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ABSTRACT
Indoxacarb (IND) is a promising new foliar broad-spectrum insecticide that belongs to the oxadiazine class. Insecticides are a class of chemicals found in the environment that can cause harm to plants, animals, and humans. Vitamin C (VIT-C) is a water-soluble antioxidant that has been found to lower oxidative stress and neutralise reactive oxygen species (ROS). Therefore, this study was undertaken to determine the ameliorative effect of vitamin C on indoxacarb toxicity. For this purpose, 20 female Wistar rats were randomly divided into four different groups as I to IV. Group I, II, III and IV received vehicle (control), IND (26.8 mg/kg b.wt.), VIT-C (200 mg/kg b.wt.) and IND + VIT-C (26.8 mg/kg b.wt. IND + 200 mg/kg b.wt. VIT-C) respectively by oral gavages daily for 28 days. Group II (IND) rats showed reduction in food intake, dehydration, weakness, mild diarrhoea, weight loss, tremor, rolling and head tilt as compared to control rats. Clinical symptoms that were seen in Group II rats were also observed in Group IV rats, though to a lesser degree. There was significantly (P < 0.05) decreased in TEC, Hb and HCT values of Groups II (IND) and IV (IND + VIT-C) rats when compared with control rats. ALP was observed significant increase (P < 0.05) in Group II female rats when compared with negative and positive control animals, but complete recovery of ALP was noticed in IND + VIT-C group rats. The rats of Groups II (IND) and IV (IND + VIT-C) showed significant (P < 0.05) increase in total antioxidant status in comparison to control Group rats. Grossly, stomach was distended and filled with undigested feed materials in Groups II and IV rats. Histopathological changes (degeneration, necrosis and congestion) in the IND group were increased when compared to the control group. These microscopic lesions were also visible in the Group IV (IND + VIT-C) animals to a lesser extent. Ameliorative effect of vitamin C was observed on clinical signs, body weight, haematology and biochemical alterations as well as, on histopathological changes in indoxacarb intoxicated rats.
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1. INTRODUCTION
Pesticides remain the most efficient approach for protecting plants and animals against a wide range of pests. Nowadays, the use of pesticides became popular in developing countries and their use is indistinguishably associated with the enhancement of human and animal welfare. The pesticides exert a positive effect on plant health in terms of insect pests, increased productivity, improved crop storage and disease control, but inadvertent uses negatively affect food safety (Zikankuba et al., 2019). Pesticides are a key group of environmental chemicals that have the potential to harm plants, animals and human (Oller et al., 1980).
Indoxacarb is a promising new foliar broad-spectrum insecticide that belongs to the oxadiazine class (Harder et al., 1997) which is manufactured by DuPont, USA (Koli et al., 2019). It is frequently used as an insecticide in agriculture and horticulture that exhibits strong action against lepidopteran pests of vegetables, fruits, cotton, peanuts, maize, trees, alfalfa, soybeans and other crops. However, indoxacarb's biological activity is not limited to insects, its extensive use poses considerable health hazards to plants, aquatic organisms, and humankind (Bhojane et al., 2018). Indoxacarb is a synthetic, non-systemic insecticide that can replace the organophosphate insecticide (Doerr et al., 2004). Indoxacarb's active metabolite works uniquely by blocking sodium channels in nerve cells, inducing paralysis and death in the target pest species (Lapied et al., 2001).
Pesticides can potentially cause oxidative stress by increasing the generation of free radicals or altering antioxidant defence mechanisms such as detoxification and scavenging enzymes (Abdollahi et al., 2004). The toxicity of several pesticides, such as organochlorines (Ranjbar et al., 2002), carbamates, and pyrethroids, has been reported to be influenced by oxidative stress.
Vitamin C is a water-soluble antioxidant that has been shown to neutralize reactive oxygen species (ROS) and reduce oxidative stress (Yu et al., 2008). Vitamin C also improves the absorption of iron by reducing Fe3+ to Fe2+ from non-heme iron sources (Hacisevki et al., 2009). Vitamin C facilitates quenching of mitochondrial ROS in normal, as well as oxidative conditions, correlate with the protective effect of vitamin C in inhibition of oxidative damage on the mitochondria. Vitamin C is a potent, efficient and relatively inexpensive antioxidant. It is a potent reducing agent and an excellent source of electrons for free radicals that are looking for an electron to regain their stability (Duarte and Lunec 2005).
At workplaces where indoxacarb is used or manufactured, occupational exposure to indoxacarb can occur through inhalation of dust or skin contact. The usage of agricultural products treated with indoxacarb is another key source of exposure to animals and humans. paucity of information available on toxicity of indoxacarb and its amelioration with vitamin C in laboratory animals in India and abroad, also Keeping all the facts in view, the present study undertaken to study toxicopathology of indoxacarb and its amelioration with vitamin C in Wistar rats for a period of 28 days. 
2. MATERIAL AND METHODS
Experimental animals
A total of 20 Wistar albino rats aged 4–5 months old, weighing 375–425 g, were procured from Pavo Research Solutions, Dashrath, Vododara, Gujarat, India. Before grouping and dosing the procured Wistar rats were maintained under acclimatisation for 15 days. Animal management and treatment procedures complied with the guidelines of Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA), New Delhi, India. All rats were housed in polypropylene cages at a laboratory animal house facility in an environmentally controlled room with a constant temperature of 22°C (±3°C) and a humidity of 30-70%. Throughout the acclimation and study period, 12/12 hour light/dark cycles were administered. Corncob was used as a source of bedding. Throughout the study, rats were provided with standard pellet diet and distilled RO drinking water. The Institutional Animals Ethics Committee (IAEC) approved the study protocol of Pathology Department, College of Veterinary Science and Animal Husbandry, Kamdhenu University, Sardarkrushinagar (Protocol: VETCOLL/IAEC/2021/17/PROTOCOL-05). Animals were assigned to experimental groups using a simple randomization procedure.
Test compound
The main compound, indoxacarb (local agro centre, Palanpur, Gujarat) and vitamin C (CAS number: 50-81-7, Sigma-Aldrich) was purchased. Isoflurane (Isotroy®) were purchased from Troikaa Pharmaceuticals Ltd. Thol, Gujarat, India.
Experimental design
20 female Wistar rats were randomly divided into four groups (n = 8 for each group) as described in Fig.1. The groups were numbered as Group I to IV:
I. Control group (Negative control): Rats were given 0.5 % carboxymethyl cellulose (CMC) solution by oral gavage daily for 28 days. 
II. IND group: Rats were given IND (26.8 mg/kg b.wt.) was dissolved in 0.5 % CMC solution by oral gavage daily for 28 days. 
III. VIT-C group (Positive control): VIT-C (200 mg/kg b.wt.) was administered via oral gavage daily for 28 days.
IV. IND + VIT-C group: VIT-C (200 mg/kg b.wt.) was administered via oral gavage one hour before IND (26.8 mg/kg b.wt.) administration and continued for 28 days.
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Figure 1: Schematic representation of the experimental design.
Clinical observations
Observations for morbidity and mortality were made twice daily throughout the study period. Clinical observations were taken once a day during the acclimatisation period. On each dosing day, clinical observations were made at least twice (Predose and post dose).
Body Weight
The body weight of each and every rat was measured one day before treatment began and at weekly intervals throughout the course of the study. Before the animals were kept for overnight fasting, their last bodyweight was recorded one day prior to blood collection (Day 28).
Clinical pathology
The rats fasted overnight before blood collection and necropsy. At the end of the experiment, all the rats were anesthetized through isoflurane. On 29th day of study , from all survived rats, blood was collected from the retro-orbital plexus with the help of a heparinized capillary tube in clot activator for biochemical analysis and in sterilized vials containing 4.0 % potassium ethylene diamine tetra acetic acid (K3EDTA) as an anticoagulant for estimation of hematology. The haematological estimation of Total Erythrocyte Count (TEC), Haemoglobin (Hb), Haematocrit (HCT) or Packed Cell Volume (PCV), Mean Corpuscular Volume (MCV), Mean Corpuscular Haemoglobin Concentration (MCHC), Mean Corpuscular Haemoglobin (MCH), Total Leukocytes Count (TLC),  Differential Leukocyte Count (Lymphocytes, Neutrophils, Monocytes, Eosinophils, Basophils), Red cell Distribution Width (RDW% & RDWa), Platelet (PLT), Mean Platelet Volume (MPV) were analysed by using Automated Blood Analyzer (Exigo haematology analyzer, Boule Medical AB, Sweden) using the impedance method. 
Blood samples were collected in clot activator without anticoagulant for the determination of serum biochemical parameters i.e. Alkaline Phosphatase (ALP), Alanine Aminotransferase (ALT), Aspartate Aminotransferase  (AST), Creatinine, Total Protein (TP), Albumin, Cholesterol, Triglycerides, Urea, Uric acid, Glucose, Magnesium, Calcium, Phosphorous, Gamma-Glutamyltransferase (GGT) and Total Antioxidant status (TAS). Serum samples were taken into eppendorf tubes after centrifugation of blood at 4000 rpm for 10 min. Subsequently, ALP, ALT, AST, Creatinine, TP, Albumin, Cholesterol, Triglycerides, Urea, Uric acid, Glucose, Magnesium, Calcium, Phosphorous, GGT and TAS   were analysed by commercially available reagent kits through Fully Automated Biochemistry Analyzer (RANDOX- RX Monaco, United Kingdom).
Necropsy and organ weight 
Brain, stomach, intestines, liver, kidneys, adrenals, spleen, heart, thymus, trachea, lungs, sex organs, urinary bladder and lymph node taken at the end of the experiment were detected in 10% neutral buffered formalin. The kidneys, lungs, heart, brain, spleen, adrenals, thymus, epididymides, testes of all survived rats were trimmed for any adherent tissue, and wet weight was taken as soon as possible after necropsy.
Tissue processing and Microscopic examination
Fixed tissues were trimmed, labelled, and washed under running tap water for 2 hours. Dehydration was done using ascending grade (30%, 70%, 90%, and 100%) of isopropyl alcohol. The dehydrated tissues were cleared by two changes of xylene and impregnated in melted paraffin wax. The entire tissue processing was performed in an automatic tissue processor (Leica TP1020). The paraffin-impregnated tissues were embedded using the Leica EG1160 paraffin embedding station and cooled on Leica EG1150 C Cold Plate. The 4 to 5 µ thick sections were cut using Leica RM2255 fully automated rotary microtome. The sections were taken on poly-L-lysine-coated (0.1 % w/v in H2O) slides and stained with Harris' Hematoxylin and Eosin (H & E stain). The sections were deparaffinised by xylene, rehydrated through descending grade of isopropyl alcohol and water. The hydrated tissue sections were stained with hematoxylin, differentiated in acid alcohol and blueing was carried out by ammonia water. Then tissue sections were stained with eosin, dehydrated with absolute isopropyl alcohol, followed by xylene wash, and mounted with DPX (Luna, 1968; Suvarna et al., 2012). The entire staining was performed in Gemini AS Automated Slide Stainer, (Thermo Scientific). After staining, slide analyzes were performed using Zeiss microscope ax10 Lab A1. Damage, according to its severity, ten randomly selected areas were evaluated, scoring 0 (no change), 1 (minimal injury), 2 (mild injury), 3 (moderate severe injury) and 4 (severe injury).
Statistical Analysis
The data generated on various parameters like; haematological, biochemical absolute and relative organs weight were analyzed by using Analysis of variance (AOV) procedure of R program (2020) software (version 3.6.3) to know the effect of different treatment groups (R Core Team. 2020). Further, the data pertaining to body weight was analyzed using two way ANOVA with terms for the group and time interval.
3. RESULTS
Clinical signs 
The Group II female rats showed decreased food intake, dehydration, weakness, mild diarrhoea, weight loss, tremor, rolling and head tilt 15th day and onward. Group IV female rats showed minimal lethargy, weakness, dehydration, mild diarrhoea, weight loss and tremor 18th day and onward. In the present study, no mortality was noted in all Groups throughout the 28 days study period.
Body weight
The statistically significant (p > 0.05) reduction in body weight was observed in Group II female rats at 28th day of experiment as compared to Group I, III and IV female rats (Table 1).
Table 1: Effect of Indoxacarb and vitamin C on weekly body weight (Mean ± SD, n=5, gm) 
in female rats after daily oral administration for 28 days
	Day

	Group I
( CMC )
	Group II
(Indoxacarb)
	Group III
( Vitamin C)
	Group IV
( IND + VIT-C )

	0 Day
	197.20± 12.911
	198.20± 12.153
	199.20± 9.680
	217.40± 14.536

	7 Day
	200.80± 11.904
	196.00± 14.018
	204.60± 6.542
	207.40± 10.945

	14 Day
	194.20± 13.480
	202.40± 16.532
	204.10± 6.025
	211.80± 4.970

	21 Day
	206.80± 18.295
	197.80± 15.385
	208.40± 9.127
	218.40± 7.092

	28 Day
	207.20± 14.412b
	187.80± 11.883a
	210.00± 11.769b
	215.40± 8.204b


· Mean bearing different superscripts in row differ significantly (p<0.05).
Clinical pathology
Hematology:
In terms of haematological parameters, Group II (IND) and IV (IND+VIT-C) rats showed significant (p<0.05) decrease in TEC, Hb and HCT value when compared with Group I (control) and Group III (VIT-C) rats. But, mean values of TEC, Hb and HCT were increased in rats received co-treatment of vitamin C with indoxacarb when compared to only indoxacarb administered rats. There was no significant (p<0.05) difference among the groups in terms of other haematological parameters [MCV, MCH, MCHC, PLT, TLC, DLC, RDW, RDW (a) and MPV] (Table 2).
Table 2: Effect of Indoxacarb and vitamin C on haematological parameters (Mean± SD, n=5) in female rats after daily oral administration for 28 days
	
Parameter
	
Unit
	Group I
( CMC )
	Group II
(Indoxacarb)
	Group III
( Vitamin C)
	Group IV
( IND + VIT-C )

	TEC
	106/ µL
	7.66± 0.313 b
	5.77± 0.675 a
	7.65± 0.568 b
	6.22±0.540 a

	Haemoglobin
	g/dL
	15.38± 0.817 b
	12.04± 0.937 a
	15.90± 0.938 b
	12.58± 0.817 a

	HCT
	%
	42.90± 2.562 b
	36.38± 4.271 a
	43.50± 3.338 b
	37.38± 4.008  a

	MCV
	fL
	57.60± 3.271
	54.80± 3.203
	58.18± 2.489
	55.30± 4.008

	MCH
	Pg
	20.20± 0.418
	20.76± 0.518
	20.82± 0.438
	21.26± 2.405

	MCHC
	g/dL
	35.92± 0.779
	34.12± 1.612
	36.62± 1.238
	34.92± 2.087

	PLT
	103/μL
	847.20± 124.216
	821.40± 115.807
	749.20± 189.535
	812.60± 147.554

	TLC
	103/μL
	6.84± 1.305
	5.74± 1.508
	7.10± 0.797
	6.86± 1.024

	Neutrophils
	103/μL
	1.11± 0.133
	0.82± 0.304
	1.15± 0.295
	1.02± 0.411

	Lymphocytes
	103/μL
	5.40± 1.203
	4.61± 1.240
	5.53± 0.403
	5.45± 0.911

	Monocytes
	103/μL
	0.27± 0.021
	0.23± 0.094
	0.33± 0.043
	0.30± 0.043

	Eosinophils
	103/μL
	0.07± 0.013
	0.07± 0.035
	0.10± 0.045
	0.08± 0.015

	Basophils
	103/μL
	0.00± 0.00
	0.00± 0.00
	0.0± 0.00
	0.01± 0.033

	RDW
	%
	21.64± 1.276
	21.04± 0.924
	21.68± 0.779
	21.62± 0.319

	RDW (a)
	Absolute
	42.62± 1.361
	43.36± 1.831
	41.06± 1.997
	40.26± 1.877

	MPV
	fL
	6.28± 0.630
	5.90± 0.324
	6.04± 0.564
	6.46± 0.404


· Mean bearing different superscripts in row differ significantly (p<0.05).
Biochemical findings:
The mean ± SD of all biochemical parameters is presented in Table 3. There was no significant difference in ALT, AST, Creatinine, TP, Albumin, Cholesterol, Triglycerides, Urea, Uric acid, Glucose, Magnesium, Calcium, Phosphorous and GGT among the groups. Significantly increased (p<0.05) ALP was observed in Group II rats when compared with negative and positive control animals, but significant improvement (p < 0 05) of ALP was noticed in indoxacarb plus vitamin C group. The rats of Group II (IND) and IV (IND+ VIT-C) revealed significant (p<0.05) increase in total antioxidant status when compare with Group I and III (VIT-C). However, decrease of total antioxidant status was observed in pre-treatment with vitamin C to indoxacarb-intoxicated rats.
Table 3: Effect of Indoxacarb and vitamin C on biochemical parameters (Mean± SD, n=5) in female rats after daily oral administration for 28 days 
	Parameter
	
Unit
	Group I
	Group II
	Group III
	Group IV

	
	
	CMC
	Indoxacarb
	Vitamin C
	IND + VIT-C

	Alanine aminotransferase (ALT)
	
U/L
	
58.00± 15.260
	
67.00± 10.846
	
74.10± 26.128
	
48.40± 6.795

	Aspartate
aminotransferase (AST)
	
U/L
	
185.24± 59.950
	
201.06± 56.910
	
204.14± 61.671
	
156.52± 23.272

	Alkaline Phosphatase (ALP)
	U/L
	
177.80± 93.369 a
	
317.00± 104.757 b
	
199.60± 27.898 a
	
218.40± 28.272 a

	Gamma Glutamyl Transferase (GGT)
	
U/L
	
15.20± 2.168
	
14.00± 3.082
	
16.60± 3.209
	
15.60± 1.140

	Total Protein
	g/dL
	8.40± 0.632
	8.54± 0.859
	8.54± 0.541
	7.72± 0.942

	Albumin
	g/dL
	3.22± 0.205
	3.20± 0.141
	3.30± 0.187
	3.24± 0.114

	Urea
	mg/dl
	60.09± 10.272
	53.36± 5.950
	46.30± 2.249
	49.98± 13.568

	Uric acid
	mg/dl
	2.4± 0.573
	2.70± 0.700
	2.52± 0.277
	1.88± 0.356

	Creatinine
	mg/dl
	0.91± 0.445
	0.53± 0.134
	0.41± 0.132
	0.52± 0.292

	Triglyceride
	mg/dl
	124.46± 43.002
	75.73± 39.917
	127.42± 62.441
	94.27± 47.345

	Cholesterol
	mg/dl
	112.12± 34.588
	89.14± 13.684
	80.22± 6.099
	73.54± 25.991

	Glucose
	mg/dl
	76.60± 13.631
	67.60± 17.126
	99.80± 25.352
	73.60±11.238

	Magnesium
	mg/dl
	2.99± 0.336
	3.35± 0.728
	2.74± 0.617
	3.28± 1.152

	Calcium
	mg/dl
	10.88± 0.642
	11.78± 2.152
	11.12± 0.455
	11.24± 0.477

	Phosphorus
	mg/dl
	9.24± 2.355
	9.70± 2.151
	7.46± 2.699
	5.92± 1.333

	Total Antioxidant
Status (TAS)
	(mmol/L)
	1.33± 0.188 a
	     1.71± 0.191 b
	1.36± 0.153 a
	1.70± 0.373 b


· Mean bearing different superscripts in row differ significantly (p<0.05).
Organ weight
The summary (mean ± SD) of absolute as well as relative organ weights of all rats are presented in Table 4 and Table 5
Table 4: Effect of Indoxacarb and vitamin C on absolute organ weight (Mean ± SD, n=5, gm) in female rats after daily oral administration for 28 days 
	
Organ
	Group I
	Group II
	Group III
	Group IV

	
	CMC
	Indoxacarb
	Vitamin C
	IND + VIT-C

	Liver
	5.44± 0.790
	5.79± 0.533
	4.94± 1.563
	6.30± 0.679

	Spleen
	0.54± 0.097
	0.60±0.136
	0.51± 0.097
	0.62± 0.171

	Heart
	0.70± 0.126
	0.76± 0.070
	0.84± 0.112
	0.79± 0.117

	[bookmark: _Hlk414623692]Lung
	2.22± 0.405
	2.06± 0.420
	1.99± 0.307
	2.20± 0.415

	Kidney
	1.29± 0.099
	1.51± 0.252
	1.37± 0.258
	1.50± 0.047

	Brain
	1.66± 0.104
	1.75± 0.097
	1.70± 0.136
	1.65± 0.137

	Adrenals
	0.05± 0.022
	0.17± 0.241
	0.06± 0.015
	0.06± 0.005

	Thymus
	0.21± 0.041
	0.24± 0.026
	0.18± 0.046
	0.24± 0.117


· Mean bearing different superscripts in row differ significantly (p<0.05).
Table 5: Effect Indoxacarb and vitamin C on relative organ weight (Mean ± SD, n=5, gm) in female rats after daily oral administration for 28 days 
	
Organ
	Group I
	Group II
	Group III
	Group IV

	
	CMC
	Indoxacarb
	Vitamin C
	IND + VIT-C

	Liver
	2.67± 0.233
	3.10± 0.355
	2.37± 0.779
	2.93± 0.319

	Spleen
	0.26± 0.027
	0.32± 0.076
	0.24± 0.043
	0.29± 0.076

	Heart
	0.35± 0.035
	0.41± 0.054
	0.40± 0.074
	0.37± 0.060

	Lung
	1.09± 0.183
	1.10± 0.223
	0.96± 0.208
	1.02± 0.219

	Kidney
	0.64± 0.039a
	0.80± 0.119b
	0.65± 0.093a
	0.70± 0.027ab

	Brain
	0.82± 0.116
	0.94± 0.081
	0.81± 0.046
	0.76± 0.055

	Adrenals
	0.03± 0.013
	0.09± 0.131
	0.03± 0.007
	0.03± 0.003

	Thymus
	0.10± 0.016
	0.13± 0.011
	0.03± 0.028
	0.11± 0.050


· Mean bearing different superscripts in row differ significantly (p<0.05).

In the present study, statistically significant increased in relative weight of kidneys in the Group II female rats compared to control Group, whereas no significant change was reported in absolute organ weight in Group II female rats.
Pathomorphology  
During necropsy, Most of all organs were examined, but none of them revealed any appreciable lesions, with the exception of the stomach of Group II and VI rats. Stomach of Group II and IV rats was distended and filled with undigested feed materials. 
Histopathologically, in comparison to Group I (Fig. 2A) the liver of the Group II (IND) showed mononuclear cells infiltration with bile duct hyperplasia, portal vein congestion (Fig. 2B), minimal sinusoidal congestion, micro vesicular vacuolation. As well as, liver of Group IV (IND+ VIT-C) revealed multifocal vacuolation (Fig. 2C) with minimal sinusoidal congestion and multifocal bile duct hyperplasia with minimal infiltration of inflammatory cells. In kidney, Group II (IND) rat showed mild to moderate accumulation of proteinaceous material in tubular lumen, regenerative tubules by flattened epithelium, congestion, and tubular necrosis (Fig. 2D) when compared to control rats. Tubular necrosis was characterized by loss of lining epithelium and presence of eosinophilic tissue debris in tubular lumen (Fig. 2D) and was noted in 2/5 female rats. Proteinaceous material in tubular lumen (Fig. 2E), congestion and tubular necrosis were also observed in kidney of Group IV (IND+ VIT-C) rats. 
In spleen, Group II (IND) female rats showed severe depletion of white pulp, diffuse extramedullary hematopoiesis (erythroid hematopoiesis) with marked megakaryocytosis (Fig. 2F) and presence of golden yellow colored hemosiderin pigments. Protective effects were seen in vitamin C supplemented Group IV rats which revealed minimal to moderate depletion of white pulp (Fig. 2G), diffuse extramedullary hematopoiesis.  In addition to this, Indoxacarb dosage caused mild to moderate orthokeratotitc hyperkeratosis with prominent keratohyalin granules and minimal infiltration of inflammatory cells in non-glandular stomach of Group II (IND) rats, as well as Group IV (IND+ VIT-C) rats with less severity than Group II in comparison to Group I and III. Hyperkeratosis was noted in 3/5 female rats treated with indoxacarb. Microscopic lesions in lung of rats fed indoxacarb composed of severe oedema, moderate alveolar congestion and infiltration of inflammatory cells. In brain of Group II and IV rats, minimal haemorrhage, congestion, multifocal infiltration of mononuclear cells and subcapsular haemorrhage were noted. Minimal haemorrhage, congestion and mononuclear cell infiltrates were also observed in heart of Group II and IV rats. Histological impairment was ameliorated in groups with indoxacarb by the co-treatment with vitamin C. 
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Fig.2: (A). Group I. Liver showing minimal infiltration of inflammatory cells. H & E 100X. (B). Group II. Liver showing focal infiltration of mononuclear cells (asterisk) with bile duct hyperplasia and portal vein congestion. H & E 200X. (C). Group IV. Liver showing multifocal vacuolation (asterisk) with minimal sinusoidal dilatation. H & E 200X. (D). Group II. Kidney showing congestion and tubular necrosis with loss of lining epithelium and presence of eosinophilic tissue debris (arrow) in tubular lumen. H & E 200X. (E). Group IV. Kidney showing proteinaceous materials (arrow) in tubular lumen. H & E 200X. (F). Group II. Spleen showing diffuse extramedullary hematopoiesis with marked megakaryocytosis and presence of golden yellow colored hemosiderin pigments. H & E 200X. (G). Group IV. Spleen showing depletion of white pulp, presence of golden yellow colored hemosiderin pigments and presence of numerous basophilic islands of erythropoiesis in red pulp. H & E 100X. (H). Group II.  Non glandular stomach showing marked orthokeratotitc hyperkeratosis (asterisk) and prominent keratohyalin granules. H & E 200X.  (I) Group III. Non glandular stomach showing normal stratified squamous epithelium with thin keratin layer (asterisk). H & E 200X.  (J). Group IV. Non glandular stomach showing orthokeratotitc hyperkeratosis (asterisk) and prominent keratohyalin granules. H & E 200X.
4. DISCUSSION
The aim of this study is to determine the protective role of Vitamin C against indoxacarb-induced alterations in enzyme activities, oxidative stress, and impairment of the antioxidant defence mechanism in rats in the light of hemato-biochemical and histological assessments.
Almost similar clinical signs such as reduced food intake, dehydration, weakness, mild diarrhoea, weight loss, tremor, rolling and head tilt observed in this study was also reported by earlier researchers (Malek, 1997 and Mabrouk et al. 2016). 
Body weight was significantly reduced in indoxacarb (Group II) administered rats at 28th day compared to other groups. This finding is in accordance with previous report by Modh (2020). Previous workers also found that indoxacarb treated male rats and mice showed a significant reduction in body weight growtsh (Shit et al., 2008; Mabrouk et al., 2016). 
Hematological parameters like decrease in TEC, haemoglobin content and haematocrit as observed in the present study was in agreement with the findings of Mabrouk et al. (2016), Abdelrasoul et al. (2018), Koli et al. (2019) and Modh (2020). The findings indicate that indoxacarb has a negative impact on blood cells. Malek (1997) observed significant reduction in mean values of RBC and Hb with increase in MCV and reticulocyte counts, suggestive of mild haemolytic anaemia. These effects could be due to adverse effects of insecticide on bone marrow or direct destruction of blood cells. The pre-treatment with vitamin C noticeably prevented the adverse effect of indoxacarb on TEC, haemoglobin content and Haematocrit. However, in past studies due to indoxacarb toxicity, increased ALP, ALT, AST, BUN and creatinine levels (Thoker, 2017;  Koli et al., 2019;  Modh, 2020) and decreased in total protein were reported by Mabrouk (2016) and Abdelrasoul (2018). Furthermore, according to Mabrouk et al. (2016) the total antioxidant status (TAS) is used to measure the overall antioxidant status of the body. Only one study reported an effect of indoxacarb on total antioxidant status, while few other studies did find an effect of indoxacarb on other oxidative stress parameters.  In the current study, significantly (p<0.05) elevated TAS in rats treated with indoxacarb was coincided with finding of Modh (2020).  In mice, the values of superoxide dismutase, glutathione transferase, and catalase enzymes increased significantly, according to Mudaraddi et al. (2012) and Thoker (2017). The antioxidant system's role in countering the increased free radical load and, most likely, oxidative stress generated by indoxacarb toxicity in rats could be linked to the increase in the mean TAS of exposed rats. Our findings support the concept that supplementing with vitamin C as an antioxidant reduces indoxacarb-induced toxicity in female rats. 
Histopathological findings confirmed the aforementioned biochemical findings following repeated indoxacarb exposure. Co-treatment of indoxacarb with vitamin C helped in the protection of the rats from the harmful effect of indoxacarb. Stomach of Group II and IV female rats was distended and filled with undigested feed materials as it may be occurred due to alteration in gastrointestinal tract motility. In the present study, microscopic lesions were found in spleen, stomach, kidney, lung and liver of female rats with indoxacarb which may attribute to indoxacarb toxic effect. Similar findings noted previously in liver, kidney by Mabrouk et al. (2016), Abdelrasoul et al. (2018) and Koli et al. (2019) in male mice and rats due to indoxacarb toxicity. Abdelrasoul et al. (2018)  observed necrosis, pyknosis of neurons, congestion of cerebral blood vessel and perivascular cuffing with mononuclear cells in male rats with indoxacarb and abamectin plus indoxacarb toxicity. In the current study, indoxacarb group female rats showed significant reduction in body weight due to anorexia as compared to control.  Hence probably anorexia caused by indoxacrb may be responsible for hyperkeratosis in rats treated. The excess keratin in anorectic rats is most likely due to decreased mechanical clearance through meal passage. The relative decreased hyperkeratosis in stomach reported in the indoxacarb and vitamin C group showed the protective nature of vitamin C on indoxacarb-evoked stomach hyperkeratosis. Spleen lesions discovered in the present were in agreement with findings of Malek (1997) observed increased haemosiderin pigment and erythrocytic hyperplasia in the spleen of females at 60 ppm and above indoxacarb treated rats. Aging, cachexia, poor nutrition, toxicity, or chemotherapy can cause white pulp atrophy or decreased lymphocytes and macrophages cellularity in the spleen (Willard-Mack et al., 2019). Histological impairment was ameliorated in groups with indoxacarb by the co-treatment with vitamin C.
The administration of vitamin C before indixacarb diminished the deleterious effect of indixacarb due to its power to eliminate the reactive oxygen species (ROS) produced by indixacarb. These protective roles of vitamin C indicate its valuable effect in preventing toxicity resulted from the generation of reactive oxygen species (ROS), as it has radical scavenging property.
5. CONCLUSIONS
Indoxacarb, a new generation insecticide of the oxadiazine class of chemistry, induced oxidative stress, histological changes, and deleterious effects on blood related parameters in female Wister rats at a dose rate of 26.8 mg/kg b.wt. Indoxacarb-intoxicated rats received vitamin C co-treatment, which improved haematobiochemical abnormalities and histopathological changes.
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