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Gamal-Eldeen, et al.: Cancer Chemoprevention by Leucaena leucocephala Modifi ed Extract

This work aimed to prove that simple chemical modifi cation could provide new cancer chemopreventive and/or 
anticancer properties to the inactive extracted polysaccharide derived from Leucaena leucocephala. Polysaccharides 
were extracted from Leucaena leucocephala seeds and its 2,4-pentanedione-treated derivative (glycosylated form) 
was prepared, which is further sulphated to give sulphated glycosylated form. Estimation of their anti-initiation 
activity, modulation of carcinogen metabolism, was indicated by the inhibition cytochrome P450 1A (CYP1A) 
and the induction of glutathione-S-transferases (GSTs). Anti-proliferation activity was investigated by MTT 
assay against human hepatocarcinoma (HepG2), breast carcinoma (MCF-7) and lymphoblastic leukemia (1301). 
Apoptosis/necrosis and cell cycle were analyzed by fl ow cytometry. The results revealed that glycosylated form 
inhibited both CYP1A and GSTs, while sulphated glycosylated form not only inhibited CYP1A, but also induced 
the GSTs. Unlike GE, sulphated glycosylated form possessed a signifi cant anti-proliferative activity against different 
cell lines. Analysis of HepG2 cell cycle phases demonstrated that glycosylated form led to a delay of G2/M-phase, 
while sulphated glycosylated form led to a concomitant arrest in S- and G2/M-phases. Investigation of apoptosis/
necrosis ratio demonstrated that both of glycosylated form and sulphated glycosylated form induced HepG2 cell 
death by necrosis, but not apoptosis. Unmodifi ed crude extract was neither active as cancer chemopreventive nor 
as anti-proliferative. In conclusion, chemical modifi cation of Leucaena gum induced its cancer chemopreventive 
and anti-proliferative activities.

Key words: Leucaena leucocephala, sulphated polysaccharides, HepG2, cell cycle, antiproliferation, chemoprevention, 
cytochrome P450 and glutathione-S-transferase

Leucaena leucocephala is a tropical plant belongs to 
Leguminosae and provides a useful source for fuel, 
protein, oil and commercial gum1-3. They have a total 
carbohydrate content of approximately 35% to 45%, 
with reducing sugars constituting 5.2% and an average 
degree of polymerization of 1504. The highly viscous 
solutions of seed gum have the potential to be used 
as a laxative, in vegetable soups and in other food 
commercial products. L. leucocephala is reported to 
have few medicinal properties in contraception and 
abortion2.

Galactomannans constitute the second most abundant 
storage polysaccharide in Leucaena sp. They are 

mainly also found in the endosperm cell wall of seeds 
from the other Leguminosae family5. The structure of 
these neutral polymers is relatively simple, consisting 
of a linear (1→4)-β-linked D-mannan backbone 
with single unit (1→6)-linked-α-D-galactopyranosyl 
side chains6. Galactomannans are relatively highly 
galactose substituted, where the mannose to galactose 
ratio [man/gal] between 1.1 and 3.5, which is varying 
with different species, crops, portions or fractions. 
Galactomannans properties depend on their chemical 
structure, such as chain length, availability of cis-OH 
groups, steric hindrance, substituents and degree 
of polymerization. In addition to these variations, 
hydrophilic properties, solubility; gelling and 
functional characteristics represent the basis of their 
different biological activities and numerous industrial 
applications such as pharmaceuticals, food processing 
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and cosmetics7,8. Galactomannans have multiple 
side-chain galactose units that should readily interact 
with galactose-specific receptors (such as galectins 
on the tumor cell surface), modulate the tumor 
surface physiology and potentially affect delivery 
of drugs and functional molecules to the tumor9. 
They have biological activities including cancer-
chemopreventive, anticancer10, immunostimmulation11, 
antiviral12, anticoagulant and antithrombotic13 activities. 
Sulphated polysaccharides were also reported to have 
in vitro antiviral and anticoagulant activity, which 
was attributed to the negatively charged sulphate 
groups14.

In a recent work, we successfully modiÞ ed the guar 
gum structure, in a way that improve and develop its 
immunomodulatory, antiinß ammatory, antiproliferative, 
cancer chemopreventive properties by C-glycosylation 
and sulphation15. The present investigation aimed 
to prove that simple chemical modification such as 
2,4-pentanedione treatment and additional sulphation 
of L. leucocephala polysaccharide-protein complex 
could provide new cancer chemopreventive and/or 
anticancer properties to the inactive crude extract. The 
ultimate goal is to use those derivatives as alternatives 
of L. leucocephala polysaccharide-protein complex 
in health food industries, to provide potential cancer 
chemopreventive and/or anticancer properties for high-
risk populations.

MATERIAL AND METHODS

Extraction of water-soluble polysaccharide:
L. leucocephala gel complex were successively 
extracted from milled seed (5 g), with distilled 
water (200 ml for 3 times) at 100º under reß ux for 
1h as previously described16. The combined extracts 
were clarified by centrifugation and removing the 
contaminated protein by 20% of trichloroacetic acid 
precipitation and finally dialyzed against distilled 
water for 2 days. The retentate was concentrated to 
small volume and then precipitated with 3 volumes 
of ethanol. The resulting precipitate was isolated by 
centrifugation, washed by acetone then lyophilized.

Chemical modifi cation:
According to the previously reported methodology17, 
a solution of polysaccharide-protein complex (200 
mg), NaHCO3 (200 mg) and pentane-2,4-dione 
(300 µl) in 20ml of water was stirred at 100º for 

20 h, The solution was diluted and neutralized with 
Dowex 50 resin (H+ form). The resin was filtered 
off and the retentate was mixed with 100 mg NaBH4. 
The reaction mixture was stirred for 24 h at room 
temperature and the excess of NaBH4 was neutralized 
with glacial acetic acid. The solution was dialyzed 
against distilled water for 2 days and then lyophilized. 
The sulphation of the dried of 2,4-pentanedione-
treated polysaccharide-protein complex (GE) was 
performed as follows: 0.3 g GE was suspended in 2 
ml dry formamide and the mixture was stirred at room 
temperature for 24 h in order to disperse it into the 
solvent. A solution was prepared by dropping 5 ml of 
HClSO3 in 20 ml of formamide under cooling in an 
ice-water bath and then added to the GE-mixture. The 
reaction was cooled in ice, neutralized by 30% NaOH 
solution and dialyzed against distilled water for 48h 
and then lyophilized.

Compositional analysis:
L. leucocephala extract, GE and the sulphated-GE 
(SGE) were submitted to many compositional analysis 
tests, including: estimation of total sugars18 and total 
protein19. The sugar composition was determined after 
complete hydrolysis with H2SO4 (2 mol/l) at 100º 
for 8 h. The mixture was neutralized with BaCO3, 
centrifuged, Þ ltered, neutralized with Dowex 50 resin 
(H+ form) and concentrated. The hydrolysates were 
spotted in Whatmann No.1 paper and subjected to 
chromatography in butanol:acetone:water, 4:5:1, for 
24 h. The chromatogram was visualized by spraying 
with aniline phthalate20. The sulphate content was 
carried out by hydrolysis of SGE with HCl21 and 
librated sulphate ions were determined by the BaCl2 
turbidimetric method22.

Cell culture:
Several human cell lines were used through out 
this work including: hepatocarcinoma (HepG2) 
and breast carcinoma (MCF-7) and lymphoblastic 
leukemia (1301). Cells were routinely cultured in 
DMEM (Dulbeco�s Modified Eagle�s Medium) 
supplemented with 10% fetal bovine serum (FBS), 
2mM L-glutamine, containing 100 units/ml penicillin 
G sodium, 100 units/ml streptomycin sulphate and 
250 ng/ml amphotericin B. Cells were maintained at 
sub-confluency at 37º in humidified air containing 
5% CO2. For sub-culturing, monolayer cells were 
harvested after trypsin/EDTA treatment at 37°. Tested 
extracts were dissolved in phenol red-free medium. 
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All cell culture material was obtained from Cambrex 
BioScience (Copenhagen, Denmark). All chemicals 
were from Sigma/Aldrich, USA, except mentioned. 
All experiments were repeated four times, unless 
mentioned. 

Cytochrome P450 1A activity:
Cytochrome P450 1A (Cyp1A) activity was determined 
by measuring the rate of dealkylation of 3-cyano-7-
ethoxycoumarin (CEC) to the fluorescent 3-cyano-
7-hydroxycoumarin based on a previously reported 
method23 that was modiÞ ed by24. Homogenates from 
cultured Hep G2 cells induced with β-naphthoß avone 
were used as a source of Cyp1A. A Þ nal concentration 
of sample (1µg /ml) was used. CEC conversion rate 
was measured kinetically by microplate ß uorescence 
reader (FluoStarOptima, BMG, UK). Inhibition 
of Cyp1A activity was compared with the initial 
ß uorescence of a complete reaction mixture with cell 
homogenate and buffer instead of samples.

Glutathione-S-transferases activity:
Glutathione-S-transferases (GSTs) activity was 
measured25 basing on the GSTs-catalyzed reaction 
between GSH and 1- chloro-2,4-dinitrobenzene 
(CDNB), which acts as an electrophilic substrate for 
GSTs. In brief, HepG2 cells (1×106 cells) were treated 
with 5 µg/ml galactomannans. In a kinetic analysis, 
the absorbance was assessed at 340 nm. GSTs were 
calculated by this equation: (Slopesample-Slopebuffer)/mg 
Protein and expressed as the percentage of control. 
Data were normalized to the cellular protein content, 
which was measured by bicinchoninic acid assay26.

Cytotoxicity assay:
Antiproliferative activity against various tumor cell 
lines was estimated by the 3-(4,5-dimethyl-2-thiazolyl)-
2,5-diphenyl-2H-tetrazolium bromide (MTT) assay, 
which is based on the cleavage of the tetrazolium salt 
by mitochondrial dehydrogenases in viable cells28. 
Different cell lines (5×104 cells/well) were incubated 
with gradual sample concentrations for 24 h at 37º 
in a serum free medium and then submitted to MTT 
assay. The relative cell viability was expressed as 
the mean percentage of viable cells comparing to 
untreated cells and the half maximal growth inhibitory 
concentration (IC50) was calculated.

Cell cycle analysis:
HepG2 cells (5×105) were collected after treatment 
with galactomannans (20 µg/ml), washed twice with 

PBS, re-suspended in 300 µl of PBS and Þ xed with 
4 ml of ice-cold 70% ethanol. Cells were centrifuged 
and the cell pellets were then re-suspended in 1 ml of 
propidium iodide (PI)/Triton X-100 staining solution 
(0.1% Triton X-100 in PBS, 0.2 mg/ml RNase A 
and 10 µg/ml PI) and incubated for 30 min at room 
temperature. The stained cells were analyzed by ß ow 
cytometry.

Apoptosis assay:
Annexin V is a protein that binds to phosphatidylserine 
(PS) residues on the cell surface of apoptotic, but not 
normal cells. The binding of PS with annexin V was 
assayed using FITC-conjugated Annexin V and PI 
double staining using Apoptest Kit (DakoCytomation, 
UK). Treated and untreated cells were collected by 
trypsinization, washed with PBS, spooled with ß oating 
cells and submitted to the kit procedure and then 
submitted to ß ow cytometric analysis.

Statistical analysis:
The results of statistical analysis are presented as the 
mean±SD and were compared by ANOVA followed by 
Tukey�s test. P values less than 0.05 were considered 
signiÞ cant

RESULTS

Chemical modifi cation of protein-polysaccharide 
complex:
The native polymer was isolated from local 
leguminous seed (Leucaena sp.) by extraction with 
boiling water and we investigated its chemical 
composition in a previous work28, where the chemical 
composition of E and chromatographic examination 
of its hydrolysates showed the presence the major 
amounts of glucose (Gluc), Man, Gal and minor 
amount of arabinose and uronic acids28. In the present 
work, the chemical composition of GE and SGE 
revealed that the total carbohydrate content was 76.2% 
and 42.3%, respectively, in addition to the presence of 
small amount of protein 4.8% and 4.4%, respectively. 
The chromatographic examination of acid hydrolysates 
of GE and SGE showed difference in their relative 
monosaccharide constituents as 33.7: 11.7: 54.7% 
w/w and 42.7: 32.4: 24.8% w/w of man:gal:gluc, 
respectively and that the sulphate was detected only 
in SGE with 53.2%.

Antiinitiating activity:
To identify the cancer chemopreventive properties, 
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speciÞ cally antiinitiation, of different galactomannans, 
we used cell- and enzyme-based in vitro assays with 
markers relevant for measuring the inhibition of 
carcinogenesis cascade during the initiation stage. We 
investigated the inß uence of GE and SGE, compared 
to the crude unmodiÞ ed extract, on the modulation of 
carcinogen metabolism, i.e, the carcinogen activation 
by the Phase 1 enzyme Cyp1A and the carcinogen-
detoxification by the Phase 2 enzymes GSTs. In 
Cyp1A assay, both of GE and SGE were recognized 
as potent inhibitors of Cyp1A activity in vitro 
(P<0.01), with a percentage of inhibition of 36.52% 
and 43.58%, respectively (Þ g. 1, left), while the crude 
extract revealed a non-signiÞ cant inhibition of 5.3%, 
as examined also at the Þ xed Þ nal concentration (1 
µg/ml). At a different concentration (5 µg/ml), which 
is relatively save non toxic dose, the phase 2 enzyme 
GSTs was dramatically inhibited by GE treatment 
(P<0.05), while GSTs activity was significantly 
induced by SGE (P<0.01) compared to the GSTs 
activity of the control (40.75 nmole/mg protein)
(Þ g. 1, right). On the other hand, the crude extract led 
to 8.52% induction in GSTs (P>0.05).

Antiproliferative activity:
Treatment of different cell lines with gradual doses of 
native extract resulted in unchangeable proliferation. 
As shown in fig. 2a, the treatment of HepG2 cells 
with GE at 40µg/ml inhibited the HepG2 cells growth 
by 27.7%, while the treatment with SGE indicated a 
remarkable dose-dependent growth inhibition with a 
calculated IC50 value of 43.15 μg/ml. In MCF-7 cells, 
as shown in fig. 2b, GE led to unchangeable static 
growth rate with relatively higher growth baseline 

than untreated cells. On the other hand, SGE inhibited 
the cell growth of MCF-7 cells in a dose-dependent 
pattern with IC50 value of 47.36 μg/ml. Only SGE 
showed a remarkable inhibition of 1301 cell growth 
with IC50 value of 46.40 μg/ml (Þ g. 2c).

Analysis of cell cycle phases and apoptosis of 
HepG2 cells:
To explore the antiproliferative property of GE and 
SGE against HepG2 cells, we studied the cell cycle 
phases. Treatment of HepG2 cells with 20 µg/ml 
of GE indicating a predominated growth arrest at 
the S- and G2/M-phases (P<0.01) (Þ g. 3b and 3d), 
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Fig. 1: Antiinitiating activity (modulation of the carcinogen 
metabolism) 
The activity percentage of Cyp1A (left) and GSTs (right) after 
treatment with GE (white bar) or SGE (black bar). Data was 
expressed as (Mean± S.D) and control represents 100% of the scale. 
Data are expressed as mean±SD (n=4).

Fig. 2: Antiproliferative activity
The viability percentage of HepG2 (a), MCF-7 (b) and 1301(c) cells 
treated for 24h with different concentrations of GE (white-squared 
line) and SGE (black-squared line), as estimated by MTT cytotoxicity 
assay. The results are represented as the percentage of control 
untreated cells (Mean±SD, n=4)
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as compared with control cells (fig. 3a and 3d), 
where the S-phase progression of HepG2 cells was 
considerably delayed. The treatment with 20 µg/ml 
of SGE induced G2/M arrest of HepG2 cells and 
S-phase arrest, where a large proportion of cells were 
accumulated in S- and G2/M-phase (P<0.05) (Þ g. 3c 
and 3d).

Surprisingly, both of GE and SGE induced necrosis 
but not apoptosis, as indicated by a cell population 
shift towards PI axes as shown in fig. 4b and 4c 
respectively, as compared to the control pattern (Þ g. 
4a) and to the cell population shift of the positive 
control (paclitaxel, 700 nM for 6h, (Þ g. 4d). As shown 
in fig. 4e, GE induced necrosis to a population of 
18.21% of cells and SGE to a population of 34.54% 
of cells. In parallel experiments, the treatment of 
HepG2 cells with crude extract resulted in a normal 
pattern of cell cycle stages and apoptosis/necrosis 
ratio similar to the control untreated cells (data are 
not shown). 

DISCUSSION

It is known that polysaccharides may have one 
terminal reducing glycosyl residue per linear 
polymer chain. This terminus provides a selective 
and convenient site for direct covalent attachment 
of molecules with β-dicarbonyl compounds such as 
pentane-2,4-dione. Knoevenagel-type condensation 
involves the reaction of the glycosyl residue with 
β-dicarbonyl compounds in presence of NaHCO3. 
Therefore, the reaction of L. leucocephala 

Fig. 3: Cell cycle analysis of HepG2 cells 
DNA frequency distribution histograms of HepG2 cells cultured 
in control (a), 20µg/ml GE-treated (b) or 20µg/ml SGE-treated (c) 
medium in one representative sample. The percentages of the cell 
population were presented in (d) as G0/G1-phase (white bar), S-
phase (gray bar) and G2/M-phase (black bar). Values are means±SD, 
n=3.

Fig. 4: Analysis of apoptosis and necrosis (FITC-annexin-V/PI) of 
HepG2 cells 
Flow cytometric histograms of untreated cells (a), 20µg/ml GE- (b) 
SGE- (c) or paclitaxel-treated HepG2 cells in one representative 
sample. The percentages of the cell population (e) were presented 
for the region of necrotic cells (R1, black bar) and the region of living 
cells (R2, white bar). Values are means±SD, n=3.
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polysaccharides with pentane-2,4-dione in presence 
of NaHCO3 gave rise into C-glycosidic 2-propanone 
of the polysaccharide chain17,29-31, which afforded C-
glycosidic 2-propanol of corresponding polymer by, 
reducing agent, Na BH4.

Modulation of enzymes involved in metabolic 
activation (Cyp1A); and detoxiÞ cation, conjugation 
and excretion of carcinogens (GST) is one of the best-
investigated mechanisms of cancer chemopreventive 
agents32. Besides detoxifying electrophilic xenobiotics, 
such as chemical carcinogens, environmental pollutants 
and antitumor agents, GSTs inactivate endogenous 
alpha, beta-unsaturated aldehydes, quinones, epoxides 
and hydroperoxides formed as secondary metabolites 
during oxidative stress33. From our results of Cyp1A 
enzyme activity, it was obvious that the inhibitory 
activity of both GE and SGE was due to the C-
glycosylation with no additional influence of the 
sulphation on these inhibitory properties, which was 
also not dependent on the original polysaccharide 
composition. However, in case of GSTs, the inhibitory 
property of GE is suggested due to carbohydrate 
or protein complex and the difference in mannose/
galactose ratios in GE and SGE, compared to the 
non-significant increase of GSTs by crude extract. 
The surprising induction of GSTs activity by SGE 
is likely to assume that additional sulphation of GE 
and/or the lower mannose/galactose ratio strongly 
enhanced its GSTs activity by a direct induction of 
GSTs expression and/or its indirect interaction with 
the glutathione cycle.                                       

The relatively closed IC50 values of SGE against 
different types of tumor cells, concluding a non-
specific broad-spectrum anti-proliferative activity, 
regardless the cell type. Considering the high 
molecular weight of polysaccharides, the IC50 values 
(around 45µg/ml) represent low effective molar 
concentration of SGE. Our findings clarified that 
neither the crude extract nor GE exhibited signiÞ cant 
antiproliferative properties. Necrosis is characterized 
by cell swelling, disruption and rapid cell membrane 
disintegration, leading to cellular content release, 
inflammatory response and lysis of intracellular 
organelles34,35. In contrast, apoptosis is a tightly 
regulated process controlled by a hierarchical set 
of molecules. During apoptosis the cells undergo 
nuclear and cytoplasmic shrinkage, the chromatin is 
condensed and partitioned into multiple fragments and 
the cells are Þ nally broken into multiple membrane-

surrounded bodies (apoptotic bodies). In the present 
study, the GE- and SGE-inhibited cell growth of 
HepG2 cells was due to necrosis and was triggered by 
coincided disturbance in cell cycling suggesting that 
the observed necrosis is primary necrosis instead of 
apoptosis-derived secondary necrosis. Several possible 
mechanisms may explain necrosis, SGE and GE may 
deregulate the transcriptional protein p53, which 
can induce p21/WAF1 expression and consequently 
inhibits cyclin-dependent kinases for the control of 
both G1 and G2/M checkpoints36,37. They may inhibit 
caspases in such a manner that caspases inactivation 
may suppress apoptosis and lead cells into necrosis38. 
Many of the known cancer chemopreventive extracts, 
such as curcumin, showed anti-proliferative activity 
associated with cell cycle disturbance and growth 
arrest, but without associated apoptosis39. 

In a novel trial we successfully modify the structure 
of the extracted L. leucocephala polysaccharide by 
pentane-2,4-dione and by a further sulphation. Taken 
together, our results showed that the GE inhibited 
carcinogen metabolic activation and suppress the 
cancer cell growth. While the SGE showed a strong 
non-speciÞ c antiproliferative activity against different 
types of tumor cells and a promising antiinitiation 
property. In conclusion, these findings suggested 
that simple chemical modifications might convert 
the inactive extracted polysaccharide into a cancer 
chemopreventive and/or antiproliferative agent. A 
scope that may provide a broad spectrum of new 
probes, which exhibit cancer preventive properties 
derived from save nutritional resources. In vivo 
investigation of these probes may help in progression 
of a new anticancer food supplement of need in 
cancer risk areas. 
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