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Abstract

Opuntia ficus peels or Prickly pear peel (PPP) is the waste byproduct obtained during fruit processing, the present study aims
to extract polysaccharides from PPP and analyze it by HPLC. The biological potential activities as antioxidant, anti-
inflammatory, antiviral, and anti Alzheimer of these polysaccharides were examined. Polysaccharides were extracted from PPP
using hot water. Its composition was analyzed by HPLC. Profiles of 14 different natural mono sugars were identified. Stachyose,
galactose, xylose, and sucrose were the most abundant sugars. Results indicated that the polysaccharides of PPP extract have
antioxidant activity against DPPH and ABTS free radical. The scavenging activity of (150 pg /ml) of polysaccharides appeared
to be interesting compared to synthetic antioxidants. Polysaccharides of PPP had 77.77% anti-inflammatory activity which is
caused by inhibiting the heat-induced albumin denaturation and anti-Alzheimer effect (42.02%) compared to Donepezil drug
(59.50%) in a dose-dependent manner. On the other hand polysaccharides of PPP extract showed no activity when tested against
HSV-1 and Influenza A by plaque reduction assay. Thus, it could be suggested that polysaccharides PPP demonstrated potential
biological activities as an antioxidant, anti-inflammatory, and anti-Alzheimer activities.

Keywords: Opuntia ficus peels; polysaccharides bioactivity; HPLC.

1. Introduction

Fruit wastes have increased importance in the quest
for natural pharmaceutical by the biological
researcher. It is safer, cheaper, and most active. Of
particular interest are wastes that have an anti-
Alzheimer, anti-inflammatory, hepatoprotective,
antihypertensive, and antioxidant [1-3]. The waste
products are attractive biomass resources for
biorefining, which uses integrated biotechnology
techniques to produce numerous chemicals from
biomass resources as part of a bioeconomy [3].

Prickly pear belongs to the family Cactaceae. The
fruit of prickly pear is a source of many compounds. It

contains a diversity of amino acids including proline,
taurine, serine, glutamine, and valine. Also, it contains
vitamins like ascorbic acid (vitamin C), tocopherols
(fat-soluble vitamin E) and minerals like calcium,
magnesium, potassium, and beta-carotene. The fruit
has a high sugar content of nearly equal amounts of
glucose and fructose [4-7]. The prickly pear peel had
an antioxidant activity due to the presence of vitamin
C, polyphenols, flavonoid compounds (e.g.,
Isorhamnetin, quercetin, and Kaempferol), taurine as
well as pigments (betalains) [8, 9]. Betalains are water-
soluble pigments that have two derivatives that are
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present in PPP: betacyanin, which gives the red-purple
color, and betaxanthin. These pigments have
important antioxidant activities with no toxic effect on
humans [9, 10]. Besides, prickly pear as a source of
betalain has potency as an anticancer activity [10].
Pheophorbide and pyropheophorbide compounds
isolated from Opuntia ficus ethanol extract were tested
for their antiviral activities against herpes simplex,
poliovirus type 1, and Influenza virus. The result
showed significant antiviral activity against both
herpes simplex and influenza virus but this hadn't
shown any activity against poliovirus type 1[11].

Mucilages are polysaccharides that characteristic of
members of the Cactaceae family [12].
Polysaccharides have many bioactivities including
immunomodulating,  anticancer,  antimicrobial,
hypocholesterolemic, and hypoglycemic effects [13].
The type of sugar, the chemical composition, the
molecular weight, and the degree of branching might
be the cause of the activities of the polysaccharide
molecule [14].

This study aimed to identify the monosugar of
polysaccharides by HPLC and evaluate the antioxidant
properties, anti-inflammatory, antiviral, and anti-
Alzheimer of Opuntia ficus polysaccharides.

2. Materials and Methods
2.1. Plant materials

Peels of red prickly pear fruits were obtained from
the local market in Giza, Egypt. The red prickly pear
peel fruits were cut into small pieces and stored in a
refrigerator until extraction.

2.2. Chemicals and Reagents

High analytical grade chemicals were used in the
present study. ABTS'* (2, 2’-azinobis (3-ethyl
benzothiazoline - 6 - sulfonic acid)), DPPH: 2, 2-
diphenyl-1-picrylhydrazyl, BHT: Butyl
Hydroxytoluene and, potassium ferricyanide, (Sigma
Chemical Co., St. Louis, MO, USA).

2.3. Preparation of samples

The fresh samples were dried first in the air and
then in an oven at 40°. Dried samples were powdered
for the routine analysis of major constituents.

2.4. Chemical assays
2.4.1. Extraction of polysaccharides

Polysaccharides from Prickly pear peels were
carried out according to Abd El Baky et al. [15].

2.4.2. ldentification of polysaccharide sugars by
HPLC

One ml (2N) HCI was used to hydrolyze the
polysaccharide (0.4 mg) in a sealed tube at 100 °C for
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1 h. The acid was removed by evaporator on a water
bath at 40 OC. Then, the hydrolyzed monosaccharides
were extracted with petroleum ether plus water.
Analysis of the purified hydrolysis monosaccharides
was carried out by HPLC (Agilate Pack, serics1200),
equipped with Aminex carbohydrate Hp-87¢ column
(300mm x 7.8 mm). Our mobile phase was deionized
water at a flow rate of 1 ml/ min. The identification of
chromatography peaks was made by comparing the
retention times with the respective retention times of
known standard reference material. Retention time and
peak area were used to calculate the sugar
concentration by the data analysis of Agilent Packard
[16].

2.5. Biological evaluation of polysaccharide prickly

pear extract

2.5.1. Antioxidant activity

2.5.1.1. In vitro DPPH free radical-scavenging assay
The ability of polysaccharides extracted from

prickly pear peels to scavenge DPPH. The

determination of free radicals was done according to

Yeetal. [17].

2.5.1.2. In vitro ABTS free radical scavenging assay

ABTS+ free radical scavenging capacity (%) was
measured according to Arnao et al. [18]. Trolox was
used as a positive control.

2.5.1.3. In vitro total antioxidant capacity assay

One ml of a polysaccharide extract from prickly
pear peel and standard (ascorbic acid) (100 to 400 ug
/ mL) was mixed with 3 ml of reagent solution (0.6 M
sulfuric acid, 28mM sodium phosphate, and 4 mM
ammonium molybdate). Tubes were incubated at 95°C
for 90 min. After cooling, the absorbance of each
sample was measured at 695 nm [19].

2.5.2. In-vitro anti-inflammatory activity

Anti-inflammatory activity of different
concentration of polysaccharide prickly pear peel and
standard drug diclofenac sodium was measured
according to Rahman et al. [20].

2.5.3. In vitro antiviral activity

Virus: a) Herpes simplex virus type 1, b) Influenza
Avirus: The PR8-H1N1 influenza virus was generated
in transfected MDCK cells co-cultured with 293T cells
with plasmids encoding the eight peptides of the virus
[21].

Cells: VERO (African green monkey kidney cells)
and MDCK (Marine derby canine kidney cells: both
were propagated in DMEM medium containing 10%
fetal bovine serum and 1% antibiotic- antimycotic
mixture.
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2.5.4. Cytotoxicity assays

This test was made to know safe doses of samples
that will not harm cells; this was observed by cell
morphology technique Aquino [22].

2.5.5. Plaque infectivity count assay

To determine a % reduction in viral count resulting
from the effect of samples under test, plaque
infectivity count assay was made according to Tebas
et al. [23].

2.5.6. Anti-Alzheimer's activity

By using the colorimetric method an assessment of
cholinesterase inhibition was carried out. At 412 nm
the change in absorbance was measured on a
spectrophotometer according to Ellman [24].

2.6. Statistical analysis

All experiments were carried out in triplicates.
Statistical analysis was made by analysis of variance
(ANOVA) and Duncan's test at P<0.05 using Costas-
Statistics Software Anonymous [25].

3. Results and Discussion

3.1. Identification of mono sugars of Prickly pear peel
by HPLC

Table 1 is showing the mono-sugars in polysaccharide
fraction. The most abundant monocular in the prickly
pear peel is galactose 3.734%, Xylose 1.679%,
stachyose 1.652%, mannose 1.034%, Raffinose
1.016%, galacturonic 0.948%, arabinose 0.608% , L-
ramose 0.559% fructose 0.420%, ribose 0.357%,
glucose 0.233% , Mannitol 0.08% and sorbitol 0.06%.
Whereas; maltose was not detected in prickly pear
peel. The prickly pear peel is waste that is rich in
dietary fiber, minerals, vitamins, polysaccharide,
protein and phenol compound [26].

According to Paulsen & Lund [27] they found that
the acidic polysaccharide of O. ficus indica were L-
arabinose,D-galactose, L-rhamnnose, D-xylose and D-
galacturonic acid. On the other hand, Matsuhiro (28)
assayed that the mucilage monosugars of Opuntia
ficus indica were galacturonic acid (1.0), rhamnose
(1.7), xylose (2.5), and galactose (4.1) in the molar
ratio.

3.2. Antioxidant activity of polysaccharides prickly
pear peel extract

The antioxidant properties of extracts of
polysaccharides prickly pear peel extract were
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determined using three different methods such as
DPPH-, ABTS, and total antioxidant activity assays

Table 1

Identification of mono-sugar in polysaccharides PPP
extract

Sugares Concentration %
Glucuronic 0.527
Stachyose 1.652
Galacturonic 0.948
Raffinose 1.016
Sucrose 1.278
Maltose -
Lactose 0.166
Glucose 0.233
Xylose 1.679
Galactose 3.734
L-Raminose 0.559
Mannose 1.034
Fructose 0.420
Arabinose 0.608
Mannitol 0.084
Sorbitol 0.06
Ribose 0.3570

3.2.1. DPPH scavenging activity

The results showed significant differences by
DPPH" assay in antioxidant activity. The tested extract
free radical scavenging was measured (Table 2). The
higher activity of polysaccharides PP extract was
44.52% at 150 pg/ml followed by 27.50% at 100 ug /
ml and 26.18% at 50 pg/ml compared to synthetic
antioxidant BHT.

3.2.2. ABTS + scavenging activity

The ABTS* discolorations method was used to
determine  the  antioxidant  capacities  of
polysaccharides prickly pear peel. The results were
shown in (Table 2). Polysaccharides of prickly pear
peel extract showed the highest antioxidant activities
at a concentration of 150 pg / ml (77.91% + 3.16)
compared to synthetic substances trolox (122.3+1.13).



240

Murad S. A. et.al.

Table 2

DPPH and ABTS scavenging activity of polysaccharide PPP
extract

Prickly pear ATBS DPPH

peel i
Concentration

polysaccharide g 49.44+034d  26.18+ 1.49d
100 pg 61.03+0.65¢c  27.50+ 1.10d
15 0pg JTOLE38 4y 595 1,000

control Trolox (st) BHT
50 pg 40.76+0.37d  45.86+ 4.64c
100ug 81.53+0.75b  84.2+ 4.39b

113.87+

150 pg 122351138 ] gan

LSD 3.68 13.32

Table 3

Total Antioxidant activity of polysaccharide from PPP extract

Mean +SE (n=3). Different letters indicate significant differences
at P <0.05.

3.2.3. Total antioxidant activity

The total antioxidant activity of polysaccharides
extract was followed by the reduction of
phosphomolybdic acid (Table 3). The obtained results
showed the antioxidant activity increases relative to
the concentration of polysaccharides 161.50 pg / ml
and were equivalent to 243.46 g / ml ascorbic acid.

Prickly pear Concentration pg/ml

100 200 300 400
polysaccharide 93.01+0.27f 113.09+1.19% 139.28+8.24cd 161.50+0.68b
Control (vit.c) 127.97+8.93ghi 147.374£12.15f 230.14+6.2ab 243.46%3.57a

LSD 15.74

Yang et al. [29] found that polysaccharides play
important roles in immunity, digestive function, and
detoxification. Reactive oxygen species (ROS)
perform a substantial role in oxidative stress-related to
the pathogenesis of diverse important diseases. The
production of free radicals is balanced by the
antioxidative defense system [30].Water-soluble
polysaccharides from Opuntia stricta have strong
antioxidant  activity  against  2,2-diphenyl-1-
picrylhydrazyl free radical and inhibition reducing
power capacity with 94.9% [31]. Polysaccharides PPP
extract represents thus a strong electron donor that
could react with free radicals and convert them to more
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stable products and terminate the radical chain
reaction. According to Gaafar et al. [32, 33] they found
that the antioxidant properties of plant wastes extracts
have been attributed to the presence of bioactive
compounds, which have great potential as antioxidant
agents [34, 35].
3.3. In vitro anti-inflammatory of
polysaccharides PPP extract

It is reported that inflammation is caused due to the
denaturation of proteins. The ability of
polysaccharides of prickly pear peel extract in
inhibiting heat-induced albumin denaturation was

activity
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studied (Figure 1). Significant changes in the anti-
inflammatory activity of polysaccharides PPP extract
at different concentrations were observed (50-150 ug /
ml).The Maximum inhibition (77.77%) was observed
from polysaccharides PPP extract at 150 ug / ml. A
significant high percentage of anti-inflammatory
inhibition was recorded compared to Diclofenac
Sodium, a standard anti-inflammation drug 85.5 ug /
ml. Hence, the presence of bioactive compounds in the
extract of polysaccharides made it effective as
antioxidant and anti-inflammatory activity.

8

Anti-inflamatory effects

| j
'
I
50 100 150

Concantration pg/ml

Inhikitian %
BE&EBEBEIESE

e B

Polysaccharide

m Diclofenac Sodium

Figure 1:Anti-inflammatory activity of polysaccharide prickly pear
peels

These high molecular weight polymers may exhibit
therapeutic properties as anti-tumor [33, 34] anti-
inflammatory [36, 37] and anti-microbial activities
[36]. This all was attributed to the physicochemical
properties of each polysaccharide molecule a well-
known as the constitution of the lactose residues.
Numerous consider groups have been affected in
extracting polysaccharides from concerning plants and
indus—trial  by-products for their valorization
[37,38].The high percentage of mono-sugars of the
prickly pear peel extract showed that it has some
nutritional advantages; different reports showed that
these polysaccharides have multiple biological
activities such as antioxidant, antitumor and anti-
inflammatory effects as formerly reported by Chavez-
Santoscoy [11] due to the existence of not only
phenolics but also other agents such as
polysaccharides.

3.4. In vitro Antiviral activity of prickly pear peel
polysaccharides extract

As presented in (Table 4 & 5) the concentrated
water extract of the peel of Opuntia ficus indica which
isolated as the pure fraction of polysaccharides.
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Cytotoxicity test showed that it has high safety as it did
not show any morphological changes on the cells at all
the concentrations used. On testing the effect of this
compound on HSV-1 and PR8 - H1N1 influenza virus
it showed no antiviral activity at all the concentrations
used.

The present work confirmed the strong antioxidant
and anti-inflammatory properties of water extract as
was previously reported by Barreira (38).The anti-
inflammatory activity of polysaccharide in lipo-
polysaccharine-primed RAW264.7 cells inhibited
nitric oxide by the phosphorylation of the three signal
proteins p-38, ERK (extracellular signal-regulated
kinase) and JNK( c-JUN N-terminal kinase), and
nuclear factor-xB [39].

3.5. In vitro cytotoxicity activity of prickly pear peel
polysaccharides extract

The cytotoxicity test showed that it has high safety as
it did not show any morphological changes on the cells
at all the concentrations used (Table 4). On testing the
effect of the PPP extract on HSV-1 and PR8-H1N1
influenza virus it did not lead to any reduction of the
induced cytopathic effects by the virus on the MDCK
cells in comparison to infected untreated wells at all
the used concentrations (Table 5).

Table 4

Toxicity of polysaccharides PPP extract

Concentrations (ug/100ul)

10 20 30 40 50 60 70 80 90 100

safety - - - - - - - - - -

Table 5
Antiviral activity of polysaccharides PPP extract

Concentration % inhibition % inhibition
(ug/ml) PR8-HIN1 HSV-1

50 0 0

100 0 0

150 0 0

200 0 0

3.6. Anti-Alzheimer's activity (anticholinesterase
inhibitory activity) of PPP polysaccharides extract
Results in (Table 6) revealed a significant increase

in anticholinesterase inhibitory activity —with
increasing the concentration of inhibitor (25-100 ug /
ml).  Polysaccharides PPP  extract  showed
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anticholinesterase activity (42.02%) at 100 pg /ml
compared to standard anticholinesterase drug
Donepezil (59.5%) at 100 ug / ml.

It is often many experts have reported that
polysaccharides have been utilized for the| prevention
of regenerative qualities and function as memory
enhancers this may be attributed to that glucose is vital
to brain function and is often disturbed in those with
depression, anorexia, and bulimia. Galactose or
mannose is also polysaccharides that are a strong Al-
Alzheimer agent when mixed with glucose. However,
when mixed with fructose, mannose becomes of great
help to eliminate any inflammation and repair any
tissue damage [40, 41].

Table 6
Inhibition Percentage of AChE activity of polysaccharides PPP

extract

Concentrations 25 pg/ml 50 pg/ml 100pg/ml
Prickly pear 36.1+0.85e 40.03+1.45d 42.02+0.86d
Polysacharides
Donpezil 49.09+0.9¢c 56.4+0.3b 59.5+1.2a
(drug)
LSD 2.23

4. Conclusion

In conclusion, Prickly pear peels can be viewed as
an important source of bioactive polysaccharides.
Many polysaccharides have renovated qualities and
role as memory enhancers this may be attributed to
that glucose is vital to brain function. Galactose or
mannose is another polysaccharide that is a
predominately powerful anti-inflammatory agent
when binary with glucose. Further studies in vivo are
needed to prove its efficacy in the treatment of Al-
Alzheimer and antiviral activity.
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