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INTRODUCTION

Pretense of bisphenol A (BPA) in our living environment 
receives a great attention. This component is used in 

polycarbonate plastics and epoxy resins production. The 

resins of BPA revealed to be essential in coating the inside 
of food and beverage cans, and in dental composites and 
sealants (Vanderberg et al., 2007; Ye et al., 2009; Cabaton 
et al., 2011). However, it was observed that the BPA 
component is unstable in changed PH, in acidic and basic 
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solutions, and with the extended exposure to sunlight or 
UV light. Under these conditions, the polymorphic form 
of BPA may convert to the dangerous monomeric forms 
released into foods, beverages, or our living environment 
(Talsness et al., 2009). Thus, most individuals in the general 
population are widely exposed to BPA, due to its long-
term release from food product containers. In addition, 
every year, hundreds of tons of this component are released 
into the atmosphere, causing various disorders to human 
health, due to its toxic effect (Liu et al., 2013).

The toxic effect of BPA is revealed through inducing 
oxidative stress via generation of certain reactive radicals, 
such as reactive oxygen species (ROS), quinines, and nitric 
oxide (NO) (Bindhumol et al., 2003; Moon et al., 2012; 
Kourouma et al., 2015). These radicals are considered to 
be cytotoxic agents that cause impairment of prooxidant/
antioxidant balance (McMillian et al., 2004; Videla, 2009; 
Eid et al., 2015; Kazemi et al., 2016; Aghajanpour-Mir et 
al., 2016).

Moreover, some investigations reported the toxic effect of 
BPA on human and animal cells, by decreasing the gene 
expression of antioxidant genes leading to an increased 
oxidative activity in various body organs (Bindhumol et 
al., 2003; McMillian et al., 2004; Videla, 2009; Moon et 
al., 2012; Kourouma et al., 2015). In this light, Hassan et 
al. (2012) found significant reduction of the expression 
levels of antioxidant genes, glutathione transferase (GST), 
and glutathione reductase (GR) in the liver tissues of rats 
treated with various doses of BPA (0.1, 1.0, 10 and 50 
mg/kg). Such reduction of gene expression increased by 
increasing the dose levels of BPA, causing a decrease in 
the reduced glutathione (GSH) and superoxide dismutase 
(SOD), and an increase in TBARS and nitric oxide (NO) 
levels.

On the other hand, the exposure to BPA demonstrated to be 
a main cause of the increase in the expressions of oxidative 
stress-related genes, such as Ho-l and GADD45B genes, 
where the over-expression of these genes caused elevating 
of the oxidative activity, and stopping cell cycle survival, 
apoptosis, and repairing of DNA in different mammalian 
cells (McMillian et al., 2004; Liu et al., 2008; Kim et al., 
2014; Kazemi et al., 2016). 

According to the previously mentioned reports, scientific 
attempts must be made to face the adverse effects of BPA 
on human and animal health. Since ancient time, the 
medicinal herbs or plants have provided natural remedies 
for human ailments. Moreover, these plants are usually 
preferred in overcoming the hazardous effects of various 
toxicants.

Fagonia plant, a genus of family Zygophyllaceae is considered 
a good medicinal herb. This genus contains about 40 species. 
Fagonia cretica (FC) revealed to be an important medicinal 
species of the fagonia genus. In Egypt, FC was described 
and identified by El-Hadidy (1966). It was pointed that 
this species is restricted to the region of the Mediterranean 
coast, especially in the western littoral zone (Batanouny 
and Batanouny, 1970). The characterization of this plant 
is described as perennial, dark-green, and glabrous with 
prostrate quadrangular branches. Its leaves are trifoliate on 
short petioles. Its fruit is about 10 mm wide, 7 mm long, 
with thick and reflexes peduncles, and deciduous calyx. Its 
spines are shorter than petioles (Batanouny and Batanouny, 
1970). The medicinal properties of this herb may attribute 
to the number of major phytoconstituents or antioxidant 
types it possesses, which exhibited strong free radical 
scavenging capacity against reactive oxygen and nitrogen 
species. The phytoconstituents include saponins, alkaloids, 
steroids, carbohydrates, flavonoid, and triterpenoidal 
glycosides, proteins and amino acids, coumarins, sulphates, 
anthraquinones, cyanogenic glycosides, and trace elements 
(Saleh et al., 2011; Kasture et al., 2014; Puri and Bhandari, 
2014).

The pharmacological activity and medicinal applications of 
FC include anticancer, antimicrobial, antiviral, analgesic, 
anti-inflammatory, and antipyretic, activities as well as 
applications in; anti-skin diseases and anti-urinary tract 
infections (Kasture et al., 2014). FC is also used for the 
treatment of neurological, dendrochronological and 
hematological disorders (Saeed and Wahid, 2003; Jahala et 
al., 2014; Kasture et al., 2014), and as remedy to kidneys, 
liver (Puri and Bhandari, 2014) and thalassemia (Seyal et 
al., 2013) diseases.

Furthermore, it was found that FC had the treatment 
and the ability to modulate the expression of some gene 
that related to avoiding or inducing some diseases. In this 
respect, Lam et al. (2012) clarified that, in breast cancer, 
FC treatment could decrease the expression of P53 gene, 
and increase the expression of FOXO3a genes, where these 
suitable modulations of gene expression was associated 
with the activation of DNA damage response, causing cell 
cycle arrest and apoptosis in two phenotypically distinct 
breast cancer lines, MCF-7 and MDA-MB-231 cells. 
In rat hippocampal slices subjected to oxygen-glucose 
deprivation (OGD), Rawal et al. (2004) mentioned that 
the FC treatment was effective in elevating the expression 
of antioxidant genes (gamma-glutamylcysteineligase and 
Cu-Zn SOD) and minimizing the expression of oxidation 
gene (iNOS). In addition, it enhanced the reduced 
glutathione (GSH) level, which had a crucial role in the 
regulation of expressions of several anti-inflammatory 
genes. These appropriate modulations of such gene 
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expressions led to the reduction of oxidant levels, via direct 
scavenging of the reactive oxygen and nitrogen species, 
amelioration of the peroxide scavenging enzyme, and 
proving the neuroprotective properties of FC. Despite the 
various literatures clarifying the extensive traditional use 
of FC for the treatment of different diseases and ailments, 
FC utilization against the dangerous effects of toxicants 
remains scant.

Therefore, the present investigation aims to evaluate the 
ameliorative role of ethanolic extract of Fagonia cretica on 
BPA-induced genetic alterations and histopathological 
changes in liver and kidney tissues of rats. The genetic 
study involves the assay of gene expression of IkBα and 
COX-1 genes in liver tissues and Mdrla and COX-1 genes 
in kidney tissues. The histological examinations of such 
tissues are also conducted.

MATERIALS AND METHODS

CheMiCals
Component of Bisphenol A as a powder state (BPA; 4, 
4’-propane-2, 2-diyldiphenol, CAS no. 80-05-7) with 
purity > 99% was purchased from Sigma (St. Louis, MO, 
USA). 5g of BPA were dissolved in 500 ml corn oil (as 1% 
v/w) for daily uptake by gastric gavages to rats. 

the bPa Doses
According to National Toxicology Program (1985, 2008), a 
dose of 10 mg/kg. B.w. is chosen.

PreParation of ethanoliC extraCt of faGonia 
Plant
FC plant collected from desert region of Burg El Arab City, 
Egypt. It was identified in the Department of Horticultural 
Crop Technology, National Research Centre. The ethanolic 
preparation of FC extract was carried out according to 
Hussain et al. (2007), by a simple maceration process as 
follows: The collected plant, the fresh of aerial parts were 
rinsed with distilled water and kept under the shade until 
drying. The dried aerial parts were ground and merged 
in 3-5 L ethanol, then, in sterilized and clean bottles, 
the mixture were kept for 4 weeks at room temperature 
(25±2°C). The mixture was filtered twice, using ordinary 
filter paper in the first time and through Whatman-41 
filter paper in the second time. The ethanol was completely 
evaporated at room temperature. The quant of 21 g dried 
ethanolic extract of aerial parts is obtained.

exPeriMental aniMals
Sixty-three male Sprague-Dawley rats that have body 
weight about 120 g were used. The healthy rats were chosen 
and obtained from Animal House, National Research 
Centre, Egypt. It housed in an ambient temperature of 

25±3.2°C on alight/dark cycle of 12/12h, and kept in clean 
polypropylene. In addition, they had access to food and 
water ad libitum. In this work, the animals were anesthetized 
and slaughtered according to the ethical guidelines of the 
Medical Ethical Committee of the National Research 
Centre in Egypt (IAEC, 2010).

exPeriMental DesiGn
The 63 rats were divided randomly into 9 equal groups 
(7 animals each). These groups included negative control 
(G1), oil group (G2), BPA group (G3), protective groups 
(G4 to G6), and remedy groups (G7 to G9). G1 fed on a 
basal diet for 3 weeks, G2 administrated a basal diet and 
corn oil (10 mg/kg. B.w.) orally and daily for 3 weeks, G3 
received orally with BPA in corn oil at a dose of 10 mg/kg. 
B.w. daily for 3 weeks, G4 to G6 received BPA, that soluble 
in corn oil at the same dose orally. At the first day of BPA 
administration, the animals received FCE (3.3 g/kg., 4.2 g/
kg, and 5.0 g/kg, respectively) orally and daily for 3 weeks. 
These groups were used for evaluating the protective role of 
FCE against BPA toxicity. In G7 to G9, the rats received 
BPA soluble in corn oil orally in the same dose, and for the 
same period followed by FCE (3.3 g/kg., 4.2 g/Kg., and 
5.0 g/kg., respectively) for 10 days. The groups (G7 to G9) 
were used for evaluating the remedy role of FCE against 
BPA toxicity. 

GenetiC stuDy
seMi-quantitative rt-PCr
Collection of liver and kidney samples: After animal 
scarifications, liver and kidney samples were collected 
from the rats and immediately stored at -80oC until RNA 
extraction.

rna extraCtion
The total RNA is extracted from 50 mg of liver and 
kidney tissues using TRIzol® Reagent (Invitrogen, 
Germany) according to the manufacturer instructions. The 
concentration of RNA is measured spectrophotometrically 
at A260. Also, the spectrophotometric 260/280 nm ratio was 
assessed the purity of total extracted RNA and determined 
between 1.8 and 2.1. To protect RNA from damaging, 
the aliquots were either used immediately for reverse 
transcription (RT) or stored at - 80°C. 

CoMPleMentary Dna (CDna) synthesis
According to the instructions of the Revert AidTM First 
Strand cDNA Synthesis Kit, the complete poly(A)+ 

RNA isolated from liver and kidney tissues was reverse 
transcribed into cDNA using 5 μg of the total RNA in a 
total volume of 20 μl of the reaction mixture (RM). The 
constituents of the reaction mixture were 50 mM MgCl2, 
5x reverse transcription (RT) buffer (50 mM KCL; 10mM 
Tris-HCL; pH 8.3), 10mM of each dNTP’S, 50 μM 
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Table 1: Primer sequences that used for qRT-PCR amplification of IkBα and COX-1 genes in liver tissues. 
Gene Primer sequences (5'-----'3)
IkBα F- GACGAGGATTACGAGCAGAT R- CCTGGTAGGTTACTCTGTTG
COX-1 F- TTGCACAACACTTCACCCACCAG R- AAACACCTCCTGGCCCACAGCCAT
β-actin F- TCGTGCGTGACATTAAAGAG R- ATTGCCGATAGTGATGACCT

F: Forward R: Reverse

Table 2: Primer sequences that used for qRT-PCR amplification of Mdr1a and COX-1 genes in kidney tissues.
Gene Primer sequences (5'-----'3)
Mdrla F- GGGCCACATGATCAAGACGG R- AGCGTCATTGGCAAGCCTGG
COX-1 F-TTGCACAACACTTCACCCACCAG R-AAACACCTCCTGGCCCACAGCCAT
β-actin F- TCGTGCGTGACATTAAAGAG R- ATTGCCGATAGTGATGACCT

F: Forward R: Reverse

oligo-dT primers, 20 Uribonuclease inhibitor (50 kDa 
recombinant enzyme to inhibit RNase activity) and 50 
UM-Mu LV reverse transcriptase. The reaction mixture 
of each sample was centrifuged for 30 sec at 1000g, and 
transferred to the thermocycler.

Reverse transcription reaction was carried out at 25°C 
for 10 min, followed by 60 min at 42°C and terminated 
with a denaturation step at 99ºC for 5 min. Consequently, 
the reaction tubes (or PCR products) containing RT 
preparation (or cDNA) were kept at -20°C until being 
used for DNA amplification through semi-quantitative 
RT-PCR (Farag et al., 2008; Klopfleisch and Gruber, 
2009; Eshak et al., 2013, 2015; Aboelhassan et al., 2018).

PriMers
The sequences of specific primers (Tables 1 and 2) used 
for assessing the expression of IkBα, Mdrla, COX-1 genes, 
and the housekeeping gene β-actin in liver and kidney 
tissues were designed based on the genomic sequences 
available in GenBank by the primer program (http://
frodo.wi.mit.edu/cgi-bin/primer3/Primer3www.cgi) and 
tested using the BLAST program (http/www.ncbi.nlm.
nih.gov/BLAST/).

quantitative PolyMerase Chain reaCtion (PCr)
The first-strand of cDNA was used as a template for RT-
PCR with a pair of specific primers. The reaction mixture 
(RM) for RT-PCR was performed in a volume of 25 μL 
containing 10 mM dNTP’S, 50 mM MgCl2, 10x PCR 
buffer, 1 μL Taq polymerase, 0.5 μL 0.2 μM sense primer, 
0.5 μL 0.2 μM antisense primer and autoclaved water. The 
reaction program was performed in three steps: PCR tubes 
in the first step were incubated at 95°C for 3 min. Second 
step was performed by 40 cycles, each cycle included 3 sub- 
steps: (a) at 95°C for 15 sec.; (b) at 55.0°C for 30 sec. and (c) 
at 72.0°C for 30 sec. Third step was conducted by 71 cycles, 
starting at 60.0°C and the increased about 0.5°C every 10 
sec. up to 95.0°C. After that the PCR products (10 μL) 

were detected on a 2.0% agarose gel with PCR products 
derived from β-actin. Of the different rat samples, the RT-
PCR (sq.RT-PCR) values of each gene were normalized 
and determined on the bases of β-actin gene.

histoloGiCal investiGation
Liver and kidney samples of all examined animals had 
been dissected immediately after scarification followed 
by fixing in 10%, neutral-buffered formalin saline for 72 
hours at least. The specimens were washed in tap water for 
half an hour. The samples were dehydrated in ascending 
grades of alcohol, cleared in xylene and embedded in 
paraffin. Serial sections of 6 um thick were cut and stained 
with haematoxylin and eosin for histological examinations 
using light microscope.

statistiCal analysis
The present data of gene expressions for IkBα, mdr1a, 
and COX-1 genes were analyzed using the General Liner 
Models (GLM) procedure of Statistical Analysis System 
(SAS, 1982) which followed by Scheffe-test to evaluate the 
significance between groups. All values were expressed as 
mean±SEM. The significance statements had been based 
on probability of (P<0.05).

RESULTS AND DISCUSSION

Gene exPression results
Analysis of gene expression of IkBα and COX-1 genes 
in liver tissues: The results of gene expression of IkBα and 
COX-1 genes in liver tissues were recorded in Figures 1 and 
2, respectively. The expressions of such genes were verified 
in male rat liver tissues for BPA treatment. Moreover, the 
effect of different doses of Fagonia cretica extraction (FCE) 
as a protective or therapeutic agent on the expression levels 
of IkBα and COX-1 genes was investigated. The gene 
expressions of both genes were successfully detected in 
all liver tissues of all the treated groups, and normalized 
with the expression of the house-keeping β-actin gene. 

http://frodo.wi.mit.edu/cgi-bin/primer3/Primer3www.cgi
http://frodo.wi.mit.edu/cgi-bin/primer3/Primer3www.cgi
http/www.ncbi.nlm.nih.gov/BLAST/
http/www.ncbi.nlm.nih.gov/BLAST/
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Results showed that the rats treated with BPA had over-
expression with high significance (P<0.00001), for each of 
IkBα and COX-1 genes, compared to normal control. On 
the other hand, the present findings demonstrated that the 
treatment with FCE doses as a protective or therapeutic 
agent resulted in significant inhibition of the upregulation 
of gene expressions induced by BPA treatment. These 
ameliorations of the gene expression levels were observed 
to increase by increasing the dose of FCE. Furthermore, 
the FCE doses that were utilized as a therapeutic agent 
produced the best results. These results were further 
clarified using the highest dose (5.0 g/kg), in which the 
gene expressions of both genes relatively recovered to their 
normal expressions comparable with the control group.

Figure 1: Gene expression levels of IkBα gene in liver 
tissues of male rats that had been treated with FCE 
against BPA. These expression levels had been assayed by 
semi-quantitative RT-PCR. Recovery rate of mRNA was 
estimated as the ratio between the intensity of IkBα gene 
and the β-actin gene. The means with different letters are 
significantly different (P<0.05). M=DNA ladder. Lane 
1=normal control. Lane 2=solvent (oil). Lane 3=BPA. Lane 
4=BPA+low dose of FCE. Lane 5=BPA+medium dose of 
FCE. Lane 6=BPA+high dose of FCE. Lane 7=BPA then 
low dose of FCE. Lane 8=BPA then medium dose of FCE. 
Lane 9=BPA then high dose of FCE.

analysis of Gene exPression of MDr1a anD Cox-
1 Genes in kiDney tissues
As reported in the previous liver results, semi-quantitative 
RT-PCR was also used to assay the expressions of mdr1a 
and COX-1 genes in kidney tissues of male rats. These 
gene expressions examined for BPA and FCE (as a 
protective or therapeutic agent) treatments. In all kidney 
tissues of all the treated groups, the expressions of mdr1a 
and COX-1 genes (Figures 3 and 4, respectively) were 
successfully clarified and normalized with the expression 
of the house-keeping β-actin gene. These results revealed 
that BPA treatment caused over-expression with high 
significance for mdr1a (P<0.000001) and COX-1 

(P<0.00001) genes, with reference to the normal control. 
Contrastingly, the FCE treatment with different doses (as 
a protective or therapeutic agent) significantly minimized 
the upregulation of gene expressions of both of the 
mentioned genes, which produced by BPA treatment alone. 
However, the only exception was the minimization of the 
upregulation of COX-1 gene expression using low dose 
of FCE (as a protective agent), which was not significant 
in compared to BPA treatment alone. The improvements 
in expression levels of mdr1a and COX-1 genes were 
increased by increasing the doses of FCE as a protective 
or remedy agent. These improvements were pronounced 
when utilizing the FCE treatment as a remedy agent 
giving the favorable results. Additionally, the highest dose 
(5.0 g/kg) of FCE resulted in the best results, since this 
dose caused further minimization in the over-expression 
induced by BPA treatment alone, than observed using low 
or medium doses.

Figure 2: Gene expression levels of COX-1 gene in liver 
tissues of male rats that had been treated with FCE 
against BPA. These expression levels had been assayed by 
semi-quantitative RT-PCR. Recovery rate of mRNA was 
estimated as the ratio between the intensity of COX-1 
gene and the β-actin gene. The means with different letters 
are significantly different (P<0.05). M=DNA ladder. Lane 
1=normal control. Lane 2=solvent (oil). Lane 3=BPA. Lane 
4=BPA+low dose of FCE. Lane 5=BPA+medium dose of 
FCE. Lane 6=BPA+high dose of FCE. Lane 7=BPA then 
low dose of FCE. Lane 8=BPA then medium dose of FCE. 
Lane 9=BPA then high dose of FCE.

histoloGiCal results
The present results were obtained from examining the 
liver samples of all groups, revealing that BPA caused 
a damaging effect on liver tissue in the form of cellular 
necrosis, acidophilia of cytoplasm, fibrosis and dilatation 
of blood sinusoids with cellular infiltration (Figure 5C and 
D).

Using Fagonia cretica as a protective or a therapeutic agent 
ameliorated these effects in a dose-dependent manner as 
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Figure 3: Gene expression levels of Mdr1a gene in kidney 
tissues of male rats that had been treated with FCE 
against BPA. These expression levels had been assayed by 
semi-quantitative RT-PCR. Recovery rate of mRNA was 
estimated as the ratio between the intensity of Mdr1a gene 
and the β-actin gene. The means with different letters are 
significantly different (P<0.05). M=DNA ladder. Lane 
1=normal control. Lane 2=solvent (oil). Lane 3=BPA. Lane 
4=BPA+low dose of FCE. Lane 5=BPA+medium dose of 
FCE. Lane 6=BPA+high dose of FCE. Lane 7=BPA then 
low dose of FCE. Lane 8=BPA then medium dose of FCE. 
Lane 9=BPA then high dose of FCE.

Figure 4: Gene expression levels of COX-1 gene in kidney 
tissues of male rats that had been treated with FCE against 
BPA assayed by semi-quantitative RT-PCR. Recovery 
rate of mRNA was estimated as the ratio between the 
intensity of COX-1 gene and the β-actin gene. The means 
with different letters are significantly different (P<0.05). 
M=DNA ladder. Lane 1=normal control. Lane2=solvent 
(oil). Lane 3=BPA. Lane 4=BPA+low dose of FCE. Lane 
5=BPA+medium dose of FCE. Lane 6=BPA+ high dose of 
FCE. Lane 7=BPA then low dose of FCE. Lane 8=BPA 
then medium dose of FCE. Lane 9=BPA then high dose 
of FCE.

Figure 5: A photomicrograph of sections from liver tissue: 
(A) of control -ve group shows the normal structure of the 
hepatic lobule. (B) of a rat treated with corn oil shows a quite 
normal structure of liver tissue. (C) from a rat treated with 
bisphenol shows an area of necrotic cells with acidophilic 
hepatic cells (arrow) in the area around. (D) Another 
section for the same group shows dilatation of central vein 
with fibrosis and cellular infiltration around (arrow). (E) 
From a rat treated with bisphenol and Fagonia cretica (low 
dose) shows dilatation of central vein with fibrosis around 
is still noticed. (F) A higher magnification for a part of 
the previous section shows a slight reduction of fibrous 
tissue around vein (arrowhead) and dilated blood sinusoids 
with cellular infiltration (arrow). (G) A section from a rat 
treated with bisphenol and Fagonia cretica (medium dose) 
shows marked reduction of fibrous tissue and cellular 
infiltration around main blood vessels. (H) A section from 
a rat treated with bisphenol and Fagonia cretica (high dose) 
shows no fibrous tissue or cellular infiltration, but some 
acidophilic hepatic cells are still observed.

seen in (Figures 5E, F, G, H and 6A, B, C, D), respectively. 
Examining renal tissue samples of all the animal groups 
revealed that BPA had a similar damaging effect on renal 
tissue as that of the liver. Bisphenol A caused a marked 
distortion of the renal tissue, due to the increased fibrous 
tissue component. It also caused dilatation of renal tubules 
with atrophy of the lining epithelium (Figure 7C and D). 
Fagonia cretica ameliorated these effects in a dose-dependent 
manner, either as a protective or therapeutic agent (Figures 
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7E, F, G, H and 8A, B, C, D). In both cases of liver and 
renal tissues, the ameliorating effect of Fagonia cretica as a 
therapeutic agent was better than that as a protective agent. 

Figure 6: A photomicrograph of sections from liver tissue: 
(A) section of rat treated with bisphenol and then Fagonia 
cretica (low dose) shows mild fibrosis around main blood 
vessels. Some hepatocytes show karryolysis (arrow). (B) 
Another section for the same group shows mild dilatation 
and congestion of blood sinusoids. (C) A section of rat 
treated with bisphenol and then Fagonia cretica (medium 
dose) shows slight cellular infiltration. Some hepatocytes 
show acidophilic color (arrow). (D) A section of rat treated 
with bisphenol and then Fagonia cretica (high dose) shows 
marked amelioration of liver tissue, only a few acidophilic 
hepatocytes are observed (arrow).

GenetiC stuDy
This work was performed on three genes of which their 
expressions were associated with regulating the function 
activity in liver and Kidney cells. Such important genes 
included IkBα, mdr1a and COX-1 genes. Gene expression 
of IkBα and COX-1 genes was studied in liver cells, 
while gene expression of Mdr1a and COX-1 genes was 
demonstrated in Kidney cells. IkBα (inhibitor of nuclear 
factor Kappa B) gene expression in liver was found to be a 
major activator for the nuclear factor-KB (NF-KB), which 
is responsible for the activation of the expressions at least 
150 genes, some of which are anti-apoptotic (Häcker and 
Karin, 2006; Kameyama et al., 2008). Furthermore, IkBα 
gene expression was observed to play a major role in the 
regulation of multiple drug resistance (mdr) gene activity 
(Bierhaus et al., 200l; Kameyama et al., 2008), and involved 
in propagating the cellular response to inflammation 
(Häcker and Karin, 2006).

Cyclooxygenase (COX-1) gene expression in hepatic tissues 
showed to be a key enzyme that catalyzed the oxygenation 
of arachidonic acid (AA) to produce prostaglandins 
(PGs) and thromboxane A2 (TXA2). It was noted that 
PGs and TXA2 mediated a wide range of physiological 
and pathophysiological responses (Graupera et al., 2003; 

Blobaum and Marnett, 2007; Perrone et al., 2010; Aid 
and Bosetti, 2011; Liedtke et al., 2012). Moreover, COX-l 
gene expression in Kidney tissues was responsible for 
physiological Kidneys function, playing important role in 
the regulation of renal homeostasis. In normal conditions 
and in distinct regions of the kidneys, it was demonstrated 
that COX-1 generated prostaglandins which were a main 
factor in vasodilatation, and minimization of the vascular 
resistance, ensuring adequate blood flow (Moro et al., 
2017). Concerning the genes of multiple drug resistance 
(mdr) in genomes of human and monkey, there is a single 
group of the gene (denoted mdr1) in rodents genomes 
contain two groups (denoted mdr1a and mdr1b) (Brady 
et al., 2002). These genes are known to be Xenobiotic 
transports and to encode the P-glycoprotein (Pg-gp) 
(Brady et al., 2002; Kameyama et al., 2008).

Figure 7: A photomicrograph of sections from renal tissue: 
(A) From a control -ve group shows the normal structure 
of the renal glomeruli and the different types of tubules. (B) 
from a rat treated with corn oil shows no abnormal structure 
in renal tissue. (C) from a rat treated with bisphenol shows 
many dilated tubules with necrotic materials within their 
lumens and increased connective tissue component around 
them (arrow). (D) Another section for the same group 
shows massive distortion of renal tissue due to marked 
increase of connective tissue components (arrow). (F) From 
a rat treated with bisphenol and Fagonia cretica (low dose) 
shows slight decrease of fibrosis, but dilated tubules are still 
noticed (arrow). (F) Another section of the same group 
shows marked reduction of fibrous, but many tubules show 
marked dilatation of their lumens with atrophy of lining 
epithelium (arrow). (G) A section from a rat treated with 
bisphenol and Fagonia cretica (medium dose) shows many 
tubules are still dilated with atrophied epithelial lining and 
no fibrosis around. (H) A section from a rat treated with 
bisphenol and Fagonia cretica (high dose) shows marked 
reduction of dilated tubules with no fibrosis.
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Figure 8: A photomicrograph of sections from renal 
tissue: (A) A section of rat treated with bisphenol and then 
Fagonia cretica (low dose) shows mild dilatation of renal 
tubules (arrow). (B) Another section for the same group 
shows the same results. (C) A section of rat treated with 
bisphenol and then Fagonia cretica (medium dose) shows 
slight dilatation of some tubules with no fibrosis. (D) A 
section of rat treated with bisphenol and then Fagonia 
cretica (high dose) shows renal tissue close to normal.

In kidneys, P-gp was located in brush border membranes 
of kidney-proximal tubules (Fajo et al., 1987; Thiebaut et 
al., 1987), and responsible for resistance to some cancer 
chemotherapeutic drugs, naturally occurring toxins and 
efflux of Xenobiotic of cells (Brady et al., 2002; Semeniuk 
et al., 2020). Nevertheless, the expression changes of the 
above mentioned genes, due to the exposure to abnormal 
conditions, could induce deleterious effects, leading to 
different diseases of the liver and kidney tissues (Kameyama 
et al., 2008; Lin et al., 2017; Moro et al., 2017; Semeniuk 
et al., 2020).

Thus, the expressions of such genes in the present work 
are considered good markers for diagnosis of pathogenesis 
cases as a result of exposure to BPA toxicant, as well as 
good targets for evaluating the protection or remedy of 
FCE medicinal herb against such toxicant.

The genotoxic effects of BPA on mammalian cells were 
documented (Cavalieri and Rogan, 2010; Sakuma et al., 
2010; Fic et al., 2013; Kourouma et al., 2015), since this 
component through its biotransformation in liver caused 
oxidative stress by forming a lot of free radicals, such reactive 
oxygen species (ROS), quinines, and nitric oxide (NO) 
(Bindhumol et al., 2003; McMillian et al., 2004; Videla, 
2009; Schmidt et al., 2013). These radicals could react 
with cell constituents involving DNA, proteins and lipids 
(Cavalieri and Rogan, 2010; Moon et al., 2012; Kourouma 
et al., 2015), inducing impairments, particularly genetic 
alterations, including the changes of gene expressions 
(Xu et al., 2010; Chung et al., 2011; Castro et al., 2013; 

Wisniewski et al., 2015). The findings of the present study 
noted that the expressions of IkBα and COX-1 genes (in 
liver tissues) as well as mdr1a and COX-1 genes (in kidney 
tissues), in rats treated with BPA were significantly higher 
than those found in the normal control. To the best of the 
researchers’ knowledge, the present work is the first report 
to show the effect of BPA on the expressions of the above 
mentioned genes. 

Furthermore, these results are supported by several 
investigations, which reported that exposure to abnormal 
conditions, including toxicants treatments, could induce 
over-expressions of IkBα (Häcker and Karin, 2006; 
Kameyama et al., 2008), and COX-1 (Lin et al., 2017) 
genes in hepatic tissues, causing the upregulation of 
expressions of mdr1a (Brady et al., 2002; Fouassier et al., 
2007; Kameyama et al., 2008) and COX-1 (Moro et al., 
2017) genes in kidney tissues, and leading to different liver 
and kidney diseases (Kameyama et al., 2008; Lin et al., 
2017; Moro et al., 2017; Semeniuk et al., 2020). Moreover, 
in previous studies, Burt and Thorgeirsson (1988) showed 
that the treated rats with 2, 3, 7, 8-tetrachlorodibenzo-
P-dioxin, TCDD (microsomal enzyme inducers) had an 
increase of mRNA levels of mdr genes, in liver tissues, 
compared to normal control. Dexamethasone (Dex) 
treatment in rat, mice and human hepatoma cell lines also 
led to the elevation of mdr1a mRNA levels with referenced 
to untreated cells (Zhao et al., 1993; Schuetz et al., 1995; 
Seree et al., 1998).

Furthermore, Brady et al. (2002) observed the over-
expression of mdr1a mRNA in gastrointestinal tract of rats 
treated with different microsomal enzyme inducers. On the 
other hand, many studies demonstrated that exposure to 
BPA led to the upregulation of expression of different genes 
related to various functions, including brain functions-
related genes (P450 arom5α-Reductase and Tph2 genes) 
(Castro et al., 2013), and oxidation genes (FK bps) (Kitraki 
et al., 2015). BPA treatment was capable of stimulating 
the mitogen-activated protein Kinase (MAPK), signaling 
the pathway, and inducing over-expression of cancer and 
proliferation-related genes (Lan et al., 2015). Wisniewski 
et al. (2015) also revealed that in the pituitary- testicular 
axis of adult Wistar rats, BPA treatment caused the over-
expression of genes of gonadotropin releasing hormone 
receptor (Gnrhr), luteinizing hormone beta follicle 
stimulating hormone beta (Fshb), estrogen receptor beta 
(Esr2), and androgen receptor (Ar), resulting in a state 
of hypogonadotropichypogonadism. Furthermore, Abd-
El-Moneim et al. (2020) demonstrated that in BPA-
intoxicated adult rats, there was a significant decrease in 
the nucleic acid (DNA and RNA) contents in brain, liver, 
and kidney tissues, in contrast with those of the normal 
control. These results may indicate the alteration of the 
expressions of various genes in such tissues.
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The present results clarified that FCE treatment could 
minimize the BPA-induced alterations of gene expressions 
of some genes in liver and kidney tissues. The treatment 
with FCE, especially utilizing the high therapeutic dose 
(5.0 g/kg), was capable of significantly downregulating the 
over-expressions induced by BPA treatment for IkBα and 
COX-1 genes in liver tissues, and for mdrla and COX-1 
genes in kidney tissues. These findings (to the best of the 
reserchers’ knowledge) were the first to demonstrate the 
ameliorative role of FCE treatment against the deleterious 
effects of BPA treatment on the expressions of IkBα, mdr1a 
and COX-1 genes in mammalian cells. Nevertheless, the 
present results are supported by previous studies that 
showed the ameliorative role of FCE treatment on some 
gene expressions against the adverse effects caused by 
the exposure to abnormal and pathological conditions. 
For example, the treatment with FCE could be used in 
cancer cases, due to its effect on the expression of cancer 
and proliferation-related genes. In this respect, Lam et al. 
(2012) found that FCE could ameliorate the expression of 
FOXO3a gene and diminish the expression of P53 gene 
in two phenotypically distinct breast cancer lines (MCF-
7 and MDA-MB-231 cells), causing the activation of 
DNA damage response and inducing cell cycle arrest and 
apoptosis.

Moreover, previous work reported that, the FCE treatment 
could enhance the expression of genes related to antioxidant 
properties, and minimize the expression of genes correlated 
with oxidation processes causing immunity enhancement 
against the exposure to abnormal conditions. In this light, 
Rawal et al. (2004) proved that in rat hippocampal slices 
subjected to oxygen-glucose deprivation (discriminated 
with high oxidation stress), FCE treatment could 
increase the expression of antioxidant genes (gamma-
glutamylcysteine ligase and Cu-ZnSOD), diminish the 
expression of oxidation gene (i NOS) and elevate the 
reduced glutathion (GSH) level. GSH has an important 
role in regulating the expressions of several redox-sensitive 
antioxidant and anti-inflammatory genes, for which their 
ameliorations led to the reduction of oxidant levels (via 
direct scavenging of the reactive oxygen and nitrogen 
species), and the enhancement of the peroxide scavenging 
enzyme.

In another study, Abd-El-Moneim et al. (2020) revealed 
the significant improvements of nucleic acid (DNA and 
RNA) contents in brain, liver and kidney tissues of BPA-
intoxicated rats treated with FCE, as compared to those 
found in BPA treatment alone. These findings suggest the 
reason for ameliorations in the expressions of various genes 
in such tissues. Moreover, FCE was found to be rich in 
antioxidant constituents (Saleh et al., 2011; Kasture et al., 
2014; Puri and Bhandari, 2014), that might be the main 
factors ameliorating the expressions of IkBα, mdr1a and 

COX-1 genes against the adverse effect of BPA in the 
present study.

effeCt of treatMent with bPa on histoloGiCal 
exaMination
The present work clarified that the exposure to BPA 
induced deleterious effects on the histological architectures 
of liver and kidney tissues. The toxic effect of BPA was 
demonstrated in several studies on human and animal 
health, through the generation of reactive oxygen species 
(ROS) such as superoxide, hydroxyl and proxy radicals, 
these which were able to stimulate oxidative stress, causing 
significant reduction of the expressions of antioxidant 
genes, and the upregulation of oxidation genes. These 
events were found to induce impairment of prooxidant/
antioxidant balance, and leading to histopathological 
conditions in different body organs, including the liver and 
kidneys (Bindhumol et al., 2003; McMillian et al., 2004; 
Videla, 2009; Hassan et al., 2012; Kourouma et al., 2015; 
Kazemi et al., 2016). The findings are in agreement with 
those reported by Rönn et al. (2013), who clarified that 
exposure to BPA caused hepatic damage in rats, disrupted 
the integrity of cellular membranes in liver tissues, and led 
to leakage of cytoplasmic liver enzymes. Furthermore, the 
present results coincide with those revealed by Thoene et 
al. (2017), who observed vacuolar degeneration in the liver 
tissues of Juvenile Porcine Models, after exposure to BPA 
component. Moreover, the particular histopathologies in 
the present study were similar to those commonly revealed 
after chemical exposure, in literatures on the effects of 
long-term ethanol or narcotics usage (Cederbaum et al., 
2009; Manzo-Avalos and Saavedra-Molina, 2010; Diab 
et al., 2020; Fahmy etal., 2020). On the other hand, the 
over-expressions of the genes under study might be the 
major cause for inducing the histopathological conditions. 
It was found that the upregulation of the expressions of 
IkBα (Häcker and Karin, 2006; Kameyama et al., 2008), 
and mdrla (Brady et al., 2002; Fouassier et al., 2007; 
Kameyama et al., 2008) were accompanied by increases 
in P-glycoproteins, correlated with oxidative stress, by 
producing the reactive oxygen species (ROS), which was 
the main factor in inducing injury in the liver, kidneys, 
and other organs (Bindhumol et al. 2003; Semeniuk et al., 
2020). 

It was also found that the upregulation or the over activation 
of COX-1 gene expression was a major contributor 
in including the over-expression of vasoconstrictor 
thromboxane A2 (TXA 2), which was an essential regulator 
of hepatic endothelial dysfunction causing hepatic 
disorders (Lin et al., 2017). Moreover, in kidney tissues, it 
was observed that in abnormal situations, the function of 
COX-1 gene might be altered causing imbalanced changes 
in prostaglandin generation, and leading to kidney diseases 
(Moro et al., 2017).
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effeCt of fCe treatMent on bPa-inDuCeD 
histoPatholoGy
In the present work, the histological examination showed 
that the treatment with FCE led to improvements in 
histopathological cases produced by BPA in liver and 
kidney tissues. It was observed that these ameliorations 
increased by increasing the dose of FCE. The highest dose 
(5.0 g/kg) that was utilized as a therapeutic agent gave the 
best results, in which the histopathological parameters were 
restored to normal level, or reverted nearly to natural status. 
FCE had an ameliorative role because its possessed a lot 
of phytochemical constituents or antioxidants, including 
saponins, polyphenolic compound, alkaloid, flavonoids, 
terpenoids, sulphates, cyanogenic glycosides, sterol, 
proteins and amino acids, coumarins, and trace elements 
(Khalik et al., 2001; Saeed and Wahid, 2003; Kasture et al., 
2014). These chemical constituents had pharmacological 
activity and medicinal properties, such as anticancer, anti-
inflammatory, antimicrobial, analgesic, and antipyretic 
effects and wound healing properties (Saleh et al., 2011; 
Puri and Bhandari, 2014; Kasture et al., 2014). These 
phytochemicals were found to enhance the activities of 
antioxidant enzymes that acted against the oxidative stress 
induced by various toxicants, including BPA, by increasing 
the rates of free radical scavengers (Rawal et al., 2004; 
Puri and Bhandari, 2014; Kasture et al., 2014). Moreover, 
Hussain et al. (2007) showed significant antitumor activity 
on potato disc, using FCE against the tumor- inducing 
Agrobacterium strains (At 6, At 10 and at 77); and the 
maximum tumor inhibition (77.04%) was revealed against 
at 10. Moreover, Lam et al. (2012) proved that FCE could 
act against breast cancer cell proliferations via activation 
of DNA damage and cell cycle, arrest as well as inducing 
apoptosis in such cancer type.
 
CONCLUSIONS AND 
RECOMMENDATIONS

The present investigation confirmed the important role of 
Fagonia cretica in overcoming the harmful BPA-induced 
effects on animal cells. The extraction of this medicinal 
herb could modulate the over-expressions of IkBα, mdr1a 
and COX-1 genes to favorable or normal levels in rats. 
Moreover, it could markedly ameliorate or remedy the 
histopathological cases.
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