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Abstract: In this study, we evaluate the antioxidant effect and total phenolics content of four selected plant parts [prickly pear 
peel (PPP), turmeric rhizomes (TR), red onion skin (ROS) and eggplant peel (EP)] methanolic extracts and their potential role in 
improving the liver disorders induced by an ubiquitous food pollutant i.e. benzo(a)pyrene (BP). The selected plant parts 
methanolic extracts showed considerable differences in antioxidant activity (AA=57.51 to 90.73 %) and total phenolics (11.29 to 
211.45 mg GAE. g-1). When all selected plant parts methanolic extracts were included in the statistical analysis, there was a 
positive and highly significant (r2=0.597-0.919, p≤ 0.05) relationship between total phenolics and antioxidant activity. Also, the 
antioxidant potential of those methanolic extracts against BP was also studied in vitro in a model using Catfish liver cells in 
homogenate culture. BP induced many metabolic disorders and oxidative stress in fish liver homogenate namely a significant 
decrease in reduced glutathione (GSH) and albumin (Alb) content, and increase in malondialdehyde (MDA) formation after 24 
hours of culture. Co-treatment of liver homogenate with BP and the tested selected plant parts extracts as well as their mixture by 
concentration 0.75% exhibited some protection effects through decreasing the rates of all those metabolic disorders and oxidative 
stress. That decreasing rates in different adverse effects was depending on the type of the plant parts applied. The highest 
therapeutic effect was recorded for the mixture of the selected plant parts extracts (PPP+TR+ROS+EP by equal amounts) 
followed by ROS, EP, TR and PPP, respectively. This study indicates that the compounds present in those selected extracts 
contain interesting bioactivities which improve many adverse effects i.e. metabolic disorders and oxidative stress in liver cells 
induced by BP. 

Keywords: Cat Liver Homogenate, Total Phenolics, Metabolic Disorders, Oxidative Stress, Onion Skin, Eggplant Peel, 
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1. Introduction 

The liver performs several vital functions: it processes 
many of the products that are released into the blood stream 
(e.g. glucose derived from glycogenesis, plasma proteins and 
urea), it secretes bile into the intestine to help absorb nutrient, 
itmakes some of the clotting factors needed to stop bleeding 
from acute or injury, and it also stored several products in the 
parenchymal cells (e.g. glycogen, fat and fat soluble vitamins) 
[1-2].  

In addition, the liver plays a very important part in 
biotransformation and removing the xenobiotics from the 

body, of which alcohol and dietary toxins are particularly 
noteworthy [3-4]. The enormous functional reserve of the 
liver often masks the clinical impact of early liver damage. 
With progression of diffuse disease or disruption of bile flow, 
however, the consequences of liver damage can easily become 
life-threatening. Therefore, liver diseases are a major problem 
throughout the world [5].  

Many environmental toxins cause liver injury to humans. 
Among these compounds, polycyclic aromatic hydrocarbons 
(PAHs) are groups of ubiquitous environmental contaminants 
which are strongly suspected in inducing cancer in human 
[6-7]. Human beings are exposed to PAH from a wide variety 
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of occupational, medicinal, environmental and dietary sources. 
Smoking, polluted air, drinking water and predominantly food 
are representing the major sources of PAH exposure in the 
general population [3, 8]. The World Health Organization 
stated that 99% of the oral intake of PAH contributed by food, 
0.9% by inhalation and 0.1-0.3% by drinking water [9]. 
Benzo(a)pyrene (BP) occupies a central position among 
thesecompounds because it is one of the most extensively 
studied carcinogenic PAHs. It has been shown to be toxic, 
mutagenic and/or carcinogenic by extensive experiments in 
vivo [8, 10-11] and in vitro [3, 12-13] systems. Also, B(a)P 
exposure is associated with the development of liver cancer in 
mammals, rodent and fish [3, 10-11, 13-14]. It is known that 
the toxic, tumorigenic and carcinogenic effects of BP correlate 
with the cellular metabolism of this compounds to arene 
oxides, phenols, quinones, dihydrodiols, and epoxides and 
with their subsequent formation of recative intermediates that 
interact covalently with DNA to form adducts [3,6]. While the 
Fixation of a biochemical changes by cell proliferation is 
considered the next step. The mutagenicity of BP is dependent 
upon metabolic activation. So, BP is considered a promutagen 
[15]. 

Despite the increasing need for agents to protect the liver 
from toxins including BP damage, modern medicine is costly 
and associated with multiple side effects resulting in patient 
non-compliance, subsequently lacks a reliable liver protective 
drug [16]. So, there has been considerable interest in the role 
of complementary and alternative medicines for the treatment 
of liver disorders/diseases. Many of authorities and academic 
centers of research pay more attention towards the area of 
cancer chemoprevention compounds. One of the most 
impressive findings in the field of chemoprevention is the very 
large number of compounds that have been demonstrated to 
prevent the occurrence of cancer. Many of these classes are 
lies in an enlarged group of compounds called phytochemicals. 
They are the bioactive compounds of plants that do not deliver 
energy and are not yet classified as essential nutrients but 
possess healthful properties beyond their use as 
macronutrients or micronutrients.  

Scientists around the world have identified thousands of 
phytochemicals, including flavonoids, glucosinolates 
(isothiocyanates and indoles), phenolic acids, phytates, and 
phytoestrogens (isoflavones and lignans), in different herbs 
and spices around the world [17]. Among the herbs, turmeric 
(Curcuma longa L.) belongs to the Zingiberaceae family and 
the genus Curcuma that consists of hundreds of species of 
plants that possess rhizomes and underground root like stems 
and is a medicinal herb of high repute all over the world 
particularly in South Asia, where it is also used as curry spice 
in foods, flavoring agent, food preservative, and color agent 
(in mustard, margarine, soft drinks, and beverages) [18]. 
Turmeric contains a wide variety of phytochemicals, 
including but not limited to curcumin, demethoxycurcumin, 
bisdemethoxycurcumin, zingiberene, curcumenol, curcumol, 
eugenol, tetrahydrocurcumin, triethylcurcumin, turmerin, 
turmerones, and turmeronols [19-20]. Since the time of 1900 
BC numerous therapeutic activities have been assigned to 

turmeric for a wide variety of diseases and conditions, 
including those of the skin, pulmonary, and gastrointestinal 
systems, aches, pains, wounds, sprains, and liver disorders 
[21].  

On the other side, processing of fruits and vegetables may 
results in high amounts of waste materials/by-products such as 
peels, seeds and stones. Disposal of these materials usually 
represents a problem that is further aggravated by legal 
restrictions. Many studies indicated that such plant parts are 
considered a good source of bioactive and functional 
compounds [22-23]. Some major source of food wastes are 
prickly pear (Opuntiaficus-indica), onion (Allium cepa L.)and 
eggplant (Solanummelongena), some of the most popular 
vegetables and fruits. The major by-products resulting from 
industrial peeling of onion bulbs are brown skin, the outer two 
fleshy leaves and the top and bottom bulbs [22]. The outer dry 
layers of onion bulbs, which are not edible and removed 
before processing, have been shown to contain a wide 
spectrum of polyphenolic components [24]. Eggplant, one of 
the most widespread vegetable consumed around the world. 
The most widely cultivated varieties are elongated ovoid or 
slender type in a dark purple skin. Eggplant is ranked as one of 
the top ten vegetables in terms of oxygen radical scavenging 
capacity due to the fruit’s phenolic constituents [25]. 
Anthocyanins, an important group of naturally occurring 
pigments of red and/or purple colored fruits, are the main 
phenolic compounds in eggplant peel which provide a myriad 
of health benefits [26-27]. Prickly pear, commonly known as 
prickly pear, belongs to the family Cactaceae. The prickly 
cactus pear is widely distributed inLatin America, South 
Africa and the Mediterranean area including Egypt, [28]. 
Many studies indicated that the fruits pulp and peel of prickly 
pears contained phenolics and other antioxidants such as 
biothiols and concluded that they had a positive effect in the 
Redox balance of humans mainly due to reduced LDL 
hydroperoxides levels [29-30]. So, opuntia fruits and young 
stems have been traditionally used in folk medicine to treat 
diabetes, hypertension, asthma, burns, edema, and indigestion 
[31-32].  

Since high antioxidant capacity is a desired feature for the 
above mentioned plant parts, the aim of this study was to 
determine their in vitro potential roles in protecting the liver 
disorders induced by BP. 

2. Materials and Methods 

2.1. Materials 

Selected plant parts, prickly pear (Opuntiaficus indica) peel 
(PPP) turmeric (Curcuma longa) rhizome (TR), red onion 
"Allium cepa L." skin (ROS) and eggplant (Solanum 

melongena) peel (EP) samples were obtained from a local 
supermarkets, Cairo city, Egypt. Benzo(a)pyrene (BP), 
Dimethyl sulfoxide (DMSO) and Folin-Ciocalteu reagent 
were purchased from Sigma Chemical Co. (St. Louis, MO, 
USA). All organic solvents and other chemicals were of 
analytical grade were purchased from El-Ghomhorya 
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Company for Drugs, Chemicals and Medical instruments 
Trading, Cairo, Egypt. 

2.2. Methods 

2.2.1. Preparation of the Plant Parts Extracts 

After arriving of the selected plant parts samples, they were 
prepared for drying process by manual sorting, washing, 
chopped separately into small pieces and drying in under 
vacuum oven (Across International, Livingston, NJ ) at 55 °C 
until arriving by the moisture in the final product to about 8%. 
The dried selected plant parts were homogenized in electric 
blender (Toshiba ElAraby, Benha, Egypt), sieved (60 
mesh.inch-1), packed in polyethylene bags and kept in-20°C. 
Powders of the selected plant parts were used for their 
different types extracts according to the method of Amin et al., 

[33] with some modifications. In aqueous extraction, 20 g 
from dried plant+180 ml deionized waterwere homogenized 
and transferred to a beaker and stirred at 200 rpm in an orbital 
shaker (Unimax 1010, Heidolph Instruments GmbH & Co. 
KG, Germany) for 1 h at room temperature. The extract was 
then separated from the residue by filtration through Whatman 
No. 1 filter paper. The remaining residue was re-extracted 
twice, and then the two extracts were combined. The residual 
solvent of aqueous extract was removed under reduced 
pressure at 55°C using a rotary evaporator (Laborata 4000; 
Heidolph Instruments GmbH & Co. KG, Germany). In 
organic solvents extraction, the same previous extraction 
procedure was carried out by using different organic solvent 
separately including 80% (v/v) methanol, 80% (v/v) ethanol 
and 100% hexane as an extraction medium. The yield of the 
extracts were weighted and evaluated to use the high yield 
one.  

2.2.2. Antioxidant Activity 

Antioxidant activity of the selected plant parts extracts and 
standards (α-tocopherol, BHA, ans BHT; Sigma Chemical 
Co., St. Louis, Mo) was determined according to the 
β-carotene bleaching method following a modification of the 
procedure described by Marco [34]. For a typical assay, 1mL 
ofβ-carotene (Sigma) solution, 0.2 mg/mL in chloroform, was 
added to round-bottom flasks (50 mL) containing 0.02 mL of 
linoleic acid (J.T. Baker Chemical Co., Phillipsburg, NJ) and 
0.2 mL of Tween 20 (BDH Chemical Co., Toronto, On). Each 
mixture was then dosed with 0.2 mL of 80% MeOH (as 
control) or corresponding plant extract or standard. After 
evaporation to dryness under vacuum at room temperature, 
oxygenated distilled water (50 ml) was added and the mixture 
was shaken to form a liposome solution. The samples were 
then subjected to thermal autooxidation at 50°C for 2 h. The 
absorbance of the solution at 470 nm was monitored on a 
spectrophotometer (beckman DU-50) by taking 
measurements at 10 min intervals, and the rate of bleaching of 
β-carotene was calculated by fitting linear regression to data 
over time. All samples were assayed in triplicate. Various 
concentrations of BHT, BHA, and α-tocopherol in 80% 
methanol was used as the control. Antioxidant activity was 
expressed as antioxidant activity (AA) and calculated as 

percent inhibition relative to control using the Al-Saikhanet 

al., [35] equation [AA= (Rcontrol-Rsample) / Rcontrol x 100, where 
Rcontrol and Rsample were the bleaching rates of beta-carotene in 
reactant mixture without antioxidant and with plant extract, 
respectively]. 

2.2.3. Total Phenolics 

Total phenolics of the selected plant parts extracts were 
determined by using Folin-Ciocalteu reagent [36]. A 100 µl of 
each extract was mixed with 0.75 mL of Folin-Ciocalteu 
reagent (previously diluted 10-fold with distilled water) and 
allowed to stand at 22°C for 5 min; 0.75 ml of sodium 
bicarbonate (60g.L-1) solution was added to the mixture after 
90 min at 22°C, absorbance was measured at 725 nm. Results 
are expressed as gallic acid and equivalents. 

2.2.4. Biological Experiments 

(i). Fish 

Catfish (Clarias lazera), one year age were collected from 
the Nile River, Egypt by arrangement with some fisherman’s 
and transported to the laboratory in 50-liters plastic trash cans. 
Fish were held outside the laboratory in 50-liter sinks 
including Nile River water with two aerators pushed oxygen at 
a flow rate of 1 L/min. Fish were fed a daily ration of 2% of 
their body weight/day (Basic Flake, Aquarium design, Union 
City, CA) and the amount adjusted every two weeks. The 
water temperature adjusted in the range 18-25oC by using a 
heating system inside the Aquarius. The photoperiod was 12-h 
light and 12-h dark. No diseases were observed in 
experimental fish. 

(ii). Preparation of Catfish Liver Homogenate 

Catfish liver homogenate were prepared according to the 
method mentioned by Elhassaneen, [3] with some few 
modifiboltiions. Briefly, Catfish were anesthetized in tricaine 
methane sulfonate (MS-222; Sigma Chemical Co., St. Louis, 
MO) and weight was recorded. Livers were excised to a 60 × 
15 mm petri dish (Baxter Healthcare Corp., McGaw Park, IL) 
containing Hank's Balanced Salt Solution (HBSS; Sigma 
Chemical Co.). Other tissues unless livers were cut away and 
the HBSS were removed. The livers were minced with a 
sterilize scissors and resuspended in RPMI-1640 (Sigma 
Chemical Co.) adjusted to 330 mOs/kg and supplemented 
with 25 mM 2-[4-(2-hydroxyethyl) piperazin-1-yl] ethane 
sulfonic acid buffer (HEPES), 2 mM L(+)glutamine, 100 
IU/ml penicillin, 100 µg/ml streptomycin and 10% fetal Calf 
serum (FCS; all from Sigma Chemical Co.) to give a 
concentration (10 mg protein/ml). 

(iii). Determination of the Ideal Concentrations of the 

Selected Plant Parts Extract for Applying in Co-treatment 

WithBP 

Liver homogenate of Catfish were seeded at 100 µl 
homogenate (1 mg protein)/well of 96 flat tissue culture plates. 
100 µl of RPMI-1640/FCS growth medium was added to each 
well. Seven tenfold dilutions of BP were prepared and 100 µl 
of different dilutes were added to each well (as positive 
control replicates). Mixture of selected plant parts methanolic 
extracts (prickly pear peel + turmericrhizome + red onion skin 
+ eggplant peel extracts by equal amounts) were prepared in 
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concentrations (0.25-1.00%) and 100 µl of different dilutes 
was added to each well (as treated replicates). All plates were 
incubated at 27°C for 4 h in the presence of 5% CO2 tension. 
The plates were prepared for NR assay. 

(iv). Effect of Selected Plant PartsMethanolic Extracts on 

the Metabolic Disorders and Oxidative Stress Induced by BP 

in Liver Cells  

Liver homogenate of Catfish were seeded at 100 µl 
homogenate (1 mg protein)/well of 96 flat tissue culture plates. 
100 µl of RPMI-1640/FCS growth medium was added to each 
well. Seven tenfold dilutions of BP were prepared and 100 µl 
of different dilutes were added to each well (as positive 
control replicates). Mixture of selected plant parts methanolic 
extracts were prepared in concentrations (0.25-1.00%) and 
100 µl of different dilutes was added to each well (as treated 
replicates). All plates were incubated at 27°C for 4 h in the 
presence of 5% CO2 tension. The plates were prepared for 
Glutathione (GSH), albumin (Alb) and malondialdehyde 
(MDA) measurements.. 

(v). GSH Measurement 

Reduced glutathione content (GSH) was measured by the 
spectrophotometric recycling method of Tietze [37] in the 
presence of 5,5’-ditiobis (2-nitrobenzoic acid) (DTNB), 
NADPH and glutathione reductase (GR) in a DU70 Beckman 
spectrophotometer (CA).  

(vi). Alb Measurement 

Levels of albumin (Alb) were determined using a 
commercially available kit (Bioassay systems, Hayward, CA) 
based on an established method that utilizes bromocresol 
green which forms a coloured complex specifically with 
albumin that is detectable at 620 nm. Known quantities of 
human albumin were used to establish the standard curve. 
Specific levels of albumin secretion were normalized to total 
protein levels. 

(vii). MDA Measurements 

The extent of lipid peroxidation was measured by the 
reaction of MDA with thiobarbituric acid (TBA) to form a 
colorimetric (532 nm) product, proportional to the MDA 
present (Sigma-Aldrich, St. Louis, MO). The activity of lipid 
peroxidation was expressed as the amount of MDA 
normalized by the amount of cellular protein. 

(viii) Measurement of Protein Concentration  

Protein concentration was measured by a BCA kit (Pierce 
Biotechnology, Rockford, lL) following the manufacturer’s 
protocol. 

2.2.5. Statistical Analyses 

All of the biological experiments were performed at least 
three times, using four wells for each concentration of tested 
agent. Data for the dose-response toxicity and metabolic 
disorders curves were presented as the arithmetic mean. 
Analysis of variance was performed on data using the General 
Linear Models Procedure (GLM) of the Statistical Analysis 
System [38]. 

3. Results and Discussion 

3.1. Extractive Value of Selected Plant Parts Using Different 

Organic Solvents 

The extractive values in different organic solvents are based 
on the quantity, which are soluble in them. It makes a valuable 
test to check the quality of drug/additive/food supplement etc 
and any variation in the chemical constituents may cause a 
change in the extractive values. Thus, it helps in the 
determination of the adulteration and is an index of the purity 
of the material. The extractive value of selected plant parts 
therefore, were determined by successive extraction in 
different solvents using a Soxhlet's apparatus. The results are 
shown in Table (1). The extractive value for selected plant 
parts in water and hexane was low (1.54-3.09%) while 
relatively high in methanol and ethanol (2.49-8.51%). Similar 
data was recorded by Saleh [39] for other plant partsincluding 
orange peel, sweet violet blossoms and marjoram leaves. All 
of those data confirmed that selected plant parts components 
were found in both lipohylic and hydrophilic phases i.e. 
accordance with the known rule "like dissolve like". The 
variation in the extractive values may be possible due to the 
presence of specific compound according to the solubility, soil 
condition, atmospheric condition and water content of the 
sample [39-40]. 

Table 1. Extractive value of selected plant parts using different organic solvents. 

Selected plant parts 
Mean extract, yield (%) ±SD  

Water Methanol Ethanol Hexane 

Prickly pear peel (PPP) 2.09±0.74a 3.01±1.01 c 2.54±1.14 c 1.54±0.66 b 

Turmeric rhizome (TR) 2.03±0.65 a 3.99± 0.99 c 2.49± 0.99 c 2.21±0.59ab 

Red onion skin (ROS) 2.91±1.10 a 8.51±1.76 a 6.01±1.03 a 3.09±1.02 a 

Eggplant peel (EP) 2.41±1.02 a 5.79±1.28 b 3.51±1.38 b 2.39±0.87 a 

*
 Each value represents the mean of three replicates ±SD. Mean values with the different letters in the same column mean significantly different at level p≤0.05. 

3.2. Antioxidant Activity and Total Phenolics of Selected 

Plant Parts Methanolic Extracts 

3.2.1. Antioxidant Activities 
The antioxidant activities and total phenolics of four 

selected plant parts methanolic extracts are shown in Table (2). 
From such data it could be noticed that the selected plant parts 

methanolic extracts showed considerable differences in 
antioxidant activity (AA=57.51 to 90.73 %). Red onion skin 
(ROS) and eggplant peel extracts showed strong activity 
because of its high phenolics content (211.45 and 63.20mg 
GAE. g-1, respectively) while prickly pear peel (PPP) showed 
relatively low content in both antioxidant activity and the total 
phenolics (57.51 % and 11.29 mg GAE. g-1, respectively].  
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The decrease in absorbance of β-carotene in the presence of 
different selected plant parts methanolic extracts (and 
well-known antioxidants used as standards) with the oxidation 
of β-carotene and linoleic acid is shown in Figure (1). Such 
data indicated that ROS extract recorded the lowest 
decreasing followed by EG, TR and PPP extracts, respectively. 
The values of ROS extract absorbance'sthrough 120 min are 
coming well i.e. closing the line of 50 mg.L-1 of α-tocopherol 
followed by the rest of the parts extracts. These data proved 
the very high stability of the ROS extratard relatively high 
stability of the rest tested plant parts extracts when comparing 
with that more common standard α-tocopherol. 

In a similar studies, Elassaneen et al., [23], Saleh [39] and 
Ahmed, [41] found that many food by-products/plant parts 
extracts including potato peel powder (PPP), red onion skin 

powder (ROSP), prickly pear peel (PPP) and mango peel 
powder (MPP) recorded highly antioxidant activity and 
phenolic content. Almost of those plant parts extracts 
exhibited high antioxidant stability when comparing with the 
α-tocopherol as the standard antioxidant. In comparing with 
the other related study, Velioglu et al., [42] determined the 
antioxidant activities and total phenolics of 28 plant products 
and by-products, including sunflower seeds, flaxseeds, wheat 
germ, buckwheat, several fruits, vegetables, and medicinal 
plants and found that the total phenolics content varied from 
169 to 10548 mg/100 g of dry product. Antioxidant activity of 
methanolic extract evaluated according to the β-carotene 
bleaching method expressed as AOX, AA, ORR, and AAC 
ranged from 0.05, 53.7, 0.009 and 51.7 to 0.26, 99.1, 0.46 and 
969.3, respectively.  

Table 2. Antioxidant activity and total phenolics of selected plant parts methanolic extracts. 

Selected plant parts  Antioxidant activityAA (%) Total phenolics (mg GAE. g-1 extract) 

Prickly pear peel (PPP) 57.51± 4.18 e 11.29± 2.77 c 

Turmeric rhizome (TR) 65.32± 4.66 d 19.71± 5.87 c 

Red onion skin (ROS) 90.73± 12.10 b 211.45± 42.89 a 

Eggplant peel (EP) 74.14± 8.88 c 63.20± 14.67 b 

α-tocopherol, 50 mg/L 98.77± 4.13a -------- 

e Each value represents the mean of ten replicates ±SD. Mean values with the different letters in the same columnmean significantly different at level p≤0.05. 

 

Figure 1. Activity of of selected plant parts methanolic extracts assayed by the β-carotene bleaching method (α–tocopherol at 50 mg.L-1 concentration was used 

as a reference). 

3.2.2. Relationship Between Total Phenolics Content and 

Antioxidant Activity 

Data in Table (2) investigated the total phenolics content of 
the selected plant parts methanolic extracts which varied from 
11.29 to 211.45 mg GAE.g-1. The results also indicated that 
when all selected plant parts methanolic extracts were 
included in the statistical analysis, there was a positive and 
highly significant (r2=0.597-0.919, p≤ 0.05) relationship 
between total phenolics and antioxidant activity (Figure 2). 

The highest value was recorded for ROS (r2=0.919, p≤ 0.05) 
followed by EP (r2=0.869, p< 0.05), TR (r2=0.735, p< 0.05), 
and PPP (r2=0.597, p< 0.05), respectively. This indicates that 
phenolic compounds can play a major role in the antioxidant 
activity of some selected plant parts methanolic extracts such 
ROS, EP and TR and particilly role for the other such PPP. 
Such data means the antioxidant activity of PPP extract was 
depended on the occurrence of other bioactive compounds 
beside the phenlics one. The bioactive compounds could be 
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included vitamins (ascorbic acid and tocopherols), sterols, 
pigments (betaxanthins and betacyanins) and minerals [43]. In 
similar study, Velioglu et al., [42] reported that the correlation 
coefficient between total phenolics and antioxidative activities 
of 28 plant products, including plant by-products was 

statistically significant. Also, many studies indicated that 
there was a positive and significant (p≤ 0.05 or p< 0.01) 
relationship between total phenolics and antioxidant activity 
in different plant parts extracts [23, 39, 44-45]. 

 

Figure 2. Relationship between total phenolic content and antioxidant activity (AA) of selected plant parts methanolic extracts. 

The data of this study with the others proved the importance 
of using all selected plant parts methanolic extracts as natural 
antioxidants in both therapy and food technology. For 
examples, Majid et al., [46] found feeding of phenolic acid 
(ellagic, found in PPP) significantly increased the levels of 
reduced glutathione (GSH) and glutathione reductase 
(GSH-Rd) in liver and lungs of male and female mice as well 
as increase in inhibition of NADPH-dependent lipid 
peroxidation. The antioxidant activity of four phenolic acids, 
representative of three chemical groups, present in the all 
tested plant by-products, upon low density lipoprotein 
peroxidation was studied in vitro in a low density lipoprotein 
(LDL) oxidation model by Laranjinha et al., [47]. 
Antioxidants help protect cells from the potentially damaging 
physiological process known as "oxidative stress" (damage to 

healthy cells or DNA by unpaired electrons known as free 
radicals). Oxidative stress is thought to be associated with the 
development of chronic diseases including cancer, heart 
disease, conditions of aging including neurodegenerative 
diseases such as Parkinson’s and Alzheimer’s disease. Serum 
glucose concentration of alloxane-induced diabetic rats 
consumed the tested plant by-product powder were studied by 
Shalaby [48]. It was noticed that treatment of animals with 
aloxane caused a significant increased (p≤0.05) in serum 
glucose concentration (41.49%) compared to normal controls. 
Supplementation of the rat diets with meatballs (20%) 
decreased the rise of mean serum glucose by the ratio 9.64%. 
The rate of decreasing was increased with the 
supplementation of the meatballs with 0.25% w/w/ by 
pomegranate peel powder (PGPP), ROSP, PPP and their 
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mixture by 23, 28.6, 26.25 and 35.55%, respectively. The 
mixture treatment gave maximum hypoglycemic yield when 
compared with the tested plant parts separated. It could be 
mean that a combination of different plant parts may be more 
efficient for reducing the serum glucose level because the 
interactive effects occurred by different categories of 
bioactive compounds of plant parts used. The same findings 
were observed by Sayed Ahmed, [45] when using mixture of 
potato peel powder (PPP), red onion skin powder (ROSP), 
cauliflower leaves powder (CLP) and mango peel powder 
(MPP). Recently, Elhassaneen et al., [30] reported that some 
plant parts extracts including sweet violet blossoms (SVB), 
marjoram leaves (ML), red onion skin (ROS) and orange peel 
(OP), individually or to work together, improve the liver 
injuries (cytotoxic, immunotoxic and genotoxic effects) 
induced by CCl4in vitro.  

Finally, data of the present work with that carried out by the 
others could be represent the mile stone towards the extension 
of using those selected plant parts methanolic extracts, as 
natural antioxidants in many different therapeutic nutrition 
applications instead of the synthetic antioxidants/food 
supplements/drugs. Restrictions on the use of the last 
synthetic antioxidants/drugs, however, are being imposed 

because of their carcinogenicity [35]. Thus, the interest in 
natural/nutritional antioxidants has increased considerably.  

3.3. Determination of the Ideal Concentrations of the 

Selected Plant Parts Extract for Applying in 

Co-treatment with BP 

Catfish liver cells homogenate were incubated with serial 
dilutions of BP alone and in co-treatment with mixture of the 
selected plant parts methanolic extract by different 
concentrations (0.25-1.0%). Neutral red (NR) assay which 
determined the lysosomal activity was used to make a dose 
response toxicity of BP. The data were standardized by 
expressing absorbance data in the presence of each mixture 
concentration as a percentage of that in the control medium. 
Such as shown in Figure (3), the absorbance measurements of 
NR assay (as % of control) were 20.70-101.22, 40.30-102.34, 
51.56-105.33, 56.12-107.56 and 60.32-110.74 for the BP 
alone and co-treatment with mixture of the selected plant parts 
(prickly pear peel + turmericrhizome + red onion skin + 
eggplant peel, by equal amounts) methanolic extract by 
different concentrations (0.25, 0.50, 0.75 and 1.0%)., 
respectively. 

 

* BP, Benzo(a)pyrene; Mix, mixture of prickly pear peel + turmeric rhizome + red onion skin + eggplant peel extracts by equal amounts. 

Figure 3. Effect of mixture selected plant partsmethanolic extract on the cytotoxicity of BP in liver cells as determined by neutral red (NR) assay*. 
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Such data indicated that BP induced highly adverse 
cytotoxic effects including lysosomal dysfunctions of liver 
cells which expressed by NR assay. Co-treatment of liver cell 
with BP and mixture of the selected plant parts methanolic 
extract exhibited therapeutic effects through decreasing the 
cytotoxic effect. That decreasing in cytototoxic effect was 
depending on the concentration of the mixture applied. The 
therapeutic effect was gradually increased with the increasing. 

3.4. Effect of Selected Plant Parts Methanolic Extracts on 

the Metabolic Disorders Induced by BP in Liver Cells 

3.4.1. Reduced Glutathione (GSH) Synthesis 

The influence of selected plant parts methanolic extracts on 
the metabolic disorders induced by BP in liver cells through 
determination of the GSH synthesis (Figures 4). The GSH 

content (as % of control) of liver cells were 41.20-108.13, 
55.79-117.01, 49.80-115.91, 63.24-120.18, 60.68-115.06 and 
65.87-123.35%for the BP and BP plus the four selected plant 
parts extract PPP, TR, ROS, EP as well as their mixture, 
respectively. Such data indicated that BP induced some 
metabolic disorders in liver cells which expressed by 
decreasing the GSH synthesis. Co-treatment of liver cell with 
BP and the tested selected plant parts extracts as well as their 
mixture exhibited therapeutic effects through decreasing the 
metabolic disorders i.e. increasing the GSH synthesis. That 
decreasing in the metabolic disorders of liver cells was 
depending on the type of the plant parts applied. The highest 
therapeutic effect was recorded for the mixture of the selected 
plant parts extracts followed by ROS, EP, TR and PPP, 
respectively. 

 

Figure 4. The influence of selected plant parts methanolic extracts on the metabolic disorders induced by BP in liver cells through determination of the GSH 

synthesis*. 

* BP, Benzo(a)pyrene; PPP, Prickly pear peel extract; TR, Turmeric rhizome extract; ROS, red onion skin extract; EP, Eggplant peel extract; Mix, mixture of 

PPP+TR+ROS+EP by equal amounts. 

Reduced glutathione (GSH) is a tripeptide-thiol 
(γ-glutamylcysteinyl-glycine) that has received considerable 
attention in terms of its biosynthesis, regulation, and various 
intracellular functions [49-50]. Among these functions are two 
constructing roles in detoxifications: (1) as a key conjugate of 
electrophilic intermediates, principally via 

glutathione-s-transferase activities in phase II metabolism, and (2) 
as an important biological antioxidant. The antioxidant functions 
of GSH includes its role in the activities of the antioxidant 
enzymes such glutathione peroxidase (GSH-Px) and glutathione 
reductase (GSH-Rd). In addition, GSH can apparently serve as a 
non-enzymatic scavenger of oxyradicals [51]. 
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A fall in GSH observed by BP treatment accompanied by a 
concomitant increased in the liver lipid peroxidation (MDA 
content). Such data with the others (Hasegawa et al., 1995) 
suggested that secretion of GSH from liver to blood might be 
blocked by BP because of intracellular structural failure, 
elevation of the lipid peroxide content and/or the energy 
depletion suggested by the marked decrease in glycogen 
content [52]. Co-treatment of liver cell with BP and the tested 
selected plant parts extracts was significantly (p≤0.05) removed 
some of the metabolic disorders induced by BP in liver cells 
through increasing the GSH synthesis. PPP, TR, ROS and EP 
methanol extracts was described by its higher content of 
different classes of bioactive compounds including flavonoids 
and betacyanin such betanin in PPP, polyphenoliccurcuminoids 
such curcumin in TR, flavonoids such quercetin and 
organosulfur compounds in ROS, and Phenolic acids 
(chlorogenic and caffeic acids) and anthocyanins (nasunin and 
delphinidin) in EP [52-57]. Several reports have documented 
the potent antioxidant capacity [57] and anticarcinogenic 
effects [56, 58-61] of such bioactive compounds in 
experimental animals. Such effects leads to increase glutathione 
content and stimulate the activity of antioxidant enzymes i.e. 

GSH-Px, GSH-Rd and catalase [52, 62]. 

3.4.2. Albumin (Alb) Secretion into the Culture Medium 

Effect of selected plant partsmethanolic extract on the 
metabolic disorders induced by BP in liver cells by 
measurement of albumin (Alb) secretion into the culture 
medium (Figures 5). The Alb content (as % of control) of 
culture medium were 119.68-296.10, 111.91-212.54, 
115.54-249.11, 107.87-172.23, 108.91-181.83, 
105.01-151.67%for the BP and BP plus the four selected 
plant parts extract PPP, TR, ROS, EP as well as their mixture, 
respectively. Such data indicated that BP induced some 
metabolic disorders in liver cells which expressed by 
increasing the Alb into the culture medium. Co-treatment of 
liver cell with BP and the tested selected plant parts extracts 
as well as their mixture exhibited therapeutic effects through 
decreasing the metabolic disorders i.e. decreasing the Alb 
secretion into the culture medium. That decreasing in the 
metabolic disorders of liver cells was depending on the type 
of the plant parts applied. The highest therapeutic effect was 
recorded for the mixture of the selected plant parts extracts 
followed by ROS, EP, TR and PPP, respectively. 

 

Figure 5. Effect of selected plant partsmethanolic extract on metabolic disorders induced by BP in liver cells by measurement of albumin (Alb) secretion into the 

culture medium*. 

* BP, Benzo(a)pyrene; PPP, Prickly pear peel extract; TR, Turmeric rhizome extract; ROS, red onio skin extract; EP, Eggplant peel extract; Mix, mixture of 

PPP+TR+ROS+EP by equal amounts. 
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Albumin production is often employed as a marker of 
hepatocyte metabolic activity in vitro and is generally 
recognized as an indicator of liver-specific functions [63]. 
Earlier work on the synthesis of albumin reported the rate to 
be 4µg (min.mg DNA)-1 which is understood to be several 
fold greater than the rate of albumin secretion by cultured 
hepatocytes [64]. The metabolic activity of liver cells was 
assessed by determination of the level of albumin secretion. 
The present data indicated that secretion of Alb from liver to 
culture media was increased by BP. It could be corresponding 
well with the study of Fayez [62] which suggested that 
secretion of Alb from liver to blood might be blocked by BP 
because of intracellular structural failure. Also, throughout 
cytotoxic challenge of different toxic agent including BP, 
higher levels of albumin secretion were noted in liver cells 
culture media [65]. However, co-treatment of liver cell with 
BP and the tested selected plant parts extracts exhibited 
partially reducing in albumin secretion by cells cultured on 
media. These data illustrate that hepatocyte cell function was 
improved in the presence of tested plant parts extracts in a 
dose-dependent manner and cells grown in media 
supplemented with those extracts appeared more tolerant to 
the cytotoxin, i.e. BP. 

3.5. Effect of Selected Plant Parts Methanolic Extract on the 

Oxidative Stress i.e. Malondialdehyde (MDA) 

Formation Induced by BP in Liver Cells 

Effect of selected plant parts methanolic extract on the 
oxidative stress induced by BP in liver cells by measurement 
of malondialdehyde (MDA) formation in cells (Figures 6). 
The MDA content (as % of control) of cells were 
117.68-226.55, 108.91-179.31, 111.55-204.91, 105.00-143.23, 
105.91-166.31, 102.67-134.20% for the BP and BP plus the 
four selected plant parts extract PPP, TR, ROS, EP as well as 
their mixture, respectively. Such data indicated that BP 
induced oxidative stress in liver cells which expressed by 
increasing the MDA liver cells. Co-treatment of liver cell with 
BP and the tested selected plant parts extracts as well as their 
mixture exhibited therapeutic effects through decreasing the 
oxidative stress i.e. decreasing the MDA formation in liver 
cells. That decreasing in oxidative stress of liver cells was 
depending on the type of the plant parts applied. The highest 
therapeutic effect was recorded for the mixture of the selected 
plant parts extracts followed by ROS, EP, TR and PPP, 
respectively. 

 

Figure 6. Effect of selected plant partsmethanolic extract on the oxidative stress induced by BP in liver cells by measurement of malondialdehyde (MDA) 

formation in cells*. 

* BP, Benzo(a)pyrene; PPP, Prickly pear peel extract; TR, Turmeric rhizome extract; ROS, red onion skin extract; EP, Eggplant peel extract; Mix, mixture of 

PPP+TR+ROS+EP by equal amounts. 
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Several reports have documented the potent antioxidant 
capacity of curcumin where by mitigation of lipid 
peroxidation and oxidative stress in several tissues were 
demonstrated [62]. Flavonoids isolated from eggplant showed 
potent antioxidant activity in experimental animals. It lowers 
the concentrations of malondialdehyde, hydroperoxides and 
conjugated dienes significantly [52]. Also, chlorogenic acid 
and nasunin isolated from eggplant alls showed antioxidant 
activates including protecting blood cholesterol from 
peroxidation, preventing cellular damage that can promote 
cancer, and lessening free radical damage in joints, which is a 
primary factor in rheumatoid arthritis [53]. Furthermore, 
Fayez [62] found that liver lipid peroxide levels increased in 
all BP-treated animals and previous feeding of turmeric 
powder clearly protected against those changes. 

4. Conclusion 

In conclusion, throughout cytotoxic challenge of BP, a fall 
in GSH content in liver cells and higher levels of Alb secretion 
in liver cells culture media were noted. Such cytotoxic effects 
observed by BP treatment accompanied by a concomitant 
increased in the liver lipid peroxidation (MDA content). 
However, liver cells functions were improved as the 
co-treatment with BP and the tested selected plant parts 
extracts in a dose-dependent manner and cells grown in media 
supplemented with those extracts appeared more tolerant to 
the cytotoxin, i.e. BP. The highest preventive/improving 
effects was recorded by the mixture of the selected plant parts 
extracts which could be attributed to the antagonism effects as 
the result of different phytochemicals categories including. 
Therefore, we recommended those tested plant parts, 
individually or mixture case, by a moderate amounts to be 
included in our daily diets. 
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