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ABSTRACT

Bisphenol A (BPA) is one of the most detrimental pollutants in
environment. Inside the body, it is metabolized by the liver and hence
triggers liver injury. Hydroxyapatite nanoparticles (HANPS) are selected in
the current study as a safe way to adsorb the BPA and hence eliminate its
toxic impacts in vivo.

HANPs formula was prepared by sol-gel techniques; characterization
was confirmed by XRD, FTIR, morphology and thermal stability. In vivo
study was conducted on Forty male rats which were equally divided into 4
groups. The negative control received 10%DMSO solution, HANPs group
were ingested with 1g/ kg b.wt./day of HANPs, BPA group received 100 mg
BPA/ kg b.w.t/ day, and the BPA+HANPs group were treated with 1 g
HANPs/100mg BPA/ kg b.w.t/ day. The doses were given daily for six
consecutive weeks orally. Blood samples were collected; serum was
separated and used for determination of selected liver enzymes and lipid
profile parameters.

ALT and AST levels were significantly increased with concomitant
decrease in the total protein and albumin levels in the BPA group, compared
to the control one. Cholesterol, Triglycerides and LDL-Cholesterol levels
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were also increased with concomitant decrease in the HDL-Cholesterol in the
BPA group. On the other hand, BPA+HANPs group exhibited amelioration in
the lipid profile parameters, as compared to the BPA one.

In conclusion, HANPs can be considered as a promising and effective
biomaterial that can alleviate liver injury induced by exposure to the BPA
pollutant.

Key words: Bisphenol A, health problems, liver enzymes, lipid profile,
Hydroxyapatite nanoparticles.
INTRODUCTION

Water pollution has emerged as one of the most serious threats to humans
and other organisms. Water bottles, inner coatings for canned goods, dental
sealants, and other products all include bisphenol A (2, 2-bis [4-
hydroxyphenyl] propane, or BPA), the phenol which is utilized in the
manufacture of polycarbonate plastic products (Hernandez- Rodriguez et al.,
2007). BPA was found in food and water as a result of the use of plastic items
(Michalowicz, 2014). It is released into water or foods when these plastics are
heated or exposed to ultraviolet light, and when people come into contact
with it (Noureddine et al., 2018). Unfortunately, BPA cannot be completely
eliminated by traditional treatment procedures (Braga et al., 2005), which
allows it to reenter the water, marine and soil environments (Rochester, 2013;
Xu et al., 2014).

In Egypt, it was discovered that BPA was present in large quantities in a
variety of water sources. Radwan et al. (2020), who looked into the

prevalence and distribution of BPA in 23 Egyptian governorates, reported that
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33.0% of the water sources tested positive for BPA, which was associated
with effluent discharge from wastewater treatment or partially treated factory
wastewater (Fan et al.; 2013). BPA is present in drinking water from the
Dakahlia source at a rate of 14.5%, according to sampling results. Due to
industrial discharge, Alexandria, the governorate with the greatest source
water in Egypt, had the highest BPA contents, with values of 2800, 22,300,
and 85,500 ng/L (Radwan et al., 2020).

BPA exposure occurs primarily through ingestion, skin penetration, and
inhalation (Rubin, 2011). BPA affects numerous organs, such as the liver,
kidney, lungs, spleen, and pancreas (Petteri, 2002). BPA exposure is
associated with a variety of health problems including type 2 diabetes,
dyslipidemia, hypertension, and liver damage (Alonso-Magdalena et al.,
2006). Additionally, children who have been exposed to BPA as an
environmental toxin are more likely to develop autism spectrum disorders
(Ye et al., 2017). The U.S. Environmental Protection Agency reported that
the reference dose of BPA is 50 pg/kg/day but the European Food Safety
Authority (EFSA) reduced this dose to 4 pg/kg/day (Corrales et al.; 2015). As
BPA is primarily metabolized by the liver, the conjugation takes place in the
liver by glucuronidation via the glucuronyl transferase enzyme and is then
excreted in the intestine and urine (Lindholst et al., 2003; Hanioka et al.,
2008). Increased BPA levels in humans have been linked with liver injury, as

evidenced by alteration in serum levels of liver enzymes; ALT and AST
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(Lang et al., 2008; Mourad & Khadrawy, 2012) as well as prompt oxidative
stress in vital organs for instance kidney, liver and testis (Bindhumol et al.,
2003; Chitra et al., 2003; Kabuto et al., 2004; Mourad &Khadrawy, 2012).
The Liver may be more sensitive to BPA exposure than other organs (Moon
et al., 2012). BPA activates Kupffer cells in the liver, causing the production
of several cytokines, which is evidence for liver inflammation and progress of
liver diseases (Kopf et al., 2010; Wu et al., 2010). So, the development of an
effective and safe method for BPA removal is urgently needed.

Nowadays, there is a great attention in using nanomaterials to remove the
toxic and destructive substances from wastewater (Kuhn, 2022). These
nanomaterials had a large surface area and unique properties than larger ones
(Gupta et al., 2011). Hydroxyapatite (HAP) is the most stable calcium
phosphate salt at room temperature with a pH range of 4 to 12 (Surmenev et
al., 2014; Prakasam et al., 2015) and was early applied to study
biomineralization phenomena (Dorozhkin,2012). It is a safe chemical that is
similar to the normal bone tissue composition, as well as a form of calcium
phosphate with the chemical formula Ca10(PO4 )s(OH).. Importantly, HANPs
has become of great interest to enter in vitro and in vivo research, surgery,
and medical applications (Descamps et al., 2009; Fihri et al., 2017).

HANPs were successfully prepared by different methods, including solid
state reaction, hydrothermal, sol-gel, plasma technique and layer hydrolysis
(Hsieh et al., 2001).
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In this study, we prepared the HANPs as a unique BPA elimination
procedure using the sol-gel method. Further in vivo testing was conducted to
determine the effectiveness and capability of these HANPSs in removing BPA

toxicity.

MATERIALS AND METHODS
1. MATERIALS:

Calcium nitrate tetrahydrate (Ca (NO3)2.4H20), Purity > 98%, and
Bisphenol A Cai0(PO4)s(OH)2 (purity >99%), were purchased from Sigma-
Aldrich, St. Louis, MO, USA.. Phosphorous Pentoxide (P20s) of purity 98% and
absolute Ethyl alcohol were purchased from Spectrum, USA.

2. METHODS:
2.1. Preparation of hydroxyapatite nanoparticles (HANPSs) powder

The synthesis of HANPs is performed using the sol-gel method
according to Fathi et al., (2008). Briefly, Calcium nitrate tetrahydrate and
phosphorous pentoxides which are used as precursor are dissolved in absolute
ethanol and mixed well. Then, a gelation process was conducted on the
mixture for 1 hour, following by an aging step for another 1 hour, and the gel
was dried at 100°C. Finally, a sintering process was performed at temperature
varied from 600°C to 800°C.

3. Characterization of the prepared HANPs
In order to compare between the prepared HANPs in the current study

and the previous ones, the characterization was performed as illustrated below
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on the prepared particles; including the morphology and the particle size
distribution, crystallinity and phase composition, functional groups and
thermal stability.

3.1. Morphology and particle size distribution of HANPs: The

morphology of HANPs and their particles size were examined using scanning
electron microscope ZEISS at different scale varying from 1um to 100pum.

3.2. Crystallinity and phase composition of HANPs: X-ray Diffraction

(XRD) was carried out to identify the crystallographic structural of the
sample using XTRA Powder diffractometer by thermo Scientific. Operated at
X-ray tube 40.0 (kV) voltage, 30.0 (mA) current) recorded peaks in the 20
range from 4.0°-90.0°. Scan mode is continuous with 8.0000 °/min speed at
step size 0.02° and preset time 0.15 sec.

3.3. ldentification of functional group of HANPs: Fourier Transform

Infrared Spectrometer (FT/IR-4100) was used for the identification of the
functional group in the prepared HANPs. The number of scans was adjusted
at 300, the spectrum was scanned from 400-4000 cm™ with 8 cm resolution,
and the vertical axis represents the single %Transmittance background.

3.4. Thermal stability: In order to evaluate the thermal stability of the

prepared HANPs, an amount of 2 mg from the sample was placed at High-
temperature Platinum crucible, then the crucible was transferred to the
thermal gravimetric (TG) sample holder assembly which had been set at room

temperature (25°C) and all other thermal measurements were carried out at
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temperature range from 50°C to 850°C, with heating rate of 10°C/min. All
thermal decomposition process was carried out in an inert atmosphere (N, 40
ml/min 1) by using TGA55 (TA Instruments, USA) to record the thermal
decomposition for HANPs.

4. In vivo study

4.1. Animals and experimental protocol: A total of Forty adult male Wister

rats (175 to 200g) were maintained under standard laboratory conditions;
temperature 22+2°C, and 12h-12h light/dark cycle with proper human care.
They were acclimatized for a week before starting the experiments and
allowed to free access of food and water. The experimental protocol was
approved by the local institutional animal ethics committee of Ain Shams
University. The rats were randomly divided into 4 equal groups (n=10). The
experiment was designed to unify the conditions as BPA was dissolved in
10% DMSO, so the negative control was designed to receive the same used
vehicle (10% DMSO). In our previous studies, we confirm the biosafety of
the use of this DMSO concentration on rats as 10% DMSO exhibited no harm
effects on the used experimental animals. Group I; served as negative control:
animals received 10% DMSO solution. Group Il; HANPs: rats ingested with
1g/ kg b.wt./day of HANPs, Group Ill; BPA: animals received 100
mg/kg/bwt./day of BPA dissolved in 10% DMSO. Group 1V; HANPs + BPA:
animals were ingested with 1g HANPs/100 mg BPA/ kg b.w.t/ day. Ingestion

was taken orally by gastric gavage for 6 consecutive weeks in all groups.
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4.2. Liver function tests: Serum alanine transaminase (ALT, EC: 2.6.1.2),

and aspartate transaminase (AST. EC: 2.6.1.1) activities were estimated by
using commercial kits (SPECTRUM diagnostic Kits, Egypt), according to the
method of Reitman and Frankel (1957). Total protein and albumin contents
were also determined in serum according to the method of Lowry et al.,
(1951).

4.3. Lipid profile: The levels of serum total cholesterol; T-Ch (Allain et al.,
1974), triglycerides; TGs (Fossati and Prencipe, 1982), high-density
lipoprotein-cholesterol; HDL-cholesterol (Finley et al.,, 1978) were

determined colorimetrically using the commercial kits (SPINREACT
diagnostic kit). LDL-Cholesterol was calculated using the following equation:
LDL = Total cholesterol — (triglycerides/5) xHDL-cholesterol
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5 Statistical analysis
Statistical analysis was conducted using the SPSS program, version 23.0
for Windows (SPSS® Chicago, IL, USA). Data were expressed as mean

values £ SD. Results were statistically significant as p<0.05.

RESULTS
1. Characterization of HANPs
1.1. Morphology and size:The surface morphology of the hydroxyapatite

powder was investigated by Scanning Electron Microscope (SEM). The

results from SEM characterization show that HANPs are very fine particles of
irregular shape, which clumped in form of clusters. These clusters contain

pores of different sizes. The observed fine particles are in the nano scale,

while their clusters are in micro scale (Figure 1).

Figure 1. Scanning electron microscope HANPs
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1.2. Crystallinity and phase description of HANPs: Figure 2 depicts the X-

ray diffraction (XRD) pattern of the synthesized HANPs, which shows
discrete Sharpe peaks at 20 angle of 3 strong peaks of 32.04, 33.177 and
32.44 , and also at 26.095, 46.93, 49.742 with d- spacing values of 2.79 A,
2.69 A and 2.75 A 3.41 A, 1.93 A,1.831 A, respectively. Using the following
Scherrer equation, the calculated grain size of HANPs was 65 nm.
D=kA /BcosH

k is a constant related to crystallite shape that is usually taken as 0.9, A
represent the X-ray wavelength in nanometers (nm), B is the peak width of the
diffraction peak profile at half its maximum height in radians (Mahabole et
al., 2005).
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Figure 2. XRD pattern of HANP presenting sharp diffraction peak.
1.3. Functional groups identification by FTIR: The results of FTIR spectra

of the prepared HANPs are shown in figure 3.
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The spectra indicate the presence of phosphate and hydroxyl groups in
hydroxyapatite, the peaks in the broad band around 1000 cm™ and 1100 cm
shows the presence of PO4* group that appear in asymmetric stretching mode
of vibration. The characteristic bands for POs* appear also at 470, 568, 602,
964, 1041 and 1093 cm™. The asymmetric P-O stretching vibration mode of
the PO+ bands at 964 cm™ is a distinguishable peak, together with the sharp
peaks at 633, 602,568 cm™ correspond to the triply degenerating banding
vibrations of POs* in hydroxyapatite, which are characteristics for
hydroxyapatite. There is also a sharp peak at 3571 cm™ refers to the
stretching vibration of the OH" ions.
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Figure 3. FTIR spectra of the synthesized HANPs.
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1.4. Thermal stability and elemental analysis
Figure 4 shows the weight percent in the prepared NHAPs with heating.

The range of heating from 50°C to 850°C. A slight decline in the weight loss
% was noticed in the range from 50 — 250°C. Also, NHAPs showed 5%
weight loss at 600°C. The first derivative of weight loss against temperature

shows a peak at 600°C, and no further peaks till 850°C was observed.
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Figure 4. Thermal stability of HANP

2. Effects of BPA and HANPs on liver function parameters

The current findings revealed that liver enzymes; ALT and AST
increased significantly in the BPA intoxicating group (p<0.001) when
compared to the negative control one. On the other hand, these elevations

were notably reduced in the treated group, HANPs + BPA. Obviously, there
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Is no statistically significant difference between the negative control (NC) and
HANPS group.

Total protein concentration showed no significant changes in the N.C and
HANPs group, while the BPA group had a significant decrease (p<0.001)
when compared to the control one. Importantly, the treated group (HANPs +
BPA) exhibited an enhancement in total protein levels, which offset the effect
of BPA exposure.

Accordingly, serum Albumin levels were decreased upon exposure to
BPA,; in this concern there was no obvious difference between the control,
HANPs, and HANPs + BPA groups (Table V).

Table 1: Effects of BPA and HANPs on liver function parameters.

ﬁrs\ AST(UIL) ALT(UIL) PRJ'(I?I;IANI(_G/D A'(-g/%'\li')' N
GROU L)
Negative 130+21.6 30.6745.0 11.2740.5 4.23+0.55
Control
HANP 1224151 55.33+8.08 11.33+1.09 4.0320.25
% change 6.1% 80% 0.53% 4.7%
BPA 570+43.26%%* | 284.67+41.1%** |  82+0.5%** | 353+0.15%*a
% change 338.4 % 828.2% 27.24% 16.5%
HANPs+BPA | 343.3#57.7%%* | 251.0444.45% | 10.73£0.603 ***0 | 4.27+0.15%*
% change 164% 718.3% 4.79% 0.9%

Data are expressed as mean +SD (n=10), ***3p<0.001, **3p<0.01 when compared to
the control group, **® p<0.01, * p<0.05, ***°p<0.001 as compared to BPA group.
The % change was compared to the negative control group.
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3. Effects of BPA and HANPs on lipid profile

As shown in table 2, total cholesterol increased significantly (p<0.001in
the BPA-intoxicated rats when compared to the negative control group, as did
triglycerides, and LDL-Ch (p<0.0land p<0.05) respectively. Consistently,
HDL-Ch was significantly decreased (p<0.001). Fortunately, the treated
group (HANPs + BPA) mitigated the toxic effect of BPA exposure, as
evidenced by the significant reduction (P<0.01, P<0.05) in the cholesterol
and triglycerides levels, respectively, with significant restoring (P<0.01) in
the HDL-Ch, as compared to the BPA group. However, no modulation in the
LDL-Ch levels was noticed in the treated group, as compared to the BPA one.
Table 2: Effects of ingested BPA and HANPs treatment on lipid profile

indicators.
TOTAL
GROU CHOLESTER TRFL?IDI‘gSCE HDL-CH LDL-CH
(N=10 oL (MG/DL) (MG/DL) (MG/DL)
ANIMALS (MG/DL)
EACH)
Negative control 135+12.24 65+3.6 115.33+10.01 14.19+25
HANPs 196.67+17.0 80.0+8.7 70.33+£12.34 12.72+2.75
**
BPA 272'571;33'76 77.33£7.0%*2 | 63.33+11.93***2 16.3+3.75*2
HANP+BPA 173.0+39.74**> | 69.67+7.09* | 108.33+23.86**P 16.68+2.65

Data are expressed as mean £SD (n=10). * ?p <0.05 **%p <0.01, ****p<0.001
compared to the negative control group *°p <0.05, ***»<0.01 compared to the
BPA group.

14 Vol. (51); Iss. (10); No. (4); Oct. 2022

ISSN 1110-0826
ONLINE ISSN 2636 - 3178




Journal of Environmental Sciences (JES)
Faculty of Graduate Studies and Environmental Research, Ain Shams University

Ebrahim, Sara. et al.

DISCUSSION

This study aimed to construct nanoparticles of hydroxyapatite (HANPS)
as a novel formula for efficient removal of BPA and thus modulate its
harmful effects in living systems after exposure to BPA. The nano structure
of the prepared HANPs showed large surface area that resulted in clusters
formation which contain pores and channel that increase adsorption of BPA
on HANPs.

The XRD pattern of the constructed nanoparticles revealed peaks at 2
theta positions; 32.04, 33.177 and 32.44, confirming the high crystallinity of
the prepared HANPs, and agreeing with the standard XRD pattern of
hydroxyapatite from JCPDS (896438) Joint Committee on Powder
Diffraction Standards. Moreover, the d-spacing values matched the standard
hydroxyapatite and were equal to 2.79A, 2.69A and 2.75A, which are in good
agreement with Bouyer et al., (2000), indicating successful crystallinity.
Moreover, the results fit the hexagonal structure of hydroxyapatite (JCPDS
file number 9-0432). By using Scherrer formula, the size of the prepared
hydroxyapatite is calculated as approximately equals to 65 nm.

As known, the chemical formula of HAP is (Ca)10(PO4)s(OH)2. The
(POa4)s, and (OH). are usually considered as ion-exchangeable groups. These
functional groups of the prepared HANPs were in aligned with results
obtained from Choi et al. (2004), according to the obtained FTIR pattern. As
shown in the FTIR pattern of the prepared HANPs, peaks at 3572 cm™ is
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corresponding to the OH" groups; peaks in the region from 1960 and 2220 are
related to the vibration mode for PO4= and consistent with the results of
Koutsopoulos, 2002; Silvester, 2013;Diallo-Garcia, 2014. The peak at 470
cm™! resembles to double-degenerated bending modes of the O—P—O bonds
and is aligned with the study of Klee & Engel, 1970. The peak at 1000 cm™!
is attributed to the asymmetric stretching vibrations of the P—O bonds.

The functional PO4 group of the prepared HANPs showed peaks at 470,
568, 602 and 633 cm™ which represents the asymmetric bending vibration
mode. These observations are consistent with the results of Destainville,
2003; Mobasherpour & Heshajin, 2007; Mekhemer et al., 2019; Malpica-
Maldonado, 2019 who detected the PO4 group at peaks 570 and 601 cm™.
Additionally, the ion stretching mode of the OH" functional group that
appeared at 3571 cm™ in our prepared HANPs was aligned with the previous
ones which appeared at 632 and 3417 cm™ (Raynaud, 2002; Destainville,
2003; Malpica-Maldonado, 2019; Mekhemer et al., 2019). The PO42 group
detected at peaks 1000,1100, 1041 and 1093 and resemble the asymmetric
stretching mode of vibration was in accordance with the previous findings of
Raynaud, 2002; Destainville, 2003; Mobasherpour & Heshajin, 2007;
Adeogun,2018; Malpica-Maldonado, 2019) who recorded peaks at 1049,
1095 cm™.
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Thermal analysis of the prepared HANPs using TG revealed 2 different
types of water in their structure; the lattice and adsorbed water (Le Geros et
al., 1978); the adsorbed water is characterized by its reversibility and thermal
instability at temperature from 50 to 250°C. Also, it can be noticed that loss
of water occurred without affecting lattice parameters. On the other hand, the
lattice water is irreversible lost until heated at temperature 600 °C that lead to
a collapse in the lattice dimension. When HANPs were heated at high
temperature, dehydration took place by releasing OH™ and producing
oxyhydroxyapatite (OHAP) (Locardi et al., 1993). Moreover, results from
thermal analysis showed the highest thermal stability and the slowest rate of
mass loss. The HANPs are thermally stable in the temperature range 25 to
600 °C; Another stable a plateau was reached above 600°C, indicating that
OHAP is highly thermal stable at temperatures above 600°C.

In order to evaluate the protective effect of the prepared HANPs against
BPA-induced hepatotoxicity in rats, selected serum biochemical parameters
were assessed. BPA can cause severe liver dysfunction, injury which was
confirmed by the dramatic alterations in liver enzyme levels and lipid profile.
On the other hand, HANPs were shown to modulate these parameters and
hence mitigated the BPA-inducing hepatotoxicity. Hepatic injury is mainly
measured with the use of serum ALT and AST levels. Despite the far

specificity of ALT over AST (Nagel et al., 1997) in detecting damaged
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hepatocytes, increased levels of both enzymes are considered to be an
indicator of hepatic damage.

The current results reveal that there is a significant increase in both ALT
and AST levels. These findings are in agreement with those of Praveena et
al., 2018; Acaroz et al., 2019; Lee et al., 2019; Soundararajan et al., 2019
who confirmed the hepatotoxic impact of BPA. As well known, increased
these liver enzyme levels in serum reflected the tissue injury and hepatic
damage (Giannini et al., 2005). These dramatic increments in liver enzymes
may be arising from the stimulation of liver activity induced by BPA
ingestion (Lozano-Paniagua et al., 2021)

The effect of BPA on the liver function was well confirmed by the
significant reduction in the total protein levels in the BPA group, when
compared to the negative control group (P<0.01) which is in agreement with
Verma & Sangai, (2009). This reduction may be due to the deactivation of
protein disulfide isomerase, a protein that is involved in the folding and
shedding of cellular proteins (Hiroi et al., 2006). BPA induce stress, which
causes a decrease in protein, and amino acids used in several catabolic
reactions. Moreover, BPA may inhibit or activate various enzymic activities
that downregulate the expression of total protein encoding genes (Zhang et
al., 2005).
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Because the liver was the target organ for toxic compounds via
conjugation and detoxification, hepatic synthesis of albumin levels decreased
significantly in the BPA group (Segre, 1975). BPA and other toxic
compounds can significantly reduce protein profile. In line with, Hanioka et
al., 1998 reported that BPA promote a significant reduction in liver serum
proteins in rats.

In this study, BPA group had a significant increase in cholesterol levels,
indicating its ability to cause accumulation of fat droplets in cells. These
findings are consistent with the previous studies indicating that long-term
exposure to BPA causes an increase in cholesterol levels (Marmugi et al.,
2014; Lin et al., 2017). Dyslipidemia and accumulation of TG and cholesterol
in liver was associated with the increased levels of triglycerides, LDL-Ch
with concomitant reduction in the HDL-Ch levels in BPA groups. These
results are aligned with Lin et al. (2017), who found that BPA exposure
altered the fatty acids pattern as well as the gene responsible for lipogenesis
and cholesterol synthesis. In addition, BPA exposure increases hepatic lipid
accumulation as a result of increased expression of the transcription factor
and sterol regulatory binding protein-1 that activates enzymes of lipogenesis
and lipid accumulation in liver (Marmugi et al., 2012).

On the other hand, ingestion of HANPs along with BPA administration
in the treated group of rats was shown to alleviate the toxic effects of BPA.

Actually, when HANPs were taken orally, it reaches the stomach and
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dissolved by gastric acid releasing calcium and phosphate ions (Margolis &
Moreno, 1992). Calcium plays a very important and protective role to liver by
inhibiting lipid accumulation (Kakimoto & Kowaltowski, 2016) as calcium
can bind to fatty acids in colon and inhibit its absorption (Soares & She-Ping-
Delfos, 2010). HANP+BPA group modulates the detected alterations in liver
enzymes; ALT and AST as calcium can protect liver from oxidative stress
that appears in BPA group which change the hepatic metabolism. As well as
calcium can prevent the increase in lipid profile levels which is similar to
results founded by Shifdar et al. (2020) who proved the effect of calcium on
decreasing risk of cardiovascular diseases by lowering serum levels of
cholesterol.

Consistently, HANPs were proved as being biosafe and had no side
effect on vital organs as kidney and liver as confirmed by Aoki et al. (2000)
that reported the intravenous injection of HANPs to dogs with a dose of 26
mg/kg for 2 weeks intervals among two years and Wang etal., (2012)
proved that serum levels of ALT, AST, blood urea and creatinine were not
affected or changed when rats were injected intraperitoneally with HANPs
(8.3 mg/ml) 3 times/ week for 4 consecutive weeks.

Based on the results of this study, it can be concluded that the HANPs
chemically synthesized by sol-gel method with 65 nm in size, can be orally
used safely by at a concentration of 1g / kg/ bwt. This ingested concentration

has the ability to eliminate the toxic effects resulted from the exposure to
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BPA. There was no significant fluctuation in the levels of lipid profile and
liver enzymes when compared to the negative control group. Hence, it can be
decided that HANPs were found to be nontoxic to rats at the cellular level
under the aforementioned laboratory conditions. Further studies are needed to
study the effect of administrating 10% DMSO on renal function parameters in
normal animals.
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