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Abstract: The present study was designed to evaluate the protective and therapeutic effect of
Moringa oleifera leaf extract (MOLE) against carbon tetrachloride (CCL,)-induced
genotoxicity, hemotoxicity and hepatotoxicity in rats. Male albino rats of eleven groups (eight
animals each) were used in this study. The animal groups included negative control; control of
olive oil; positive control (received CCL4 in olive oil for 12 weeks); Groups 4-7 received CCL4
in olive oil plus MOLE at doses of 1.3, 2.0, 2.6 and 4.0 g/kg (used as a protective agent) for 12
weeks; Groups 8-11 received MOLE alone (as a therapeutic agent) at the same doses for 3
weeks after cessation (12 weeks) of CCL, treatment. Molecular genetic, hematological,
histopathological and histochemical studies were conducted. Genetic results showed that the
administration of CCL,4 caused a high significant increase of DNA damage in lymphocyte cells
and significant elevation of the expression of CYP1A2 and CYP2BI1 genes in liver tissue as
compared to control. Also hematological findings revealed that CCL, treatment significantly
reduced Hb level and RBCs count, whereas it significantly increased the WBCs count in
respect to normal control. Histopathological examination documented that CCL, produced
massive damage to liver tissue in the form of excessive fibrosis, cellular infiltration and
vacuolar degeneration of hepatocytes. MOLE treatment (as a protective or therapeutic agent)
was able to significantly reduce the DNA damage and significantly inhibit the up-regulation of
CYP1A2 and CYP2BI1 genes expression induced by CCL,. It also significantly improved the
hematological parameters, where the abnormal changes in Hb level, RBCs count and WBCs
count induced by CCL4 had been minimized. Moreover, the histopathological results revealed
that the damaging effect of CCL, on hepatic tissue was clearly reduced by using MOLE
treatment. Histochemical findings confirmed the histopathological results, where the DNA
study indicated that MOLE treatment ameliorated the DNA content in examined cells and gave
DNA values better than those of animals group treated with CCL,4 alone. While the CCL,4 group
showed decrease of DNA values (hypoploidy). All the above results were dose dependent. But
better results were obtained by using MOLE as a therapeutic agent, especially the treatment
with the highest dose 4.0 g/kg, in which the rate of DNA damage, the overexpression especially
of CYP1A2 gene, hematological changes and the massive damage in liver tissue as well as the
abnormal histochemical parameters reverted nearly to the normal values.

In conclusion, the present study proved that MOLE is able to significantly alleviate the
oxidative stress induced by CCL, in rats., These results revealed that Moringa oleifera has
therapeutic effect in curing some health problems associated with toxication status (as a result
of CCL, treatment) and this was established by its positive effect on some of molecular genetic,
hematological, histopathological and histochemical parameters of the experimental animals.
Keywords: Moringa oleifera leaf extract, CCLs-induced genotoxicity, hemotoxicity,
hepatotoxicity, rats.
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Introduction

Liver disorders are one of the serious health problems through the world. Despite remarkable advances
in the field of modern medicine, hepatic diseases remain a major public health problem, thus the search for new
effective medicines without side effects is still ongoing [1]. Natural remedies from traditional plants are seen as
effective and safe alternative treatments for hepatotoxicity [2-4]. Several studies showed that hepatoprotective
effects of medicinal plants are associated with phytoextracts/phytocompounds rich in natural antioxidants [2, 5-
7] Many phytochemicals are strong antioxidants, effective antimicrobials, possess substantial anticarcinogenic
and antimutagenic properties [8-10], as well as they are also active in reducing high blood pressure [11-13].

Moringa oleifera Lam is the most widely distributed species of the Moringaceae family throughout the
world, especially in Asian and African countries, having a remarkable range of pharmacological properties in
addition to significant nutritional value [14, 4]. The various plant parts have wide medicinal applicability for the
treatment of cardiovascular diseases. The roots, leaves, gum, flowers and seed infusion contain nitrile, mustard
oil glycosides and thiocarbamate glycosides as their important bioactive constituents, which are thought to be
responsible for their diuretic, cholesterol lowering and antiulcer properties [15, 4]. Moreover, seed pod extracts
have been demonstrated to prevent skin tumors in mice [16]. On the other hand, the extract of Moringa leaves
has been shown to have potent antioxidant action in vivo [17,18]. Because this part of plant when compared to
other parts, it was found that it is high significant source of protein, f-carotene, vitamins A,B,C and E,
riboflavin, nicotinic acid, folic acid, pyridoxine, amino acids, minerals and various phenolic compounds [15,
14, 4]. Also, Moringa oleifera leaves were used as nutritional supplement and growth promoters [19-23]. The
extract of this part of the plant has been investigated to be a protective or therapeutic agent against various
abnormal conditions. Ethanolic extract of leaves has shown antimicrobial activity [24, 25]. Radio protective
effect of leaves has also been established where in radiation-induced chromosomal aberrations and micronuclei
were suppressed by pre-treatment with methanolic extract [26]. Moreover, M. oleifera leaves aquous extract
was observed to have a therapeutic action against radiation hazards through enhancing of liver enzyme
activities (AST, ALT and ALK), decreasing the malondialdehyde (MDA), and reduction of genetic alterations
(micronuclei and DNA damage) in irradiated rats by gamma irradiation [27]. Furthermore, ethanolic extract of
M. oleifera leaves possessed antigenotoxic phytoconstituents in mice, the high percentages of micronuclei and
DNA damage induced by cyclophosphamide were minimized in animals pre-dosed with the extract [28]. On the
other hand, the treatment with ethanolic extract of M. oleifera leaves effectively protected hepatic tissue from
tissue damage induced by antitubercular drugs [29].

Moringa leaves contain a rich and rare combination of zeatin, quercetin and Kaempferom that have
shown potent anticancer, anti-inflammatory, hepatoprotective and antifungal activities [30, 31].

Carbon tetrachloride (CCL4) has been used in animal model to induce liver damage similar to that of
acute viral hepatitis in human patients [32]. The principle causes of carbon tetrachloride in inducing the hepatic
damage are lipid peroxidation, decreased activities of antioxidant enzymes and generation of free radicals [33,
32]. Also, this component (CCL,) is a commonly used model for screening of the anti-hepatotoxic and/or
hepatoprotective activities of the drugs [34-36]. So, the present study was designed to evaluate the protective
role and therapeutic effect of Moringa oleifera leaves ethanolic extract against CCL4-induced hepatotoxicity
and genotoxicity in rats. The study was carried out to investigate its effects on gene expression alterations of
cytochrome P450 isoforms (CYP1A2 and CYP2B1) and assaying of histopathological and histochemical
changes in rat livers. Comet assay of DNA and hematological examinations in blood cells were also analyzed.

Materials and Methods
Chemicals:

Carbon tetrachloride (CCL,):

CCLy is a colorless non-flammable liquid, of molecular weight 153:84 was obtained from El-Nasr
Pharmaceutical chemical Co., A.R.E.

CCL, is one of the most commonly used hepatotoxins in the experimental studies of liver diseases. This
compound induced hepatotoxicity as judged from serum marker enzymes and antioxidant levels in liver tissues
[37].
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Preparation of Moringa oleifera leaves extract (MOLE):

Ethanolic extract of Moringa oleifera leaves was prepared according to the method of Ugwu et al. [38],
as follows: The fresh leaves of Moringa oleifera plant were picked from trees grown on sand soil in El-Sharkia
governorate, Egypt. The leaves were washed thoroughly with distilled water and dried under room temperature
at (29°C-35°C) for three weeks, after which the leaves were pulverized into coarse form with acrestor high
speed milling machine. The coarse form (1000 g) was then macerated in absolute ethanol. This was left to stand
for 48h. After that the extract was filtered through muslin cloth on a plug of glass wool in a glass column. The
resulting ethanol extract was concentrated and evaporated to dryness using rotary evaporator at an optimum
temperature was between 40 and 45°C to avoid denaturation of the active ingredients. The concentrated extract
was diluted to 1000 ml using a polysaccharide as a carrier and stored in the refrigerator.

Experimental animals:

Male albino rats of Sprague-Dawley strain weighing 120-150 g were obtained from the animal house,
National Research Centre, Egypt. Animals were housed in an ambient temperature of 25 + 3.2°C on light/dark
cycle of 12/12 hours. All rats were kept in clean polyprophylene cages and administered food and water ad
libitum.

Experimental design:

The rats were divided into 11 equal groups, 8 rats each. Group 1, received saline. Group 2, received the
vehicle (olive oil) at 2.8 ml/kg. Group 3, received CCly in olive oil (1:1, vol/vol) at a dose of 2.8 ml/kg through
orogastric tube and then the rats were administered half the initial dose of CCls, twice weekly after the first
administration of CCly for 12 weeks so as to maintain hepatic damage. Group 4-7, received CCl, in olive oil in
the same dose and way previously mentioned and for the same period. Starting on the first day of CCly
administration, rats were treated with moringa extract (1.3 g/kg, 2.0 g/kg, 2.6 g/kg, 4.0 g/kg). Groups 8-11,
received CCl, in olive in the same dose and way as previously mentioned and for the same period, then rats
were treated with moringa extract (1.3g/kg, 2.0 g/kg, 2.6 g/kg, 4.0 g/kg) for three weeks.

Rats had free access to food and drinking water during the study. At the end of the experiment, blood
samples were collected for DNA comet assay and hematological examination. After that, the animals were
sacrificed by cervical dislocation. Livers were immediately removed for molecular genetic study and for
histopathological and histochemical analyses.

The used doses of CCL, for rats were quivalent to the human dose according to Paget and Barnes [39]
and Abdel Salam et al. [40, 41].

Comet Assay:

Peripheral blood lymphocytes were isolated by centrifugation (15 min, 280 g) in a density gradient of
Gradisol L (Aqua Medica, Lodz, Poland). The concentration of the cells was adjusted to (1-3) x 10° cells/ml by
adding RPMI 1640 without glutamine to the single cell suspension. A freshly prepared suspension of cells in
0.75% low melting point agarose (Sigma Chemicals) dissolved in phosphate buffer saline (PBS; Sigma
chemicals) was cast onto microscope slides precoated with 0.5% normal melting agrose. The cells were then
lysed for 1h at 4°C in a buffer consisting of 2.5 M NaCl, 100 mM EDTA, 1% Triton X-100 and 10 mM Tris,
pH 10. After the lysis, DNA was allowed to unwind for 40 min in electrophoretic solution consisting of 300
mM NaOH, 1mM EDTA, pH>13. Electrophoresis was conducted at 4°C for 30 min at electric field strength
0.73 V/em (30mA). The slides were then neutralized with 0.4 M Tris, pH 7.5, stained with 2 ug/ml ethidium
bromide (Sigma Chemicals) and covered with cover slips. The slides were examined at 200 x magnification
fluorescence microscope (Nikon Tokyo, Japan) connected to a COHU 4910 video camera (Cohu, Inc.,
SanDiego, CA, USA) equipped with a UV vilter block consisting an excitation filter (359 nm) and barrier filter
(461nm) and connected to a personal computer-based image analysis system, Lucia-Comet v. 4.51. Fifty images
were randomly selected from each sample and the comet tial DNA was measured [42]. Endogenous DNA
damage was measured as the mean comet tail DNA of peripheral blood lymphocytes of five mice groups (8
mice each). The number of cells scored for each animal was 100 [42].
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Gene expression assay:
Semi-quantitative RT-PCR:
RNA extraction:

Total RNA was isolated from 100 pg of liver tissue samples by the standard TRIzol extraction method
(Invitrogen, Paisley, UK) and recovered in 100 pl molecular biology grade water. In order to remove any
possible genomic DNA contamination, the total RNA samples were pre-treated using DNA-free™ DNase
removal reagents kit (Ambion, Austin, TX, USA) following the manufacturer's protocol.

Reverse transcription:

The complete Poly(A)+ RNA samples were reverse transcribed into cDNA in a total volume of 20 pl
using 1 pl oligo(dT) primer. The composition of the reaction mixture, termed as master mix (MM), consisted of
50 mM MgCI2, 10x reverse transcription (RT) buffer (50 mM KCI; 10 mM Tris-HCIL; pH 8.3; Perkin-Elmer),
10 mM of each dNTP (Amersham, Brunswick, Germany), and 50 pM of oligo(dT) primer. The RT reaction
was carried out at 25°C for 10 min, followed by 1 h at 42°C, and finished with denaturation step at 99°C for 5
min. Afterwards the reaction tubes containing RT preparations were flash-cooled in an ice chamber until being
used for DNA amplification through polymerase chain reaction (PCR).

Polymerase chain reaction (PCR):

The first strand cDNA from different samples was used as templates for RT-PCR with a pair of
specific. The sequences of specific primer and product sizes are listed in Table 1. B-Actin was used as a
housekeeping gene for normalizing mRNA levels of the target genes. The reaction mixture for RT-PCR was
consisted of 10 mM dNTP’s, 50 mM MgCI2, 10x PCR buffer (50 mM KCI; 20 mM Tris-HCI; pH 8.3; Gibco
BRL, Eggenstein, Germany), and autoclaved water. The PCR cycling parameters were one cycle of 94 °C for 3
min, 35 cycles of 94 °C for 30 s, 42 °C to 58 °C for 30 s, 72 °C for 90 s, and a final cycle of 72 °C for 7 min.
The PCR products were then loaded onto 2.0% agarose gel, with PCR products derived from B-actin of the
different samples [43].

Table 1. Primers and reaction parameters in RT-PCR

. Annealing [PCR
Target  [Primer . Pl .
Primer sequence (5 -3') temperature [product size
cDNA name o
(W(®) (bp)
B-Actin F CCC CAT CGA GCA CGG TAT TG 57 189
¢ R ATG GCG GGG GTG TTG AAG GTC

F GAT GAG AAG CAG TGG AAAGACC
CYP1A2 R AAA AAG AAA GGA GGA ACA A 30 328

F GCT CAA GTA CCC CCA TGT CG
CYP2BI R ATC AGT GTA TGG CAT TTT ACT GCG G >4 109

Hematological Measurements:

Blood samples were collected from retro-orital of the experimental rats in capillary tubes coated with
ethylene diamine tetra-acetic acid (EDTA). The tubes were immediately capped, kept at-4°C and were
immediately analyzed for blood parameters using automated coagulating Sysmex apparatus of the type 8999.
The hematological parameters included: hemoglobin (Hb) level (g/dl), red blood cells count (RBCs) and white
blood cells count (WBCs) count in cells/cu.mm were analyzed according to methods of Dacice and Lewis [44]
and Merghani [45].

Histopathological study

Histological and histochemical studies:

Specimens of all animals were dissected immediately after death, washed thoroughly with formal saline
and then fixed in 10% neutral-buffered formal saline for 72 hours at least. All the specimens were washed in tap
water for half an hour, dehydrated in ascending grades of alcohol (70% - 90% - 95% - absolute), cleared in
xylene and then embedded in paraffin wax. Serial sections of 6 pum thick were cut and stained with
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Haematoxylin and eosin [46] for histopathological investigation, Van Gieson’s stain [46] for demonstration of
collagen fibers.

All sections were investigated by the light microscope. Images were captured and processed using
Adobe Photoshop version 8.0.

DNA ploidy studies:

Further sections were stained with Feulgen stain [47] for DNA studies and countered stained with Light
green. DNA analysis was performed by Leica Quin 500 image cytometry in the Pathology Department,
National Research Center. For each section (100-120) cells were randomly measured. The threshold values
were defined by measuring control cells. The results are presented as histograms and tables which demonstrate
the percentage of the diploid cells (2C), the triploid cells (3C), the tetraploid cells (4C) and the aneuploid cells
(>5C). The DNA histogram is classified according to Danque et al., [48].

Statistical Analysis:

Data of DNA damage were analyzed using STATISTICA (Stat Soft, Tulsa, OK, USA) statistical
package.

All data of gene expression were analyzed using the General Liner Models (GLM) procedure of
Statistical Analysis System [49] followed by Scheffé-test to assess significant differences between groups. The
values are expressed as meantSEM. All statements of significance were based on probability of (P< 0.05).

Statistical analyses for biochemical parameters were performed by one way ANOVA followed by
Tuckey's test or by two-way ANOVA followed by Bonferroni's test comparing all group. Analysis was
conducted with Graph Pad Prism software V. 5.0.3 (Inc., San Diego, CA, USA). The significance of the
differences among treatment groups was determined [50]. All statements of significance were based on
probability of (P < 0.05).

Results
Genetic Results:
Comet Assay of DNA:

The present results (Table, 2) showed that the proportion of DNA damage significantly increased in
male rats treated with CCL4 as compared to the control. This damage decreased by using moringa extract as a
protective agent. The decreasing was increased by increasing the level of the dose. DNA damage was slightly
reduced using 1.3 g/kg, while it significantly (P < 0.05) lowered using dose 2.0 g/kg and (P < 0.001) with 2.6
g/kg dose. Moreover, the highest dose 4.0 g/kg greatly ameliorated the genetic material, and gave the lowest
proportion of DNA damage in respect to other lower doses of the moringa extract.

Best results (Table, 3) were obtained by using doses of moringa extract as a therapeutic agent in a dose
dependent manner. Dose 1.3 g/kg insignificantly decreased the DNA damage given by CCL4. Whereas, doses
2.0 or 2.6 g/kg significantly reduced the rates of such genetic abnormality. Moreover, dose 4.0 g/kg gave the
lowest rate of DNA damge, where it caused significant reduction of DNA damage as compared to the other
lower doses of moringa extract.

Table (2): Effect of MOLE as a protective agent on DNA comet assay in CCL, intoxicated rats.

Treatment No. of animals DNA damage (comet assay) %
Negative control 8 3.20 + 0.244"
Control (olive oil) 8 3.80 +0.374°
CCLy 8 19.80 + 0.509°
CCL,+13¢g 8 19.0 + 0.547%
CCL,+2.0¢g 8 17.80 + 0.374°
CCLy+26g 8 15.60 + 0.748°
CCL,+4.0¢g 8 13.80 + 0.374°

All data are expressed as mean + SEM.
a,b,c,d,e means followed by different superscripts are significantly different (P<0.05).
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Table (3): Effect of MOLE as a therapeutic agent on DNA comet assay in CCL, intoxicated rats.

Treatment No. of animals DNA damage (comet assay) %
Negative control 8 3.20 +0.244°
Control (olive oil) 8 3.80 +0.374"
CCL, 8 19.80 + 0.509°
CCL,+13¢g 8 18.80 + 0.509¢
CCL,;+2.0g 8 14.40 + 0.244°
CCL,+2.6¢g 8 6.80 + 0.489°
CCL,+4.0g 8 5.20 + 0.200"

All data are expressed as mean + SEM.
a,b,c,d means followed by different superscripts are significantly different (P<0.05).

Gene Expression Analysis:

Semi-quantitative RT-PCR experiments were conducted to verify the expression of P.sy forms induced
in rat liver as a result of CCL4 treatment. CYP1A2 and CYP2B1 were selected as target genes in rat liver. The
effect of MOLE on the expression of these genes was also examined. The gene transcripts (mRNAs) of the two
genes CYP1A2 and CYP2B1 were successfully detected in all liver tissue within all treated groups (Fig. 1 and
2). The gene expression was normalized with the expression values of the f-Actin gene. The results (Fig. 1)

revealed that CYP1A2 mRNA expression in the liver tissues of the group treated with CCL4 was significantly
higher (P < 0.001) than the control group. On the other hand, MOLE treatment was able to inhibit the up-
regulation of the gene expression occurred by CCL,. Moringa extract given along (as a protective agent) with
CCL; slightly decreased the overexpression of CYP1A2 (given by CCL,) in a dose dependent manner. But with
the highest dose (4.0 g/kg) of MOLE, the mRNA expression of CYP1A2 gene was significantly down-regulated
(P <0.05) than those occurred in CCL,4 group.

Using MOLE as a therapeutic agent gave much better results. It down-regulated the overexpression of
CYP1A2 gene (occurred by CCL,) in a dose dependent manner (Fig. 1).

This down-regulation increased by increasing the dose level. By using the highest dose 4.0 g/kg the
expression of CYP1A2 gene relatively regained its normal expression similar with those found in the control.

Also, the results (Fig. 2) revealed that CYP2B1 mRNA expression in the liver tissues was significantly
higher (P < 0.001) in CCL4 group in respect to normal control. This overexpression of CYP2B1 gene decreased
by using MOLE treatment. Using MOLE as a protective agent slightly decreased the up-regulation of the gene
expression occurred by CCL, in a dose dependent manner. This down-reuglation of the gene expression was
nonsignificant using doses of 1.3 g/kg and 2.0 gm/kg., while it was significant with using doses of 2.6 gm/kg
and 4.0 g/kg. Moreover, the highest dose 4.0 g/kg gave the lowest expression level of CYP2BI, but this
expression level still higher significant than those found in the normal control.

On the other hand, best results were obtained by using doses of MOLE as a therapeutic agent in a dose
dependent mannar. Dose 1.3 g/kg insignificantly decreased the overexpression given by CCL4. Whereas, doses
2.0, 2.6 (P < 0.05) and 4.0 gm/kg (P < 0.001) significantly reduced the up-regulation of gene expression of
CYP2BI1. The dose 4.0 g/kg gave the lowest rate of such gene expression.
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Figure 1: Semi-quantitative RT-PCR confirmation of CYP1A2 gene in liver tissues of male rats treated
with CCL4 combined with M. oleifera. M: DNA marker, Lane 1: control, Lane 2: oil solvent, Lane 3:
CCLA4, Lanes 4-7: CCL4+1.3, 2.0, 2.6 and 4.0 of M. oleifera, Lanes 8-11: CCL4 then 1.3, 2.0, 2.6 and 4.0 of
M. oleiferal for 3 weeks. Samples were normalized on the bases of f—actin expression.

a,b,c,d columns with different letters differ significantly (P <0.05).
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Figure 2: Semi-quantitative RT-PCR confirmation of CYP2B1 gene in liver tissues of male rats treated
with CCL4 combined with M. oleifera.. M: DNA marker, Lane 1: control, Lane 2: oil solvent, Lane 3:
CCL4, Lanes 4-7: CCL4+1.3, 2.0, 2.6 and 4.0 of M. oleifera, Lanes 8-11: CCL4 then 1.3, 2.0, 2.6 and 4.0 of
M. oleiferal for 3 weeks. Samples were normalized on the bases of f—actin expression.

a,b,c,d columns with different letters differ significantly (P < 0.05).

Hematological parameters:

The present results (Table, 4) revealed that Hb level significantly decreased (P<0.001) in rats treated
with CCL4 as compared to those found in the control groups. In contrast, the Hb levels improved by using
moringa extract as a protective agent. Dose 1.3 g/kg ameliorated the Hb level, however, this improvement was
not significant. On the other hand, doses 2.0, 2.6 and 4.0 g/kg significantly enhanced the Hb level in respect to
CCL, group. The dose 4.0 g/kg caused the highest level of Hb.
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Also, CCL, treatment significantly reduced the RBCs count in comparison with control groups. Using
moringa extract enhanced the RBCs cont. This enhancement was not significant with 1.3 g/kg dose, while it
was significant with 2.0, 2.5 and 4.0 g/kg doses. The highest count of RBCs was obtained with 4.0 g/kg dose.

Moreover, the CCL, treatment induced the high significant increase in WBCs count in respect to the
control groups. This damage was decreased using Moringa extraction as a protective agent in a dose dependent
manner. Dose 1.3 g/kg slightly decreased such damage of WBCs. Whereas, doses 2.0, 2.6 and 4.0 g/kg
significantly improved the WBCs count as compared to CCL, groups. The ability to induce the improvement of
WBCs count was more effective by using 4.0 g/kg than other lower doses of moringa extract.

Best results of haematological examination were obtained using moringa extract as a therapeutic agent
(Table, 5). Significant improvement of Hb level as well as RBCs and WBCs counts was induced with treatment
of different doses of moringa extract. This improvement was increased by increasing the dose level. The highest
dose 4.0 g/kg greatly ameliorated the hematological parameters and caused relatively similar results as those
found in the control.

Table (3): Effect of MOLE as a protective agent on hematological parameters in CCL, intoxicated rats.

Treatment Hematological parameters
Hb (g/dl) RBCs (cumm) WBCs

Control 17.60+0.509¢ 7.80+0.200° 7.80+0.374°

Control oil 16.80+0.374¢ 6.40+0.244° 7.60+0.600°
CCL, 7.20+0.374° 2.20+0.200° 23.80+0.374°
CCL,+ 1.3M 9.00+0.447% 2.80+0.200° 23.20+0.200%
CCL,+ 2.0M 10.60+1.661™ 3.60+0.244° 22.20+0.374%
CCL,+ 2.6M 11.80+0.374° 4.20+0.200™ 21.20+0.374°
CCL,+ 4.0M 12.80+0.374° 4.60+0.400° 19.20+0.374°

All data are expressed as mean + SEM.
a,b,c,d,e means followed by different superscripts are significantly different (P<0.05).

Table (4): Effect of MOLE as a a therapeutic agent on hematological parameters in CCL, intoxicated

rats.
Hematological parameters

Treatment Hb (g/dI) RBCs (cumm) WBCs
Control 17.60+0.509° 7.80+0.200° 7.80+0.374°
Control oil 16.80+0.374% 6.40+0.244% 7.60+0.600°
CCL, 7.20+0.374° 2.20+0.200° 23.80+0.374"
CCL,+ 1.3M 10.20+0.489° 3.80+0.374° 20.20+0.200°
CCL,+ 2.0M 12.40+1.435° 4.40+0.244° 16.00+0.447¢
CCL,+ 2.6M 15.20+0.489° 5.60+0.600° 13.20+0.374°
CCL,+ 4.0M 16.60+0.244° 6.80+0.374¢ 9.20+0.374°

All data are expressed as mean + SEM.
a,b,c,d,e,f means followed by different superscripts are significantly different (P<0.05).

Histopathological results:

The results of this study revealed that CCl, caused massive damage to liver tissue in the form of
excessive fibrosis, cellular infiltration and vacuolar degeneration of hepatocytes (Fig. 3, ¢ & d). This damaging
effect was slightly reduced by using moringa extract as a protective agent (given with CCly) where fibrosis and
vacuolar degeneration were slightly decreased with dose 2.0 g/kg (Fig. 4, B). This reduction was increased with
dose 2.6 g/kg (Fig. 4, C), while dose 4.0 g/kg preserved the normal structure of the liver tissue in spite of the
presence of focal aggregations of inflammatory cells (Fig. 4, D).

Better results were obtained by using moringa extract as a therapeutic agent. These results were dose
dependent as the lowest dose 1.3 g/kg didn’t reduce fibrosis or vacuolar degeneration obviously (Fig. 5, A),
dose 2.0 g/kg markedly reduced fibrosis and degeneration (fig. 5,B), while dose 2.6 g/kg greatly ameliorated the
liver tissue except for mild cellular infiltration around main blood vessels (Fig. 5, C). The best results were
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obtained by using dose 4.0 g/kg as the liver tissue retained its normal structure and became close to normal
(Fig. 5, D).

Histochemical results:

Using Van Gieson’s stain (stains collagen fibers red) confirmed the histopathological results as they
revealed that normal liver tissue contains very little amount of collagen fibers concentrated around the central
vein and in portal area (Fig. 6, A). CCly increased the collagenous fibers greatly in the liver tissue (Fig. 6, B).
Moringa extract given along with CCly decreased slightly collagen fibers in a dose dependent manner (Fig. 6, C,
D, E), but even with the highest dose some collagen fibers were still observed in the liver tissue (Fig. 6, F).

Using moringa extract as a therapeutic agent gave much better results. It reduced fibrosis in a dose
dependent manner (Fig. 7, C, D & E). By using the highest dose, the liver tissue regained its normal structure
(Fig. 7, F).

Liver tissue sections from rats received vehicle only were close to normal in both histopathological
(Fig. 3, B) and histochemical (Fig, 7, A) results.

Fig. 3: A photomicrograph of liver tissue of a rat (a) shows the normal structure of liver tissue and the
right lower corner part of the figure shows the normal shape of hepatocytes. (b) a section of liver tissue
from a rat received vehicle only, that appears close to normal. Notice Kuppffer cells with flattened nuclei
in blood sinusoids (arrow). (C) a section of liver tissue from a rat received CCl,, showing massive fibrosis
specially around dilated central veins (arrow) that extend to form continuous wide band surrounding the
lobules. The normal architecture of the lobules is greatly distorted. (D) another section of the liver tissue
from the same group showing fibrosis with cellular infiltration around central vein and variable degrees
of vacuolar degeneration in many hepatocytes (arrow).

(Hx. &E. X 400 for A, B & D, X 200 for C & X1000 for the lower right corners)
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Fig. 4: A photomicrograph of sections of liver tissue (A) from a rat received 1.3 g/kg moringa with CCl,,
shows no improvement as massive fibrosis (arrow) and severe vacuolar degeneration (arrowhead in the
lower right corner) are still present. (B) from a rat received 2.0 g/kg moringa with CCl,, shows minimal
improvement in the form of slight reduction of fibrosis and dilatation of blood vessels. However, focal
aggregations of cellular infiltrates (arrowhead) are noticed. The lower right corner of the figure shows
mild reduction of vacuolar degeneration. (C) from a rat that received 2.6 g/kg moringa with CCl,, shows
noticeable amelioration as there is marked reduction of fibrosis and cellular infiltration (arrowhead),
although the liver tissue architecture is still deformed. (D) from a rat that received 4.0 g/kg moringa with
CCly, shows great amelioration of tissue, where there is retrieval of the normal architecture of liver
tissue, although there is solitary focal aggregation of inflammatory cells (arrow) and mild increase in
Kuppffer cells (arrowhead in the lower right corner of the figure).

(Hx. &E. X 200 & X 400 for the lower right corners)

Fig. 5: : A photomicrograph of sections of liver tissue (A) from a rat received CCl, and then 1.3 g/kg
moringa, shows complete deformation of the general architecture of the tissue, extensive fibrosis with
cellular infiltration (arrow) specially around dilated and congested blood vessels, massive vacuolar
degeneration (arrowhead), that appears more clearly in the right lower corner of the figure. (B) from a
rat received CCl, and then 2.0 g/kg moringa, shows noticeable improvement in the form of noticeable
reduction of fibrosis and cellular infiltration in between hepatocytes (arrow). The upper left corner of the
figure shows healthy and normally-shaped hepatocytes. (C) from a rat received CCly and then 2.6 g/kg
moringa, it shows marked amelioration as the tissue regained its normal architecture, while fibrosis and
cellular infiltration are restricted to the area around blood vessels (arrow). (D) from a rat received CCly
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and then 4.0 g/kg moringa, shows hepatic tissue that is very close to normal except for very fine bands of
fibrous tissue at the portal area and around central vein.
(Hx. &E.X 200 & X 400 for the lower right corners)

-
-

A B

Cc D -

E F

Fig. 6: photomicrograph of sections of liver tissue from (A) control rat that shows only very few
connective tissue fibers (red colored) around central vein and in portal area (arrows). (B) a rat received
CClyshows extensive connective tissue fibers all over the tissue surrounding the lobules and blood vessels.
(C) a rat received 1.3 g/kg moringa as a protective agent shows that extensive connective tissue fibers are
still present. (D) a rat received 2.0 g/kg moringa that shows slight reduction of fibrous tissue as compared
with the previous section. (E) a rat received 2.6 g/kg moringa shows noticeable reduction of fibrous
tissue. (F) a rat received 4.0 g/kg moringa where a marked amelioration is observed, where a small
amount of fibrous tissue appears around blood vessels extending as thin bands between hepatocytes.

——
A B
C D
E F

Fig. 7: photomicrograph of sections of liver tissue from (A) a rat received olive oil only (vehicle) shows
only very few connective tissue fibers (red colored) in portal area (arrows). (B) a rat received CCl, shows
extensive connective tissue fibers all over the tissue surrounding the lobules and blood vessels. (C) a rat
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received CCl; and then moringa extract in a dose (1.3 g/kg) shows that collagenous fibers (in red) are still
excessive in portal area and in between hepatocytes. (D) a rat received CCl, and then moringa extract
(2.0 g/kg) shows slight reduction in collagen fibers. (E) a rat received CCl, and then moringa extract (2.6
g/kg) shows marked reduction in collagenous fibers being restricted only around central veins. (F) a rat

received CCly and then moringa extract (4.0 g/kg) shows normalization of liver tissue.
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DNA ploidy results:
Cell Count % wm
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DHA
Histogram (1) C —ve Feulgen X 400
Table (6) C —ve
Range Tot % Cells | DNA | 2¢DI | DNA | Mean | Mode | Std. | CV Min | Max
Cells Index MG Dev.
All 106 100.0% 1.000 | 0.208 | 0.144 | 1.957 | 2.105 | 0.457 | 23.322 | 0.553 | 3.284
5¢cER 0 0.0% - - - - - - - - -
<1.5¢ 14 13.208% | 0.603 | 0.716 | 0.412 | 1.180 | 1.112 | 0.217 | 18.430 | 0.553 | 1.480
1.5¢-2.5¢ 80 75.472% | 1.009 | 0.059 | 0.044 | 1.975 | 2.114 | 0.243 | 12.299 | 1.530 | 2.455
2.5¢-3.5¢ 12 11.321% | 1.404 | 0.611 | 0.364 | 2.748 | 2.560 | 0.236 | 8.594 2.503 | 3.284
3.5¢-4.5¢ 0 0.0% - - - - - - - - -
> 4.5¢ 0 0.0% - - - - - - - - -
15 15 =
Num. 10 Num. N -
Nudlei Nuclei
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0.003 0.611 1.218 1.826 2434 0.003 0.611 1.218 1.826 2A4%
0.307 0.915 1.522 2.13 2.738 0.307 0.915 1.522 2.13 2.738
DNA (c) DNA (c)
Histogram (2) Cont. Vehicle Histogram (3) C +ve (CClLy)
Table (7) Cont. Vehicle
Range | Tot % Cells | DNA | 2¢DI | DNA | Mean | Mode | Std. Cv Min | Max
Cells Index MG Dev.
All 104 100.0% 0.847 | 0.247 | 0.168 | 1.657 | 1.742 | 0.361 | 21.807 | 0.678 | 2.895
5¢cER 0 0.0% - - - - - - - - -
<1.5¢ 34 32.692% | 0.640 | 0.605 | 0.361 | 1.253 | 1.432 | 0.221 | 17.651 0.678 | 1.483
1.5¢c- 69 66.346% | 0.939 | 0.062 | 0.046 | 1.839 | 1.777 | 0.192 | 10.419 1.524 | 2.359
2.5¢
2.5¢- 1 0.962% 1.479 | 0.800 | 0.449 |2.895 |2.224 |- - 2.895 | 2.895
3.5¢
3.5¢- 0 0.0% - - - - - - - - -
4.5¢
> 4.5¢ 0 0.0% - - - - - - - - -
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Histogram (4) Histogram (5)
Table (8) C +ve (CCly)
Range | Tot % Cells | DNA | 2¢DI | DNA | Mean | Mode | Std. | CV Min | Max
Cells Index MG Dev.
All 102 100.0% | 0.637 | 0.672 | 0.392 | 1.248 | 1.139 | 0.327 | 26.211 | 0.551 | 2.203
5cER 0 0.0% - - - - - - - - -
<1.5¢c |82 80.392% | 0.576 | 0.813 | 0.454 | 1.127 | 1.129 | 0.225 | 20.006 | 0.551 | 1.496
1.5¢- 20 19.608% | 0.891 | 0.094 | 0.068 | 1.744 | 1.745 | 0.172 | 9.873 1.510 | 2.203
2.5¢
2.5¢- 0 0.0% - - - - - - - - -
3.5¢
3.5¢- 0 0.0% - - - - - - - - -
4.5¢
>45¢c |0 0.0% - - - - - - - - -
Table (9)
Range | Tot % Cells | DNA | 2¢DI DNA | Mean | Mode | Std. | CV Min | Max
Cells Index MG Dev.
All 109 100.0% | 1.088 | 0.801 | 0.449 | 2.129 | 2.107 | 0.890 | 41.777 | 0.748 | 5.322
5cER 1 0917% |2.719 | 11.034 | 1.898 | 5.322 | 2.661 | - - 5.322 | 5.322
<1.5¢c |27 24.771% | 0.589 | 0.753 | 0.428 | 1.153 | 1.418 | 0.190 | 16.483 | 0.748 | 1.428
1.5¢- 51 46.789% | 0.998 | 0.078 | 0.057 | 1.953 | 2.173 | 0.278 | 14.251 | 1.503 | 2.497
2.5¢
2.5¢- 22 20.183% | 1.497 | 0.941 | 0.506 | 2.931 | 2.840 | 0.281 | 9.575 | 2.530 | 3.434
3.5¢
3.5¢- 7 6.422% | 1.962 | 3.428 1.135 | 3.840 | 3.882 | 0.219 | 5.703 | 3.551 | 4.200
4.5¢
>45c |2 1.835% | 2.558 | 9.145 1.768 | 5.008 | 5.322 | 0.444 | 8.866 | 4.694 | 5.322
Table (10)
Range | Tot % Cells | DNA | 2¢DI | DNA | Mean | Mode | Std. | CV Min | Max
Cells Index MG Dev.
All 103 100.0% | 0.932 | 0.457 | 0.287 | 1.824 | 1.590 | 0.656 | 35.971 | 0.787 | 4.564
5cER 0 0.0% - - - - - - - - -
<1.5¢ |33 32.039% | 0.634 | 0.609 | 0.363 | 1.241 | 1.393 | 0.182 | 14.690 | 0.787 | 1.498
1.5¢- 60 58.252% | 0.969 | 0.088 | 0.064 | 1.898 | 1.614 | 0.280 | 14.773 | 1.514 | 2.477
2.5¢
2.5¢- 6 5.825% | 1.427 | 0.701 | 0.406 | 2.794 | 2.655 | 0.292 | 10.457 | 2.567 | 3.361
3.5¢
3.5¢- 3 2.913% | 1.998 | 3.656 | 1.174 | 3.911 | 3.962 | 0.097 | 2.491 | 3.807 | 4.000
4.5¢
>45¢c |1 0.971% | 2.332 | 6.576 | 1.545 | 4.564 | 4.245 | - - 4.564 | 4.564
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Num. N Num. T
Nuclei Nuclei
0.003 0.611 1.218 1.826 2.434 0.003
0.307 0.915 1.522 213 2.738 0.307
DNA (c)
Histogram (6) Histogram (7)
Table (11)
Range | Tot | % Cells | DNA | 2¢DI | DNA | Mean | Mode | Std. | CV Min | Max
Cells Index MG Dev.
All 102 | 100.0% | 0.884 | 0.579 | 0.349 | 1.731 | 1.796 | 0.715 | 41.333 | 0.598 | 3.819

5cER 0 0.0% - - - - - - - - -
<1.5¢ |39 38.235% | 0.536 | 0.982 | 0.522 | 1.049 | 0.623 | 0.282 | 26.889 | 0.598 | 1.486
1.5¢c- 49 48.039% | 0.976 | 0.088 | 0.064 | 1.910 | 1.767 | 0.285 | 14.943 | 1.505 | 2.440
2.5¢
2.5¢- 12 11.765% | 1.476 | 0.893 | 0.487 | 2.890 | 2.613 | 0.332 | 11.485 | 2.518 | 3.458
3.5¢
3.5¢- 2 1.961% | 1.887 | 2.885 | 1.036 | 3.694 | 3.819 | 0.176 | 4.774 3.569 | 3.819
4.5¢
>45c |0 0.0% - - - - - - - - -

Table (12)
Range | Tot | % Cells | DNA | 2¢DI | DNA | Mean | Mod | Std. | CV Min | Max
Cell Index MG e Dev.
s
All 113 | 100.0% | 0.899 | 0.290 | 0.194 | 1.760 | 1.766 | 0.484 | 27.503 | 0.946 | 3.415

5cER 0 0.0% - - - - - - - - -
<1.5¢ |39 34.513% | 0.662 | 0.519 | 0.319 | 1.295 | 1.472 | 0.150 | 11.608 | 0.946 | 1.500
1.5¢- 64 56.637% | 0.956 | 0.071 | 0.052 | 1.871 | 1.757 | 0.235 | 12.545 | 1.508 | 2.436
2.5¢
2.5¢- 10 8.85% 1.460 | 0.800 | 0.448 | 2.858 | 2.918 | 0.264 | 9.253 2.513 | 3.415
3.5¢
3.5¢- 0 0.0% - - - - - - - - -
4.5¢
>45¢c |0 0.0% - - - - - - - - -

DNA content in all the studied groups: In the present study, the Qwine 500 image analyzer was used to
evaluate the DNA content. The image analysis system automatically express the DNA content of each
individual cell measured then gave the percentage of each cell out of the total number of cells examined. Also,
it classifies the cells into four groups; diploid (2C), proliferating cells (3C), tetraploid (4C) and aneuploid cells
(>5C). The proliferating cells were further classified into; (<10%) low proliferation index, (10-20%) medium
proliferation index and (>20%) high proliferation index.

Normal distribution of DNA content in the liver cells of the control group showed that 13.2 % of the
examined cells contained DNA (<1.5C), 75.47% contained diploid DNA value (2C), 11.32% contained (3C)
DNA value (medium Proliferation Index) and 0.0% of the examined cells at (4C) area (Histogram 1& Table 6).
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Examination of cells from group of rats treated with olive oil only (vehicle) showed that 32.69% of
cells contained DNA value (< 1.5 C), 66.34% of examined cells contained (2C) DNA value and only 0.96% of
cells contained (3C) DNA value, while 0.0% of cells were in the (4C) DNA value (Histogram 2 & Table 7).
These results are comparable with the control group

Examination of cells from the +ve control group treated with CCly (Histogram 3 & Table 8) showed
that the cells contained DNA (<1.5C) were 80.39%, while 19.6% contained DNA value (2C), which means
decrease in DNA content (hypoploidy) compared to the control. 0.0% of examined cells contained DNA value
(3C) and (40).

Examination of cells from the group treated with moringa as a protective agent (dose 2.0 g/kg) and
CCl, show that cells contained DNA (<1.5C) were 24.77%, cells contained DNA value (2C) were 46.78%,
while cells contained (3C) DNA value were 20.18% (high proliferation index) and 6.42% of cells were in (4C)
area ( Histogram 4 & Table 9). 32.03% of the examined cells from the group treated with dose 4.0 g/kg of
moringa and CCl, contained DNA value (<1.5 C), 58.25% of cells contained DNA value (2C), while 5.82% of
the examined cells contained (3C) DNA value (low proliferating index) and 2.91% of the examined cells
contained (4C) DNA value (Histogram 5 & Table 10). These results revealed amelioration of the DNA content
of examined cells that was dependent with moringa dose.

Examination of cells from the group treated with the dose 2.0 g/kg of moringa as a therapeutic agent
after CCly treatment showed that 38.23% of cells contained (<1.5C) DNA value, 48.03% of cells contained
DNA value (2C), 11.76% of cells contained (3C) DNA value (medium proliferating index) and only 1.96% of
cells were in the (4C) area (Histogram 6 & Table 11).

Examination of cells from the group of rats received moringa in a dose of 4.0 g/kg after treatment with
CCl, showed that 34.51% of cells contained DNA value (< 1.5 C), 56.63% of cells contained (2C) DNA value,
while 8.85% 0f cells contained (3C) DNA value (low proliferating index) and 0.0% of cells were in (4C) area
(Histogram 7 & Table 12).

These results indicate that treatment with moringa along with CCl,; showed DNA values better than
those of group of animals treated with CCl, alone. Treatment with moringa after CCL, treatment showed DNA
values comparable to the control values specially with high dose of extract, while group treated with CCly
showed decreased DNA values (hypoploidy).

Discussion
Genetic Studies:

The present results revealed that treatment of male rats with CCL, significantly increased the DNA
damage in blood cells and the significant elevated the expression of CYP1A2 and CYP2B1 genes in liver
tissues compaed with the control group. This study proved that CCL,4 treatment has a mutagenic effect on
genomic material of male rats. Our findings on DNA damage are in agreement with that reported by Abdou ef
al. [35, 36] who found that administrations of CCL4 to rats caused significant increase of DNA damage as
compaed to normal control. The DNA damage can originate from the direct modification of DNA by chemical
agents or their metabolites; from the processes of DNA excision repair, replication and recombination; or from
the process of apoptosis [51].

Following administration, CCL, is activated by cytochrome P45y system to form trichloromethyl (CCL5)
radical. This radical binds to cellular molecules (nucleic acids, proteins and lipids) thereby impairing crucial
cellular processes such as lipid metabolism, with the potential outcome of fatty degeneration, while the reaction
between trichloromethyl (CCL;) radical and DNA is thought to function as initiator of heaptic cancer [52]. This
radical can also react with oxygen to form the trichloromethylpheroxy (CCL;0O0) radical, a highly reactive
species. This compound initiates the chain reaction of lipid peroxidation, culminating in destruction of
polyunsaturated fatty acids, especially those associated with phospholipids [52]. This leads to alteration of
permeabilities of mitochondrial, endoplasmic reticulum and plasma membranes, resulting in the loss of cellular
calcium sequestration and disruption of calcium, homeostasis with subsequent cell damage [53-55]. Oxidative
stress induced by oxygen-derived species can produce a multiplicity of modifications in DNA including base
and sugar lesions, strand breaks, DNA protein, cross-links and base-free sites. If left un-repaired, oxidative
DNA damage can lead to detrimental biological consequences in organisms, including cell death, mutations and
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transformation of cells to malignant cells [36]. Previous studies proved that changes in genomic DNA could
reflect DNA alterations from single base changes (point mutations) to complex chromosomal rearrangements
[56, 57].

So, the DNA damage formation causes genomic instability including gene expression of animal genes
[58-62].

Regarding the gene expression alterations, our results indicated that CYP1A2 mRNA and
CYP2BImRNA expression in liver tissues of CCL4 group was significantly higher than the normal control.
Similarly, CCL4 has also been reported to activate and increase the expression of tumor necrosis factor (TNF)a,
nitric oxide (NO) and transforming growth factors (TGF)-a and-f in the cell, processes that appear to direct the
cell primarily toward self-destruction or fibrosis. TNF-o pushes the cell toward apoptosis [63], whereas, the
TGFs appear to direct toward fibrosis [64, 55].

Moreover, in this study the over expression of cytochrome P,sy genes induced by CCL4 of CYP1A2 and
CYP2B1 mRNA in rat liver is similar to that reported in another studies for phenobarbital and propiconazole. In
rats, phenobarbital increased hepatic CYP2B1 as measured either by mRNA content or wester analyses [65,
66]. In mice phenobarbital increased hepatic CYP1A2 mRNA [67]. Sun et al. [68] studied the effect of
propiconazole as a fungicide on the expression of heaptic cytochrome Piso genes in male rats and mice.
Quantitative real time RT-PCR assays of rat hepatic RNA samples from treated animals with the propiconazole
revealed significant mRNA overexpression of CYP1A2 and CYP2B1 genes as compard to normal control.
Similarly, Eshak et al. [69] found over expression level of CYP1A2 gene in mice fed diet contaminated with
industrial wastewater-phenols in respect to those found in mice fed basal normal diet.

CYPO1A2 is constitutively expressed in the liver of mice, rats and humans and is also inducible in
these mammalian species by structurally diverse compounds. CYP1A2 gene expression is regulated by AhR
receptor [70, 71] and the pregnane X receptor (PXR) [72]. CYP1A2 has been found to metabolize drugs and the
N-hydroxylate aromatic amines [73] (Kobayashi et al., 2002). CYP2BI1 is constitutively expressed in mouse, rat
and human livers and is inducible in these species by drugs and related chemicals [74, 66]. Hepatic CYP2B1
has been shown to have catalytic activity in the metabolism of lipophilic drugs and environmental chemicals
and the hydroxylation of steroids [75]. CYP2B1 gene expression is regulated by the constitutive androstan
receptor (CAR) as well as PXR in mouse and human livers [72] and by CAR in rat liver [74]. As discussed
above, CCL, seems to act like phenobarbital and propiconazole in that they are members of a class of chemicals
that presumably activate both PXR and CAR.

Effect of MOLE on genetic alterations:

The present results revealed that MOLE treatments significantly reduced DNA damage and
significantly down-regulated the expression of CYP genes (CYP1A2 and CYP2B1) compared to CCL4 group.
These findings proved that MOLE has a protective and therapeutic role in body cells against the observed
mutagenic effect of CCL4. The amelioration role of MOLE may be attributed to the potential involvement of
phytomolecules (natural antioxidants) of the extract to interfere with cytochrome enzymes participating in
biotransformation of CCL4 to genotoxic metabolites [28].

Prasanna and Sreelatha [76] stated that MOLE treatment can act as effective modulators in reducing the
toxicity in cells under oxidative stress by enhancing the stimulation of antioxidant enzymes such as superoxide
dismutase (SOD) and catalase (CAT) that are capable of removing oxygen radicals and their products and/or
repairing the damage caused by oxidation stress. On the other hand the free radical scavenging represents one of
the important strategies in antimutagenesis and anticarcinogenesis [77, 78]. MOLE contains a rich amount of
antoxidants [79, 80]. A possible explanation for the protective or therapeutic effect revealed in the present
investigation of its antoxidant and scavenging properties. Antioxdiants provide protection or remediation by
scavenging reactive oxidative species (ROS) that damage DNA and initate diseases such as cancer [28].

MOLE is an excellent source of antioxidant constituent such vitamin C [4]. It has been reported that
supplementation of the diet with vitamin C results in a highly significant decrease in endogenous oxidative base
damage in the DNA of patients lymphocytes and hymphocytes of antoxidant-supplemented subjects showed
increase resistance to oxidative damage in vitro [81]. Also vitamin C was known to be immune system booster
and reduces the free radical in the body [36].
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Furthermore, dietary antioxidants protect against oxidative damage to DNA, proteins and lipids and
have a significant impact on the regulation of gene expression [82 ,76].

Scientists noted that MOLE contains a potent antioxidant of polyphenols [4] ,83]. This component was
known to inhibit gene expression in androgen-independent protest cancer cells. It suppresses the growth of
cancer cells by interfering with its genetic factors [35]. Also, polyphenols can inhibit a specific protein found in
bone marrow and which is responsible for cancer in bone and increased the production of antioxidants in the
sperms [35]. The antioxidative properties of MOLE polyphenols are thought to arise from their reactivity as
hydrogen or electron donors from their ability to stabilize unpaired electrons and to terminate fenton reactions
[35]. High content of polyphenols and alkaloids in MOLE [28] 4] might act as free radical scavengers by
preventing and repairing damages caused by oxidative stress through the generation of ROS and therefore could
enhance the immune defense and lower the risk of cancer and degenerative diseases [76].

Moreover, these antioxidant constituents of MOLE can inhibit cancer mutation by latching onto DNA-
masking sensitive sites on the genetic material that might be occupied by harmful chemicals [84, 85, 35].

MOLE contains a compound called niacimicin that was shown to be a potent inhibitor of cancer [86,
85]. Also, this compound inhibited tumor promotion in a mouse two-stage DMBA-TPA tumor model [16].

Hematological Study:

The present results showed that the treatment with CCL4 to rats significantly decreased the RBC count
and Hb level, however, the results observed significant increase (P < 0.05) in the level of WBC as compared to
normal control. Our findings are in agreement with that reported by Saba et al. [55], Sule et al. [87] and
Elshater et al. [88], who found that the administration of CCL4 to rats led to significant decrease of RBC counts
and Hb level and significant increase of WBC counts in respect to normal control. Also, the present results were
similar to that reported by Mada et al. [99], who indicated to a significant decrease (P < 0.05) in the level of Hb
and packed cell volume (PCV) in rats treated with CCL; when compared with normal control.

The depression in RBCs count and Hb content might be attributed to the toxicity of CCL4 that has been
known to produce hepatic damage by generation of highly reactive trichloromethyl (CCLs;) and
trichloromethylperoxy (CCL;0O0) radical when metabolized by cytoxhrome P4so [89, 54]. This toxicity lead to
transient decrease in the Hb concentration and reticulocyte count as well as PCV and RBCs counts by extension
[90, 55]. Also this agrees with earlier report by Jain [91], who observed that xenobiotics can cause haemolytic
anaemia when sulphydryl groups of the erythrocyte membrane is oxidized which infects injury to the
erythrocyte membrane. Moreover, Essawy et al. [92] and Elshater et al. [88] revealed that the depression in
RBCs count and Hb level due to CCL, treatment could be attributed to disturbed hematopoiesis, destruction of
erythrocytes, reduction in the rate of their formation and/or their enhanced removal circulation.

Furthermore, xenobiotic oxidants cause elevations in lipid peroxides in red cells [93] (Maduka and
Okoye, 2002) and accompanying reductions in physiological parameters such as red cell mutaration factors,
RBCs and Hb [94-96].

On the other hand, the CCL, treatment increased WBCs count. This may be attributed to the defensive
mechanism of immune system [97], so the ability of free radical to increase WBCs count indicates that these
radicals to an extent affected the defense mechanism of treated rats [98, 88].

Effect of MOLE on hematological parameters:

In the present study, the treatment with MOLE was observed to significantly ameliorated the
hematological parameters and stimulated them towards normal value especially in high dose of (4.0 g/’kg.b.w.)
the extract. These ameliorations of hematological parameters by MOLE suggests cytoprotection and therapeutic
effect by the presence of antioxidant properties against CCL,. This might be due to the high content of ascorbic
acid in MOLE [17, 14, 18, 4]. This constituent plays an important role in iron absorption and its transport. So, it
supplies iron for development and maturation of RBCs [88], which in turn increases the level of Hb and PCV.

Also, the abnormal parameters of hematology caused by CCL4 were minimized by MOLE treatment, as
flavonoids one of its active components [18, 4] are known to be vasculo-protector and powerful antioxidant
[87] as well as the flavonoids probability did so by reducing the accumulation of toxic CCL4 derived
metabolites [99]. Blood parameters were found to be positively affected by using M. oleifera as a therapeutic
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herb [100] through enhancing the activities of antioxidant enzymes, reducing the intensity of lipid peroxidation
and inhibiting generation of free radicals [101, 18]. Osman et al., [102] showed that the rats which
administrated with MOLE had significant increases in RBCs, PCV and Hb level as compared to rats fed basic
diet alone.

Moreover the amelioration of hematological parameters that observed in the present study might be due
to the presence of higher rates of free radical scavengers such as vitamin A,B,C and E, f-carotene and various
phenolic in MOLE [15, 14], these components have been reported in other studies to reduce the toxic effects of
various toxicants including CCL4 [28, 55, 87, 88, 96, 99].

Histopathological and histochemical studies:

Histopathological and histochemical results of the present studies revealed that CCl, caused massive
fibrosis of liver tissue that was partially prevented and markedly reduced by using moringa extract as a
protective or therapeutic agent respectively. Histopathological results of this study clarified that CCl, had a
severe damaging effect on hepatocytes in the form of vacuolar degeneration. Using moringa extract along with
CCly, reduced markedly this effect especially with high doses, which might be due to its antioxidant components
recorded by Bertling et al. [103] as follows: Total anti-oxidant (TAO) (1.8 mg /sup), leaf-ascorbic acid (AsA)
(2.0 mg /sup), and total phenols (TP) (64.1 micro g /sup).

Such results are coinciding and can be explained by those of [104] who stated that moringa extract
reduced liver damage as well as symptoms of liver fibrosis, also, the immunohistochemical study showed that
moringa extract markedly reduced the numbers of smooth muscle alpha-actin-positive cells and the
accumulation of collagens I and III in liver. Moringa extract showed significant inhibitory effect on 1,1-
diphenyl-2-picrylhydrazyl free radical, as well as strong reducing antioxidant power. These results suggested
that Moringa extract can act against CCl4-induced liver injury and fibrosis in rats by a mechanism related to its
antioxidant properties, anti-inflammatory effect and its ability to attenuate the hepatic stellate cells activation.

Chattopadhyay et al. [105], reported that Administration of aqueous extract of M. oleifera was found to
significantly prevent the arsenic-induced alteration of hepatic function markers and lipid profile. Moreover, the
degeneration of histoarchitecture of liver found in arsenic-treated rats was protected along with partial but
definite prevention against DNA fragmentation induction. Similarly, generation of reactive oxygen species and
free radicals were found to be significantly less along with restored activities of antioxidant enzymes in M.
oleifera co-administered group with comparison to arsenic alone treatment group, which offers strong evidence
for the hepato-protective and antioxidative efficiencies of M. oleifera extract against oxidative stress induced by
arsenic. The hydro-alcoholic extract of Moringa oleifera was found to increase liver enzymes involved in the
reactions of Phase I (cytochrome bs and cytochrome pssp) and Phase II (glutathione S-transferase) enzymes
responsible for the detoxification of xenobiotic substances [106].

Results of Rakesh and Singh, [107] show that extract was effective in the reducing CCly induced
enhanced activities of SOD, GLU, Catalase, lipid peroxidation and % viability. Data shows that CCly treatment
decreased SOD, catalase, glutathioe, and peroxidase, while increased lipids oxidation and MDA, which is the
by-product of lipid peroxidation. Pretreatment with hydro-alcohalic leaf extract of moringa olifera improved the
SOD, catalase, glutathione, and peroxidase levels significantly(p<0.05) and reduced lipids peroxidation. This
shows hepatocellular damage caused by CCl, and its recovery by pretreatment with the crude extract of leaves
and pods suggest that it might be considered as a potential source of natural antioxidant agent, which could be
related to the free radical scavenging properties of various components present in varying concentration in the
extract which is evident from the free radical measurement.

Elevated levels of total cholesterol, triglycerides, phospholipids and free fatty acids were restored to normal
level by the administration of the leaf extract. This provides a scientific rationale to the traditional use of this plant in
the management of liver diseases [108].

DNA ploidy study in this work proved that CCly caused marked hypoploidy in hepatocytes, while
treatment with moringa extract caused the DNA values became comparable with normal values. These results
go in agreement with those of Sreelatha et al. [109], who stated that induction of apoptosis is the key success of
plant products as anticancer agent and that moringa leaves extract showed a dose-dependent inhibition of cell
proliferation associated with induction of apoptosis as well as morphological changes and DNA fragmentation.
Thus, it is indicated that Moringa oleifera leaf extracts has potential for cancer chemoprevention and can be
claimed as a therapeutic target for cancer.
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They also coincided with those of Khalafalla et al. [14], as he reported that different extracts from the
leaves of Moringa olifera could kill majority (70-86%) of the abnormal cells among primary cells harvested
from 10 patients with acute lymphoblastic leukemia (ALL) and 15 with acute myeloid leukemia (AML) as well
as a culture of hepatocarcinoma cells (75% death), but most significantly by the hot water and ethanol extracts..

Conclusion:

In conclusion, the present study proved that MOLE is able to significantly alleviate the oxidative stress
induced by CCL, in rats., These results revealed that Moringa oleifera has therapeutic effect in curing some
health problems associated with toxication status (as a result of CCL, treatment) and this was established by its
positive effect on some of molecular genetic, hematological, histopathological and histochemical parameters of
the experimental animals.
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