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 The goal of the present study is to assess the possible protective effect of the pomegranate 
peel extract (PPE) and its alginate-nanoencapsulated form (Alg-PPE NPs) against rat 
neurotoxicity induced by acrylamide (ACR). The prepared Alg-PPE NPs were characterized 
using transmission electron microscopy (TEM), dynamic light scattering (DLS), zeta 
potential, Fourier transmission infrared microscopy (FITR), differential scanning calorimetry 
(DSC) as well as in vitro cytocompatibility and drug release analysis. The active ingredients 
of the two examined extracts were identified using HPLC analysis. ACR was intraperitoneally 
injected (50 mg/kg bw) three times per week for 2 consecutive weeks into male Wistar rats 
for the induction of neurotoxicity. PPE or Alg-PPE NPS were given in daily doses (200 mg/kg 
bw) orally for two consecutive weeks either individually or combined with acrylamide 
injection. Results revealed that ACR injection induced neurotoxicity manifested by the 
significant increase in tumor necrosis factor alpha, gamma aminobutyric acid, and DNA 
fragmentation level in brain tissues of treated animals. Meanwhile, the brain levels of brain-
derived neurotrophic factor, total antioxidant capacity, acetylcholinesterase activity, 
dopamine, serotonin, norepinephrine, glutamine, glycine, and aspartate were significantly 
decreased. These changes in tissue biochemical parameters were associated with 
histopathological alternations in the architecture of brain tissues. Amelioration of the 
acrylamide-induced brain toxicity was observed following co-administration of either PPE or 
Alg-PPE NPs with a higher degree of protection observed with the nanoparticles form as a 
result of increased bioavailability. The protective effect of the studied extracts was ascribed 
mainly to the antioxidant potential of their phenolic and flavonoids components.  In 
conclusion, Alg-PPE NPs can be regarded as a potential therapeutic agent that offers 
protection against acrylamide neurotoxicity, however, to fully understand the 
neuroprotective mechanism of Alg-PPE NPs at the molecular level, additional research must 
be done to characterize their active principles.  
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1. Introduction   

     When carbohydrate-rich foods, especially Western-

style snacks, are cooked at high temperatures, 

acrylamide (ACR), a recognized water-soluble hazardous 

chemical, is produced. ACR has high permeability, 

making it simple to be absorbed during digestion via the 

digestive system and spread throughout the body by 

way of the circulatory system [1]. Accordingly, individuals 

are continuously exposed to minute levels of ACR found 

in meals throughout their lives, and its hazardous 

effects can be seen in a variety of tissues, including the 

brain [2]. In humans and laboratory animals, ACR causes 

peripheral and central neuropathy. A recent study has 

shown that ACR causes neuronal damage, alteration of 

neurotransmission, oxidative stress, and 

neuroinflammation that result in aberrant gait patterns 

and neurological impairments with the release of 

cytokines like interleukins (ILs) in response to oxidative 

stress [3]. Through the final decade, the use of 

pomegranate has increased due to its great taste and 

amazing health benefits. In the Punicaceae family, 

Punica granatum is known as the pomegranate.  

       The pomegranate fruit is known for its great 

antioxidant activity, antimicrobial, antiinflammatory, 

and anticancer properties due to its high concentration 

of bioactive phytochemicals. The peels represent 

approximately 50% of the Punica granatum fruit, and 

the antioxidant potential of pomegranate peel extract 

(PPE) is nearly 10 times greater than the other parts of 

the natural product [4]. The peels contain the highest 

concentration of polyphenolic compounds, basically 

hydrolysable ellagitannins, flavonoids, and 

anthocyanins. Ellagic acid, punicalin, punicalagin, and 

gallic acid are the dominant hydrolysable ellagitannins 

in the peels, and they are the constituents of the 

phytochemicals too, showing the most elevated 

antioxidant capacities [5, 6].  

       It has been reported that pomegranate peel is an 

amazing source of important biocompounds including 

hydrolysable tannins (gallic acids and ellagic acids, 

punicalagin, punicalin, and pedunculagin); phenolic 

acids (hydroxycinnamic acids and hydroxybenzoic); and 

flavonoids (anthocyanins, catechins, and other complex 

flavonoids) that show excellent beneficial effects on 

health [7]. Also, byproducts of pomegranate contain 

calcium, phosphorus, magnesium, potassium, and 

sodium, organic acids, protein, and mainly fatty acids as 

punicic, linoleic, and oleic acids present in the seeds [7]. 

       Despite PPE's great health capacity, its use in 

functional foods is uncommon because tannin 

complexes with salivary glycoproteins, leading to 

sensory qualities that are totally disagreeable. In 

addition, PPE involvement with meals may reduce the 

functional benefits of substances used in the 

preparation or storage of food [8]. On the other hand, 

the pomegranate peel extract’s application in different 

goods is complicated by its phenolic susceptibility to low 

pH, high temperatures, and light, as well as its 

metabolism in the gastrointestinal system. One of the 

essential tools in developing therapeutic systems is 

nanotechnology. Nanotechnology is used as a carrier for 

delivering compounds with therapeutic effects to 

increase the concentration of drugs in the target area [9].      

      The size range of nanoparticles (NPs) is both big 

enough to avoid renal and lymphatic-clearance and 

small enough to avoid opsonization. NPs are more 

likely to be taken up by cells than smaller or larger 

particles [10]. The natural polyphenolic compounds 

exhibit a low ability to cross the blood-brain barrier 

(BBB), which limits their therapeutic effects [11]. NPs 

has many advantages including high stability and 

extensive half-life in the blood-stream, shielding the 

contents against enzymatic degradation and 

hydrolysis, decreasing agitation of tissue due to the 

polymeric shell and improving bioavailability [4]. 

Alginate (a biodegradable and biocompatible co-

polymer of guluronic acid and mannuronic acid 

extracted from brown seaweed) is frequently used for 

the encapsulation of various substances due to its 

availability, low cost, ease of gelation, and lack of 

toxicity.  

       Alginate has already received permission from the 

United States Food Drug Administration (US FDA) for 

human use and it is commonly administered orally.  It 

is a non‐immunogenic substance and has been used 

for wound healing, drug delivery, and tissue 

engineering applications. Furthermore, alginate 

hydrogel can effectively shield its contents from 

dangerous elements, and the calcium alginate beads 

were found to be effective when several plant 

extracts were encapsulated in them [12]. Therefore, 

the current study aimed to synthesize alginate-

encapsulated nanoparticles of pomegranate (Punica 

granatum) peel extract (Alg-PPE NPs), as well as to 

assess its potential protective effect against 

acrylamide-induced brain injury in male rats.  
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2. Materials and Methods  

2.1. Pomegranate peels 

       Pomegranate fruits (Punica granatum) were 

purchased from a local market (Cairo, Egypt). The fruits 

were peeled, and the peels were rinsed with distilled 

water, dried, ground using a grinder to powder and 

stored at     C until used. 

2.2. Chemicals 

       Acrylamide (ACR) was obtained from Sigma Aldrich 

Company (Darmstadt, Germany). Sodium, alginate was 

purchased from ROTH (Karlsruhe, Germany). Calcium 

chloride, was purchased from Qualikems (New Delhi, 

India). All other chemicals were of pure analytical 

grades and purchased from Sigma Aldrich (Darmstadt, 

Germany) or Fluka companies (Milwaukee, USA). 

2.3. Animals 

       Adult male outbred Wistar rats were obtained from 

the breeding animal house division of the National 

Organization for Drug Control and Research (NODCAR), 

Egyptian Drug Authority (EDA), Cairo, Egypt. Throughout 

the course of the experiment, the animals were kept in 

plastic cages under regular settings of temperature, 

humidity, and 12-hour light/dark cycles. They were fed a 

pelleted meal that included all the essential nutrients.    

Food and water were provided ad libitum throughout 

the study period and the rats were left to acclimatize for 

1 week prior to the study. According to guidelines of 

Ethics Committee for Animal Experimentation at 

National Organization of Drug Control and Research 

(NODCAR) (Permit Num - BIO.92021), all procedures 

including animals handling were approved and 

performed.  

2.4. Preparation of the ethanolic pomegranate peel 

extract (PPE) 

        Five hundred grams of the pomegranate peel 

powder were successively extracted three times with 

80% ethanol. The pooled extracts were concentrated 

using a rotatory evaporator, filtered through Whatman 

filter paper (No. 2), and then freeze-dried. The yielded 

gummy residue was stored at -4°C for further analysis [13]. 

2.5. Preparations of alginate-pomegranate peel extract 

nanoparticles (Alg-PPE NPs) 

         Alginate-pomegranate peel extract nanoparticles 

(Alg-PPE NPs) were synthesized using a controlled 

gelification procedure depending on the polyanion's 

ionotropic gelation with CaCl2 [14]. Five hundred 

milligrams of sodium alginate were dissolved in one 

hundred milliliters distilled water at room temperature 

(5 mg/ml).  

          Five hundred milligrams extracted pomegranate peel 

were added to the alginate solution (concentration of 5 

mg/ml), and mixed thoroughly for 24 hours. Following 

mechanical stirring, 5 ml of the solution containing calcium 

chloride (36 mM) were added to the alginate pomegranate 

peel extract mixture drop by drop while being constantly 

stirred to generate gelification. The suspension was further 

stirred for three hours at room temperature to obtain 

nanoparticles. The mean diameter of the Alg-PPE NPs was 

confirmed by transmission electron microscopy (TEM) and 

dynamic-light scattering (DLS). Eventually, the 

nanoparticles were freeze-dried for storage until use for 

characterization. 

2.6. Preparation of acrylamide (ACR) solution 

      Acrylamide (ACR) was dissolved in saline (10% w/v). 

Each rat was interperitoneally injected with ACR (50 mg/kg 

bw) three times per week for two consecutive weeks [15]. 

2.7. Characterization of Alg-PPE NPs 

2.7.1. Transmission electron microscope (TEM) 

       A transmission-electron microscope (TEM) with an 

acceleration voltage of 80 Kv (JEOL. JSM-100 CX, Japan) 

was used to measure the mean diameter of Alg-PPE NPs. 

A sample of the Alg-PPE NPs suspension was dropped 

onto a copper grid for TEM observations. The sample was 

stained with phosphotungstic acid after it had been 

completely dried [16]. 

2.7.2. Particle size analysis  

       The particle size of the Alg-PPE NPs was measured 

by dynamic-light scattering (DLS) using the Zeta sizer 

(Malvern instrument, UK). The mean value was 

calculated after measuring the particle size of a 

suspension of an aqueous solution of Alg-PPE NPs (1 

mg/ml PPE) three times [17]. 

2.7.3. Zeta potential 

       A Zeta potential analyzer (Nicomp 380 ZLS, USA) was 

used to determine the Zeta potential value of the Alg 

NPs,, PEE, and Alg-PPE NPs. Prepared aqueous solutions 

of Alg NPs, Alg-PPE NPs, and PPE were tested at 1, 2, 

and 1 mg/ml, respectively. The average value was 

calculated after measuring each sample three times [18]. 

2.7.4. Attenuated total reflection-Fourier transform 

infrared spectroscopy (ATR-FTIR)  

        The ATR FTIR spectra of the Alg-NPs, Alg-PPE NPs and 

PPE were obtained using an ATR-FTIR (Bruker VERTEX 80, 

Germany) spectrophotometer associated with Platinum 

Diamond ATR- disc as an internal reflector.  The samples 

were introduced onto the ATR crystal followed by 

acquisition of FTIR spectra over the scanning variety of 

400- 000 cm−1 at a resolution of   cm-1 [19].  
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2.7.5. Differential scanning calorimetry (DSC) 

      The thermal behavior of Alg NPs, Alg-PPE NPs, and 

PPE was studied using differential scanning calorimetry 

(SETARAM Inc., France). To calibrate the instrument, 

various standards (Mercury, Indium, Tin, Lead, Zinc, and 

Aluminum) were utilized. The purging gases employed 

were nitrogen and helium. The test included a heating 

zone from room temperature to 300°C with a heating 

rate of 10°C/min. The samples were introduced to the 

DSC instrument after being weighed in aluminum pans. 

CALISTO Data program (v.149, Switzerland) was used to 

process the thermogram results [20].   

2.8. In vitro cyto-compatibility of Alg-PPE NPs (MTT 

Assay) 

        Cell viability was determined by the mitochondrial 

dependent reduction of yellow 3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazoliumbromide (MTT) to purple 

formazan crystals [21]. Normal retinal pigment epithelial 

cells (RPE1) were cultured in DMEM medium containing 

1% antibiotic-antimycotic mixture (10,000 U/ml potassium 

penicillin, 10,000 µg/ml streptomycin sulfate, and 25 µg/ml 

amphotericin B) and 1% L-glutamine at 37 °C in 5 % CO2.  

After being batch cultured for 10 days, the cells were 

seeded at a density of 10×103 cells per well in fresh 

complete growth medium in 96-well microtiter plastic 

plates using a water jacketed carbon dioxide incubator 

(Sheldon, TC2323, Cornelius, OR, USA) at 37°C for 24 hour 

under 5% CO2. After adding fresh media devoid of serum, 

cells were either incubated alone (as a negative control) or 

in groups or with various concentrations of Alg-PPE NPs to 

achieve a final concentration of 100-50-25-12.5 µg/ml.  

        After 48 hours of incubation, the media were 

removed, and 40 µl of MTT salt (2.5 µg/ml) was added to 

each well. The experiment was then continued for a 

further 4 hours at 37°C and 5% CO2.  To terminate the 

reaction and dissolve the crystals that had been formed, 

200 µl of 10% sodium dodecyl sulphate (SDS) in deionized 

water were added to each well and incubated overnight at 

37°C. A known cytotoxic natural agent (doxorubicin) with a 

concentration of 100 µg/ml was used as a positive control 

as it causes 100% lethality under the same circumstances 
[22]. The absorbance was then measured at 595 nm with a 

reference wavelength of 620 nm using a microplate multi-

well reader (Bio-Rad Laboratories Inc., model 3350, 

Hercules, California, USA). The percentage of change in the 

cell viability was calculated according to the formula: 

[(Reading of sample/Reading of negative control) -1] × 100. 

 

 

2.9. In vitro drug release study 

       Alg-PPE NPs were injected into the cellulose 

membrane of dialysis tubing (avg. flat width 25 mm, 

USA) in 250 ml beakers for the in vitro drug release 

study. The dialysis procedure was performed at room 

temperature with continuous magnetic stirring in 100 

ml of phosphate buffer (pH 7.4). A volume of 2 ml 

aliquot was taken out and replaced with the same 

volume of brand-new buffer solution at predetermined 

regular intervals. A UV-Vis spectrophotometer (Jasco V-

570, Japan) was used to spectrophotometrically analyze 

the samples that had been collected at the wavelength 

of maximum absorbance (360 nm). Plotting the 

cumulative amounts (Q) of pomegranate released from 

the Alg-PPE NPs as a function of time (hr) allowed 

researchers to determine the drug release profile [23]. 

2.10. Identification of polyphenolic compounds of PEE 

and Alg-PPE NPs by high performance liquid 

chromatography (HPLC) 

      The identification and estimation of polyphenolic 

compounds of PPE and Alg-PPE NPs by HPLC were 

carried out according to the method described by 

Abdel-Aziz et al. [24]. The mobile phase consists of 

solution A (HPLC grade water) and solution B (0.05 % 

trifluoracetic acid in acetonitrile). The HPLC conditions 

were UV detector at 280 nm (Agilent 1260 series, Santa 

Clara, USA), column (Eclipse C18 [4.6 mm×250 mm, 

5µm]), flow rate (1 ml/min), injection volume (5 µl) and 

temperature (40°C). 

2.11. Biological experiment and sample preparation 

        A total of 48 adult male Wistar rats were randomly 

divided equally into 6 groups and subjected to the 

following treatments. Control group in which animals 

were left intact and served as a normal control; ACR 

group in which rats were intraperitoneally (ip) injected 

with ACR (50 mg/kg bw) three times per week for 2 

consecutive weeks [15]; PPE and Alg-PPE NPs groups in 

which rats were orally administered with PPE and Alg-

PPE NPs (both dissolved in distilled water), respectively, 

in a daily dose equivalent to 200 mg/kg bw for two 

consecutive weeks [25]. The last two groups are 

protection groups comprising (PPE+ACR) and (Alg-PPE 

NPs+ACR) groups, in which rats were orally 

administered with PPE and Alg-PPE NPs (200 mg/kg bw), 

respectively, for two consecutive weeks and 

concomitantly ip injected with ACR (50 mg/kg bw) three 

times per week for 2 consecutive weeks.  
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        At the end of the experiment, rats were killed by 

cervical dislocation, brains were excised at autopsy, 

rinsed in ice-cold saline, blotted dry with a filter paper 

and then dissected into 4 portions. The first part was 

used for the preparation of 10% w/v homogenate in 

70% methanol to determine the levels of monoamine 

neurotransmitters (norepinephrine, dopamine and 

serotonin) and neurochemical amino acids (gamma 

amino butyric acid, aspartate, glutamine and glycine). 

The second part was preserved at -80ºC for DNA 

fragmentation assay, whereas the third part was 

homogenized in phosphate buffer (pH 7.4) for the 

analysis of tumor necrosis factor alpha (TNF-α), brain 

derived neurotropic factor (BDNF), total antioxidant 

capacity (TAC), as well as acetylcholinesterase (AChE) 

activity, whereas the last part was kept in 10 % formalin 

for histopathological analysis. 

2.12. Biochemical analysis  

        Tumor necrosis factor-alpha (TNF-α) level was 

assessed in brain tissue homogenates using a rat specific 

kit (MyBioSource, California, United States) according to 

Dowlati et al. [26]. Brain derived neurotrophic factor 

(BDNF (level was assessed in brain tissue homogenates 

using a rat specific ELISA kit (Shanghai, China (according 

to Rostami et al. [27]. The total antioxidant capacity (TAC) 

(which considers the combined effect of all the 

antioxidants present) was measured in brain tissue 

homogenates according to the method of Koracevic et 

al. [28] using a kit provided by Biodiagnostics (Egypt). The 

activity of acetyl cholinesterase (AChE) in brain tissue 

homogenates was measured according to the method 

of Tietz et al. [29] using a colorimetric kit provided by 

Spinreact (Spain).  

         The measurement of brain monoamine 

neurotransmitters (norepinephrine, dopamine, and 

serotonin) using HPLC was done according to the method 

of Ogaly et al. [30]. Chromatographic conditions were as 

follows; Mobile phase: potassium phosphate (20 mM, pH 

2.5), Column: AQUA column C18 (150 mm×4.6 mm, 5 µm 

from Phenomenex, USA), Flow rate:              1.5 ml/min, 

Detector: UV detector (Agilent 1260 series, Santa Clara, 

USA), Injection volume:         20 µl, Temperature: ambient. 

The brain tissue neurochemical amino acid contents 

(glutamine, glycine, gamma aminobutyric acid, and 

aspartate) were estimated by HPLC according to the 

method described by Heinrikson and Meredith [31].  

 

 

      Chromatographic conditions were as follows; 

Detector: UV detector (Agilent 1260 series, Santa Clara, 

USA), Column: PICO-TAG column C18 (30 cm×3.9 mm, 5 

µm from Waters, Massachusetts, USA), Flow rate: 2 

ml/min, Injection volume: 20 µl, Temperature: 46 °C. 

The report and chromatogram were taken from 

ChemStation program (Ohio, USA). The DNA content in 

the nucleic acids extract of brain tissue was determined 

by the diphenylamine method according to Perendones 

et al. [32]. 

2.13. Histopathological examination 

        Samples of brain tissues were fixed in formaldehyde 

solution (10 %) and then processed to form paraffin 

cubes. Paraffin wax tissue blocks were prepared for 

sectioning at 4 µm thickness by a sledge microtome. The 

obtained tissue sections were collected on glass slides, 

deparaffinized and stained by hematoxylin and eosin 

stain for histopathological examination through the 

electric light microscope [33].   

2.14. Statistical analysis 

         All results were expressed as the mean ± standard 

deviation of the mean for eight animals in each group. 

CALISTO Data program (v.149, Switzerland) was used to 

process the thermogram results [20].  Subsequent 

multiple comparisons between different groups were 

employed using the post-hoc Duncan's test. The level of 

significancy was considered at p value of 0.05. The 

statistical analysis was done using Statistical Package for 

Social Science (SPSS) version 20.0 (SPSS Inc., Chicago, Il, 

USA).     

 

3. Results and discussion   

3.1. Characterization of alginate pomegranate peel 

extract nanoparticles (Alg-PPE NPs)  

3.1.1. Particle size analysis 

         It is well known that the physicochemical 

characteristics of NPs, such as particle size and shape, 

are significant in cellular interactions and can influence 

both the non-specific uptake of NPs into cells and the 

behaviors of NPs in biological systems [34]. TEM analysis 

of the morphology and particle size of the prepared Alg-

PPE NPs shows the presence of 8-12 nm sized tiny 

particles (Fig. 1-A). Additionally, the TEM view 

supported the existence of uniform, spherical 

nanoparticles with a smooth surface that did not 

aggregate.  
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       TEM view also revealed that the Alg-PPE NPs are 

discrete, which may be related to the highly negative 

surface charge that is present and causes strong 

repellent interactions between the Alg NPs in 

dispersion, helping to prevent particle aggregation [35]. 

As shown in Fig. 1-B, the moderate particle size of Alg-

PPE NPs measured by DLS is 27 nm, however, the NP 

size of Alg-PPE NPs measures 8-12 nm according to the 

TEM image.  The NPs, therefore, seem smaller when 

observed by TEM as compared to DLS. Dehydration of 

the NPs during sample preparation for TEM imaging can 

be used to explain the difference between the two 

results. The apparent size (hydrodynamic radius) of a 

particle is measured by DLS, which also includes the 

hydrodynamic layers that surround Alg NPs. So, instead 

of measuring the actual diameter of hydrophilic NPs, the 

hydrodynamic diameter was measured by DLS. 

3.1.2. Zeta potential 

        The cellular uptake of NPs is significantly influenced 

by the charge of the surface, which plays an important 

role in the cellular uptake, and can also affect how well 

the NPs adhere to cell membranes [36, 37]. Additionally, 

both in vitro and in vivo, it guides NPs to cellular 

compartments. A method called Zeta potential analyzes 

the total electric charge on the particle surface as well 

as the electrophoretic mobility of the individual 

particles. It also denotes the stability of the suspension, 

making it crucial for the NPs suspended in solution [38]. 

The PPE has a negative Zeta potential value of -14 mV 

(Fig. 2-A). Also, the Alg NPs moderate Zeta potential was 

-58.80 mV before PPE encapsulation (Fig. 2-B), and it 

changed to -83.63 mV after (Fig. 2-C).  

       The value of negative Zeta potential of Alg NPs may 

be attributed to the presence of ionized carboxyl groups 

on the Alg NPs surface. Typically, +30 mV or −30 mV is 

used as the common cutoff line between unstable and 

stable suspensions. Particles with Zeta potential greater 

than +30 mV or more negative than −30 mV are typically 

thought to be stable due to the surface charge [39]. The 

high surface charge of the prepared NPs is indicated by 

the high negative Zeta potential values observed for Alg 

NPs and Alg-PPE NPs. These surface charges lead to 

strong repellent interactions among the NPs in the 

dispersion. Therefore, high suspension stability is 

obtained for Alg NPs before and after encapsulation 

with PPE. 

 

 

3.1.3. Attenuated total reflection-Fourier transformed 

infrared spectroscopy 

      The stability of the drug as well as any potential 

chemical interactions between it and nanoparticles can be 

investigated using FTIR spectroscopy. Any disappearance 

of the drug's FTIR peaks after being encapsulated indicates 

the drug-NPs interaction. The FTIR spectra of PPE, Alg-PPE 

NPs, and Alg NPs are shown in Fig. 2-D. Alg NPs' FTIR 

spectrum exhibits absorption bands at 3261 cm-1 

attributed to O-H stretching, 2932 cm-1 attributed to C-H 

stretching, 1597 cm-1 and 1408 cm-1 corresponding to the 

asymmetric and symmetric stretching of carbonyl C=O, 

1300 cm-1 attributed to C-C-H stretching, and 1129 cm-1 

attributed to ether C-O-C stretching [40]. The FT-IR 

spectrum of pomegranate peel extract (PPE) demonstrates 

that the peel extract contains numerous compounds such 

as phenolic, carboxylic acids, alkenes, ethers, and others 

such as ellagic tannins gallic and ellagic acid esters. It 

shows absorption bands at 3277 cm-1 that corresponds to 

O-H stretching of polyphenols and flavonoids, and 2932 

cm-1 due to the C-H stretching of alkenes.  

       The peaks at 1717 cm-1 and 1611 cm-1 correspond to 

carbonyl group C=O of carboxylic acids and N-H bending of 

amines. While the peaks at 1340, 1230 and 1027 cm-1 

correspond to C-H stretching in alkanes or alkyl group, C-O 

groups stretching in ester, ether, or phenol group, and C-N 

stretching of aliphatic primary amine, respectively [41]. 

Meanwhile, in the spectrum of Alg-PPE NPs, the 

characteristic bands of Alg are not affected by the 

entrapment of PPE as they are slightly shifted from 1597 

and 1408 cm-1 to 1600 and 1411 cm-1, respectively. Hence, 

there is no new chemical bond formed between the 

functional group in the PPE and the Alg NPs. Therefore, 

PPE is physically entrapped in the Alg NPs without making 

any significant chemical interactions confirming the PPE 

stability and compatibility with Alg NPs during the 

encapsulation process. Moreover, in the spectrum of Alg-

PPE NPs, there was a reduction in peak intensity at 1600 

and 1411 cm-1 indicating the encapsulation of PPE within 

Alg NPs [42].     

3.1.3. Differential Scanning Calorimetry (DSC) 

      To describe the physical state of the active components 

inside the nanoparticles, the DSC was used. DSC can reveal 

also the successful encapsulation of materials within the NPs. 

Generally, loss of any exo- or endothermic peaks indicates the 

perfect incorporation of the medication into the NPs.  

 

 

 



                                                       Asmaa M. Tawfek et al /Egy. J. Pure & Appl. Sci. 2024; 62(1):1-19 

  

       The obtained PPE's DSC thermogram revealed a 

strong melting point at 50°C (Fig. 3-A) corresponding to 

volatilization of H2O and the onset of melting of low-

molecular weight compounds as phenolic substances 

and flavonoids. Meanwhile, the DSC thermogram of the 

Alg NPs (Fig. 3-B) revealed a sharp endothermic peak at 

93°C, correlated with water loss from hydrophilic 

polymer groups that have not been completely removed 

during drying, then the degradation of the polymer due 

to dehydration and depolymerization events produced a 

pronounced exothermic peak at 244°C; this peak was 

most likely caused by partial decarboxylation of the 

protonated carboxylic groups and oxidation processes 

of the polymer. Conversely, the melting peak associated 

with PPE at 50°C was not visible on the DSC thermogram 

of the Alg-PPE NPs (Fig. 3-B), indicating that the PPE's 

crystalline structure had not yet formed and that the 

Alg-PPE NPs were in an amorphous condition. 

Furthermore, the Alg-PPE NPs did not exhibit the abrupt 

exothermic peak at 244 °C, but rather a depressed and 

broad peak as a result of mixing between the PPE and 

Alg NPs. Therefore, current results demonstrated the 

PPE's thermal compatibility and proved its effective 

encapsulation in the Alg NPs matrix [43]. 

3.2. In vitro cytocompatibility of the Alg-PPE NPs  

        Cell viability was assessed colorimetrically, 

quantitatively, and sensitively using the MTT assay [21]. A 

typical retinal pigment epithelial cell line (RPE1) was 

used to test the in vitro cytotoxicity of the Alg-PPE NPs 

(Fig. 4-A). The cell viability of the cells treated with 

various concentrations of the analyzed NPs samples was 

slightly influenced, and was only dropped by 16% for 

the maximum concentration of the generated NPs. 

Commonly, it is well accepted that a substance is 

considered cytotoxic when it results in a 30% or more 

reduction in cell viability [44]. Alginate is actually a widely 

used polymer with low cytotoxicity, strong 

biocompatibility, and biodegradability since the 

byproducts of its biodegradation are harmless and non-

toxic [45]. These outcomes validated the Alg-PPE NPs' 

cytocompatibility. 

3.3. In vitro drug release studies 

      The in vitro drug release profile of pomegranate peel 

extract from Alg NPs up to 24 hour is shown in Fig. 4-B. It 

is noted that the in vitro release of PPE from Alg NPs is a 

biphasic linear profile with an initial fast release of about 

54 % during the first 7 hr, followed by a more gradual and 

sustained release phase up to 91 % over 24 h.  

       This suggests that the developed Alg-PPE NPs can be 

used as an important platform for sustained drug 

release applications. The initial fast release is a result of 

free PPE adsorbed on the surface of Alg NPs and the 

rapid hydration of Alg NPs. whereas the sustained 

release is attributed to those PPE molecules crosslinked 

with the nanoparticle network by CaCl2. Also, at higher 

pH 7.4 of the PBS, a greater amount of carboxylic acid 

salt (–COO−) was produced, thus leading to increased 

electrostatic repulsion of inter- and intramolecules, and 

therefore increasing the pore size and cumulative 

release of Alg-PPE NPs [46]. 

3.4. Identification of the active ingredients in PPE and 

Alg-PPE NPs by HPLC analysis 

       HPLC analysis was used for the identification and 

quantitative analysis of some various phenolic 

compounds in pomegranate peel extract and Alg-PPE 

NPs (Tables 1 & 2). In the ethanol extract of 

pomegranate peels and Alg-PPE NPs, compounds of 

nine polyphenolic, including syringic acid, chlorogenic 

acid, catechin, ellagic acid, methyl gallate, caffeic acid, 

gallic acid, ferulic acid, and naringenin, were identified. 

Gallic acid was the most abundant (30688.98 µg/g) 

followed by catechin (7601.35 µg/g), ellagic acid 

(6779.57 µg/g) and chlorogenic (5664.84 µg/g), while 

ferulic acid (170.46 µg/g), syringic acid (123.17 µg/g), 

methyl gallate (107 µg/g), caffeic acid (98.37 µg/g), and 

naringenin (248.47 µg/g) were the lowest abundant in 

the ethanol extract of pomegranate peels.  

       For Alg-PPE NPs, catechin (3733.24 µg/g) was the 

most abundant followed by ellagic acid (3137.29 µg/g), 

chlorogenic (2796.02 µg/g) and gallic acid (2267.81 

µg/g), while caffeic acid (186 µg/g), methyl gallate 

(63.64 µg/g), syringic acid (60.85 µg/g), ferulic acid 

(13.96 µg/g), and naringenin (173.48 µg/g) were the 

lowest abundant. Previous reports have shown that the 

antioxidant capabilities of pomegranate peel extracts 

were mostly ascribed on the presence of considerable 

levels of phenolic and flavonoid components (such as 

ellagic and gallic acids) [47]. Present findings agree with 

several other studies that detected high levels of total 

polyphenols, flavonoids, and anthocyanins in the 

methanol extracts of various components of Punica 

granatum [48-50]. The present findings also firmly 

establish that phenolics are significant elements of the 

pomegranate peel, and at least part of their 

pharmacological actions could be ascribed to the 

presence of these key elements. 
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3.5. The protective effect of PPE and Alg-PPE NPs 

against ACR induced neurotoxicity 

        Rats orally administered with either PPE or Alg-PPE 

NPs extracts did not show significant changes in any of 

the tested biochemical parameters (Tables 3-5), except 

for a slight reduction in brain’s AChE activity, compared 

to untreated rats. Also, the sole administration of either 

PPE or Alg-PPE NPs exerted no significant changes on 

the percent of DNA fragmentation in brain tissues. 

Further, brain sections revealed non-significant 

histopathological alterations in the neuron structure 

after two weeks of either PPE or Alg-PPE NPs 

administration (Fig. 5). These findings support the safety 

of the examined extracts. Similar observations have 

been reported previously for pomegranate peel extracts 
[51, 52]. Intoxication of male rats with acrylamide 

produced a sharp significant increase in the level of 

brain TNF-α, GABA, and % DNA fragmentation 

compared to untreated controls. Meanwhile, the levels 

of BDNF, TAC, AChE activity, DA, NE, 5-HT, Gln, Gly, and 

Asp decreased significantly in the brain of ACR-treated 

rats, compared to their respective controls (Tables 3-5). 

These changes in tissue biochemical parameters were 

associated with histopathological alterations in the 

architecture of brain tissue (Fig. 5). 

        These elevations and reductions of the tested 

parameters have been previously described and were 

attributed to the ACR-induced neurotoxicity and neuron 

damage [15]. According to reports, biochemical indices 

and micromorphological alterations in tissues exposed 

to ACR demonstrate that ACR induces production of 

free radicals with subsequent oxidative stress 

accompanied by changes in tissue architecture [53, 54]. 

The brain tissue is much more at risk for ROS-induced 

lipid peroxidation than other tissues because of having a 

greater content of polyunsaturated fatty acids, a lower 

rate of antioxidant defense, a reduced ability for 

regeneration, and a relatively high oxygen consumption 

rate [55]. ACR monomer has been shown to be 

neurotoxic, genotoxic, carcinogenic, and to cause 

developmental and reproductive damage in laboratory 

animals [56]. ACR interacts with reduced glutathione to 

create conjugates in biological systems, and the 

resulting complex is then broken down by cytochrome 

P450 (subtype CYP 2E1) to produce glycidamide (GA), 

which is harmful to essential macromolecules like 

proteins and DNA. High dosages of acrylamide alter 

enzyme activity and the state of oxidation, greatly 

escalating oxidative stress [58].  

      The expression of COX-2 and nitric oxide synthase in 

breast epithelial cells was similarly observed to be 

increased by ACR [59]. Increased COX-2 expression is 

known to cause a series of inflammatory reactions that 

may lead to apoptosis and ultimately cell death [15]. 

Ataxia, skeletal muscle weakness, and weight loss are 

the hallmarks of ACR-induced neuropathy in both 

experimental animals and humans [60]. The participation 

of oxidative stress processes and inflammatory 

responses has been hypothesized [61] despite the fact 

that the fundamental mechanisms of ACR-induced 

neuropathy are not fully understood. In the current 

study, in addition to the significant decrease in the total 

antioxidant capacity and the sharp increase in the 

proinflammatory cytokine TNF-α, acrylamide 

intoxication significantly reduced brain-derived 

neurotrophic factor (BDNF) suggesting that loss or 

alterations in it may contribute to neuronal dysfunction 

in ACR neurotoxicity. BDNF is a vital member of the 

neurotrophins family that acts on specific neurons in the 

peripheral and central nervous systems to support the 

survival of pre-existing neurons and promote the 

growth and differentiation of new neurons and 

synapses [62].  

       The current results also revealed a significant 

reduction in AChE activity in brain tissue due to ACR 

treatment. Similar findings have been previously 

observed and were attributed to the production of free 

radicals and adducting presynaptic protein thiol groups 

by ACR with subsequent disruption of the antioxidant 

balance within the brain [63, 64].  Also, the concentration 

of GABA in brain tissues was increased due to current 

ACR neurotoxicity. It has been reported that GABA 

increases can cause damage to tardive neurons by 

enhancing inhibitory synapses. Additionally, GABA 

increases can cause damage to neurons by enhancing 

inhibitory synapses [65]. According to these findings, ACR 

may decrease glutamate concentrations by increasing 

GAD65 expression [2]. ACR also caused a considerable 

decrease in the levels of brain serotonin and dopamine. 

A variety of factors have been proposed to explain such 

reduction including ACR interaction with tyrosine and 

tryptophan, the precursor amino acids for DA and       5-

HT synthesis, together with raising the level of 

monoamine oxidase enzyme in the rat brain which is 

crucial for the breakdown of monoamine 

neurotransmitters [66]. This may provide evidence that 

the reduced brain monoamine levels seen in rats 

treated with ACR may be due to active degradation.    
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       In comparison to controls, current exposure to ACR 

significantly enhanced the level of DNA fragmentation in 

brain cells. The potential of ACR to produce reactive 

oxygen species could be considered the principal cause 

of this impact [67]. The ACR-generated ROS are 

extremely active free radicals that damage biological 

macromolecules like DNA. The oxidative damage caused 

by free radical-mediated DNA damage is the initial step 

in mutagenesis, carcinogenesis, and ageing. ACR 

treatment also caused alterations in the architecture of 

brain tissue such as the extensive shrunken 

hypereosinophilic damaged neurons in the prefrontal 

cortex and the edema in the neuropil (Fig. 5). 

Amelioration of the acrylamide-induced toxicity was 

observed following coadministration of either PPE or 

Alg-PPE NPs with acrylamide treatment, as 

demonstrated by the significant ameliorative reduction 

in the brain’s TNF-α, GABA, and % DNA fragmentation 

together with significant ameliorative elevation of the 

brain BDNF, TAC, AChE activity, NE, 5-HT, Gln, Gly, and 

Asp levels, compared to acrylamide-treated rats.  

       In all the determinations, a higher degree of 

protection against acrylamide intoxication was recorded 

following Alg-PPE NPs treatment (Tables 3-5). Several 

studies have shown that the proinflammatory cytokines, 

such as TNF-α, IFN-β, and IL-6 are increased by free 

radical-mediated apoptotic mechanisms [68]. It was 

hypothesized that antioxidants and free radical 

scavengers could counteract this effect, which supports 

our findings indicating that cotreatment with 

pomegranate peel extracts and acrylamide overcame 

the effects of acrylamide concerning the release of 

cytokines and inflammatory mediators. The present 

lowering effect of the levels of the proinflammatory 

cytokine TNF-α due to pomegranate peel extracts was 

also reported by Toklu et al. [69].  

       In fact, separate studies demonstrated 

pomegranate peel extracts to have both antioxidant and 

antimutagenic properties [70]. Polyphenols have been 

shown to be responsible for the antioxidant activity of 

plant extracts [71]. The prepared pomegranate peel 

extracts are rich in a variety of phenolic substances 

(Tables 1 & 2). Ellagic acid is one of the main active 

identified components which has previously 

demonstrated prominent biological activities in 

different studies, such as anti-oxidation, antitumor, anti-

inflammatory, neuroprotection, anti-viral, and anti-

bacterial [8].  

 

        Also, pomegranate ellagitannins, punicalagin and 

ellagic acid were reported to have potent antioxidant, 

anti-atherosclerotic and anticancer activities [72]. The 

free radical scavenging activity of pomegranate peel 

phenols involves electron donation to free radical that 

converts them to relatively more stable compounds. 

The antioxidant power of pomegranate peel extract has 

been found to linearly increase with the concentration 

of peel phenolics [70]. In fact, great therapeutic options 

have been related to plant-derived phytochemicals due 

to their therapeutic potential in several human 

disorders [73]. Reports highlighted the biological 

potentials of these phytochemicals, through different 

antioxidant and anti-inflammatory activities, in 

counteracting neurodegeneration [74].  

         Phenolic compounds are prominent promising 

sources for the treatment and resistance of age-related 

neurodegeneration. The development of new 

therapeutic applications to increase their bioavailability 

and efficacy is a major concern of several research 

groups [75]. Previous reports have demonstrated the 

outstanding neuroprotective potentials of several 

phenolic compounds [76-78]. In addition, phenolic 

compounds have been demonstrated to exhibit 

exceptional bioactivity in a variety of ageing- and 

neurodegenerative-related pathogenic processes, 

including downregulation of oxidative stress and 

proinflammatory cytokine expression, regulation of 

apoptosis, and activation of proteolysis pathways like 

the UPS to prevent protein aggregation [79].  

        Further, flavonoids have been shown to minimize 

apoptosis, amyloidogenic effects, and loss of 

dopaminergic neurons, as well as to limit ROS 

generation, improve the expression of antioxidant 

proteins, neuron survival, and cerebral blood flow [80]. 

Also, phenolic acids have been shown to improve a 

variety of conditions, including epilepsy, 

neuroinflammation, apoptosis, memory problems, 

excitotoxicity, and depression [81]. The administration of 

phenolic compounds highlights a potential alternative 

for the treatment of neurodegenerative pathologies [79]. 

Brain delivery using alginate-formulated nanoparticles 

have been previously reported. Alginate-cholesterol 

micelles coated with lactoferrin were shown to be able 

to deliver a neuroprotective steroid to the brain [82]. 

Also, venlafaxine-loaded alginate nanoparticles (VLF AG-

NPs) were shown to improve brain delivery of an anti-

depressant [83].  
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      We therefore suggest that alginate nano-encapsulation 

of PPE improved the delivery of polyphenol compounds 

across the BBB and enhance their intracellular uptake into 

the target cells, which warrants further investigation. 

Therefore, the current ameliorative potential of PPE 

against ACR-induced brain toxicity could be attributed to 

its high content of polyphenol compounds and flavonoids. 

Interestingly, a higher degree of protection was achieved 

through the encapsulation of PPE. This suggests that the 

encapsulation of PPE with alginate as a carrier helps to 

improve the bioavailability and biological activity of PPE 

polyphenols.  

 

 

 

 

 

 

 

 

 

     The improvement of polyphenol bio-accessibility may 

potentially increase their absorption, resulting in achieving 

systematic concentration and demonstrating higher antioxidant 

and anti-inflammatory activities leading to a higher degree of 

protection. In fact, nano-encapsulation of polyphenol 

compounds was reported to increase the antioxidant and the 

anti-inflammatory power compared to the non-encapsulated 

forms [84]. The neuroprotective and antioxidant properties of the 

two examined extracts were clearly observed in reducing the 

histopathological changes caused by ACR in the brain tissues 

manifested by the greater number of intact neurons in most 

layers of the parietal cortex with few degenerated cells (Fig. 5). 

 

 

 

 

 

 

 

 

 

 

Fig. 1 (A) A TEM image of Alg-PPE NPs solution and its particle size distribution (27 nm) (B). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2  (A) Zeta potential of PPE (-14 mV), (B) Zeta potential of Alg NPs (-58.80 mV), (C) Zeta potential of Alg-PPE NPs (-

83.63 mV), (D) FT-IR spectra of Alg NPs, Alg-PPE NPs and PPE.  

 



                                                       Asmaa M. Tawfek et al /Egy. J. Pure & Appl. Sci. 2024; 62(1):1-19 

  

Fig. 3 DSC thermogram of PPE (A), Alg NPs (B), and Alg-PPE NPS (C). 

                           Fig. 4 In vitro cytocompatibility of Alg-PPE NPs (A) and in vitro drug release of PPE (B). 

 

Table 1. The concentration of phenolic compounds identified in the ethanol extract of PPE by HPLC 

              

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Compound Retention time (min) Area Area % Conc. (µg/g) 

Gallic acid 3.710 2613.43 60.430 30688.98 

Chlorogenic 3.956 573.74 13.260 5664.84 

Catechin 4.165 547.01 12.640 7601.35 

Methyl gallate 4.928 66.00 1.525 107.89 

Caffeic acid 5.437 21.03 0.486 98.37 

Syringic acid 5.958 22.40 0.518 123.17 

Pyro catechol 6.082 ND 0 ND 

Rutin 7.299 ND 0 ND 

Ellagic acid 8.022 387.84 8.967 6779.57 

Coumaric acid 8.253 ND 0 ND 

Vanillin 8.920 19.90 0.460 54.36 

Ferulic acid 9.571 35.37 0.817 170.46 

Naringenin 10.020 38.42 0.888 248.47 

Quercetin 12.190 ND 0 ND 

Cinnamic acid 13.300 ND 0 ND 

Kaempferol 14.230 ND 0 ND 

Hesperetin 14.740 ND 0 ND 

Total                                                                             100% 
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Fig. 5 Photomicrographs of rat brain sections Photomicrographs of rat brain sections from the control group (A), the PPE 

group (B), and the Alg-PPE NPs group (C) stained with hematoxylin and eosin show normal histological structures of 

different cortical regions and layers with apparent intact neurons and normal cellular details (arrows). Intact intercellular 

tissues with a few scattered glial cells are seen. D1 and D2 are photomicrographs of rat brain sections from the ACR 

group showing extensive shrunken hypereosinophilic damaged neurons in the prefrontal cortex, accompanied by mild 

edema in the neuropil. Focal areas of damaged pyknotic neurons were shown in the outer layers of the parietal cortex 

(arrows). However, most of the deeper cortical layers are apparently intact. E1 and E2 are photomicrographs of rat brain 

sections from the PPE+ACR group showing many apparent intact neurons in most layers of the parietal cortex with few 

degenerated cells. Focal areas of damaged pyknotic neurons are shown in the outer layers of the parietal cortex 

(arrows). F1 and F2 are photomicrographs of rat brain sections from the Alg-PPE NPs+ACR group showing many apparent 

intact neurons in most of the layers of the parietal cortex with few degenerated cells. However, the prefrontal cortex 

showed alternate areas of intact and degenerated neurons in the outer cortical zone, with more protected deeper 

cortical zones (arrows) (×400). 
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Table 2. The concentration of phenolic compounds identified in the Alg-PPE NPs by HPLC 

    

            

 

 

 

 

 

 

 

        

 

 

 

 

 

 

 

 

 

 

 

Table 3. The change in the brain levels of TNF-α, BDNF, TAC and AChE activity among different groups 

   

 

 

 

 

 

 

 

 

Data are represented as Mean ± SD of eight observations. Values with dissimilar superscripts are considered significantly 

different. ANOVA test followed by Duncan's multiple comparisons among different groups at p < 0.05 was applied. 

 

Table 4.  The change in the brain NE, DA, 5HT, Glu, Gly, GABA and ASP levels among different groups  

Groups 

NE 

(µg/g 

tissue) 

DA 

(µg/g 

tissue) 

5-HT 

(µg/g 

tissue) 

Glu 

(µg/g 

tissue) 

Gly 

(µg/g 

tissue) 

GABA 

(µg/g 

tissue) 

ASP 

(µg/g 

tissue) 

Control 0.52±0.02
A
 0.72±0.04

A
 0.53±0.05

A
 4.23±0.38

A
 9.79±0.33

A
 5.93± 0.44

A
 2.05±0.15

A
 

ACR 0.21±0.01
B
 0.46±0.01

B
 0.22±0.03

B
 2.3±0.23

B
 4.73±0.17

B
 

10.87±0.587
B
 

1.21±0.12
B
 

PPE 0.50±0.05
A
 0.70±0.02

A
 0.51±0.06

A
 4.01±0.28

A
 9.56±0.82

A
 5.20±0.37

A
 1.95±0.09

A
 

Alg-PPE NPs 0.49±0.06
A
 0.69±0.04

A
 0.53±0.03

A
 4.01±0.27

A
 9.06±1.22

A
 5.14±0.24

A
 1.97±0.13

A
 

PPE+ACR 0.31±0.02
C
 0.53±0.02

C
 0.32±0.03

C
 2.87±0.25

C
 6.45±0.78

C
 8.13±0.40

C
 1.61±0.32

C
 

Alg-PPE NPs + 

ACR 
0.45±0.02

D
 0.64±0.03

D
 0.46±0.03

D
 3.29±0.26

D
 7.23±1.00

C
 7.20±0.38

D
 1.76±0.16

C
 

Data are represented as Mean ± SD of eight observations. Values with dissimilar superscripts are considered significantly 

different. ANOVA test followed by Duncan's multiple comparisons among different groups at p < 0.05 was applied. 

              

Compound Retention time (min) Area Area % Conc.(µg/g) 

Gallic acid 3.620 2191.29 69.074 2267.81 

Chlorogenic 3.952 321.40 10.131 2796.02 

Catechin 4.168 304.91 9.611 3733.24 

Methyl gallate 5.011 44.19 1.392 63.64 

Caffeic acid 5.359 45.13 1.422 186.00 

Syringic acid 5.965 12.56 0.396 60.85 

Pyro catechol 6.082 ND 0 ND 

Rutin 7.299 ND 0 ND 

Ellagic acid 8.031 203.70 6.421 3137.29 

Coumaric acid 8.253 ND 0 ND 

Vanillin 8.918 10.86 0.342 26.12 

Ferulic acid 9.562 3.29 0.103 13.96 

Naringenin 10.100 30.45 0.959 173.48 

Quercetin 12.190 ND 0 ND 

Cinnamic acid 13.430 4.59 0.144 ND 

Kaempferol 14.230 ND 0 ND 

Hesperetin 14.740 ND 0 ND 

Total                                                       100% 

Groups 
TNF-α 

(pg/g tissue) 

BDNF 

(pg/g tissue) 

TAC 

(mM/g tissue) 

AChE 

(U/g tissue) 

Control 50.62±1.55
A
 36.31±2.19

A
 0.85±0.03

A
 216.70±9.6

A
 

ACR 109.75±0.6
B
 18.77±0.81

B
 0.40±0.06

B
 128.73±7.7

B
 

PPE 50.34±2.11
A
 35.84±1.92

A
 0.81±0.04

A
 191.45±12.3

CD
 

Alg-PPE NPs 49.88±2.42
A
 37.23±2.18

A
 0.81±0.04

A
 198.47±12.6

D
 

PPE + ACR 74.94±3.34
C
 28.59±2.62

C
 0.52±0.02

C
 175.94±7.7

E
 

Alg-PPE NPs + ACR 56.94±2.85
D
 32.94±1.62

D
 0.67±0.06

D
 187.19±10.7

CF
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Table 5. The change in the brain DNA percentage (%) fragmentation among different groups 

Groups % DNA 

Control 20.01±0.54
A
 

ACR 40.75±0.85
B
 

PPE 21.83±0.25
A
 

Alg-PPE NPs 23.25±0.85
A
 

PPE + ACR 27.50±1.76
C
 

Alg-PPE NPs + ACR 26.25±1.72
C
 

Data are represented as Mean ± SD of eight observations. Values with dissimilar superscripts are considered Significantly 

different. ANOVA test followed by Duncan's multiple comparisons among different groups at p < 0.05 was applied. 

 

 

4. Conclusion       

         A model of acrylamide-induced bran toxicity in rats 

was verified in the current study, and possible 

neuroprotective effects of pomegranate peel extract 

(PPE) and its alginate-encapsulated nanoparticles (Alg-

PPE NPs) were recorded. The encapsulation process was 

conducted, and the developed nanoparticles were 

analyzed in terms of structure, cytocompatibility, and 

drug release. Both extracts succeeded in attenuating 

acrylamide-induced neurotoxicity and the 

neuroprotective effect was more pronounced for Alg-

PPE NPs because of increased bioavailability of its 

polyphenol and flavonoids components. Alg-PPE NPs 

supplementation can be regarded as a potential 

strategy that offers protection against acrylamide 

neurotoxicity, especially for people who work in 

industries that make or use acrylamide and have higher 

exposures through skin contact or inhalation.  However, 

further study is needed to establish the bioavailability 

and biological activity of Alg-PPE NPs under 

physiological conditions in the human body.  
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