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ABSTRACT 
Pesticide formulations are characterized by its 

complex mixtures.The available toxicity information on 
the active ingredients alone is not quit enough to evaluate 
the risk of undesirable health effects of commercial 
pesticides. Therefore, the present study was proposed to 
clarify the adverse effects of exposure to formulated 
abamectin (ABA) (0.5 mg/kg bw, 1/20 LD50), indoxacarb 
(IND) (86.6 mg/kg bw, 1/20 LD50 ) and their combinations 
on some haematological and biochemical parameters and 
histopathological changes of male rats given repetitive oral 
doses for 30 consecutive days. The protective effect of 
aqueous extract of Moringa oleifera leaves (MO) against 
toxicity induced by tested insecticide was, also, considered.  
Results indicated that ABA, IND, and their combination 
treatments, significantly, caused gradual decreasing in 
body weight, erythrocyte counts (RBCs), haemoglobin 
concentration (g/dL), haematocrit (%) and platelets (PLT). 
However, significant elevation in the relative liver, kidney 
and brain weights were associated with these treatments. 
Marked and significant increments in the levels of serum 
alkaline phosphatase (ALP), alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), gamma-
glutamyltransferase ( -GT), glucose  concentration  and 
creatinine (Cre), while decrease in serum 
acetylcholinesterase (AChE) activity  was observed due to 
tested insecticide treatments. Exposure to ABA and IND, 
significantly decrease the total protein and total 
antioxidant scavenging activity. Histological studies 
confirmed the biochemical parameters. M. oleifera leaves-
treated rats with ABA, IND or their combinations showed 
marked improvements of hematological, biochemical 
parameters and histopathological changes, indicating  that 
MO extract bear a potent antioxidant activity. Therefore, 
the successive aqueous extract of MO as an herbal tea may 
be beneficial for patients who suffer from liver, kidney and 
brain diseases and restoring the damage sustained by 
insecticide exposure. 

Keywords:Rats, Abamectin, Indoxacarb; biomarkers, 
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INTRODUCTION 

Pesticide development and synthesis is an ongoing 
process to overcome the increasingly destructive effects 
of various plant and animal pathogens. Abamectin 
(ABA)and indoxacarb (IND) are examples of these 
newly developed and widely used pesticides with high 
toxicity against plant pathogens (Zanoli et al., 2012). 

ABA is a versatile pesticide that is used worldwide as 
an insecticide, nematicide, acaricide and/or anti-
parasitic agent for livestock (Tomlin 2004; Kolar et al., 
2008) and might induce mammalian toxicity (Abd-
Elhady and Abou-Elghar, 2013). Liver and fat tissues of 
rats exhibited high levels of ABA as reported by 
Gonzalez et al., (2009).  

IND is characterized by its high toxicity against 
several agricultural pests (Wing et al., 1998; Park et al., 
2011). It is a pro-insecticide, so that it must be 
biologically-activated to the more effecttive 
metabolite,N-decarbomethoxyllated, in insects (Von 
Stein et al., 2013). The same bioactivation process 
occurs in mammals, but at a slower conversion rate that 
favors the insecticide selective toxicity. Human toxicity 
was characteri-zed by alteration in blood cell count 
(RBCs) due to  indoxacarb treatment (Sandeep et al. 
2016), while, delayed toxicity in mice and rats was 
observed (Shit et al. 2008). Deleterious effects on lipid 
and protein contents, superoxide dismutase, and catalase 
enzyme activities of mice dosed with 6, 8, 12 and 24 
mg/kg/day for 30 days were detected (Mudaraddi et al., 
2012). 

Herbal plants are phytomedicinal agents and proven 
to have hepatoprotective (Huang et al.,2012; Abdel 
Rasoul and Marei, 2016), anti-diabetic, anti-pyretic, 
diuretic effects (Sharma et al., 2012). The moringa 
(Moringa oleifera, MO) has vast therapeutic properties 
due to the presence of essential amino acids 
(methionine, tryptophan, cysteine, and lysine), -
carotene, protein, vitamins, minerals (Ca and K), and 
several phenolic compounds (Ndong et al. 2007; Verma 
et al., 2009; Khalafalla et al., 2010; Vongsak et al., 
2012). Moreover, the aqueous extract of MO enhanced 
the hepatic glutathione restoration (Fakurazi et al., 
2008). Hence, the present study was undertaken to 
evaluate the ameliorative effects of leaf aqueous extract 
of MO onabamectin and indoxacarb induced toxicity to 
male albino rats. 

MATERIALS AND METHODS 

Chemicals  

The commercial formulations of ABA (Vertemic®, 
1.8% EC) and IND (Avaunt®, 15% SC) were supplied 
by Syngenta Agro Services AG, Egypt. The 2,2 -Azino-
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bis(3-ethyl-benzo-thiazoline-6-sulphonic acid) (ABTS), 
potassium persulfate (K2S2O8) and trolox were 
purchased from Sigma-Aldrich, Germany. The 
enzymatic assay kits were purchased from Bio-
Diagnostics Co., Dokki, Giza, Egypt. All other 
chemicals and solvents were of analytical grade. 

Preparation of the aqueous extract of M.oleifera and 
GC-MS analysis 

Fresh mature leaves of MO were collected from 
Faculty of Agriculture farm, Damanhour University, Al-
Bostan region, El-Beheira Governorate. The leaves 
were dried at 65° C in oven (Puriven, Korea) and 
ground into fine powder. Approximately 2 g of the 
powder was boiled in 1L of de-ionized water for 10 min 
and then stored at 4° C. The acute oral toxicity study of 
M. oleifera (LD50) was found to be greater than 5000 
mg/kg (Asiedu-Gyekye et al., 2014). 

Approximately, 2 ml of the extract were filtered into 
a 2-ml dark glass vial using a 1 ml syringe and a 0.2 m 
nylon filter (Fisher Scientific, Ottawa, Canada). Then 
one µl of the sample was injected into an Agilent 6890 
Gas Chromatography-Mass Spectrometry (GC-MS) 
system. The GC-MS was equipped with an Agilent 
mass spectrometric detector, with a direct capillary 
interface and fused silica capillary column PAS-5 MS 
(30 mm × 0.25 m film thickness). Helium was the 
carrier gas (36 cm/sec) at flow rate of 1 ml/ min and the 
solvent delay time was 3 min was set. The mass 
spectrophoto-metric detector was operated in an 
electron impact ionization mode with the energy of 
70 eV and the scanning mode from 50 to 500 
mass/charge (m/z). The ion source temperature was 
230 °C and the quadrupole temperature was 150 °C. 
The electron multiplier voltage (EM voltage) was 
maintained 1250v above the auto-tune. The instrument 
was manually tuned using perfluorotributyl-amine 
(PFTBA). The GC temperature program was started at 
60 °C for 3 min then elevated to 280 °C at a rate of 
8 °C/min and 10 min hold at 280 °C. The m/z ratio 
obtained was calibrated from the mass spectrum graph, 
which is the fingerprint of each molecule. Moreover, 
identification of the separated peaks was done using the 
Wiley9 and NIST5 mass spectral data-base. 

Experimental procedure 

Adult male albino rats (Rattus norvegicus; 120±5 g) 
were obtained from the animal house, Faculty of 
Medicine, Alexandria University, Egypt. Animals were 
housed in clean transparent plastic cages (28 X 45 X 25 
cm) at 25±2C° with 12 h dark/light photoperiod and 
70±10 % humidity. The animals were acclimatized to 
the laboratory conditions for 2 weeks before executing 
the experiments. Animals were fed on balanced 
commercial diet and water ad libitum. Handling of the 

experimental animals was consistent with the 
international ethics of the care and use of experimental 
animals (National Research Council, 2011). 

Rats were divided into 8 groups of 6 adult males 
each. Group 1 (control) and group 2 was given the 
aqueous MO as the sole drinking fluid at a dose of 200 
mg/kg bw). In group 3 ABA, rats were administered 
1/20 LD50 (0.5 mg/kg bw) of ABA (LD50 = 10 mg/kg 
bw, Tomlin, 2005). Group 4 IND of rats were 
intoxicated with 1/20 LD50 (86.6 mg/kg bw) of IND 
(LD50 = 1730 mg/kg bw, Tomlin, 2005). Group 5 (ABA 
and IND) of rats were given 1/20 LD50  of ABA and 
1/20 LD50 of IND. Rats in groups 6, 7, and 8 were given 
the same doses of insecticides in groups 3, 4 and 5, 
respectively and allowed to drink the aqueous MO 
extract as the sole source of drinking fluid. Rats were 
orally administered the doses for 30 consecutive days. 
Initial and final body weights of male rats were 
recorded to calculate relative weight changes according 
to Chapman et al.,(1959).  

Blood sampling and tissue organs 

After 12 h of the administration of the last dose, rats 
were sacrificed under ether anesthesia and then blood 
samples were collected from aortic artery into EDTA-
K3 tubes for blood picture assays and non-heparinized 
tubes for serum separation. Blood samples were allowed 
to clot at room temperature for 15 min, and then 
centrifuged at 3000 rpm (Universal 32R, Hettich 
Zentrifugen model D-78532, Germany) for 10 min. 
Serum samples were kept frozen at -20C° until assayed. 
Liver, kidney, and brain were dissected and then kept in 
10% formalin solution in a screw-cap 50 ml tubes for 
histological studies.  

Hematological measurements  

The EDTA-K3 blood samples analyzed for the blood 
picture using the automated Sysmex apparatus (Sysmex 
KX21, Japan) in a certified clinical laboratory. The 
parameters included white blood cells count (WBCs,× 
103 /mm3), red blood cells count (RBCs,× 103 /mm3), 
hemoglobin concentration (Hb, g/dl), haematocrit value 
(PCV %) andplatelets (PLT, × 10 /mm3). 

Biochemical analysis  

The biochemical assays of enzymes of the serum 
samples were done colorimetry using available 
commercial diagnostic kits. AST and ALT activities 
were detemined according to Reitman and Frankel 
(1957), while ALP, -GTand AChE were determined 
according to Young et al. (1975), Whitfield et al. (1973) 
and Ellman et al. (1961), respectively. Concentrations 
of glucose, total protein and creatinine were measured 
according to the methods of Tietz (1995), Gornal et al., 
(1949) and Barham and Trinder (1972), respectively.  
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ABTS radical-scavenging capacity assay 

A solution of ABTS was prepared by the reaction of 
ABTS (7 mM/L) and potassium persulfate (2.45 mM/L) 
after incubation at 23 C° in the dark for 12 h (Re et al., 
1999). The ABTS solution was then diluted with 80% 
(v/v) aqueous ethanol to obtain an absorbance of 0.70 ± 
0.02 at 731 nm. About 300 µl of the serum samples 
were mixed with 1.2 ml of the diluted ABTS solution. 
The reaction mixture was incubated at 23C° for 8 h in 
dark and the absorbance was measured at 731 nm using 
a UV-Vis spectrophotometer (pg Instruments T20, 
England). The ABTS scavenging activity was 
calculated as µM trolox equivalent/ml serum based on a 
standard curve of trolox (0-15 µM). 

Histological studies 

Liver, kidney and brain organs were excised and 
fixed in 10% neutral formalin buffer for histological 
examination. The samples were processed using graded 
ethanol series and embedded in paraffin. Tissue sections 
(5- m thick) were cut and stained with hematoxylin and 
eosin (H&E). The specimens were examined under a 
light microscope and photographs were taken with an 
automatic photomicrographic system.  

Statistical Analysis  

All the data are presented as mean ± SE. Statistical 
analysis was performed using Statistical Package for the 
Social Sciences (SPSS) version 20. Statistical 
significance of the differences between the treatments 
groups were analyzed by post-test Turkey's multiple 
comparison tests. p< 0.05.  

RERSULTS  
GC-MS analysis of aqueous extract of  M. oleifera 
leaves  

The chemical compounds from the GC-MS analysis 
were identified with NIST and Willey database libraries 

(Table 1). The GC-MS analysis of aqueous extracts of  
MO leaves  revealed  the presence of 9,12-
Octadecadienoic acid, methyl ester (6.18%), Deuterated 
etioporphyrine (5.95%), Naphtho-1,3- dioxole -6,7-
dicarboxylic acid, 5,6,7,8- tetrahydro-5- hydroxy-8-
(3,4,5-trimethoxyphenyl (5.94%),  Quinoline, 2-[(2-
benzodioxol-5-yl)-5-ethenyl]-4-methoxy (5.85%), 
Hexabutyl-distannousoxane (5.75%), 1-Choloro-6-
hydroxy-4-methyl-11-nitronaphtho-isoquinoline-5,12-
quinone (5.67%), Bromoacetic acid, 2-bromo-4-
fluorophenyl ester (4.75%),  3,3,4,4`-Tetrabromo-2,2`-
bithiophene-5,5`-dicarbaldehyde (4.23%).   

Body and relative organs weight of male albino rats  

During the study period, there were no clinical signs 
of toxicity in treatedrats. Body and relative brain, 
kidney and liver weights of rats treated treated with 
aqueous MO did not differ significantly control valus 
(Table 2). However, when rats treated with ABA, IND 
and their combinations, significant differences (p < 
0.05) and gradual decreasing in body weight were 
observed, while significant elevations in the relative 
liver, kidney and brain weights were detected. 
Unfortunately, this effect was attenuated by the 
treatment with MO extract to tested insecticide. 

Hematological effects 

Data presented in Table (3) did not reflect any 
significant difference in hematological parameters 
between MO extract and untreated rats. However, ABA, 
IND and ABA+IND caused significant decreases in 
RBCs, Hg (g/dL), Pcv (%) and PLT. On the other hand, 
WBCs in blood samples of rats showed significant 
increase as compared to the control. Marked 
improvements in hematological parameters were 
observed due to administration of MO extract in rats 
treated with ABA, IND or ABA+IND. 

Table 1. Chemical composition of the aqueous extract of M. oleifera leaves analyzed by GC-MS 
RT (min) Component name Peak area (%) 

4.34 
Naphtho-1,3-dioxole-6,7-dicarboxylic acid, 5,6,7,8-tetrahydro-5-hydroxy-
8-(3,4,5-trimethoxyphenyl) 

5.94 

4.55 3,3`,4,4`-Tetrabromo-2,2`-bithiophene-5,5`-dicarbaldehyde 4.23 
4.72 Deuterated etioporphyrine 5.95 
4.87 Bromoacetic acid, 2-bromo-4-fluorophenyl ester 4.75 

7.85 
1-Choloro-6-hydroxy-4-methyl-11-nitronaphtho-isoquinoline-5,12-
quinone 

5.67 

11.34 Hexabutyl-distannousoxane 5.75 
11.94 Quinoline, 2-[(2-benzodioxol-5-yl)-5-ethenyl]-4-methoxy 5.85 
23.79 9,12-Octadecadienoic acid, methyl ester 6.18 
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Table 2. Effect of abamectin, indoxacarb and their combinations on body and relative liver, kidney and brain 
weights of rats and the moudualtion by M. oleifera 

Body weight 

 
Treatment 

Initial (g) Final (g) %Change/week 

Relative 
liver 

 
Relative 
kidney 

 
Relative 

Brain 

 
Control 140.6±0.9cd 223.1±2.2a 14.65±0.13a 3.55±0.0g 0.89±0.01a 0.56±0.0ef 

MO 139.1±0.6d 218.6±2.1ab 14.29±0.22a 3.68±0.0g 0.90±0.02a 0.55±0.0f 

ABA 141.8±0.8bc 195.8±1.2d 9.53±0.20d 4.92±0.0c 0.79±0.02c 0.65±0.0c 

IND 141.6±1.0bc 190.4±0.6e 8.62±0.16e 5.26±0.0b 0.80±0.01c 0.69±0.0b 

ABA+IND 145.9±0.6a 190.4±0.7e 7.62±0.15f 5.88±0.06a 0.77±0.01c 0.75±0.0a 

ABA + MO 143.9±0.9ab 217.7±2.1b 12.79±0.15b 4.06±0.02f 0.86±0.01b 0.55±0.0f 

IND + MO 141.8±0.6bc 212.3±1.6c 12.42±0.11b 4.24±0.04e 0.85±0.01b 0.58±0.0de 

ABA+IND+ MO 141.9±0.7bc 209.2±1.9c 11.85±0.24c 4.41±0.04d 0.87±0.01ab 0.58±0.0d 

Each value is a mean of 6 rats ± S.E.;  Means having the same letters are not singificanly differ from each other, p < 0.05;      
Relative organ  weight = (organ weight/final body weight) × 100;     
 % of body weight change/week = [(final b .w t.  initial b .wt.)/ initial b .wt.]/no of weeks X 100.

Biomarkers of liver and kidney dysfunctions 

The administration of MO extract did not cause any 
changes in all the determined biochemical parameters 
compared to untreated rats (Table 4). Concerning the 
determination of damage induced by ABA and IND and 
the protective effect of MO, the activities of some 
enzymes (ALT, AST, ALP and -GT) were used as 
hepatotoxic biomarkers. Following 30 days of tested 
insecticides administration, marked significant increases 
in liver enzyme activities were observed, indicating the 
occurrence of hepatic injuries. Total protein was 
significantly decreased (P<0.05) compared with control 
group. However, administration of MO extract 
combined with ABA, IND or ABA+IND improved 
most of the tested biochemical parameters. 

Changes in serum on total antioxidant scavenging 
activity (µM Trolox equivalent/ ml serum), creatinine 
level, total protein and glucose in various experimental 
groups are represented in Figure 1.  It was found that 
MO extract increased the antioxidant activity compared 
to the control. Furthermore, administering MO with 
ABA, IND and their combinations increased the 
antioxidant capacity (Fig 1A). It was, also, noticed that 

the total creatinine content was increased as a result of 
administration of ABA, IND and their combinations 
(Fig. 1B).  On the other side, AChE activity was 
significantly lowered (P<0.05) (Fig. 1C), whereas; 
serum glucose level was significantly elevated in treated 
rat as compared with control group (Fig. 1D). When 
MO extract was administrated to the treated rats, a 
marked improvement in antioxidant capacity, total 
creatinine content, and AChE and glucose level was 
detected. 

Histopathological investigations 

The histopathological alterations of liver, kidney, 
and brain tissues were shown in Figures (2-4). Liver 
sections from the control (G1) and MO (G2) rats 
showed normal hepatic cytoarchitecture (Figures 2 A 
and B). Liver lobules were significantly affected by the 
tested insecticides (ABA, IND and their combinations). 
Severe cytoplasmic vacuolation of hepatocytes was 
observed due to the IND (G4) toxicity, whereas; it was 
moderately changed after the treatment with ABA (G3), 
the mixture of ABA and IND (G5), and ABA mixed 
with MO (G6). 

Table 3. Effect of abamectin,  indoxacarb and  their combinations on red blood cells (RBCs), white blood cells 
(WBCs), haemoglobin concentration (Hg), haematocrit (PCV) and platelets (PLT) in male albino rats and the 
moudualtion by M. oleifera 

Treatment 
WBC 

(× 103 /mm3) 
RBC 

(× 103 /mm3) 
Hg 

(g/dL) 
PCV 
(%) 

PLT 
(× 10 /mm3) 

Control 9.78±0.17e 7.48±0.09a 13.65±0.06a 45.36±0.44a 552.50±6.13a 

MO 9.80±0.11e 7.51±0.11a 13.66±0.08a 44.78±0.51a 558.66±6.32a 

ABA 15.76±0.14c 4.77±0.03d 10.25±0.21d 38.11±0.36d 339.33±8.26e 

IND 15.70±0.14c 4.34±0.13e 9.56±0.15e 35.05±0.33e 449.66±4.86d 

ABA+IND 21.23±0.54a 4.24±0.08e 8.60±0.12f 30.68±0.19f 314.66±12.03e 

ABA MO 13.04±0.14d 6.75±0.15b 12.76±0.13b 41.68±0.35b 511.50±12.81b 

IND+MO 13.61±0.17d 6.53±0.11b 12.69±0.16b 39.05±0.45cd 519.83±10.53b 

ABA+IND+MO 17.26±0.12b 5.87±0.11c 12.23±0.12c 39.43±0.45c 457.16±12.52d 

Each value is a mean of 6 rats ± S.E.; Means having the same letters are not singificanly differ from each other, p < 0.05. 
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Table 4.Effect of abamectin, in doxacarb and their combinati on serum biochemical parameters and the 
moudualtion by M. oleifera 

Treatment 
Total protein 

g/dl 
ALP 
U/L 

AST 
U/L 

ALT 
U/L 

-GT 
U/L 

Control 9.82±0.19a 115.60±0.61f 253.46±1.19d 136.51±0.76f 21.46±0.47a 

MO 9.59±0.12a 114.98±1.51f 254.26±1.33cd 137.70±0.99f 21.73±0.49a 

ABA 7.43±0.08d 148.86±0.96c 278.33±2.58b 158.65±1.67d 11.69±0.55d 

IND 8.09±0.13c 158.34±1.31b 279.57±1.77b 166.56±1.87c 10.54±0.27e 

ABA+IND 5.90±0.18e 187.78±1.21a 291.19±2.24a 198.49±1.69a 7.42±0.24f 

ABA MO 9.02±0.25b 132.75±1.62e 253.27±1.57d 145.27±0.95e 20.05±0.35b 

IND+MO 9.04±0.16b 135.45±1.31e 253.65±1.72d 157.37±1.19d 19.41±0.34b 

ABA+IND+MO 7.72±0.18c 144.57±1.29d 259.49±2.40c 170.98±1.31b 17.52±0.29c 

Each value is a mean of 6 rats ± S.E.M; Means having the same letters are not singificanly differ from each other, p < 0.05.  

    

Figure1. Effect of the exposure to abamectin (ABA) and indoxacarb (IND) treatments on total antioxidant  scavenging  activity (A), serum 
creatinine (B), acetylcholine esterase (AChE)(C) and glucose (D) of rat  in the absence and presence of moringa extract (MO). Data are 
expressed as mean ± S.E. of 6 rats 

Moderate focal hepatic necrosis, fibroplasia in the 
portal triad, and focal hemorrhage were found in G5, 
G4, and G3, respectively. Mild focal hepatic necrosis, 
portal infiltration with inflammatory cells, and 
hyperplasia in the portal triad were associated with the 
insecticide treatments (Figures 2 C, D, and E).  

Kidney sections from rats in the control, G2, G6, 
and G8 groups showed normal cell histological 
structure of renal parenchyma (Figure 3 A). However, 
severe congestion of the renal blood vessels and 

vacuolation of the tubular epithelium cells were noticed 
in tissues of G4 and G3, respectively. Mild abnor-
malities in kidney were noticed as congestion of the 
renal blood vessels, vacuolation of renal tubular 
epithelium, focal tubular necrosis, and interstitial 
nephritis after the treatment with ABA, IND, and their 
combinations (Figure 3 B, C, and D). Other mild 
hypertrophy, congestion of glomerular tuft with 
thickening of the parietal layer of Bowman s capsule, 
congestion of renal blood vesseland 
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Figure 2. Histopathological examination of liver cells of rats (A) showed apparent normal hepatocytes in control and moringa extract 
(MO), (B) abamectin (ABA)-treated rats showed cytoplasmic vacuolation of hepatocytes and focal hepatic hemorrhage, (C) indoxacarb 
(IND)-treated rats showed cytoplasmic vacuolation of hepatocytes and portal infiltration with inflammatory cells, (D) ABA and IND-
treated liver cells revealed focal hepatic necrosis associated with inflammatory cells infiltration (E), ABA +MO-treated rats had slight 
dilatation of hepatic sinusoids, (F)  IND+MO- and  ABA+IND+MO-treated rats had no histopathological changes. Specimens stained with 
hematoxylin and eosin (H and E; X 400). 

    

Figure 3. Histopathological profiles of kidney paraffin sections stained with hematoxylin and eosin (H&E X 400) for (A) control group and 
Moringa showed normal histological structure of renal parenchyma, (B) ABA-treated rats had vacuolation of renal tubular epithelium, 
hypertrophy, and congestion of glomerular tuft with thickening of the parietal layer of Bowman s capsule, (C) IND-treated rats showed 
congestion of renal blood vessel, and (D) ABA+ IND -treated rats showed atrophy of glomerular tuft and presence of protein cast in the 
lumen of renal tubules, while MO plus to (B,C,D) showing no histopathological changes. 
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Figure 4. Histopathological examination of cells of brain tissue of  (A) control and MO-treated rats showed no changes, (B)  ABA-treated 
rats showed necrosis and pyknosis of neurons, (C) IND-treated rats showed congestion of cerebral  blood vessel and necrosis of neurons, 
(D) ABA+IND-treated rats showed congestion of cerebral blood vessel and perivascular cuffing  with mononuclear cells, (E) ABA+MO-
treated rats showed focal gliosis, (F) IND+MO-treated rats showed congestion  of  cerebral  blood  vessel, and (G) ABA+IND+MO-treated 
rats showed necrosis of some neurons. Specimens stained with hematoxylin and eosin (H & E X 400). 

presence of protein cast in the lumen of renal tubules 
were observed (Figures 3 B, C, and D). On the other 
side, application of the MO extract with the tested 
insecticides showed different degrees of improve-ment 
in liver and kidney as compared to the treated groups 
alone. 

Histopathological examination of brain tissues 
(Figure 4 A) showed no changes in control and MO-
treated rats. However, severe abnormalities resulted 
from the indoxacarb and ABA-IND mixture were 
noticed, showing necrosis, pyknosis of neurons 
(irreversible condensation of chromatin in the nucleus), 
congestion of cerebral blood vessel, and perivascular 
cuffing with mononuclear cells (Figure 4 B, C, and D). 
MO-treated rats with abamectin, indoxacarb, or their 
combinations showed mild to moderate focal gliosis, 
congestion of cerebral blood vessel, and necrosis of 
some neurons (Figures 4-G).  

DISCUSSION 

Enhancement the spectrum of pest control could be 
achieved when pesticide mixtures are used in the field, 
particularly, when multiple pests are attacking together. 
The pesticides distinguished in this study belong to two 
different classes of insecticides; ABA and IND which 
are relatively new insecticides with different mode of 
action and are being used extensively to control many 
pests on different crops. This study aimed to clarify the 
sub-acute exposure of the ABA and IND on 
histopathological, hematological and biochemical 
examination of the liver, kidney and brain of albino rats. 
Additionally, the prophylactic effect of aqueous leaves 
extract of MO against ABA and IND toxicity was also, 
considered. The results showed that the continuous 
exposure to ABA, IND and their mixture for 30 
consecutive days had a significant decrease in body and 
kidney weight than untreated-control.Moreove, the 
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absolute and relative weights of the liver and brain 
showed a significant (p<0.05) increase compared to the 
control. These results agreed with the findings reported 
by Eissa and Zidan (2010), who confirmed the 
ameliorative effect of MO extract treatments. 

Liver plays a key role in the detoxification process 
for xenobiotics. Consequently, any injury or disturbance 
of its function results in hepatotoxicity and leading to 
health complications. Liver biomarker enzymes are 
commonly used for liver injury. In the present work, 
AST, ALT and ALP enzymes activities exhibited a 
significant increment, while -GT  enzyme activity was 
decreased.  It is well known that increased or decreased 
serum levels of biomarker enzymes in this study 
confirm the destruction of the hepatocytes by allowing 
these enzymes to leak into the circulation. Cellular 
leakage and loss of hepatocyte membrane integrity were 
indicated by Hsu et al. 2001; Sakr, 2007;Khaldoun-
Oularbi et al., (2013). This alteration is likely to affect 
the membrane permea-bility and provokes derangement 
in metabolites transport. Elevated liver enzymes are the 
cause of the muscle damage, hepatic injury and toxic 
hepatitis (Farkaset et al., 2004). The high activities of 
these enzymes could be referred to destruction of cells 
and the occurrence of damage to tissues and the 
accumulation of triglycerides and release enzymes into 
the blood stream, which have a clear indication of the 
emergence of necrosis cell of liver tissue (Alhazza, 
2007). The decreased serum level of total proteins due 
to ABA, IND and their mixtures -treated rats reflects the 
liver toxicity as reported by Mudaraddi et al.,(2012). 
Liver is a major organ of protein synthesis and any 
disease in the liver can cause damage of hepatocytes 
with changes in protein and free amino acid metabolism 
leading to decreases synthesis and increase wasting via 
catabolism (Yousefet al., 2006; Wallace, 2007;El- 
Shafey et al., 2011). Moreover, the increment in serum 
glucose level in insecticides-treated rats was associated 
with a significant increase in their daily water intake in 
order to counteract probably the increase of osmotic 
pressure and to establish homeostasis of the 
extracellular compartment as reported by Abdollahi et al 
(2004). Acetylcholinesterase (AChE) enzyme activity 
exhibited a significant decrease with the ABA, IND and 
their mixture administration compared to the control. 
AChE is centered at the cholinergic synapses and 
neuromuscular junctions in the CNS. The decrease of 
AChE due to the association with pesticide, which leads 
to complete inactivation of the enzyme. Then, the 
function of nervous system is distorted and results in the 
death of pests and mammals (Fournier and Mutero, 
1994; Pohanka, 2014). Abamectin is harm to the 
environment and humans and had a great toxic effect on 
the growth and nervous systems (Kose et al., 2016). 

Nassar, (2015) explained that, chemical structure of  
indoxacarb is different that on organophosphorus  
pesticides but the existence of the oxadiazin group 
might have some advantages. 

Results, also, reflected the obvious significant in-
crease in serum creatinine concentrations with the ABA, 
IND and their mixture administration compared to the 
control. The treated animals elevation of creatinine 
concentrations may be attributed to the reduction in 
glomerular filtration in the kidney. Elevation of 
creatinine concentration is related to an elevated protein 
catabolism, where; the creatinine is the end product of 
protein catabolism and histopathological changes in the 
kidney. Such an elevation reflects the dysfunction of the 
kidney tubules (Walmsley and White, 1994). 
Significant adverse effects on the hematological 
parameters were reported after administering rats with 
ABA, IND and their mixtures. A significant decrease 
was noticed in the RBC, Hg and HCT, on the contrary 
WBC was significantly increased (Sandeep et al., 
2016). Similarly, Lee et al., (2015) reported a 
methemoglobinemia  after indoxacarb ingestion because 
of the aromatic metabolites that were biotransformed in 
to the active intermediates. The lower values in 
erythrocyte counts and haemoglobin concentration 
might be referred to the failure to supply the blood 
circulation with cells from haemohepatic tissues, since 
the liver has an important role in the regeneration of 
erythrocyte and the possible destructive effect on 
erythrocyte by the toxicants. The obtained results are in 
agreement with those found by Anubama et al., (2001) 

Moringa-treated groups (MO, MO+ABA, MO+IND, 
or MO+ABA+IND) of rats showed normal weight 
along with reduced the side effects of these insecticides. 
Some previous reports pointed out to an increase in the 
body weight of rats after eating MO leaves. This effect 
could be related to its rich content in amino acids, 
vitamins, and minerals particularly iron (Subadra et al., 
1997; Faye, 2011). The MO has an impressive range of 
medicinal uses with high nutritional value. It is an 
important source of minerals, protein, vitamins, -
carotene, and amino acids which were confirmed in our 
study through the GC-MS analysis of the water extrac. 
Various parts of this plant such as the leaves, roots, 
seed, fruit and flowers act as cardiac and circulatory 
stimulants, anti-inflammatory, diuretic, antihyper-
tensive,cholesterol lowering, antioxidant, antidiabetic, 
hepatoprotective, antifungal and antibacterial activities, 
and are being employed for the treatment of different 
ailments in the indigenous system of medicine (Anwar 
et al. 2007; Ola-Davies et al. 2014; Osman et al., 2015). 
M. oleifera leaf extracts contain poly-phenols; therefore 
the antioxidant effects of the leaf extract may depend on 
its phenolic components (Verma et al., 2009; Singh et 
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al., 2014). It play important pharmacological properties, 
such as, antioxidant, anti-inflammatory, and antimuta-
genic properietes (Rasika et al., 2011). These 
antioxidant bioactive compounds effectively protect 
liver from hepatotoxic-induced toxicity. The leave 
extracts of M. oleifera, significantly, reduced chlorpyri-
fos-induced oxidative stress in rat brain, restored the 
brain enzymes, protein, the antioxidant capacity, and 
brain architecture (Oyewole and Olabiyi, 2014). 

CONCLUSIONS 

The present investigation indicated that M. oleifera 
has a potential role in therapeutic action via the 
presence of phenolic compounds and its antioxidant 
nature. However, further investigations are essential to 
explicate the accurate molecular mechanism of specific 
bio-active agents from moringa leaves for protection 
against abamectin and indoxacarb induced toxicity and 
it should be tested against various biologically 
important markers. Overall, it can be concluded that 
MO leaves bear a potent antioxidant activity. Finally, 
the obtained results confirmed the potential ameliorative 
effects of MO on ABA and IND-induced toxicity on 
albino rats. 
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