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Abstract 

The present study investigates the protective efficacy of the aqueous extract of Morus nigra leaves in rats exposed to toxicity 

by chlorpyrifos (CPF). The hematological indices (RBCs, WBCs, and platelets’ counts, Hb level, hematocrit percent, MCH, 

MCV and MCHC), oxidant/ antioxidant status (Malondialdehide (MDA), Total Antioxidant Capacity (TAC)), and the 

biochemical profile (AChE and LDH enzymes, Blood Glucose (BG), Cholesterol (Chol), Triglycerides (TG) and creatinine) 

are all investigated in this study. In addition, differential display results will be analyzed to draw the genetic relationship 

between the experimental groups. The results reveal a significant reduction in WBCs, RBCs counts, Hb, hematocrit 

percentage, TAC, AChE activity, BG, TG, and Chol. A significant rise in platelets’ count, MDA and LDH activities were 

also observed. Insignificant difference in MCV, MCH, MCHC and creatinine levels in the CPF-treated rats was recoded 

compared to the negative control. The administration of CPF-BMB combination led to a recovery to the normal state of 

health regarding most of the CPF-influenced parameters. The differential display Polymerase Chain Reaction (DD-PCR) 

results reinstated hematological and biochemical results by grouping CPF-BMB combinations with negative control in the 

same lineage. Conclusively, the findings of this study suggest that some useful parameters are prognostic biomarkers of 

organophosphorus intoxication, and can throw light on the potential of the aqueous extract of M. nigra leaves as a natural 

auspicious and secure detoxifying agent. Finally, further studies on M. nigra will reveal many other bioactive substances 

with therapeutic, pharmacological, and nutritional values. 
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1. Introduction 

Pesticides are unique contaminants because they are 

intentionally released into the environment to elicit 

toxicity in certain pest species. Unfortunately, the lack of 

selectivity often leads to problems in humans and other 

non-target species. Organophosphorus (OP) pesticides are 

the major chemical class of insecticides used in the world 

today. Chlorpyrifos (CPF) belongs to the OP class of 

pesticides, serving as an insecticide and acaricides. CPF is 

widely used, because of its greater stability, persistence, 

and less toxicity than other OP pesticides (Richardson et 

al., 1993; Mileson et al., 1998). CPF is the active 

component in a wide array of pesticide formulations. 

According to the U.S. Environmental Protection Agency 

(EPA), CPF has been extensively studied due to its 

potential neurotoxicity (Richardson, 1995; Pope, 1999). 

Although CPF is no longer registered for residential use in 

the U.S. (U.S. EPA, 2012), there is still a high potential for 

human exposure, since it is widely utilized in agricultural 

applications (Lee et al., 2007). CPF has been associated 

with asthma, and reproductive, developmental and acute 

toxicity. As for its acute effects, the EPA classifies CPF as 

class II: moderately toxic. Recent research indicates that 

children exposed to CPF while in the womb have an 

increased risk of delays in mental and motor development 

at age three. An increased occurrence of pervasive 

developmental disorders such as attention deficit 

hyperactivity disorder (ADHD) was reported, too. CPF 

induces toxicity through inhibition of acetyl cholinesterase 

(AChE) in different tissues including liver, kidney, and 

spleen (Sultatos et al., 1985; Sultatos, 1987; Mileson et al., 

1998; Slotkin et al., 2006). With extensive AChE 

inhibition, the neurotransmitter acetylcholine (ACh) 

accumulates in the synapses of the central and peripheral 

nervous systems, which in turn leads to overstimulation of 

postsynaptic cholinergic receptors and signs of cholinergic 
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neurotoxicity (Silver, 1974; Ecobichon, 1996; Savolainen, 

2001). CPF exposure causes inhibition of antioxidant 

enzyme activities and increases in the levels of hydrogen 

peroxide (H2O2) in rat brains and liver (Gultekin et al., 

2001; Verma and Srivastava, 2001and 2003). Oxidation is 

a chemical reaction that transfers electrons from a 

substance to an oxidizing agent producing free radicals or 

reactive oxygen species (ROS). In turn, they start chain 

reactions which lead to cell damage. Antioxidants 

terminate these chain reactions by several mechanisms 

such as removing free radical intermediates, and inhibiting 

other oxidation reactions (Sies and Masumoto, 1997). 

Many antioxidants elicit protective effects on OP-induced 

acute poisoning in animal models (Gultekin et al., 2001; 

Altuntas et al., 2002). Medicinal plants are abundant 

sources of antioxidants. These plants demonstrated an 

ability to combat ROS-induced oxidative damage. Fruits 

and leaves of berries including black mulberry, raspberry, 

and strawberry contain a high content of antioxidants 

(Matsumoto et al., 2004). Black mulberry, in particular, 

has exhibited the highest capacity to inhibit O2, H2O2, and 

OH radicals among forty-one fruits and vegetables (Wang 

and Jiao, 2000). Many articles have been published on the 

bioactivity of M. nigra, and its protective and curative 

capacity against many toxigenic substances (Shukla et al., 

2014; Akhlaq et al., 2016; de Freitas et al., 2016; Sánchez-

Salcedo et al., 2017; Zhang et al., 2018).  

Accordingly, the main objective of this study is to 

investigate the efficacy of M. nigra leaves’ aqueous extract 

to reduce CPF-induced hematological and biochemical 

alterations in adult male albino rats. Genetic relationships 

between the experimental groups will be investigated, too. 

2. Materials and Methods            

2.1. Plant Materials 

Leaves of the black mulberry, Morus nigra, were 

collected from ten farms at Behera governorate, Kafr El 

Dawar Center, Egypt. The collected leaves were labeled 

and transferred to the laboratory, washed with tap water, 

air dried, and stored until further investigations.  

2.2. Preparation of the Plant Extract 

Fifty grams of oven-dried leaves (50°C) of M. nigra 

were soaked in 1 liter of boiling water. The dried leaves 

were steeped in boiling water for two-three hours. The 

extract was filtered using 0.1 mm Whatman’s filter paper. 

The filtrate was transferred into 50-ml flasks and 

evaporated in the oven at 60°C for three days. The extract 

was dissolved in phosphate-buffered saline (PBS) [8 g 

NaCl + 1.15 g KH2PO4+ 0.2 g KCl dissolved in 1L of 

distilled water, and the pH was justified to 7.4]. The 

extract was stored at -20°C until processed. 

2.3. Animal Groups 

Fifty male albino rats (Rattus norvegicus), (twelve to 

fourteen-week-old), weighing (180± 20 g) were originally 

obtained from the Institute of Graduate Studies and 

Research Farm (Alexandria University, Alex., Egypt). The 

rats were acclimatized for at least one week prior to 

experimentation. They were kept in plastic cages at room 

temperature (22-25°C) and a photoperiod of 12L: 12D. 

Crowding was avoided, and the animals were provided 

with a sufficient amount of balanced diet. An animal was 

judged healthy on the basis of general activity, feeding 

behavior, and absence of overt disease symptoms. The rats 

were randomly assigned to one of the following five 

groups: Control: the control group received corn oil; the 

CPF-treated group: received oral LD50 (13.5 mg/ kg body 

weight ( b.wt)) of CPF ethyl in corn oil every alternate day 

(Goel et al., 2005 ; 2006); CPF-BMB1 group: received 

LD50 of CPF ethyl+ aqueous extract of 0.15 g/ kg b.wt 

black mulberry leaves; CPF-BMB2 group: received LD50 

of CPF ethyl+ aqueous extract of 0.25 g/ kg body b.wt 

mulberry leaves; and CPF-BMB3 group: received LD50 of 

CPF ethyl+ aqueous extract of 0.4 g/ kg b.wt black 

mulberry leaves. Doses of the black mulberry leaves’ 

extract were derived from the curve of total phenolic 

content as previously described (Shukla et al., 2014). 

Solutions were freshly prepared every forty-eight hours, 

and were given to the rats using stomach gavage. During 

the experimental period, the animals were examined for 

any observable signs and abnormalities, and even death. 

They were also weighed weekly during the test period 

before feeding. Blood samples were collected from the 

anterior jugular vein of rats. The blood samples were 

passed for hematological and biochemical analysis. The 

experimental protocols were approved by the Ethical 

Committee of Alexandria University. 

2.4. Hematological Parameters 

Packed hemoglobin (Hb), total erythrocyte count 

(RBCs), hematocrit percent, platelets’ count, and 

leukocyte count (WBCs) were evaluated. Mean 

corpuscular volume (MCV), mean cell hemoglobin 

(MCH), and mean cell hemoglobin concentration (MCHC) 

were calculated, too. All calculations were carried out by a 

built-in computer software.  

2.5. Biochemical Parameters 

Malondialdehyde (MDA) concentration, total 

antioxidant capacity (TAC), acetyl cholinesterase activity 

(AChE), lactate dehydrogenase activity (LDH), blood 

glucose (BG), triglycerides (TG), total cholesterol (Chol), 

and creatinine levels were investigated. The animals were 

fastened before blood-sampling whenever needed. All 

chemicals were purchased from Sigma-Aldrich and all kits 

were purchased from BioRad, USA. Experimental 

procedures were carried out according to the 

manufacturer’s protocols.  

2.6. Molecular Examinations  

2.6.1. RNA Extraction and cDNA Synthesis 

Total RNA was extracted from the blood samples using 

the TriAzol reagent procedure (BioFlux, Germany). Then, 

RNA pellet was resuspended in DEPC-treated water. The 

RNA quantity and quality were determined by using 

spectrophotometer and gel-electrophoresis. The isolated 

RNA was converted into cDNA using the cDNA synthesis 

system kit (Fermentas, Germany) in the presence of oligo-

dT primer. Each 25 µL of the reaction mixture contained 

2.5 µL (5x) buffer with MgCl2, 2.5 µL (2.5 mM) dNTPs, 1 

µL (10 pmol) primer, 2.5 µL RNA (2mg/ml) and 0.5 unit 

Reverse Transcriptase Enzyme (MVLR, Fermentas). The 

thermal cycler equipment was programmed at 42 °C for 

one hour, 72 °C for ten minutes and the PCR product was 

stored at 4°C until use. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Freitas%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=27655047
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2.6.2. Differential Display Polymerase Chain Reaction 

(DD-PCR)  

cDNA was used as a template for DD-PCR reaction. 

Reaction conditions were performed according to Hafez et 

al. (2013). Sequences and annealing temperature of each 

primer were summarized in Table 1. The number and 

length of the amplified fragments were analyzed according 

to Liang and Pardee (1992).  

Table 1. Names, sequences and annealing temperatures of five 

arbitrary primers employed in this study. 

Primer 

name 

Primer sequence `5 to `3 Annealing 

Temp. 

NAR47 CGG CAG CGC C 45 °C 

NAR48 CCT TTC CCT C 47 °C 

NAR50 ACG GAG TTG GAG GTC 53 °C 

NAR51 TGC GCC GAA TTA TGC GG 53 °C 

NAR52 GTA AAA CGA CGG CAA 48 °C 

2.7. Statistical Analyses 

Experiments were repeated thrice, and the data were 

collected. The test for homogeneity of variances was 

carried out. One-way analysis of variance (ANOVA) and 

multiple comparison tests were applied as needed. The 

effects of the leaves’ extract of black mulberry on 

biochemical, hematological parameters were analyzed. The 

significance level was justified to 95 % confidence interval 

(P< 0.05). Statistical analyses of data were performed 

using SPSS software (Ver. 20.0).  

3. Results 

3.1. Hematological Parameters 

The effects of different treatments on RBCs, Hb and 

hematocrit percentage were examined. The results 

presented in Table 2 reveal that the CPF-group showed 

significant (P< 0.05) decreases of RBCs (3.0± 0.1 million/ 

mm3), Hb (6.8± 0.3 g/ dL) and hematocrit percentage 

(32.0± 1.2 %) compared to the negative controls (5.2± 9.5  

million/ mm3, 14.4±0.3 g/dL and 45.8±1.1%, respectively). 

The results showed that the administration of CPF-BMB 

combinations abolished the reduction of RBCs, Hb, and 

hematocrit percentages (Table 2).  

Table 2 demonstrates that the CPF-treated rats showed 

a significant increase (P<0.05) in platelets’ count 

(272333± 12148) compared to the negative controls 

(257333± 13413). It is also evident that the simultaneous 

administration of CPF in the BMB1, BMB2 and BMB3 

groups exhibited significant decrease (P<0.05) in platelets’ 

count (205000± 5240, 203333± 8432 and 206666± 9189, 

respectively) compared to both positive and negative 

control groups.  

In addition, the results in Table 2 clearly show that the 

CPF-administration resulted in a significant decrease (P< 

0.05) of the WBCs’ count (202.3 ± 31) compared with the 

negative control (206.8 ± 6). However, significant 

protective effects (P< 0.05) were observed in the case of 

treatment with CPF-BMB1 (207.8 ± 7), CPF-BMB2 

(207.5 ± 8) and CPF-BMB3 (206.2 ± 8) compared to the 

positive control (Table 2). 

The hematological parameters MCV, MCH and MCHC 

of both of the control and treated rats were shown in 

Figure 1. Statistical analysis of data revealed that no 

significant changes (P> 0.05) were observed in MCV, 

MCH and MCHC of the treated rats (Figure 1) when 

compared to both negative control (untreated rats) and 

positive control (CPF-treated rats).   

Table 2. Effect of different treatments on some hematological 

indices in white albino rats. Control: -ve control group received 

corn oil, CPF: CPF-treated group received oral LD50 (13.5 mg/ 

kg body weight) of CPF ethyl in corn oil every alternate day, 

CPF-BMB1: received LD50 of CPF ethyl+ aqueous extract of 

0.15 g/ kg body weight black mulberry leaves, CPF-BMB2: 

received LD50 of CPF ethyl+ aqueous extract of 0.25 g/ kg body 

weight black mulberry leaves and CPF-BMB3: received LD50 of 

CPF ethyl+ aqueous extract of 0.4 g/ kg body weight black 

mulberry leaves. 

 

 

Parameter 

Platelet

/ µL 

WBCs 

(cell/ µL) 

RBCs Haemoglobin Haematocrit       

(%) 

Control 
257333 

±13413 
206.8 ±6 5.2± 9.5 14.4± 0.3 45.8±1.1 

CPF 
272333 

±12148 
202.3 ±31 3.0± 0.1 6.8± 0.3 32.0±1.2 

CPF-

BMB1 

205000 

±5240 
207.8 ±7 4.8± 8.3 12.6± 0.2 39.1±2.1 

CPF-

BMB2 

203333 

±8432 
207.5 ±8 5.1± 6.1 14.1± 0.3 42.3±3.3 

CPF-

BMB3 

206666 

±9189 
206.2 ±8 5.2± 7.4 14.5± 0.7 46.1±2.2 

Figure 1. Effect of different treatments on mean corpuscular 

volume (MCV), mean cell hemoglobin (MCH) and mean cell 

hemoglobin concentration (MCHC) in white albino rats. Control: -

ve control group received corn oil, CPF: CPF-treated group 

received oral LD50 (13.5 mg/ kg body weight) of CPF ethyl in 

corn oil every alternate day, CPF-BMB1: received LD50 of CPF 

ethyl+ aqueous extract of 0.15 g/ kg body weight black mulberry 

leaves, CPF-BMB2: received LD50 of CPF ethyl+ aqueous extract 

of 0.25 g/ kg body weight black mulberry leaves and CPF-BMB3: 

received LD50 of CPF ethyl+ aqueous extract of 0.4 g/ kg body 

weight black mulberry leaves. 

3.2. Biochemical Parameters 

Figure 2 demonstrates a variation in serum MDA levels 

in all of the tested groups. It is obvious that the 

concentrations of serum MDA were significantly increased 

(P< 0.05) with the CPF-treatment (10.00± 2.34 nmol/mL) 

compared to the negative control group (7.06± 2.26 

nmol/mL). Serum MDA concentrations displayed a 

significant decrease (P< 0.05) in the cases of CPF-BMB1 
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(11.1± 3.148 nmol/mL), CPF-BMB2 (10. 370± 2.118 

nmol/mL), and CPF-BMB3 (6.4 ±8.597 nmol/mL) when 

compared to the CPF-group (12.9± 2.989 nmol/mL).  

Figure 2. Effect of different treatments on mean concentration 

serum malondialdehyde (MDA) in white albino rats. Control: -ve 

control group received corn oil, CPF: CPF-treated group received 

oral LD50 of CPF ethyl in corn oil every alternate day, CPF-

BMB1: received LD50 of CPF ethyl+ aqueous extract of 0.15 g/ kg 

body weight black mulberry leaves, CPF-BMB2: received LD50 of 

CPF ethyl+ aqueous extract of 0.25 g/ kg body weight black 

mulberry leaves and CPF-BMB3: received LD50 of CPF ethyl+ 

aqueous extract of 0.4 g/ kg body weight black mulberry leaves. 

Figure 3 presents TAC of serum in all of the tested 

groups. CPF-administration significantly (P< 0.05) 

decreased serum’s TAC (1.1033 ± 0.1023) mM/L 

compared with the negative control rats (1.1410 ± 0.3706) 

mM/L. However, the administration of CPF-BMB1, CPF-

BMB2 and CPF-BMB3 significantly antagonized the 

effects of CPF (P< 0.05), resulting in a significant increase 

of TAC (1.2273 ± 0.2486, 1.1473 ± 0.1359 and 1.2130 ± 

0.2033, respectively) mM/L. 

Figure 3. Effect of different treatments on total antioxidant 

capacity (TAC) in white albino rats’ serum. Control: -ve control 

group received corn oil, CPF: CPF-treated group received oral 

LD50 of CPF ethyl in corn oil every alternate day, CPF-BMB1: 

received LD50 of CPF ethyl+ aqueous extract of 0.15 g/ kg body 

weight black mulberry leaves, CPF-BMB2: received LD50 of CPF 

ethyl+ aqueous extract of 0.25 g/ kg body weight black mulberry 

leaves and CPF-BMB3: received LD50 of CPF ethyl+ aqueous 

extract of 0.4 g/ kg body weight black mulberry leaves. 

Figure 4 shows that CPF-supplementation decreased 

the AChE activity (25794.7± 1505.4) compared with the 

negative control group (26525.2± 423.9). The 

administration of CPF-BMB combination led to a 

significant increase (P< 0.05). However, the CPF-treated 

rats showed a significant increase (P< 0.05) in the LDH 

activity compared to the negative control group (4469.7± 

789.0 and 3235.3± 591.8 U/L, respectively), whilst the 

administration of CPF-BMB combination resulted in a 

dose-dependent gradual decrease of LDH activity 

compared to the positive control group (Figure 4). The 

decreases were significant (P< 0.05) in the cases of CPF-

BMB2 and CPF-BMB3 when compared to the positive 

control group.  

Figure 4. Effect of different treatments on serum 

acetylcholinesterase (AChE) and lactate dehydrogenase (LDH) 

activity in white albino rats. Control: -ve control group received 

corn oil, CPF: CPF-treated group received oral LD50 of CPF ethyl 

in corn oil every alternate day, CPF-BMB1: received LD50 of CPF 

ethyl+ aqueous extract of 0.15 g/ kg body weight black mulberry 

leaves, CPF-BMB2: received LD50 of CPF ethyl+ aqueous extract 

of 0.25 g/ kg body weight black mulberry leaves and CPF-BMB3: 

received LD50 of CPF ethyl+ aqueous extract of 0.4 g/ kg body 

weight black mulberry leaves. 

Figure 5 shows that CPF-treatment resulted in a 

significant decrease (P<0.05) in the blood glucose level 

(25.5± 4.2) mg/dl compared with the negative control 

group (94.5± 12.8) mg/dl. Furthermore, the administration 

of CPF-BMB combinations (73.8 ± 11.9, 63.1 ± 15.9 and 

75.9 ± 13.4 mg/dl) produced a significant increase 

(P<0.05) in blood glucose levels compared to the positive 

control group (Figure 5).  

Figure 5. Effect of different treatments on blood glucose (BG), 

triglycerides (TG), cholesterol (Chol), and creatinine 

concentrations in the serum in white albino rats. Control: -ve 

control group received corn oil, CPF: CPF-treated group received 

oral LD50 of CPF ethyl in corn oil every alternate day, CPF-

BMB1: received LD50 of CPF ethyl+ aqueous extract of 0.15 g/ kg 

body weight black mulberry leaves, CPF-BMB2: received LD50 of 

CPF ethyl+ aqueous extract of 0.25 g/ kg body weight black 

mulberry leaves and CPF-BMB3: received LD50 of CPF ethyl+ 

aqueous extract of 0.4 g/ kg body weight black mulberry leaves.
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In addition, Figure 5 indicates that the CPF-treatment 

produced a significant decrease (P< 0.05) of serum 

triglycerides (42.4 ± 6.3) mg/dl compared with negative 

control group (53.5± 7.6) mg/dl. Treatment with CPF-

BMB3 exhibited an insignificant increase (P> 0.05) of 

serum triglycerides (47.0 ± 8.5) mg/dl when compared to 

both control groups. Both of the CPF-BMB1 and CPF-

BMB2 groups presented a significant decrease (P< 0.05) 

of serum triglycerides when compared to the negative 

control. However, this decrease was significant (P< 0.05) 

in the case of the CPF-BMB2 group only when compared 

to the positive control group (Figure 5). 

Moreover, the results presented in Figure 5 show that 

the CPF-treated rats showed an insignificant decrease (P> 

0.05) in serum cholesterol (0.7062± 0.1515) mg/dL 

compared to the negative control group (1.0035± 0.7865) 

mg/dL. However, the administration of CPF-BMB 

combination antagonized the effects of the CPF treatment. 

The increase of cholesterol concentration was significant 

(P< 0.05) in the cases of CPF-BMB2 and CPF-BMB3 

groups (1.1450± 0.1838 and 1.1548± 0.1309 mg/dL, 

respectively) compared to the positive control group 

(Figure 5).   

The increase of serum creatinine level was insignificant 

(P> 0.05) in the case of the CPF-treated rats (8.05± 1.4) 

mg/dL when compared with the negative control group 

(7.78 ± 0.2) mg/dL. No significant difference in the serum 

creatinine level (P> 0.05) was observed when rats were 

treated with any of the three combinations CPF-BMB1, 

CPF-BMB2 or CPF-BMB3 (8.78 ± 0.9, 8.58 ± 0.5 or 9.78 

± 1.1 mg/dL, respectively) in comparison to the positive 

control group (Figure 5).  

3.3. Differential Display and DD-PCR Analysis 

Figure 6 presents results of differentially-displayed 

DNA bands of the control and treated samples using five 

primers. Collectively, they reflected the molecular pattern 

of up and down expressed genes in this experiment. The 

total numbers of bands resolved in 2 % agarose gel for 

both of the control and treated samples were 5, 4, 8, 10 and 

5 bands in the case of Nar47, Nar48, Nar49, Nar50, and 

Nar51 primers, respectively (molecular size≈ 700 to 80 

bp). The average number of bands per sample was 6.4. 

However, the average number of bands was 5.2, 5 and 3.2 

bands in the cases of negative control, positive control and 

CPF-BMB treatments, respectively. Out of thirty-two 

bands, five monomorphic (15.6 %) and twenty-seven (84.4 

%) polymorphic bands were recorded. Out of the five 

monomorphic bands, four bands were reported in the 

negative control, and one band in the CPF-BMB treatment 

(Figure 6). Some common bands in both of the controls 

and the treated samples were recorded. Few treatment-

induced bands were observed (genes were turned on). On 

the other hand, some bands were observed in controls and 

disappeared in the treated groups (genes were turned off). 

Many bands were densely illuminated reflecting the 

overexpression of these genes. One treatment-specific 

band was noticed in the case of CPF-BMB3 with Nar51 

primer. On the whole, these results revealed that many 

upregulated (turned on or overexpressed) and down-

regulated genes (turned off) were observed in different 

treatments using the selected primers (Figure 6).  

A dendrogram was constructed using the results of 

differential display. The maximum band divergence was 

exhibited in the lineage II (four phylogenetic groups). 

However, the lineage I appeared as a separate phylogenetic 

group (positive control). Negative control was clustered 

with CPF-BMB1, CPF-BMB2 and CPF-BMB3 in lineage 

II (Figure 7). It divides into two groups (Group I and 

Group II). Group I clustered the CPF-BMB combination at 

the three concentrations in three sister clades. Whilst 

Group II counts negative control in a monophyletic sister 

clade. The general topology of the tree illustrates that the 

CPF-BMB1 combination is closer to the negative control 

group (Figure 7). 
Figure 6. Effect of different treatments on differential display 

banding pattern (DD-PCR) in white albino rats’ serum using five 

selected primers (A: Nar47, B: Nar48, C: Nar49, D: Nar50 and E: 

Nar51). M: 100 bp DNA ladder, lanes 1-5: -ve control group, 

CPF-treated group, CPF-BMB1 group, CPF-BMB2 group and 

CPF-BMB3 group, respectively. 

Figure 7. A dendrogram developed on the ground of similarity 

index of differentially displayed sera in white albino rats using 

five selected primers. Control: -ve control group, CPF: CPF-

treated group, CPF-BMB1, CPF-BMB2 and CPF-BMB3 are the 

groups treated with combinations of chlorpyrifos and black 

mulberry leaves’ extract. 

4. Discussion 

The extensive application of pesticides is usually 

accompanied by serious problems of pollution and health 

hazards. It is well-known that many pesticides could 

produce toxic and adverse effects on experimental animals 

through their mode of action or by production of free 

radicals (Khan, 2006). The present study is aimed at 

investigating the efficacy of BMB leaves’ water extract as 

a potential protectant against organophosphate toxicity 

using CPF insecticide. To achieve this goal, the 
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hematological profile (RBCs, WBCs, and platelets’ counts, 

Hb, hematocrit percentage, MCH, MCV and MCHC), 

oxidant/ antioxidant stress (MDA and TAC), and the 

biochemical profile (glucose, cholesterol, triglycerides, 

creatinine, AChE and LDH enzymes) were investigated. 

Moreover, differential display results were analyzed to 

draw the genetic relation between the experimental groups. 

Collectively the results of this study point out that the 

application of CPF insecticide led to significant adverse 

effects (P< 0.05) on most of the tested hematological 

indices compared to the negative control group. Agreeable 

results were presented by Ambali et al. (2007 and 2011) 

who reported a reduced RBC count, Hb, and hematocrit 

percentage in the Wistar rats. Reduced Hb of dogs was 

acquired after 8, 24, and 36 hours of exposure to 

organophosphate (OP) insecticides (Ola-Davies et al., 

2018). Similar results were produced by Hundekari et al. 

(2013) who discovered a reduced Hb in 150 clinically-

diagnosed OP-poisoning cases of patients admitted to Patil 

Medical College Hospital. In this study, the reduced WBC 

count (Leucopenia: abnormal reduction in WBCs) is in 

consistence with previous results (Hundekari et al., 2013; 

Ola-Davies et al., 2018). This leucopenia could be 

assigned to lymphopenia (subtype of leucopenia: abnormal 

reduction in lymphocyte’ count in blood). It has been 

formerly denounced as a result of CPF-exposure (Goel et 

al., 2006; Ambali et al., 2010). On the other hand, Raghu 

et al. (2014) described a case of Leucocytosis (above the 

normal WBC count in blood) due to OP-poisoning. The 

excessive platelets’ count (thrombocytosis) due to CPF-

administration may be an indication of the increased risk 

of blood clots. Del Pardo-Lu (2007) adduced abnormal 

blood indices (RBCs, WBCs, platelets’ counts, Hb, 

hematocrit and MCV) of cutflower farmers vulnerable to 

pesticides. The reduced RBC count of the CPF-group 

attracts attention to possible oxidative stress. It leads to 

lipid peroxidation in RBCs’ membranes, auto-oxidation of 

hemoglobin, and limited repair processes. All these 

processes lead to decrease the lifespan of RBCs (Rice-

Evans and Baysal, 1987; Halliwell and Chirico, 1993). In 

the present study, changes were statistically insignificant 

(P> 0.05) in the cases of MCV, MCH, and MCHC indices. 

Controversial results were conveyed in the study of Ola-

Davies et al. (2018) who recorded a significant increase in 

the MCV and MCH indices, but an insignificant change of 

the MCHC index. However, the application of CPF-BMB 

combinations repealed or nullified the adverse effects of 

OP toxicity when compared to the positive control group 

(P< 0.05). This protective or antitoxic effect could be 

attributed to the higher content of bioactive compounds 

including many antioxidants (Zhang et al., 2018). BMB 

leaves’ components may play a vital role to enhance the 

defense system against oxidative stress induced by OP-

poisoning (Luczaj et al., 2004; Ostrowska et al., 2004; 

Dobrzynska et al., 2005). 

To divulge the mechanisms behind the former results, 

the oxidant/ antioxidant status and biochemical profile 

were examined. The significant increase in the MDA 

concentration (P< 0.05) due to the CPF-application is an 

indicator of increased lipid peroxidation. Meanwhile, the 

significant inhibition of TAC (P< 0.05) is a result of the 

increased oxidative stress which led to the inhibition of the 

antioxidant enzymes. Similar results were exhibited in OP-

poisoned Wistar rats (Kopjar et al., 2018), OP-poisoned 

patients at the Zagazig Hospital, Egypt (Abbas et al., 

2016), OP-poisoned patients at Patil Medical College 

Hospital, India (Hundekari et al., 2013), and in OP-

poisoned rats (Ojha et al., 2013). In the meantime, the 

increased oxidative stress by CPF-application was revoked 

by the application of CPF-BMB combinations compared to 

the positive control group (P< 0.05). Emphasized 

nutritional value and antioxidant activity of BMB’ leaves 

have been presented (Iqbal et al., 2012). In addition, they 

determined total phenolics (16.21–24.37 mg gallic acid 

equivalent/g), total flavonoids (26.41–31.28 mg rutin 

equivalent/g), and ascorbic acid (0.97–1.49 mg/g). The 

leaf extract was tested for TAC using three methods: the 

DPPH method (TAC= 1.89–2.12 mM Trolox 

equivalent/g), the ABTS method (TAC= 6.12–9.89 mM 

Trolox equivalent/g) and a ferric-ion method (0.56–0.97 

mM Trolox equivalent/g) of dried leaves (Iqbal et al., 

2012).  

The significant decrease of AChE as a result of OP-

poisoning in the present study is harmonious with the 

results introduced by many previous investigations: OP-

poisoned Wistar rats (Kopjar et al., 2018), OP-poisoned 

patients at Zagazig Hospital, Egypt (Abbas et al., 2016), 

OP-poisoned  Wistar rats (Chanez et al., 2015), OP-

poisoned seventeen-year-old patient (Cavari et al., 2013), 

OP-poisoned patients at Patil Medical College Hospital, 

India (Hundekari et al., 2013), OP-poisoned common crap 

(Banaee et al., 2013), OP-poisoned patients at Bijapur 

Hospital, India (Hundekari et al., 2012), OP-poisoned rats 

(Ojha et al., 2013), and OP-poisoned cutflower farmers 

(Del Pardo-Lu, 2007). AChE functions to regulate 

cholinergic neurotransmission by catalyzing breakdown of 

the neurotransmitter, acetylcholine. AChE is the main 

target of inhibition by OP compounds. They were 

considered a class of irreversible inhibitors of AChE 

(NPIC, 2012). Repeatedly, the effects of CPF application 

were overruled by the CPF-BMB administration. This may 

be attributed to the presence of many reversible AChE 

inhibitors in the BMB’ leaf extract (de Freitas et al., 2016), 

due to the atropine-sensitive prokinetic effects of the 

extract (Akhlaq et al., 2016), resulting from the 

cholinomimetic substances which trigger the enzyme 

activity, or from the unblocking mechanism of the enzyme.  

The significant increase of the LDH activity by CPF-

poisoning indicates a severe cellular damage. This result 

coincides with past results of OP-poisoned patients 

admitted to Government Villupuram Medical College and 

Hospital, India (Sangeetha et al., 2017), OP-poisoned 

patients admitted to emergency department of tertiary care 

Hospital, India (Swaminathan and Roopa, 2017), OP-

poisoned fish, Catla catla (Abhijith et al., 2016), OP-

poisoned patients admitted to the emergency department of 

SCB Medical College Hospital, India (Panda et al., 2014), 

and OP-poisoned common crap (Banaee et al., 2013). 

Cellular damage is antagonized by the well-investigated 

anti-oxidant activity of BMB (Iqbal et al., 2012; Zou et al., 

2012; Sánchez-Salcedo et al., 2017; Zhang et al., 2018), 

resulting in a dose-dependent significant correction of the 

LDH activity.   

Levels of blood glucose, triglycerides and cholesterol 

were significantly lowered by the application of CPF 

insecticide. Many glycemic changes including 

hypoglycemia to hyperglycemia have been reported to be 

associated with OP-poisoning (Meller et al., 1981; Shobha 
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and Prakash, 2000; Rahimi and Abdollahi, 2007; Banaee et 

al., 2013; Malekirad et al., 2013; Chanez et al., 2015). 

These glycemic changes may be attributed to cholinergic 

changes associated with OP-poisoning and/ or to 

pancreatic dysfunction. In addition, significant decreases 

in triglycerides and cholesterol levels due to the OP-

poisoning were observed. The decrease of blood glucose 

(BG), triglycerides (TG) and cholesterol (Chol) levels may 

be attributed to higher energetic needs to overcome OP-

poisoning and/ or to counteract the oxidative stress 

induced by OP-poisoning. It may be a reflection of the 

lipid and glucose metabolism (liver dysfunction), too. Han 

et al. (2016) reported increased TG and Chol levels in OP-

poisoned patients admitted to the Tertiary University 

Hospital, Korea. Chanez et al. (2015) observed a rise in 

the TG and Chol of OP-poisoned Wistar rats. Banaee et al. 

(2013) noticed increased TG and Chol levels in OP-

poisoned common carp. Malekirad et al. (2013) presented 

increased Chol and BG levels and decreased TG levels in 

OP-poisoned farmers. Hundekari et al. (2012) reported a 

reduced Chol level in OP-poisoned patients at Bijapur 

Hospital, India. The change was insignificant in the case of 

creatinine index. Similarly, Ola-Davies et al. (2018) 

showed an insignificant change in dogs’ creatinine after 8, 

24, and 36 hours of OP-exposure. On the other hand, 

Cavari et al. (2013) and Raghu et al. (2014) described high 

creatinine levels in two OP- poisoned case studies. After 

proper treatment, the renal functions were corrected. 

Furthermore, an abnormal creatinine level was reported in 

OP-poisoned cutflower farmers (Del Pardo-Lu, 2007). 

Statistical analysis of DD-PCR results manifested the close 

genetic relation between negative control and CPF-BMB 

combinations by gathering them in the same phylogenetic 

group. 

In conclusion, this piece of work stresses the 

detrimental effects of CPF insecticide and the protective 

capacity of the BMB extract. It was found that CPF results 

in adverse reactions that increase oxidative stress, cell 

damage, metabolic and enzymatic disorders. Most of these 

adverse reactions could be overruled by the confirmed 

antioxidant activity and by other suggested metabolic 

antitoxifying mechanisms. In addition, this work reveals 

that most of the investigated parameters could be 

considered good prognostic biomarkers.  
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