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ABSTRACT
Background: Pectin is a heterogeneous polysaccharide mainly present in citrus fruits and has
different biological activities.

Objective: High molecular weight Citrus Pectin and modified citrus pectin (MCP) were tested
for their cytotoxic, anti-proliferative, and anti-oxidant activity.

Methods: The cytotoxicity of pectin was studied against HaCaT cell line (human keratinocyte
cell line) using Trypan blue method and LDH-cytotoxicity assay. Anti-proliferative activity was
assayed using a WST-1 proliferation kit. Antioxidant activity was determined using the DPPH
scavenging assay.

Results: MCP and Pectin both reduced the viability of HaCaT cells in a dose dependent manner;
however, MCP was found to be more cytotoxic than high molecular weight citrus pectin since it
had a lower ICsy (300ug/ul). At non-cytotoxic concentrations, the viability of cells decreased
with increase of concentration of MCP as determined by the WST-1. MCP exhibited a higher
antioxidant effect than pectin (SCsp at a concentration range between 2 and 4mg/ml).

Conclusion: This study suggests that MCP exhibits a stronger cytotoxic and anti-proliferative
effect on HaCaT cell line than pectin. The most probable explanation of this observation is the
different effects due to the variable molecular weight and exposed side-chains of MCP and high
molecular weight citrus pectin.
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BACKGROUND

Pectin is a complex polysaccharide mainly present in the cell walls of higher plants. It is mostly
abundant in citrus peel and apple pomace. Chemically, pectin is made up of a group of
heterogeneous polysaccharides with high molecular weight. It has a central chain mainly
composed of (1,4)-a- D-galacturonic acid-(1,2)-a- L rhamnose-(1) and side chains that are made
up of many neutral sugars which are D-galactose, L-arabinose, D-glucose and D-xylose [1;2].
These structural elements consist of homogalacturonans called “smooth regions”,
rhamnogalacturonans (I and II) also termed ‘“hairy regions”, arabinogalactans (I and II),
xylogalacturonans and arabinans [3].

Pectin has been shown to have different biological activities and is classified as an anti-
carcinogen due to its capability to detoxify metal/carcinogen [2]. It is not digested in the small
intestine, but is fermented by colon bacteria producing short fatty acid chains that are involved in
inhibiting colon inflammation and preventing carcinogenesis [4; 5]. Different studies attributed
the importance of these fatty acids in lowering the pH of the colon and the reduction of colon
cancer [6; 7; 8].

Pectin’s highly branched structure and the lack of human pectic enzymes impose their low
solubility in human body which limits its use in medical drugs. Scientists generated an altered
form of citrus pectin after the subjection of the pectin to enzyme or acid-alkali treatment [9].
Such modifications lead to the production of a mixture of oligomers rich in galacturonic acid
along with Rhamnoglacturonan | fragments that were suggested to play a role in retarding
metastasis by blocking lectins [9]. This modified citrus pectin is characterized by lower
molecular weight and distinct biological activity [10].

Several researches proved that modified citrus pectin MCP could have better action on
cancer prevention than high molecular weight pectin [11]. More than fifty studies have indicated
the interaction of MCP with galectin-3 to stop cell proliferation or metastasis [2]. Galectin-3 is a
target protein in anticancer research because when overexpressed, it promotes metastasis and
protects cancer cells from apoptosis [12]. PectaSol-C is one form of commercial MCP generated
by the submission of citrus pectin to a base treatment [13].

According to American Cancer Society, skin cancer is one of the most common cancers
among human population and is increasing worldwide [14]. Researchers have established the
HaCaT cell line from human adult skin keratinocytes cultured in reduced Ca?* at elevated
temperature. Processing from normal to immortalized stage requires the loss of cell senescence
and thus HaCaT resulted from a UV-induced mutation in both alleles of the p53 tumor
suppressor gene. Additionally, HaCaT cells manifest a loss of chromosomes 3p, 4p, and 9p
enclosing senescence genes [15]. The immortalized HaCaT cells represent an early stage in skin
carcinogenesis. A transfection with the oncogene Ras can lead to the conversion of the HaCaT to
the benign (A5); additional genetic aberrations give the malignant (114) tumorigenic clone
conversion [16].

In this study, the cytotoxicity and anti-proliferative activity of citrus pectin and modified
citrus pectin (Pectasol-C) were investigated using HaCaT cell line (Human Adult skin
keratinocytes). The antioxidant activity of pectin was also investigated.
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MATERIALS AND METHODS

Preparation of pectin solution

Lyophilized high molecular weight Citrus Pectin was kindly provided by Megazyme. It was
weighed and dissolved in DMEM medium at a concentration of 1mg/ml. PectaSol-C was kindly
provided by EcoNugenics (Santa Rosa CA, USA) and used as the Modified Citrus Pectin (MCP).
It has a low molecular weight range of less than 15 kDa and a low degree of esterification. It was
prepared by dissolving 1mg/ml PectaSol-C in water. The solutions were filtered through 0.45um
sterile filter membranes and stored at 4°C for further use.

Cell Lines and Culture

The immortalized non-tumorigenic Human Keratinocyte (HaCaT) cell lines and other cell lines
(benign (A5) and malignant (114) cell lines) were kindly provided by Dr. Marwan Sabban
(American University of Beirut). Cells were grown in culture medium of 2mM Calcium
concentrations in Dulbecco’s modified Eagle’s medium (DMEM) to which 10% heat-inactivated
fetal bovine serum (FBS), 1% of 100ug/ml penicillin-streptomycin, and 1% of 2mM L-
Glutamine were added. The cells were maintained at in a 5% CO, humidified incubator at 37C.
Passaging of the cells was performed upon attaining 80% confluency via Trypsin-EDTA
acknowledged treatment. Cells were next suspended in fresh medium into new cell culture flasks
in a ratio of 1:3 for future experimental use.

Cell Viability and Cytotoxicity assay

Cells were seeded in a 24-well plate (at a density of 10x10°cells/well) for 24 hours. Then the old
media was replaced with the same volume of fresh media containing different concentrations
(1pg/ml, 100pg/ml, 300pg/ml, 500pg/ml and 750pg/ml) of pectin or MCP. All the tests were
performed in triplicates along with a negative control consisting of media alone and a positive
control consisting of 1ml Triton X-100 (2%). After a further incubation for 24 hours, cell
viability was then studied using the Trypan Blue Exclusion test.

Cytotoxicity was assayed by means of CytoTox 96 non-radioactive cytotoxicity assay Kit
(Roche Applied Sciences). Cells were seeded into 96-well microtiter plates (Thermo Labsystems)
and incubated for 24 hours to allow attachment. Then they were treated with different
concentrations of pectin and MCP. Cytotoxicity of pectin and its modified form on HaCaT cell
line was monitored after 24 hours incubation. Released LDH from damaged cells converted the
tetrazolium salt (INT) into a red formazan product. The amount of color formed is in direct
correlation with the number of lysed cells. Finally, the product was measured colorimetrically at
490nm and 620nm using an ELISA microplate reader (Multiskan Ascent, Thermo Labsystems).
The percentage viability corresponds to (100 — % of cytotoxicity). All the tests were performed
in triplicates along with a negative control consisting of media alone and a positive control
consisting of 1ml Triton X-100 (2%). Similarly, cytotoxicity of pectin and MCP on other cell
lines (A5 and 11-4) was also tested.
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Cell Proliferation Assay

Cell proliferation measurement was performed using the WST-1 reagent kit (Roche Applied
Sciences, Mannheim, Germany). Cells were plated at an optimum density of 2.5 x10cells/well and
incubated for 24 hours. Cell were next treated with different concentrations of pectin and MCP and
incubated overnight. The next day, cells were incubated with 10pl of the WST1 Reagent (added
for each well) for 4 hours. This method is based on the ability of the mitochondria of metabolically
active cells to convert tetrazolium salt into a dark red formazan product which is measured
colorimetrically using an ELISA microplate reader at 450nm and a reference wavelength at
620nm. As a positive control, cells were treated with 50% ethanol in order to inhibit proliferation
[17;18]. The results were expressed as % inhibition of proliferation using the following formula:

Inhibition in % = 100 - (absorbance of treated cells/absorbance of controlx 100)

Cell Scavenging Activity against DPPH

This assay consists of measuring the ability of MCP and Pectin to inhibit DPPH (2, 2-diphenyl-
2-picryl hydrazyl) radical. DPPH is dissolved in pure ethanol and preserved in the dark at low
temperature until use. Propyl gallate standard (500M) and 20ul of pectin or MCP were allowed
to react in a 96-well plate with DPPH (0.1mM) for 30min at 37°C. The absorbance was
determined at 515nm on an ELISA microplate reader (Multiskan Ascent, Thermo Labsystems).
The control consisted of water or ethanol solvent. All tests were performed in triplicate. The
scavenging activity was determined by the difference in absorbance before and after the addition
of radical solution [19]:

Scavenging activity % = (1 — Absorbance of sample/Absorbance of control) x 100

Statistical Analysis

Data were analyzed by one-way analysis of variance ANOVA (Dunnett’s test).
The differences between the means of treated and control groups are considered
as follows: *p<0.05 (significant), ** p<0.01 and *** p<0.001 (highly significant). All the
experiments were repeated three independent times in triplicate form.

RESULTS

Effect of pectin and MCP on Viability of HaCaT

Viability of HaCaT cells was studied after a 24 hour treatment with different concentrations of
pectin or MCP using the Trypan blue assay. As suggested by Ryu et al., cells were seeded at a
concentration of 10x10%cells/well [20]. Cell viability decreased with increasing pectin
concentration from around 82% at 1ug/ml Pectin to 62.54% at 750ug/ml (Figure 1). Higher
pectin concentrations could not be tested due to experimental conditions. MCP had a stronger
effect on decreasing viability from 81.52% at 100 pg/ml of MCP to 51.48% at 500pug/ml MCP
(Figure 2). MCP could not be evaluated at 750ug/ml due to problems in solubility. Cytotoxicity
was further studied using LDH cytotoxicity assays.
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Figure 1: Effect of Pectin on the Viability of HaCaT Cell Line as Measured by Trypan Blue at

24 hours. Statistical significance of each group compared to the untreated control is determined as
follows:*p<0.05, ** p<0.01 and *** p<0.001. The values are expressed as means of 3 independent experiments
where the number of replications is 3. Error bars represent the standard error (SE) of the results.
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Figure 2: Effect of MCP on the Viability of HaCaT Cell Line as Measured by Trypan Blue at 24

hours. Statistical significance of each group compared to the control is determined as follows:*p<0.05, ** p<0.01
and *** p<0.001.Viability of cells is determined by Trypan Blue. The Values are expressed as triplicates in 3
independent experiments. Error bars represent the standard error (SE) of the results.



Functional Foods in Health and Disease 2016; 6(9): 587-601 Page 592 of 601

Cytotoxicity of Pectin and MCP

The cytotoxicity of pectin or MCP was studied on HaCaT cells using the colorimetric LDH
detection test. This required first optimization of the concentration of the cells seeded, since
different amounts of LDH are released by different cell types. Briefly, HaCaT cells were seeded
into 96-well microtiter plates (Thermo Labsystems) at different concentrations (10x10°, 1x10°,
5x10°%, and 2.5x10°cells.well™) till an optimum density of 5x10%cells.well™ was determined (Data
not shown). This concentration was adopted for the rest of the cytotoxicity experiments.

The cells were seeded in a 96-well plate for 24 hours, after which they were treated with
pectin or MCP at different concentrations (1, 10, 100, 300, 500, and 750ug/ml). MCP could not
be evaluated at 750ug/ml. The percentage cytotoxicity of pectin on HaCaT cells ranged between
8.77% and 38.57% at 1ug/ml and 750ug/ml pectin respectively (Figure 3). The inhibitory
concentration at which 50% of the cells die (ICsp) could not be determined at the pectin
concentrations tested.

Cytotoxicity of MCP showed a dose-dependent effect on the cell line studied and ICs; of
MCP was obtained at 500ug/ml (Figure 4). Cytotoxicity of pectin and MCP was further
investigated on benign (A5) and malignant (11-4) cell lines but no significant decrease in viability
was detected (data not shown).
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Figure 3: Cytotoxicity of Pectin on HaCaT at 24 hrs Measured by LDH Cytotoxicity Assay.
Statistical significance of each group compared to the untreated control is determined as
follows:*p<0.05, ** p<0.01 and *** p<0.001. The values are expressed as triplicates in 3
independent experiments. Error bars represent the standard error (SE) of the results.
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Figure 4: Cytotoxicity of MCP on HaCaT at 24 hrs Measured by LDH Cytotoxicity Assay.
Statistical significance of each group compared to the control is determined as follows:*p<0.05, ** p<0.01 and ***
p<0.001. The values are expressed as triplicates in 3 independent experiments. Error bars represent the standard error
(SE) of the results.

Anti-proliferative Activity of Pectin on HaCaT Cells

The anti-proliferative activity of different concentrations of pectin on the HaCaT cell line was
studied using the WST1 proliferation assay at a density of 2.5x10%cells/well [21]. Incubation
time for the WST-1 reagent varies between 0.5 to 4 hours according to the cell type and different
concentrations of cells used (WST-1 Catalogue). The optimal incubation time according to
conditions of this study was at 4 hours (Data not shown). The negative control consisted of
untreated cells or cells without pectin/MCP treatment. Whereas the positive control consisted of
treating cells with ethanol in order to inhibit proliferation [17, 18].

The anti-proliferative activity of pectin on HaCaT cell line was dose-dependent and ranged
from 21.1% to 40.73% at concentrations 1pg/ml and 750ug/ml respectively (Figure 5). Higher
pectin concentrations could not be tested due to solidification of the sample. MCP exhibited
stronger growth inhibitory effects on the HaCaT cells studied. It ranged from 27.3 % anti-
proliferative activity at 1ug/ml to 72.1 % at 500ug/ml MCP (Figure 6). There was no need to test
MCP at higher concentration since it is of interest to test anti-proliferative activity at non-
cytotoxic concentrations. 1Csy which corresponds to concentration that causes 50% anti-
proliferative activity was detected at a concentration of 300ug/ml MCP.
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Figure 5: Effect of Pectin on HaCaT Cell Line Proliferation as Measured by WST-1 Proliferative

Assay. The cells were exposed to pectin for 24 hours. The absorbance was measured at 450 nm and the background
was subtracted. Ethanol (50%) was used as a positive control. The values are expressed as triplicates in 3 independent
experiments. Statistical significance of each group compared to the untreated control was determined by one-way
ANOVA,; *p<0.05, ** p<0.01 and *** p<0.001.
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Figure 6: Effect of MCP on HaCaT Cell Line Proliferation as Measured by WST-1 Proliferative Assay. The
cells were exposed to MCP for 24 hours. Ethanol was used as a positive control. The absorbance was measured at 450
nm and the background was subtracted. The values are expressed as triplicates of 3 independent experiments.
Statistical significance was determined by One-Way ANOVA,; *p<0.05, ** p<0.01 and *** p<0.001.
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Pectin and MCP Scavenging Activity
Scavenging activity of Pectin and MCP against the 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radicals was measured at 515nm using a Micro-plate Reader. A decrease in the absorbance
indicates that antioxidant substances reduced the DPPH radical inducing a color change from
violet to yellow. Propyl gallate was used as a standard antioxidant (Sigma-Aldrich, catalog).
Scavenging activity of pectin and MCP was dose dependent. A decrease in absorbance was
obtained due to increasing concentrations (0.125, 0.25, 0.5, 1, 2, and 4 mg/ml) of pectin or MCP.
The antioxidant effect of pectin reached 16.41% at 4 mg/ml. SCso which corresponds to the
intersection point between the scavenging and the antioxidant activities could not be determined
for pectin due to solidification of the samples with concentrations exceeding 4 mg/ml (Figure 7).
MCP exhibited a stronger antioxidant effect. The maximum antioxidant activity (37.5%)
obtained was at 4 mg/ml MCP and SCs, corresponded to a concentration range between 2 and
4mg/ml (Figure 8).
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Figure 7: Combined Data for the Antioxidant and Scavenging Activities of Pectin. SCs
corresponds to the value of the intersection point of these two curves. SCs, could not be determined (at
concentrations tested) due to solidification of the samples with concentrations exceeding 4 mg/ml. Propyl
Gallate was used as a positive control and water as a negative control. The circles represent the antioxidant
activity. The squares represent the absorbance at 515nm. Statistical significance of each group was
compared to water and determined by one-way ANOVA; *p<0.05, **p<0.01 and *** p<0.001.
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Figure 8: Combined Data for the Antioxidant and Scavenging Activities of MCP. SCs,
corresponds to the value of the intersection point of these two curves. Propyl Gallate was used as a positive control
and water as a negative control. The circles represent the antioxidant activity. The squares represent the absorbance at
515nm. Statistical significance of each group was compared to water and determined by one-way ANOVA; *p<0.05,
**p<0.01 and *** p<0.001.

DISCUSSION

Researchers have focused on medicinal plants as natural cures for many diseases, including
cancer [22]. The present study evaluates the potential anticancer effects of different forms of
pectin on HaCaT cell line. Pectin, a water soluble fiber present in the cell wall of plant tissues,
has a very wide spectrum of biological activities including anti-inflammatory, anti-bacterial, and
heart related effects [23-26]. The mechanisms of actions of both pectin and its modified forms
are still not understood. The complexity of the structure, the differences in extraction methods,
different sources, and different fragmentation techniques make it hard to determine the active
molecule(s). Therefore, Pectin and MCP may exert different effects on different cell lines and
mouse models [27; 1; 28; 2; 5].

In this study, HaCaT cell line was chosen as an easy handled substituent for human
keratinocytes, particularly because it has been broadly used for several studies of
pharmacological and mechanistic nature [22]. The current study evaluates the cytotoxicity of
both pectin and MCP on the immortalized HaCaT cell line. Both Trypan blue and LDH assays
were used to assess the viability of HaCaT after being treated with either pectin or MCP for 24
hours. Pectin had a moderate cytotoxic activity with a maximum of 38.57 % at 750ug/ml (Figure
3), while MCP had an ICsp at around 500ug/ml (Figure 4). Cytotoxicity was dose-dependent with
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both pectin and MCP. The cytotoxicity of MCP (Pectasol and Pectasol-C) has been demonstrated
on malignant cell lines including androgen independent prostate cancer cell lines (PC3 and
CASP 1.1) where Pectasol was discovered to inhibit MAP kinase activation [29; 5].

In this study, pectin had a relatively significant anti-proliferative activity with respect to the
untreated control. A higher effect was obtained with MCP treatment which also caused a dose-
dependent reduction in the viability of the immortalized cell line. I1Cs; was detected at a
concentration of 300ug/ml (Figure 6). The anti-proliferative effect of pectins on malignant cells
has been attributed to various mechanisms. A study done by Okhami et al. [30] reports that
pectin plays a protective role in colon carcinogenesis by reducing the activity of bacterial beta-
glucoronidase, a colonic enzyme involved in the development of cancer in its initial stages [31].
Another study explains how pectin blocks the beta-catenin from increasing in murine colon cells
and thereby prevents colonic cells from progressing to hyperplasia [32]. It must be noted that
pectin also induces apoptosis in different malignant cell lines [31]. According to Olano-Martin et
al. [33], the incubation of pectin with HT-29 cells (colon carcinoma cell lines) induced a
significant increase in apoptosis. The same effect was observed on human-derived prostate
cancer cells, where fractionated pectin caused a 40% increase in apoptotic-activity when
compared with the untreated cells [13]. Among the galectin-3 inhibitors, many researchers
focused on pectin, taking into account how it varies according to its sources and its low toxicity
[12]. As a result, it has been suggested that the higher the amount of galectins expressed on the
surface of malignant cells, the more anti-proliferative effect is exhibited by pectins [34].

HaCaT cells exhibit high levels of galectin-7 expression. Galectin-7 is known to be a
marker of epithelial differentiation highly expressed in the stratified epithelium of different cells
[35]. Studies have reported its homology to galectin-1 and galectin-3 after analyzing its 3D
structure [36]. In a study done by Bergman et al. [31], citrus pectin exerted a marked anti-
proliferative activity on HUCC and HT-29 human derived colon carcinoma cell lines and to some
extent on K562 erythroleukemia cell line. However, it showed no effect on the proliferation of
Raji cells which are a prototype of Burkitt lymphoma cell line. It was observed that the
inhibitory effect of pectin was only related to cells expressing galectin receptors. Raji cells
lacked the ability to endogenously produce galectin and therefore were not affected when
subjected to citrus pectin [31].

This study suggests a moderate cytotoxic and anti-proliferative activity of pectin compared
with its degradation product. MCP is a strong galectin-3 inhibitor [12], and thereby demonstrated
a higher anti-proliferative effect. The reason for this may be due to the modifications of pectin
that lead to the neutral sugars cleavage that generate arabinogalactans and galactans abundantly.
According to Gao et al. [12], MCP was able to inhibit galectin-3 due to the rhamnogalacturonan
RG-I contained in its structure and more specifically due to galactans. Galactans obtained from
RG-I in potato pectin after its enzymatic treatment [37] are capable of the selective binding to
galectin-3 [38].

Several studies have suggested that antioxidant extracts from plants target one of the cancer
hallmarks by scavenging excessive free radicals and inhibiting the oxidative stress effects [39].
The current study shows that both pectin and modified citrus pectin exhibit a dose-dependent
antioxidant activity. MCP exhibited higher scavenging activity than pectin at the same
concentration with a lower absorbance and a better antioxidant activity.
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CONCLUSION

In conclusion, pectin and its modified form seem to exert anti-tumor activity on the HaCaT cell
line to different extents. This is probably due to different mechanisms of action exerted by the
different active fragments depending on the chemical structure of pectin/MCP [5]. Some studies
attribute the role of pectin/MCP to galactose side chains [40]. These side-chains might be
masked in pectin and exposed in MCP, thereby allowing MCP but not pectin to bind to their
appropriate receptors on HaCaT cells.

We have investigated cells and conditioned media of the three human keratinocyte cell lines
HaCaT (non-tumorigenic), A5 (benign, tumorigenic) and 11-4 (malignant, tumorigenic).

Pectin and MCP had a stronger effect on cell viability on HaCaT cells but not on the
tumorigenic cell lines. Further work should be performed to study the mechanism of action of
pectin/MCP and to determine the active molecules that specifically interact with galectin-3.
Further studies should be done in order to find out the action of pectic polysaccharides on other
galectins and their effect on cancer and to identify the specific active part of pectin (galactan or
other) involved in the anti-proliferative activity.
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