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Comparative study between powder and nanoparticles of dried cactus
(Opuntia ficus-indica L.) fruit peels in streptozotocin-induced diabetic rats:
Anti-microbial and anti-genotoxic capacity

Abstract

Aim: To overcome the toxic effects attributed to the use medicinal treatments against
diabetes there is a desire toward using natural food and folk remedies. So, the aim this study
was to use nanoparticles of dried cactus fruit peels (Opuntia ficus-indica) compared with
powder materials to control blood glucose in streptozotocin (STZ)-induced diabetic rats.
Place and Duration of Study: Food Toxicology and Contaminants Department, Polymer
and Pigments Department, and Cell Biology Department, National Research Centre, Egypt,
between April 2017 and March 2018. Methodology: Powder and nanoparticles were used to
determine the fatty acids content and assessment the dietary fiber contents, mycotoxin
contamination as well as examine the antimicrobial activity. Moreover, male albino rats were
treated with single i.p. dose of STZ to induce diabetes. STZ induced-rats were divided into
several groups and treated daily with 50, 100 and 200 mg/kg b.wt of cactus fruit peels powder
or nanoparticles orally for 2 months. At the end of the experimental period, blood samples
were aspirated to determine glucose levels as well as liver and pancreas tissues were collected
for the biological analyses. Results: The results of the present study exhibited that both
extracts of cactus fruit peels either powder or nanoparticles were able to reduce significantly
the glucose levels and increase the expression of insulin and insulin receptor genes in
induced-diabetic rats. Moreover, cactus fruit peels extracts exhibited antifungal and
antibacterial activities and increase in the antioxidant enzymes (GPx and CAT) as well as
anti-genotoxic effects in DM-induced rats. Furthermore, nanoparticles of dried cactus fruit
peels were more effective in control glucose levels, gene expression, antimicrobial and anti-
genotoxic activities compared with powder materials even in its low dose. Conclusion: The
results conclude that the nanoparticles form of cactus fruit peels extracts was much more
effective in the therapeutic action than powder form. The anti-diabetic effect of cactus fruit
peels nanoparticles could be attributed to its content from dietary fiber. Moreover, the
antifungal and antibacterial activities as well as the anti-genotoxic ability of cactus fruit peels
nanoparticles could be attributed to fatty acids and/or GABA contents which were more able

to control oxidative stress.



Keywords: Streptozotocin, Cactus fruit peels, Nanoparticles, Mycotoxins, Antimicrobial and

anti-genotoxic capacity, Gene expression.

Introduction

One of the most critically diseases threat human health beside cancer, heart diseases and
Alzheimer is the Diabetes mellitus (DM). It has been recorded that approximately two
hundred million people are suffering from DM worldwide [1]. Additionally, the WHO reports
estimates that the DM disease will increase in number to reach three hundred and sixty

million people by 2030 [2, 3].

There are several ways to treat diabetes such as exercise and diet therapies, coincided with
clinical and pharmacotherapy as well as supplementation with hyperglycemia inhibitors,
insulin and other medical therapies. On the other hand, lethal side effects could be occurring
with using such treatments such as lactic acidosis and hypoglycemia [4]. To overcome the
toxic effects attributed to the use medicinal treatments to maintain glucose levels in blood at
normal profile levels, there is a desire to use natural food and folk remedies [1]. Additionally,
many scientists are conducting experiments to discover substances extracted from food

ingredients and natural resources which could reduce glucose levels in the blood [5-7].

One of the imperative studies regarding treatment of diabetes with natural products is that on
Opuntia species [1]. The stem of Opuntia ficusindica has been used in Mexican folk remedies
for treatment of Diabetes Mellitus. Although the normal people can't digest the dietary fiber
and other hard parts of Opuntia species the Mexican population are eating the stem of
Opuntia ficusindica for diabetes treatment. In this regards, Trejo-Gonzélez et al. [8] have
been used extracts of Opuntia species to reduce blood glucose levels in diabetic-induced mice
using streptozotocin (STZ). They are founding that diabetic-induced mice treated with
Opuntia species extracts reduced the glucose levels in the blood. They are reporting that
although the action mechanism of Opuntia species extract reducing blood glucose levels is
not fully understood, they suggested that this action could be attributed to the dietary fiber in

the extract of Opuntia species.

So, it important to understand the role of dietary fiber in reducing the blood sugar levels. It

has been reported that dietary fibers are categorized in 2 classes as water soluble and non-



water soluble dietary fiber [1]. The water soluble fiber is consists of hemicelluloses, gum,
mucus and pectin components, however, non-water soluble fiber is consists of
hemicelluloses, lignin and cellulose. Several reports suggested that the glucose decreased in
the blood by water soluble dietary fiber, because the intestine extends passage of food

including the dietary fiber compared with other food without fiber contents [1, 9, 10].

Newly, nanotparticles have been used in therapeutic strategies in pharmacotherapy and
medical application as a basic science technology [11, 12]. Nanoparticles have several
advantages in pharmaceutical and clinical applications such as having very low side effects,

can be used in very low concentration, having wide surface area, having efficient carrier

possibility and low toxicity.

Despite of fruit drying is considered as one of the best method for preservation of fruits,
production of several types of mycotoxins in dried fruits due to sugar content and harvesting
tools of fruits are still a significant problem [13]. Thus, assessment of mycotoxins in dried
cactus fruit peels in the present study was carried out before using its materials in the
biological study. Therefore, the aim of the current study was to use nanoparticles of cactus
fruit peels (Opuntia ficus-indica) dried by means of solar energy compared with powder

materials to control blood glucose in STZ-induced diabetic rats.

Materials and methods

Drugs and chemicals

Streptozotocin (STZ) was purchased from Sigma—Aldrich (USA). Trizol was bought from
Invitrogen (Carlsbad, CA, USA). The reverse transcription and PCR kits were obtained from
Fermentas (Glen Burnie, MD, USA). SYBR Green Mix was purchased from Stratagene (La
Jolla, CA, USA). All other chemicals and reagents were of analytical grade and obtained
from standard commercial suppliers.

Animals

Male Wistar rats (120-150 g) were obtained from the Animal House Colony, National
Research Center, Giza, Egypt. They were housed in stainless steel wire meshed cages under
environmentally controlled conditions. The ambient temperature was 25 £ 2 °C and the
light/dark cycle was 12/12 h. The animals were provided free access to water and a standard
rodent chow diet. All animals received human care in compliance with guidelines of the

Ethical Committee of National Research Centre, Egypt, which follows the recommendations
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of the National Institutes of Health Guide for Care and Use of Laboratory Animals
(Publication No. 85-23, revised 1985).

Induction of experimental diabetes

Diabetes was induced in 12 h fasted rats with single Intraperitoneal (i.p.) injection of STZ (50
mg/kg, [14] dissolved in citrate buffer (0.01 M, pH 4.5). Control group was injected with only
citrate buffer. Animals were considered diabetic when their blood glucose level exceeded 250
mg/dl [15] and were included in the study after 72 h of STZ injection.

Plant material

The dried Cactus fruit peels (Opuntia ficus-indica) were collected from private farm in Giza
Governorate and dried immediately by means of solar energy (50 and 60 °C). The Cactus
fruit peels were authenticated by Department of Botany, Agriculture and Biology Research
Division, National Research Center, Giza, Egypt.

Nanoparaticles preparation of Cactus fruit peels
Materials preparation

Cactus fruit peels were dried by means of solar energy at a temperature varying between 50

and 60 °C and crushed by a mechanical crusher into fine powder particles.

Synthesis of nanoparticles

Cactus fruit peels solution was prepared by dissolving its powder in ethanol. The solution was
added to boiling water in drop-wise manner under ultrasonication condition with an ultrasonic
power and frequency of 50 kHz. The solution was sonicated for about 30 min. After sonication,
the mixture was stirred at 800 rpm for about 20 min. Afterwards, the supernatant was discarded
and the Cactus fruit peels powder obtained was used for biological study after examining its size
and shape by transmission electron microscopy. JEOL-JEM-1011 version of transmission
electron microscopy (TEM) was used for observing the shape, size and particle size distribution

of the prepared nanoparticles (Fig. 1) [16].

Fatty acid analysis of cactus fruit peels materials

Fatty acids of the cactus fruit peels extract in the powder and nanoparticles forms were
transmethylated to form fatty acid methyl esters (FAME) using 0.5N NaOH in methanol and
14% boron trifluoride in methanol according to De Wit et al. [17]. FAMEs from fat were
quantified using a Varian 430 flame ionization GC, with a fused silica capillary column,

Chrompack CPSIL 88 (100m length, 0.25mm ID, 0.2 mm film thicknesses). FAME in hexane
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(1ml) were injected into the column using a Varian 8400 auto sampler at a split ratio of
100:1. Galaxy Chromatography Software recorded the chromatograms. Fatty acid methyl
ester samples were identified by comparing the retention times of FAME peaks from samples
with those of standards obtained from Supelco (Supelco 37 Component Fame Mix 47885-U,
Sigma—Aldrich, USA).

Insoluble dietary fiber content (IDF) and Soluble dietary fiber content (SDF)

Insoluble dietary fiber was quantified according to the method of Prosky et al. [18, 19].
Soluble dietary fiber was quantified according to the method of Hwang et al. [1].

After the completion of the above process, content of dietary fiber was calculated as follows:
Blank (B)=R—P— A,

Total dietary fiber (%) =(R — P — A — B)/ Mx 100

Where R is weight of sediments after enzyme treatment, P is, protein amount, A4 is ash

amount, and Mis weight of sample.

Mycotoxicns determination

All samples of powder and nanoparticles of dried cactus fruit peels were analyzed for 3
mycotoxins including ochratoxin A, aflatoxins (B1, B2, G1 and G2) and zearalenone based
on the methods reported previously by Wang et al. [20]. with minor modification. Briefly, an
aliquot of 5.0 g dried fruits was mixed with 5 mL of 50 mM citric acid in a 50 mL
polypropylene centrifuge tube. Then, 20 mL acetonitrile was added and the mixture was
homogenized with a high speed blender (Ultra-Turrax T25, IKA, USA) for 3 min. After the
addition of 2 g NaCl, the mixture was shaken vigorously for 1 min and centrifuged at 10,000
rpm for 5 min at 10 °C. Afterwards, the supernatant was analyzed for the 3 mycotoxins by

UPLC-MS/MS.

Antibacterial bioassay

The antibacterial activity test of the cactus fruit peels extract in the powder and nanoparticles
forms was carried out using the agar-disc diffusion method [21]. The labeled plates were
seeded with the test organisms. Sterile filter paper discs of 6mm in diameter were
impregnated with various concentrations of the extract and placed on the seeded plates. These
were incubated at 37 °C for 24 h. After 24 h of incubation, each plate was examined and the

diameters of zones of inhibition were measured in millimeters [mm]. Using the Kirby Bauer



classification method of inhibitory zone <12mm below was regarded as moderately sensitive/

resistant while from >15mm and above was considered highly sensitive.

Antifungal bioautography assay

The procedures of antifungal activity of the cactus fruit peels extract in the powder and
nanoparticles forms were carried out according to Wedge et al. [22]. The cactus fruit peels
extract of endophytic fungi and plants were applied at 160 pg/spot in chloroform onto a silica
plate. Technical fungicide grade standards benomyl, cyprodinil, azoxystrobin, and captan
(Chem Service Inc., West Chester, PA, USA) were used as positive controls at 2 mM in 2 puL
of 95% ethanol and the sterile potato dextrose agar (PDA, Sigma—Aldrich, St.Louis,

Missouri) extract was used as the negative control.

Biological study

Experimental design

Animals (n=80) were divided into following 8 groups. Each group consists of 10 rats. Group
1: animals served as control and treated with oral saline (C). Group 2: rats were injected by
single i.p. dose of STZ (50 mg/kg dissolved in citrate buffer to induce diabetes. After 1 week
of STZ treatment, animals with fasting blood glucose of 250mg/dL were selected for the
further groups, by measuring blood glucose of blood from the tail vein with a blood glucose
monitoring device (Accu-Chek, Germany) [1]. Groups 3-5: STZ induced-rats treated daily
with 50, 100 and 200 mg/kg b.wt of cactus fruit peels powder dissolved distilled water orally
for 2 months, respectively [1]. Groups 6-8: STZ induced-rats treated daily with 50, 100 and
200 mg/kg b.wt of cactus fruit peels nanoparticles (C. peels NPs) dissolved distilled water
orally for 2 months, respectively. At the end of the experimental period, blood samples were
aspirated to determine glucose levels, animals were anesthetized with ether, and were then

rapidly sacrificed. Liver and pancreas tissues were collected for the biological analyses.

Expression of diabetes related genes

I. Isolation of total RNA

Total RNA was extracted from the pancreas tissues from treated animals by the standard
TRIzol® Reagent extraction method (Invitrogen, Germany). The RNA pellet was dissolved
in diethylpyrocarbonate (DEPC)-treated water by passing solution a few times through a
pipette tip. Total RNA was treated with 1 U of RQ1 RNAse-free DNAse (Invitrogen,
Germany) to digest DNA residues, re-suspended in DEPC-treated water. Purity of total RNA

6



was assessed by the 260/280 nm ratio (between 1.8 and 2.1). Additionally, integrity was
assured with ethidium bromide-stain analysis of 28S and 18S bands by formaldehyde-
containing agarose gel electrophoresis. Aliquots were used immediately for reverse

transcription [23].

Il. Reverse transcription (RT) reaction

The complete Poly(A)" RNA isolated from male rats samples was reverse transcribed
into cDNA in a total volume of 20 pl using RevertAidTM First Strand cDNA Synthesis Kit
(MBI Fermentas, Germany). The RT reaction was carried out at 25 °C for 10 min, followed
by 1 h at 42 °C, and the reaction was stopped by heating for 5 min at 99 °C. Afterwards the
reaction tubes containing RT preparations were flash-cooled in an ice chamber until being

used for DNA amplification through quantitative real time-polymerase chain reaction [24].

I11. Quantitative Real Time-Polymerase Chain Reaction (QRT-PCR)

PCR reactions were set up in 25 pL reaction mixtures containing 12.5 uL 1x SYBR®
Premix Ex TagTM (TaKaRa, Biotech. Co. Ltd., Germany), 0.5 pL 0.2 uM sense primers, 0.5
uL 0.2 uM antisense primer, 6.5 pL distilled water, and 5 pL. of cDNA template. At the end
of each qRT-PCR a melting curve analysis was performed at 95.0°C to check the quality of
the used primers. Each experiment included a distilled water control. The quantitative values
of RT-PCR (qRT-PCR) of insulinl and insulin receptor were normalized on the bases of B3-
actin expression (Table 1). The relative quantification of the target to the reference was

27AACT ethod.

determined by using the
The Comet Assay

Comet assay was performed referring to the protocol developed by Blasiak et al. [25], with
minor modifications. Rats liver cells of each treatment were mixed with low-melting-point
agarose (ratio ofl:10v/v), then pipetted to precoated slides with normal-melting-point
agarose. The slides were kept flat at 4°C for 30 min in dark environment. The third layer of
low melting point agarose was then pipetted on slides, left to solidify at for 30 min 4°C. The
slides were transferred to pre-chilled lysis solution, kept for 60min at 4°C. After that, slides
were immersed in freshly prepared alkaline unwinding solution at room temperature in the
dark for 60 min. Slides were subjected to an electrophoresis run at 0.8 V/cm, 300mAmps at
4°C for 30 min. The slides were rinsed in neutralizing solution followed by immersion in

70% ethanol and then air-dried. Ethidium bromide was used for slides stain then and
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visualized by using Zeiss epifluorescence microscope (510-560 nm, barrier filter 590 nm)
with a magnification of x400. 100 cells per animal were scored then analyzed with DNA

damage analysis software (Comet Score, TriTek corp., Sumerduck, VA22742).

Analysis of antioxidant enzymes

Liver tissues were homogenized with corresponding buffer according to the protocols of
commercially available kits and centrifuged at 1500 g for 20 min at 4 °C. The supernatant
was used for the measurement of glutathione peroxidase (GPx) and catalase (CAT)

following the commercial kit instructions [26].

Statistical analysis

All data were analyzed using the General Liner Models (GLM) procedure of
Statistical Analysis System [27] followed by Scheffé-test to assess significant differences
between groups. The values are expressed as meantSEM. All statements of significance were

based on probability of P < 0.05.

Results

Characterization of cactus fruit peels nanoparticles

Figure 1 shows the Transmission electron microscope (TEM) image of cactus fruit peels
nanoparticles. The micrograph shows spherical ultrafine particles in the nanograde with
diameter ranges from 15-71nm. They also indicate the presence of cavities distributed on a

heterogeneous surface.

Glucose level measurements

Table 2 shows the levels of glucose in serum of diabetic rats at the day one (The day when
blood sugar reach >250 mg/dl, 2-4 days after STZ treatment) and at the end of experiment (2
months later). The results revealed that both powder and nanoparticles extracts of cactus fruit
peels were able to reduce significantly the glucose levels in induced-diabetic rats. However,
the nanoparticles of cactus fruit peels decreased the glucose level to be near to that in control

rats.

Contents of dietary fiber in cactus fruit peels extracts



Table 3 shows the content of contents of dietary fiber in cactus fruit peels extracts. The
results showed that the powder materials of cactus fruit peels exhibited 42.7% soluble and
17.2% insoluble dietary fiber, however, nanoparticles of cactus fruit peels exhibited 57.4%

soluble and 13.2% insoluble dietary fiber,

Fatty acids composition

The results of fatty acid composition analysis of cactus fruit peels extract (powder and
nanoparticles) are summarized in Table 4. The results exhibited 9 fatty acid compounds with
retention time ranging from 7.053 to 18.52 min. The maximum peak of fatty acid components
was identified as Lauric acid methyl ester with percentage of 31.09% in the powder and
35.35% in nanoparticles extracts. The followed identified fatty acid components were
Heptadecenoic acid with percentage of 19.25% in the powder and 21.70% in nanoparticles
extracts followed by Cis-5,8,11-eicosatrienoic acid with percentage of 19.25% in the powder
and 19.93% in nanoparticles extracts. Additionally, Gamma-linolenic acid (GLA) was indentified
with percentage of 9.86% in the powder and 11.29% in nanoparticles extracts. The minimum
peak was showed in Octanoic acid with acid with percentage of 0.0% in the powder and 2.03%

in nanoparticles extracts.

Mycotoxicns determination
The results showed that no detection of the three mycotoxins including ochratoxin A,
aflatoxins (B1, B2, G1 and G2) and zearalenone was found in either powder or nanoparticles

of dried cactus fruit peels.

Antifungal and antibacterial activities

Table 5 shows the antifungal and antibacterial activities of cactus fruit peels extract in both
forms as powder and nanoparticles. Several fungal (4. flavus and A. ocherceus) and bacterial
(B. cereus, S. aureus and E. coli) strains were used to determine the activity of the cactus fruit
peels extracts against these strains. The results showed that the highest mean growth
inhibition of cactus fruit peels extract was determined against E. coli with mean values
13.3£3.6 in the powder and 17.8+1.55 in nanoparticles extracts. The second mean growth
inhibition of cactus fruit peels extract was determined against S. aureus with mean values
9.3£0.29 in the powder and 11.0+0.50 in nanoparticles extracts. The third mean growth
inhibition of cactus fruit peels extract was determined against 4. flavus with mean values

7.5£0.29 in the powder and 12.3+2.02 in nanoparticles extracts. The minimum growth
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inhibition of cactus fruit peels extract was determined against B. cereus with mean values

8.040.50 in the powder and 9.54+0.50 in nanoparticles extracts

Alteration in the expression of diabetes related genes

Figures 2 and 3 show the expression levels of diabetes related genes encoding insulin and
insulin receptor in pancreas tissues of DM- induced rats treated with different doses of
powder and nanoparticles (NPs) of cactus fruit peels extracts. The results of this current study
exhibited that DM-induced rats decreased significantly (P<0.01) the mRNA expression levels

of insulin and insulin receptor genes, respectively, compared with healthy control rats.

In contrary, the results showed that expression levels of insulin gene in pancreas tissues of
DM-induced rats treated with all doses of powder extract of cactus fruit peels increased
significantly (P<0.05) compared with those in pancreas tissues of DM-induced rats.
Furthermore, expression levels of insulin receptor gene in pancreas tissues of DM-induced
rats treated with all doses of powder extract of cactus fruit peels increased compared with
those in pancreas tissues of DM-induced rats but it was significant (P<0.05) only with the

medium and high doses of the powder extract of cactus fruit peels.

The expression levels of insulin and insulin receptor genes in pancreas tissues of DM-induced
rats treated with low dose of nanoparticles extract of cactus fruit peels increased significantly
(P<0.05) compared with those in pancreas tissues of DM-induced rats. Moreover, expression
levels of insulin and insulin receptor genes in pancreas tissues of DM-induced rats treated
with medium and high doses of nanoparticles extract of cactus fruit peels increased
significantly (P<0.01) compared with those in pancreas tissues of DM-induced rats and

reached the expression levels near that in healthy control rats.

Effect of cactus fruit peels extracts on the DNA damage assessed by comet assay

Assessment of the DNA damage in liver tissues of DM-induced rats collected from
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different treated groups with powder and nanoparticles of cactus fruit peels extracts was

summarized in Table 6.

The results exhibited that rates of DNA damage in the liver tissues of DM-induced rats
increased significantly (P<0.01) compared with the healthy control rats. However, DNA
damage in the liver tissues of DM-induced rats treated with low dose of powder extract of
cactus fruit peels decreased significantly (P<0.05) compared with those in pancreas tissues of
DM-induced rats. Moreover, medium and high doses of powder extract of cactus fruit peels
as well as low and medium doses of nanoparticles of cactus fruit peels extracts decreased
with high significant differences (P<0.01) the rates of DNA damage compared with those in
DM-induced rats. Also, high dose of nanoparticles of cactus fruit peels extracts decreased the
rates of DNA damage with high significant differences (P<0.001) to the level near to that in

healthy control rats.

Effect of cactus fruit peels extracts on the antioxidant enzyme activities

Figure 4 shows the levels of antioxidant enzyme activities including GPx and CAT in
liver tissues of DM-induced rats collected from different treated groups with powder and

nanoparticles of cactus fruit peels extracts.

The results showed that levels of GPx activities in the liver tissues of DM-induced rats
decreased significantly (P<0.01) compared with the healthy control rats. However, GPx
activities in the liver tissues of DM-induced rats treated with medium and high doses of
powder and nanoparticles extract of cactus fruit peels increased significantly (P<0.05,

P<0.01, respectively) compared with those in pancreas tissues of DM-induced rats.

In the same line, levels of CAT activities in the liver tissues of DM-induced rats decreased
significantly (P<0.01) compared with the healthy control rats. However, CAT activities in the
liver tissues of DM-induced rats treated with high dose of nanoparticles extract of cactus fruit
peels increased significantly (P<0.05) compared with those in pancreas tissues of DM-

induced rats.

Discussion

The aim of the current study was to investigate the role of dried cactus fruit peels (Opuntia

ficus-indica) nanoparticles to control blood glucose in STZ —induced diabetic rats compared
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with powder materials. The results of the present study exhibited that both extracts of cactus
fruit peels either powder and nanoparticles were able to reduce significantly the glucose
levels in induced-diabetic rats. However, the nanoparticles of cactus fruit peels decreased the
glucose level to be near to that in control rats. In agreement with our results, Trejo-Gonzalez
et al. [8] have been used extracts of Opuntia species to reduce blood glucose levels in
diabetic-induced mice using streptozotocin (STZ). They are founding that diabetic-induced
mice treated with Opuntia species extracts reduced the glucose levels in the blood.
Additionally, Hwang et al. [1] reported that fresh Nopal (Opuntia ficus-indica) extract
decreased blood glucose levels in diabetic rats. Although, they found that Opuntia ficus-
indica extract decreased the glucose levels below 150 mg/dl during the time intervals of zero
to 120 min after food deprivation, our study found that the glucose levels of diabetic rats

decreased to 101.6 mg/dl after 2 month intake of Opuntia ficus-indica nanoparticles.

In the present study nanoparticles of cactus fruit peels was more effective in control glucose
levels compared with powder materials even in low dose of its nanoparticles form. In the
same line, Rani et al. [28] reported that glycyrrhizin (an active constituent of the roots and
rhizomes of Glycyrrhiza glabra) in the nanoform was supplement to diabetic rats.
Glycyrrhizin-NPs exhibited significant anti-diabetic impacts even though they contained

approximately one quarter of the dosage compared to the pure form.

The anti-diabetic effects of cactus and dietary fibers have been investigated in several studies
on the STZ-induced diabetic rats [29], DM patients [6, 30]. Moreover, Ou et al. [31]
investigated the ability to absorb glucose in vitro by the dietary fiber as anti-diabetic. They
reported that glucose levels were lowered by using several types of dietary fibers. In the
current study we have found that the powder extract of cactus fruit peels exhibited high levels
of soluble dietary fiber compared with the insoluble dietary fiber which it could be

responsible for lowering the glucose levels in DM-induced rats.

The mechanism of action of dietary fiber in reducing glucose levels in the blood is that
dietary fiber could be able to absorb glucose and suppress its transmission and, then prevent
the a-glucosidase activity and finally delay the release of glucose from starch into blood
stream [31]. Moreover, this study showed that expression levels of insulin and insulin

receptor genes in pancreas tissues of DM-induced rats treated with cactus fruit peels (powder
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and nanoparticles) increased significantly compared with those in pancreas tissues of DM-
induced rats.

In the same line with our results Indrowati et al. [32] reported that treatment of diabetic rats
with Artocarpus altilis leaf extract associated with active compounds Gamma Amino Butyric
Acid (GABA) decreased the blood glucose levels and increased the expression of insulin
gene in pancreas cells. Filannino et al. [33] reported that Gamma Amino Butyric Acid
(GABA) has been identified in Cactus pear (Opuntia ficus-indica L.). They suggested that
Gamma Amino Butyric Acid could be used as antidiabetic products. Therefore, it is

important to use natural materials including GABA as anti-diabetic agents.

It has been reported that GABA could be used as antioxidant and anti-inflammatory agents
[33]. In addition, Coelho et al. [34] suggested that treatment of Wistar rats with vigabatrin as
y-aminobutyric acid transaminase inhibitor increase DNA damage in hippocampus and blood
cells assessed by comet and micronucleus tests. Moreover, Berraaouan et al. [35] reported
that fatty acids in the oil extracts of cactus pear seed (CPSO) exhibited high antioxidant

activity alloxan-induced diabetes in mice preventing DNA structure from damage.

Our results are also in consistent with these findings, since the current results found that
cactus fruit peels extracts decreased the rates of DNA damage assessed with comet assay
compared with those in DM-induced rats. Moreover, the present results revealed that cactus
fruit peels extracts exhibited 9 fatty acid compounds which could be responsible for its
antioxidant capacity. So, the anti-genotoxicity effect of cactus fruit peels extracts in the
current study which it increased with using nanoparticles form could be attributed with
increase the GABA levels and fatty acids contents in the nanoparticles form compared with

the powder form of cactus fruit peels.

The cactus fruit peels extract in the current study exhibited no mycotoxin contents and
antifungal and antibacterial activities in both forms as powder and nanoparticles. The results
showed that the highest mean growth inhibition of cactus fruit peels extract was determined
against several bacteria species and then fungal species which consequently inhibit
mycotoxin progression. Xie et al. [36] investigated the gastroprotective effect of GABA on
ethanol-induced gastric mucosal and epithelial cells injury. They found that pretreatment with

GABA reduced significantly the gastric ulcer index. Also, they found that
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GABA pretreatment was able to control oxidative stress due to increase the antioxidant
activities of superoxide dismutase and catalase in gastric cells, but also decreased the pro-

inflammatory factors (IL-6 and TNF-a) levels in gastric cells.

The present study found that the activities of antioxidant enzymes such as GPx and CAT in
the liver tissues of DM-induced rats treated with cactus fruit peels extracts increased
significantly compared with those in pancreas tissues of DM-induced rats. Therefore, the
antimicrobial activity and anti-genotoxic ability of cactus fruit peels could be attributed to the
activity of GABA content which increases the antioxidant activities of GPx and CAT

enzymes.

Conclusion: The nanoparticles form of cactus fruit peels extracts was much more effective in
the therapeutic action than powder form. The anti-diabetic effect of cactus fruit peels extracts
could be attributed to its content from dietary fiber which is responsible for reducing glucose
levels in the blood. Moreover, The antifungal and antibacterial activities as well as the anti-
genotoxic ability of cactus fruit peels could be attributed to GABA content which is able to

control oxidative stress due to increase the antioxidant activities of GPx and CAT.
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Table 1: Primer used for qRT-PCR amplification

Gene Primer sequences (5'-----'3)
F-CCT GTT GGT GCA CTT CCT | R-TGC AGT AGT TCT CCA GCT GC
Insulin 1
AC
Insulin F-TTC ATT CAG GAA GACCTT | R-AGG CCA GAG ATG ACA AGT
receptor CGA GAC
) F-GGT ATG GAA TCC TGT GGC | R-GTG TAA AAC GCA GCT CAG
-actin
g ATC CAT GAA A TAA CAGTCC G

Table 2: Effect of powder and nanoparticles forms of Cactus (Opuntia ficus-indica) peel on
serum glucose level in diabetic rats

Treatment Glucose level (mg/dI)
Day 1* Mon2

Control 86.2 + 8.2 85.7 + 8.2°
DM 324.3 £16.2° 331.2+13.7°
DM+ C. peels L 3252 + 14.8° 2623+ 18.2°
DM+ C. peels M 322.6+ 17.4° 189.5 + 13.6°
DM+ C. peels H 323.9+£22.1° 157.9 + 16.77
DM- C. peels NPsL 324.7 +21.8° 172.4 + 11.4“
DM+ C. peels NPsM 318.6 + 15.2° 128.4 + 8.57
DM+ C. peels NPsH 321.3+22.6° 101.6+ 10.2%

Day 0*: The day when blood sugar reach >250 mg/dl (2-4 days after STZ treatment); DM: Diabetus
mellitus; NPs: Nanoparticles; * ® Mean values within column with unlike superscript letters were significantly
different (* P<0.001, * P<0.01).

Table 3: Content of soluble and insoluble dietary fiber in powder and nanoparticles of cactus

fruit peels extract

Dietary fibers Powder extract (%) Nanoparticles extract (%)
Soluble dietary fiber 42.68 £3.22 5743 +£4.16
Insoluble dietary fiber 17.19 +£3.62 13.15+2.13

20



Table 4: Fatty acid composition (%) detected in cactus fruit peels extract (powder and

nanoparticles)
Fatty acid (%) in cactus fruit peels
Retention
) Compound extracts
time
Powder Nanoparticles
7.053 cs - 2.03
Octanoic acid
11.08 CI5 54 5.25
Pentadecanoic acid
13.31 C17:1 19.25 21.7
Heptadecenoic acid
14.64 Cl18:2 - 3.1
Linoleic acid
16.21 C18:3n-6 9.86 11.29
Gamma-linolenic acid (GLA)
16.51 C20:1 n-9 19.25 19.93
all-cis-5,8,11-eicosatrienoic acid
Cl13
bl Lauric acid methyl ester 31.09 35.35
17.9 C20:3 n-6 4.95 1.91
Dihomo-y-linolenic acid
18.52 - C20:3n-3 6.32 3.32
Eicosatrienoic acid
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Table 5: Antifungal and antibacterial activities of powder and nanoparticles of Cactus fruit

peels extracts

Type Strain

Mean growth inhibition (mm) + SE

Negative Positive Cactus fruit peels extracts
control control Powder | Nanoparticles
Fungi | A. flavus 0 32.3+1.04 | 7.5+0.29° 12.3+2.02°
A. ocherceus 0 29.6£0.76 | 8.7£0.76" | 10.2£1.04™
Bacteria | B. cereus 0 26.2+1.04 | 8.0£0.50 9.5+0.50°
S. aureus 0 25.5£0.76 | 9.3£0.29" | 11.0£0.50"
E. coli 0 25242.02 | 13.3£3.6° 17.8+1.55°

Mean inhibitory clear zones and standard errors were used to determine the level of antifungal and antibacterial
activities against each fungal and bacterial species.
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Table 6: Rate of DNA damage in liver tissues of DM-induced rats treated with low (L),
medium (M) and High (H) doses of powder and nanoparticles (NPs) extracts of cactus

fruit peels using comet assay.

Treatment No. of cells Class* of comet DNA
damaged
cells
(mean =
Analyzed Total 0 1 2 3 SEM)
comets
Control 500 27 473 18 9 0 5.4+0.24¢
DM 500 103 397 31 43 29 20.6+0.42°
DM+ C. peels L 500 76 424 23 28 22 15.2+0.62°
DM+ C. peels M 500 58 442 19 24 15 11.6+0.52°
DM+ C. peels H 500 52 448 21 17 14 10.4+0.36°
DM- C. peels NPs L 500 59 441 23 25 11 11.84+0.65°¢
DM+ C. peels NPs M 500 46 454 26 17 3 9.2+0.28%
DM+ C. peels NPs H 500 33 467 24 7 2 6.60.42°

¥. Class 0= no tail; 1= tail length < diameter of nucleus; 2= tail length between 1X and 2X the diameter of
nucleus; and 3= tail length > 2X the diameter of nucleus.(*): No of cells analyzed were 100 per an animal.
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Figure 1: Transmission electron microscope (JEOL JEM-1230) image of the prepared Cactus
fruit peels nanoparticles
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Figure 2: The alterations of the expression of insulin gene in pancreas tissues collected
from DM-induced rats treated with low (L), medium (M) and High (H) doses of
powder and nanoparticles (NPs) extracts of cactus fruit peels. Data are presented as
mean + SEM. ***Mean values within tissue with unlike superscript letters were
significantly different (* P<0.01, > ¢ P<0.05).
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Expression ratio of Insulin Receptor / 8- actin (100% of control)
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Figure 3: The alterations of the expression of insulin receptor gene in pancreas tissues
collected from DM-induced rats treated with low (L), medium (M) and High (H)
doses of powder and nanoparticles (NPs) extracts of cactus fruit peels. Data are
presented as mean + SEM. “*Mean values within tissue with unlike superscript
letters were significantly different (* P<0.01, > ¢ P<0.05).
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Figure 4: Glutathione peroxidase (GPx) and catalase (CAT) activities (nkatals/mg protein) in
the liver tissues of DM-induced rats treated with low (L), medium (M) and High (H)
doses of powder and nanoparticles (NPs) extracts of cactus fruit peels. * °: Within each
column, means superscripts with different letters are significantly different (P < 0.05).
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