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            Bispyribac sodium is commonly used as a herbicide worldwide. Few 

studies had investigated the health impact of exposure to it. Redox 

homeostasis has a great role during organogenesis through in cell growth, 

differentiation, and death. The aim of this study is to investigate the redox 

homeostasis imbalance and teratogenic effect of BPS in female rats exposed 

to bispyribac sodium (BPS) during organogenesis  and evaluates the 

protective role of Nigella Sativa Oil (NSO). Pregnant female rats were 

grouped into four groups, negative and positive (NSO) control groups. 

While the others, BPS with and without NSO treatment groups. Results  

showed that BPS exposure during the pregnancy led to maternal and 

fetotoxicity as evidenced by preimplantation, post-implantation loss, 

reduction in placenta weight, reduction in fetal weight, fetal length, skeletal 

anomalies (incomplete ossification, misaligned sternbrae), visceral 

malformation (anophthalmia, microphthalmia, internal hydrocephaly, and 

microcephaly) and oxidative stress in dams serum. NSO treatment exhibited 

amelioration in the aforementioned maternal and fetotoxicity against BPS 

exposure. 
 

INTRODUCTION 

 

Owing to industrial development, the entire populations have been exposed to 

many chemical substances such as pesticides, and metals. One downside is that in some 

or all of its phases, many of these chemicals can disrupt reproductive capacity, such as 

early embryogenesis, egg fertilisation, and embryo implantation (Caserta, Graziano et al., 

2013, Gundacker, Neesen, et al., 2016). Pesticides are regarded as powerful pollution of 

the environment that has been concerned with birth defects and reproductive failure. The 

detrimental fitness results correlated with publicity to pesticides throughout pregnancy 

have grown to be widespread public health due to the huge use of pesticides and the 

rising instability of the fetus and the pregnant mother to poisonous exposures (Stillerman, 

Mattison, et al., 2008)  

Pesticides are well established to traverse the placental barrier and may cause 

certain modifications in the formation of placental architectures. Placental injury caused 

by drugs or contaminants then results in retardation of fetal development, resorption, or 
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teratogenicity (El Ghareeb et al., 2015). 

Studies suggest an association between environmental exposure of pregnant 

women to certain agricultural pesticides and malformation in their fetuses (Peiris-John 

and Wickremasinghe 2008). The most susceptible period for fetal anomalies to take place 

is the period of organogenesis (from 6-15 days of gestation). Drugs and chemicals given 

during this period are more likely to cause fetal defects (Gabr et al., 2015). 

Indeed, epidemiological studies have observed causality to adverse effects on 

pregnancy outcomes, such as decreased fetal body weight and premature birth, when 

higher concentrations of chemicals are present in the environment (Apostoli and Catalani, 

2015) 

Bispyribac-sodium is a pyrimidinylcarboxy herbicide, used to control grasses, 

sedges, and broadleaved weeds. The solubility of this compound in the water of 73.3 g/L 

and has a half-life of 60-days. Noncompetitively inhibition of acetoacetate synthase 

enzyme (ALS) is the main mechanism of this herbicide. This mechanism disrupts the 

synthesis of the amino acids valine, leucine, and isoleucine resulting in disruption of cell 

division and plant growth. Biochemical changes in fish were induced by BPS (Toni, de 

Menezes, et al., 2010).  

Oxidative stress has been suggested as a contributing factor in fetal development-

related disorders such as embryonic resorption, repeated pregnancy failure and 

intrauterine growth restriction (IUGR) and fetal impairment (Gupta, Sarotra, et al. 2007). 

Regulated generation of ROS is an essential constituent mechanism and is one of the key 

elements in cell signalling, gene expression (Al-Gubory, Fowler et al., 2010). redox 

homeostasis, invasive signal transduction pathways and signal transduction pathways 

involved in cell function, growth, differentiation, and death (Valko, Leibfritz et al., 

2007). 

Nigella sativa L. (Black seed) possesses therapeutic properties such as 

antioxidative (Alenzi et al., 2013), immunomodulatory, anti-inflammatory (Majdalawieh 

and Fayyad 2015), neuroprotective (Islam et al., 2015), genoprotective (Al-shdefat et 

al.,2014) Previously published studies have shown that Nigella sativa (N. sativa) oil 

(NSO) has been reported to have anti-inflammatory, antioxidant and immunomodulatory, 

anti-carcinogenic, anti-hypertensive, and anti-ischemic properties (Majdalawieh and 

Fayyad 2015).Nigella. Sativa is recognized because of its role in improving the 

reproductive performance of male rats (Al-Sa'aidi et al., 2009). In addition to that, the 

crude N. Sativa fixed oil. and thymoquinone (TQ) also have been found to suppress lipid 

peroxidation in the membrane (Kanter 2011) and improve antioxidant protection 

mechanisms (Mohamadin et al., 2010).  

We need a deeper understanding of the antioxidant developmental events that 

occur between embryonic implantation and parturition when pregnant dams exposed to 

Bispyribac-sodium. These studies are expected to provide insights into ROS-mediated 

evolutionary antioxidant responses during regular and disrupted pregnancy and to 

promote the prevention of pregnancy-related disorders by natural product antioxidants. 

 

MATERIALS AND METHODS 

 

Herbicides and Chemicals:  

Bispyribac sodium (Bero 2% EC) was gained from Mammalian Toxicology 

Dept., Central Agricultural Pesticides Lab. (CAPL), Agriculture Research Center (ARC), 

Dokki, Giza, Egypt. All chemicals used in this paper were obtained from Sigma 

Company. Nigella sativa Oil (NSO) was obtained from a local shop of medicinal plants, 

Giza Egypt packed in a dark brown bottle. 
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Experimental Animals:  

Throughout this study, male and nulliparous female albino rats of 10 weeks old 

were used. Animals were reared on an ad libitum basal diet and tap water. The animals 

were kept in an environmental condition kept at 23±3 ̊C temperatures and 50±5 percent 

relative humidity with lighting12-hour. The study was conducted in accordance with the 

national guidelines for the care and use of laboratory animals. Two females were put into 

each male's cage for overnight mating. The presence of sperm in a vaginal smear 

determined successful mating, and the following first 24-h was known as zero-day of 

gestation. 

Grouping of Animals: 

Positively matted females were split randomly into three groups plus one control 

group (each included eight pregnant female rats). Group I: was given orally with 

1ml/kg/day of distilled water as the guide. Group II: BPS animals were administered a 

4.38 mg/kg/day (LD50/40) dose of BPS, the LD50.of the herbicide was determined 

according to the OECD NO 423. Group III: (NSO), rats were provided with 1 ml/kg/day 

of N. sativa oil based on the (Mansour, Sangi, et al. 2013, Mosbah, Yousef, et al. 2016) 

studies. Group IV: (NSO+BPS): 1 ml/kg/day of NSO oil was given to animals, then 

provided with 4.38 mg/kg/day of BPS after two hours. Administration BPS and NSO 

were carried out from 6-15 days of pregnancy period. 

Blood and Liver Organ Sampling:  

At the end of the experiment, blood samples were collected from pregnant dams 

by decapitation in the 20th of pregnancy before delivery in clean tubes for obtaining the 

serum. Serum collected from blood samples after centrifugation at 3600 rpm for 10-min 

at 4 ̊C was stored at -20 ̊C until biochemical analysis of oxidative stress biomarkers 

(MDA, GSH, GST, and CAT). The liver was excised from the animals and preserved in 

formalin saline buffer for histopathological analysis. 

Manipulation of Pregnant Rats and Evaluation of Fetuses: 

The separated uterine horns were completely removed to display the fetuses and 

placentas, which were then gently removed. The weight of removing fetuses and the 

length of the fetal crown-rump were measured. 

Skeletal Evaluation of the Fetuses: 

Internal fetal organs were eliminated by a tiny hole through the anterior abdomen. 

They rinsed with 95% ethyl alcohol and then dehydrated for 7–10 days in 95% ethyl 

alcohol. The specimens were then washed in a KOH (1%) solution until the bones were 

clearly visible through the surrounding tissue and moved to a KOH fresh solution 

containing alizarin red stain. Eventually, the specimens were moved to solutions 

containing respectively 30, 50, and 70% glycerin and deposited in pure glycerin. 

Visceral Examination of Fetuses:  

Half of the fetuses from each dam were kept in Bouin solution for 1-2 weeks. 

Then, the fetuses were rinsed with cold water and several cross-sections were made 

throughout the fetal body. Fetal sections were grossly examined under a dissecting 

microscope for any visceral malformations (Hayes, 1986).  

Biochemical Markers of Redox Homeostasis in Dam Serum: 

1. Determination of Glutathione-S-Transferase (GST) Activity:  

The activity of glutathione-S-transferases (GST) was determined at 340 nm in the 

reaction medium contained phosphate buffer (0.1M, pH 6.5), GSH (1.0 mM), 1-chloro 2, 

4-dinitrobenzoic acid (1.0mM) and a sample (Habig et. al., 1974). GST activity was 

expressed as U/ml. 
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2. Determination of Catalase (CAT) Activity:  

Catalase activity (CAT) was measured by the method of (Aebi 1984) The reaction 

started by adding H2O2 (30mM) to an appropriate volume of homogenate in 50 mM 

sodium phosphate buffer with pH 7. Then, the absorbance was read at a wavelength of 

240 nm within 3-min. The CAT activity was expressed as U/ml. 

3. Determination of Reduced Glutathione (GSH) level:  

Reduced glutathione content (GSH) estimation of supernatant was performed by 

the method of (Beutler, Duron, et al. 1963). The determination of GSH is based on the 

reaction of DTNB [5, 50-dithiobis-(2-nitrobenzoic acid)] with GSH yielding a yellow-

coloured chromophore with a maximum absorbance at 412 nm. The amount of GSH 

present in the selected tissue was calculated as nmol/ml. 

4. Biomarker of Oxidative Stress (lipid peroxidation) 

Malondialdhyde (MDA) content as a lipid peroxidation end product of the 

homogenates was determined according to the method of (Ohkawa, Ohishi, et al. 1979). 

The reaction mixture, containing 8.1% sodium (SDS) dodecyl sulfate, 20% acetic acid 

(pH 3.3), and 0.8% thiobarbituric acid, was placed in a boiling water bath for 60-min. 

After cooling, an n-butanol and pyridine mixture (15:1 v/v) was added and then shaken 

vigorously and centrifuged at 3000 rpm for 10-min at 4 ̊C. The absorbance of the 

supernatant was measured spectrophotometrically at 532 nm at room temperature. MDA 

level was expressed as nmol/ml. 

Histopathological Assessment: 

The liver was excised from the animals and preserved in 10% buffered formalin 

overnight for histopathological analysis. Samples embedded with paraffin was sectioned 

at 4μm, deparaffinized in xylene, dehydrated by ethyl alcohol in a decreasing 

concentration (100%, 95% & 70%), and stained with haematoxylin and eosin stain 

(Banchroft et al., 1996). the specimens were examined by a light microscope at 40× 

magnification powers and imaged with digital images.  

  

                   RESULTS  

 

Maternal and fetal values were recorded in Table (1). The data indicated that 

maternal toxicity as the number of corpora lutea, corpora lutea  /litter, the number of 

implants, placenta weight, and placenta index/dam were significantly declined in rats 

administered the BPS at a dose of (4.38 mg/kg/day (LD50/40). Also, the results indicated 

that preimplantation and post-implantation loss was significantly increased in female rats 

exposed to BPS herbicides.  

From the same table, the data show that the administration of NSO concomitant 

with BPS exposure improved all maternal toxicity in comparison with the BPS group. 

The tested dose of BPS herbicides induced fetal toxicity as evidenced by a significantly 

reduction in the average fetal weight, fetal length, (Fig 1A) a live fetus, and placenta 

index/feus comparing with the control groups. NSO concomitant with BPS exposure 

improved all fetal toxicity biomarkers in comparison with the BPS group. 

Incidence of skeletal anomalies in fetuses obtained from dams exposed to BPS as 

depicted in Table (2) and figure (1 B) indicated a higher incidence of skeletal anomalies 

in fetuses. Skeletal malformations recorded in this study were incomplete ossification of 

the skull bones, missing & incomplete ossification of the hyoid bone, and incomplete 

ossification & misaligned sternbrae. As well as, the BPS-exposed group, pregavaged by 

NSO could modulate these anomalies. 

Several visceral anomalies in fetuses obtained from dams received BPS while 

those pre-treated with NSO showed amelioration in certain malformations. Such 
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malformations as anophthalmia, microphthalmia, (Fig1C) internal hydrocephaly, and 

microcephaly (Fig 1D) were occurred recorded in Table (3). 

The data presented in Table (4) show the effect of BPS on oxidative stress 

markers in the serum of pregnant female rats. The data indicate that BPS exposure during 

the organogenesis period induced oxidative stress biomarkers in dam’s serum as 

evidenced by the significant decrease in CAT, GST activity, and GSH content regarding a 

significant increase in MDA level as lipid peroxidation biomarkers as compared with the 

control group. NSO administration showed amelioration in these biomarkers in 

comparison with BPS without returning to control group levels. 

 

Table 1: Maternal and fetal values of rats exposed to Bispyribac with or without Nigella 

Sativa Oil.  

 
a significance comparing with control         b significance comparing with control 

c significance comparing with control        d significance comparing with control 

 

Table 2: Skeletal Anomalies in Rat fetus after Maternal Exposure to Bispyribac with or 

without Nigella Sativa Oil. 

 
The in bracket express percentage %. 
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Table 3:  Visceral anomalies in rat fetus after maternal exposure to Bispyribac with or 

without Nigella Sativa Oil. 

 
The in bracket express percentage %. 

 

Table 4: Serum oxidative stress biomarker of pregnant female rats exposed to Bispyribac 

with or without Nigella Sativa Oil. 

 
a significance comparing with control         b significance comparing with control 

c significance comparing with control        d significance comparing with control 

 

Histopathology Examination: 

Microscopically, the liver of control and NSO groups revealed the normal 

histological structure of hepatic lobules with no histopathological alterations (Figs. 2I & 2 

II). Meanwhile, the BPS-exposed group, pathological examination of the liver showed 

cytoplasmic vacuolization of hepatocytes, focal hepatic necrosis associated with 

inflammatory cells infiltration, and portal fibrosis (Figs. 2III & 2IV). On the other hand, 

the rat's group exposed to the herbicide concomitant with NSO revealed slight 

cytoplasmic vacuolization of some hepatocytes and portal infiltration with inflammatory 

cells (Fig.2V). Whereas, other sections revealed apparent normal hepatic tissue (Fig. 

2VI). 
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Fig. 1: Skeletal Anomalies& Visceral anomalies in rat fetus after maternal exposure to 

Bispyribac with or without Nigella Sativa Oil. 

 

 
Fig.2: Pathological examination of dam liver exposed to Bispyribac with or without 

Nigella Sativa Oil during gestation period. 
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            DISCUSSION 

 

Regarding maternal factors responsible for implantation, the effective 

implantation entails that the embryos progress to the blastocyst stage and an extensive 

uterine preparation system (Varayoud, Ramos, et al., 2014). Establishing a  uterine 

environment to enable implantation of blastocysts mainly depends on the synchronized 

actions of estrogen, ovarian steroids that trigger the gene transcription, which promotes 

uterine epithelial cells and stroma proliferation and differentiation. Therefore, impaired 

uterine growth and differentiation may be a major contributing factor to infertility (Milesi 

et al., 2014). The post-implantation phase is a crucial time of gestation due to the 

increased sensitivity to ROS-induced oxidative damage to meet the necessary 

requirements of the developing conceptus for energy (Alcolea, Colom, et al., 2007) the 

transition from pre-implantation embryonic anaerobic metabolism to post-implantation 

aerobic metabolism may occur, exposing embryonic cells to ROS generated as by-

products of the increased respiratory capability of embryonic mitochondria (Alcolea, 

Colom, et al., 2007) During the time of organogenesis, these modifications occur when 

the embryo becomes exposed to environmental teratogens such as heavy metals and 

pesticides. Increased oxidative stress is associated with miscarriage during the 

establishment of cellular and biochemical interactions between the uterus and 

postimplantation (Al-Gubory, Fowler, et al., 2010).  

The placenta is necessary for material passage between both the fetal and 

maternal circulations. Therefore, the growth of the fetus is closely related to the placenta's 

communication functions. The size of a fetus at delivery day directly represents the net 

flow of water and solutes in the placenta during the gestation period (Desforges and 

Sibley 2010). A smaller placenta is likely to have lower blood flow, resulting in severe 

fetal hypoxia that may cause intrauterine growth to slow. The marked decrease of 

placental weight in rats  can affect its nutritional function, resulting in resorption or at 

least growth dysfunction (Gabr et al., 2015). One of the pathways connecting altered 

placental function with fetal programming could be oxidative stress (Myatt 2006). 

Fetuses and newborns are more susceptible to the harmful effects of some 

contaminants since they have reduced rates of detoxification enzymes deactivating these 

chemicals (Oyesola, Iranloye, et al., 2019). Accessible and reliable indicators for 

developmental delays are a drop in fetal body weight and length. The reduced ossification 

of the fetal skeleton  may be a probable reason for the decrease in fetal weight. Adverse 

effects of chemicals administered during gestation, such as a decrease in fetal weight, can 

be demonstrated by retarding fetal development (Abd El-Aziz, El-Fark, et al., 2012). The 

fetal skeleton is an important predictor of embryo health growth in developmental 

research and changes in the bone structure usually represent shifts in the mother-fetal 

environment Inadequate ossification of many bones can be associated with the influence 

of herbicides on calcium metabolism and/or bone morphometry by reducing the 

availability of calcium and magnesium ions to the growing fetus, thereby causing 

retardation in bone growth (Seif 2014). In addition, delayed ossification may be attributed 

to a variety of generalized factors that could influence maternal health, such as changes in 

female body weight, food intake, or general physiology (Carney and Kimmel 2007). 

The retardation of fetus growing and higher incidence of external and skeletal 

abnormality rate can be due to oxidative stress induced by applying pesticides. This 

viewpoint is reinforced by the current biochemical study and excessive reactive oxygen 

species (ROS) creation by increasing the amount of MDA and reducing catalase activity. 

Oxidative stress disrupts embryos by inducing membrane phospholipid peroxidation and 

by modifying the plurality of cellular structures, such as lipids, proteins, and nucleic 
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acids. The implications of this damage involve mitochondrial disturbances, blockage of 

the embryo cells, and loss of adenosine triphosphates (Mazhar, Moawad, et al. 2014). 

Measurements of oxidative stress markers in maternal blood show that pregnancy is a 

state of oxidative stress due to the high metabolic activity of the placenta and maternal 

metabolism in pregnancy (Myatt, 2010). Oxidative stress is now recognized as a central 

agent associated with complications linked to pregnancy and may be a factor in the 

pathophysiology of various fetal and neonatal disorders Maternal circulation during 

pregnancy is linked with a threefold increase in the amount of oxygen in the placenta and 

also this transition period is combined with an upsurge in ROS contributing to the 

maternal circulation of the oxidative stress Additional oxygen delivery to the fetus occurs 

during placental maturation to sustain the elevated metabolism during the fast growth 

process of the fetus (Ahmed and Rahman, 2015 ).  

Pathologically elevated ROS may mediate skeletal delay in fetal development and 

altered organogenesis in the embryos. The phases of embryonic and fetal development 

are thought to be particularly prone to high rates of ROS in part because of the effective 

free radical scavenging systems (Ornoy, 2007). 

Supplementation of pregnant rats with NSO ameliorated the effect of the 

herbicide on maternal- fetotoxicity. Along with its derivatives, N sativa has been used as 

a therapy for liver diseases, rheumatism, and other inflammatory disorders (Al-Khalaf 

and Ramadan, 2013). Nigella sativa oil has more unsaturated fatty acids, such as linoleic 

acids and oleic acids. Whereas oleic acid raised levels of Ca+2 and preserved bone density 

and reduced calcium loss by supporting mineral absorption in the body (Seif, 2014). 

Nigella sativa oil cytoprotective effects and its main active ingredient, thymoquinone, are 

predominantly regulated by anti-inflammatory and antioxidant activities. The anti-

inflammatory activity can be due to the inhibition of several pro-inflammatory mediators 

mRNA expressions (Vaillancourt, Silva, et al., 2011). A number of clinical studies have 

identified the anti-inflammatory and antioxidant properties of NS. Because of inhibition, 

both NS crude oil and pure thymoquinone decreased eicosanoid generation in peritoneal 

leukocytes of rats. Both substances, particularly thymoquinone, also inhibited non-

enzymatic peroxidation in the liposomes of brain phospholipids. Alternatively, the 

administration of thymoquinone reduced inflammatory processes and ROS activation 

(Arif, Thakur, et al., 2016). Significant improvement in the treatment of diabetic rats with 

N. sativa on biochemical and oxidative biomarkers as well as in pancreatic and nephrotic 

histopathological injury was demonstrated by (El Rabey, Al-Seeni et al., 2017). In 

addition to this, the crude N fixed oil. Sativa and thymoquinone (TQ) have also been 

found to inhibit lipid peroxidation in the membrane and to improve cellular antioxidant 

systems (Mosbah, Yousef, et al., 2016). 

Focal necrosis and fatty change in liver tissues may be attributed to that some 

toxic metabolites may be transported to the liver, resulting in cell death  (Benjamin, et al., 

2006). These features of hepatic pathology have been attributed to mitochondrial 

dysfunction and hepatic tissue hypoxia (Khan and Hansen 2003). Marked congestion and 

hemorrhage were observed in hepatic tissue as an inflammation sign of induced by a 

toxic agent such as the applied herbicide. Inflammatory compounds (histamine and 

cytokines) liberated from damaged cells, causing increased blood flow into the capillary 

bed which induced vasodilation (Nagao, Fukuizumi, et al., 2003). Hepatotoxic materials 

cause damage to hepatocytes those results in hepatic fibrosis characterized by the 

deposition of collagen, proteoglycans, and glycoproteins caused by dysregulation of 

physiological wound healing (Kisseleva and Brenner 2006). Whereas, xenobiotic 

metabolites induce hepatocyte damage through inflammation-related cytokines and 

fibrogenic mediators induced by the release of reactive oxygen species. 
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