity was found; it only appeared in the tubes 65-81 with
a weak elution peak. The main sugar-containing fractions that
were present in 18—48 tubes were combined to produce glcan—
P2, and the yield was 7.25g.

3. Gel filtration chromatography.

The glucan-P2 recovered via ion exchange chromatography was
further purified using a Sephadex G-100 column. The results are

shown in Figure 4. The eluted fractions (18 to 42 tubes) showed
a single, symmetrical peak on the Sephadex G-100 column.
A pure glucan was produced after this component's collected
solution was dried by oven at 60° C to obtain glucan-P3, a light-
yellow refined product. The yield was 3.84g.

Table (1) shows the residual protein content, Carbohydrate
concentration and the recovery yield of B- glucan at each step
of purification.

Cytotoxic effect of p-glucan extract on Brain cell line.

The effect of different concentrations of - glucan (31.25,
62.5, 125, 250, 500, and 1000 pg/ ml) on tumor cell line after
(24, 48 and 72) hours of exposure in Figure 5. The results revealed
significant cytotoxic effect at levels (P<0.05) for all concentration.
- glucan had highest inhibitory growth on ANGM at the highest
dose (1000 pg/ml) for 48 hours of exposure. In addition, the
morphology of ANGM cells was changed after treatment with
B-glucan at higher concentration (1000 pg/ml) and cell density and
adherent capacity de-creased (Figure 6).
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Figure 4. Glucan-P3 elution curve by Sephadex G-100 column chromatography.
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Figure 6. Morphology of the human brain cancer cell line, A: control cells under inverted microscope, B: f-glucan -treated cells under inverted

microscope (1000 ug/ml, at 48 hrs).

Table 1. Purification of f5- glucan from date fruit.

Protein Carbohydrate B- Glucan
Purification step Concentration concentration yield
(mg/ml) (mg/ml) (%- wt/ wt)
Water extraction (glucan-pl) 2.8 +0.15 90 +4.37 36 +1.42
DEAE chromatography (glucan-p2) 0.9 +£0.08 120 £7.03 19 +0.86
Gel Filtration chromatography (glucan-p3) 0.04 +0.007 210 +11.57 5+0.26
LSD 0.661 * 43.72 * 5.77*
Discussion. date palm were determined using chromatography, which

In the present result, we successfully isolated and purified
B- glucan. The yield of extraction and purified B-glucan in
the current investigation was 3.072%. Additionally, the waste
residue from the extraction and purification process typically
does not include poisonous and dangerous materials and may
therefore be recycled. Additionally, the purified B-glucan's
physicochemical characteristics were examined in light of their
potential use in food and beverage applications. In comparison
to alternative purification methods, the DEAE chromatography
method was chosen because of its high sensitivity, and minimal
sample loss [8]. The components of B-glucan extracted from
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provided an effective approach for identifying the f-glucan [9].

B-Glucan had a concentration-dependent cytotoxic effect
on ANGM cells. It significantly suppressed ANGM cell
reproduction. The optical densities (OD) for the stained cell
lines after treatment with various concentrations of the extracted
B-glucan for 24, 48, and 72 hours showed that there were
differences of (OD) between the concentrations, with the high
concentration giving low value of OD, indicating maximum
response, and the low concentration giving high value of OD,
indicating minimum response in proportion to high percentage
of viable cells. Previous studies have shown that -glucans can



modify biological responses and produce anti-tumor effects
both in vitro and in vivo [10]. In agreement with our findings,
Zhang, and his colleagues, [11] reported that water-soluble
B-glucan from Poria cocos inhibited cancer cell viability. The
anticancer activity of B-glucans may be related to their ability
to control inflammation through immune stimulatory patterns
[12], and they may also have an effect on the regulation of gut
hormones [13]. The bulk of anti-cancer medications work by
putting tumor cells under oxidative stress, which is believed to
be the cause of the majority of macromolecular changes in the
cell. Among other macro-molecules, reactive oxygen species
can damage DNA, membrane lipids, and proteins [14,15].

Conclusion.

In the present study, water soluble B-glucan was successfully
isolated from Phoenix dactylifera by water extraction and
further fractionated by DEAE-52 cellulose and Sephadex G-100
chromatography, then characterized by HPLC. The obtained
B-glucan exhibited a significant antitumor activity against Brain
cell line (ANGM) in concentration dependent manner.
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