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Lead (Pb) toxicity affects the hepatic and renal systems resulting to homeostasis imbalance. Curcumin is a
strong antioxidant but has restrained clinical applications due to its poor bioavailability. Nanomedicine
showed promising potentials in drug delivery and has brought forth the use of cockle shell-derived arag-
onite calcium carbonate nanoparticles (CSCaCO3NP) to enhance the effectiveness and targeted delivery of
curcumin (Cur). Thus, this study aimed at evaluating the therapeutic effect of curcumin-loaded
CSCaCO3NP (Cur- CSCaCO3NP) on lead-induced hepato-renal toxicity in rats. Thirty-six male adults
Sprague-Dawley rats were randomly assigned into five groups. All groups contained six rats each except
for group A, which contained 12 rats. All rats apart from the rats in group A (control) were orally admin-
istered a flat dose of 50 mg/kg of lead for four weeks. Six rats from group A and B were euthanized after
four weeks of lead induction. Oral administration of curcumin (100 mg/kg) for group C and Cur-
CSCaCO3NP (50 and 100 mg/kg) for groups D and E respectively, commenced immediately after 4 weeks
of lead induction which lasted for 4 weeks. All rats were euthanized at the 8th week of the experiment.
Further, biochemical, histological and hematological analysis were performed. The findings revealed a
biochemical, hematological and histological changes in lead-induced rats. However, treatments with
the Cur-CSCaCO3NP and free curcumin reversed the aforementioned changes. Although, Cur-
CSCaCO3NP presented better therapeutic effects on lead-induced toxicity in rats when compared to free
curcumin as there was significant improvements in hematological, biochemical and histological changes
which is parallel with attenuation of oxidative stress. The findings of the current study hold great pro-
spects for Cur-CSCaCO3NP as a novel approach for effective oral treatment of lead-induced hepato-
renal impairments.
� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Lead (Pb) is one of the oldest ubiquitous naturally occurring
toxic metal with rapid increase of contamination and intoxication
to various biological systems leading to serious deleterious effects
(Haleagrahara et al., 2011; Jarvis et al., 2018). Lead toxicity
remained a significant global burden with multiple physiological
problem associated with renal and hepatic dysfunction (Mason
et al., 2014; Vorvolakos et al., 2016). Despite the well-known
health-related hazards of lead, its industrial usage is still consid-
ered due to its favourable physicochemical properties resulting
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to high environmental accumulation as such resulting to prone
contamination by the inhabitants (Wani et al., 2015; Jarvis et al.,
2018). According to institute for health and metrics evaluation
IHME, (IHME, 2017), lead toxicity accounted for about 494,550
deaths and 9.3 million disability-adjusted life years (DALYs) due
to long-term effects on health based on WHO (2015) data esti-
mates (WHO, 2015). Further, Jacobs et al. (2002), reported that
about 24 million people of the US population had significant lead
hazards of which, 1.2 million are low-income families (< $30,000/
year). It is worthy to know that one of the common mechanisms
of lead toxicity is via oxidative stress which consequently results
to serious health pathological conditions (Vlasak et al., 2019).

Studies have shown that sub-chronic oral administration of dif-
ferent doses of lead revealed blood, liver and kidney to be the main
target organs (Yuan et al., 2014; Andjelkovic et al., 2019). The liver
and kidney are highly vulnerable to lead upon exposure at both
low and high levels that could result to acute or chronic liver and
kidney dysfunctions (Andjelkovic et al., 2019; Kabeer et al.,
2019). Therefore, exposure to lead may lead to significant alter-
ations of the activities of these functional enzymes (Alwaleedi,
2016). In addition, usual occurrences of hepato-renal toxicity due
to lead exposure is primarily attributed to oxidative stress (Flora
et al., 2012). Consequently, the scientific search for effective and
nontoxic natural compounds with potential antioxidant activities
has been a call of concern (García-Niño and Pedraza-Chaverrí,
2014). Thus, natural antioxidant such as curcumin have been
reported to possess the ability of both preventing and curing the
various lead-induced pathological conditions by quenching the
excessive free radicals generated (Flora et al., 2012).

Recently the use of phytochemicals in pharmaceutical drug
industry is attracting attentions particularly with regard to the
use of a natural compound such as curcumin as a proposed alter-
native and effective strategy in the treatment of heavy metal
induced toxicity (Hae et al., 2007; Abu-taweel, 2018). Curcumin
possesses an outstanding safety profile with various documented
therapeutic activities including antioxidant and anti-
inflammatory properties (Agarwal et al., 2010). To date, pharma-
cokinetic studies emphasizes on the major setbacks behind cur-
cumin poor bioavailability to be; poor aqueous solubility and
rapid clearance due to fast metabolism at the GIT (Chirio et al.,
2019; Yavarpour-bali et al., 2019). Robust strategies in nanotech-
nology have been pursued to enhance the oral bioavailability of
curcumin thereby boosting its therapeutic efficacy (Li et al.,
2019). Moreover, many delivery systems are synthesized from
inorganic sources or assembled polymers for curcumin delivery,
however, they are associated with multiple nano-toxic effects
which could jeopardize the quality effect of the nanoparticles
(Giner-Casares et al., 2016). This has necessitated the search for
natural inorganic material such as CSCaCO3NP for curcumin deliv-
ery to boost the therapeutic efficacy of curcumin.

Cockle shells are natural shells of marine bivalve molluscs
which are excellent sources of calcium carbonate normally used
as nanocarriers in drug delivery (Mailafiya et al., 2019). Impressive
studies on targeted drug delivery system have shown the useful
usage of CSCaCO3NP for the treatment of many ailments using dif-
ferent drugs which presented encouraging impressive results
(Kamba et al., 2013; Danmaigoro et al., 2017; Hammadi et al.,
2017; Hamidu et al., 2019). Noteworthy, based on previous studies,
the application of this nanocarrier was limited to only standard
drugs via intravenous administration for the treatment of cancer-
ous diseases. Thus, therapeutic effect of curcumin-loaded cockle
shell derived calcium carbonate (aragonite) nanoparticles on
lead-induced hepato-renal toxicity in rats has not been studied.

In addition, apart from the documented reports on the use of
CSCaCO3NP as a bone-remodelling agent and for the delivery of
anticancer and anti-bacterial drugs (Kamba et al., 2013; Isa et al.,
2016; Danmaigoro et al., 2017; Fu et al., 2017), the current research
becomes an added advantage on the multiple applications of
CSCaCO3NP for the delivery of antioxidant therapeutics. It is solely
believed that the current findings will provide a valuable confirma-
tion of the therapeutic effect of Cur-CSCaCO3NP on liver and kidney
diseases. Noteworthy, previous study documented that both
CSCaCO3NP and Cur-CSCaCO3NP to be nontoxic to normal cells
in vitro (Mailafiya et al., 2019). Hence, this research stressed on
not only targeted effect mechanism of CSCaCO3NP but also the
ability of the nanoparticle to improve the efficacy of curcumin pri-
marily via enhanced attenuation of oxidative stress. Hence, the
research aimed at evaluating the therapeutic effect of curcumin-
loaded cockle shell-derived calcium carbonate nanoparticles on
lead-induced hepato-renal toxicity in rats by the assessments of
oxidative stress biomarkers, liver and kidney function tests, hema-
tological and histological assessments.
2. Materials and methods

2.1. Chemical, reagents and kits

Cockle shell was purchased from Malaysian local wet market.
Lead acetate (99%) and rat feed were obtained from Sigma-
Aldrich (St. Louis, MO, USA). Fixatives, H and E stain were pur-
chased from Sigma Aldrich St. Louis Co., United State. Toluidine
Blue stain was obtained from Agar scientific (Agar scientific Ltd,
UK). In addition, normal saline was obtained from Apical Scientific
Sdn, Bhd Malaysia. Kits includes; Superoxide Dismutase (SOD)
assay kit (E-BC-K020, Elabscience biotechnology Inc.), Elisa kit
(Elabscience biotechnology Inc.) and PierceTM BCA protein assay
kit (Thermo Fisher Scientific, Carlsbad, CA, USA). All other reagents,
kits and chemicals used were of higher purity.

2.2. Animals

Healthy thirty-six (36) adultmale Sprague-Dawley rats (8weeks
old) with the average body weight ranging between 200 and 250 g
were used in this study. The rats were obtained from the Animal
Breeding Unit, Faculty of Veterinary Medicine, Universiti Putra
Malaysia. The rats were kept in plastic cages and maintained at
the same laboratory conditions (temperature of 25 �C ± 2 �C,
12 h light: 12 dark cycle) for one week of acclimatization at the
Faculty of Medicine and Health Sciences, Universiti Putra Malaysia.
All rats had free access to food and water ad libitum throughout the
study period. The animal management and care procedures were
performed in accordance to the standard procedure of the organi-
zation for economic co-operation and development (OECD) recom-
mended guidelines. Further, the experiment was approved by the
Institutional Animal Care Committee (IACUC) of the Universiti
Putra Malaysia (UPM/IACUC/AUP-R038/2018).

2.3. Synthesis of CSCaCO3NP and Cur-CSCaCO3NP

The preparation, synthesis, loading processes and physicochem-
ical characterizations of CSCaCO3NP and Cur-CSCaCO3NP were
described in the previous work of Mailafiya et al. (2019). Notewor-
thy, based on the protocol and the loading procedure of the
author’s previous study, the best formulation of Cur-CSCaCO3NP
that presented the most suitable loading content and encapsula-
tion efficiency was selected for curcumin delivery.

2.4. Experimental design

The rats were randomly assigned into five groups (A, B, C, D and
E) after acclimatization, which comprises of the control (normal
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saline and water), lead treated group (LTG) and three treatment
groups (lead and free curcumin, lead and Cur-CSCaCO3NP).. The
experimental design consists of two phases, which are the induc-
tion phase, and the treatment phase. The induction phase involved
the oral administration of lead at a flat dose of 50 mg/kg for four
weeks (three times a week) to all the rat’s groups except the con-
trol group (Table 1). The method of lead induction for this experi-
ment follows the standard procedures of Owolabi, (2012) and
Ayuba et al. (2017) and the overall experimental administration
method was in accordance to the work of Sankar et al. (2013) with
slight modifications. At the end of the first phase of the experi-
ment, six rats from the control group and the whole of group B
were euthanized to confirm the lead toxic effects. The second
phase of the experiment commenced with the oral treatment with
free curcumin (100 mg/kg three times a week for group C) and Cur-
CSCaCO3NP (50 mg/kg and 100 mg/kg three times a week for
groups D and E respectively) for four weeks (three times a week)
as shown in Table 1. The induction phase and treatment phase
lasted for four weeks each and the overall experiment lasted for
8 weeks.
2.5. Dose preparation and determination of lead and Cur-CSCaCO3NP

Lead acetate solution was prepared by dissolving 1 g of lead in
50 ml of deionized water to form a stock solution of 20 mg/ml of
lead acetate concentration. A dose of 50 mg/kg was given to each
rat base on the body weight (Sidhu and Nehru, 2004; Owolabi,
2012; Ayuba et al., 2017). The choice of oral administration of lead
Table 1
Experimental design for four weeks of lead induction and four we

Note: lead treated groups (LTG), curcumin 100 mg/kg (Cur 100
nanoparticles (Cur-CSCaCO3NP 50 and 100) and Lead (Pb).
at a dose of 50 mg/kg in this study was adopted to demonstrate
environmental mimicked lead exposure. The common direct cul-
prit of environmental lead exposure is mostly via ingestion partic-
ularly in drinking water (Bhattacharjee et al., 2018). In addition,
lead exposure resulted to several pathological conditions on the
populations exposed to it even at low level (Flora et al., 2012;
Husain, 2015). Thus, regardless of the higher amount of lead expo-
sure, cumulative dose of lead and vulnerability of the individual
are strongly linked to health consequences (Kim et al., 2014;
Bose-O’Reilly et al., 2017). The Cur-CSCaCO3NP was weighed to
get the exact amount of dose needed for the rats (i.e. 100 mg/kg
and 50 mg/kg) from which a stock solution was made by dissolving
in 50 ml of deionized water. Each rat was given a dose of 50 mg/kg
(group D) and 50 mg/kg (group E) base on the body weight. The
dose of free curcumin at 100 mg/kg was reported to be nontoxic
in rats, in fact higher dose of curcumin showed no evidence of tox-
icity indicating its wide safety level (Sarada et al., 2015; Zhang
et al., 2018). Further, studies have shown that CSCaCO3NP possess
wide safety margin to biological system (Jaji et al., 2017;
Danmaigoro et al., 2018; Mailafiya et al., 2019). In addition, docu-
mented in vitro studies reported the safety and biocompatibility
effect of CSCaCO3NP on various cell lines (Kamba et al., 2014; Fu
et al., 2017; Hamidu et al., 2019; Mailafiya et al., 2019).
2.6. Blood sample collection

Prior to euthanasia, at 8th week all the rats were anesthetized
with xylazine (100 mg/kg) + ketamine (100 mg/kg) by intramuscu-
eks of curcumin and Cur-CSCaCO3NP treatment in rats.

), curcumin-loaded cockle shell-derived calcium carbonate



Table 2
Lesion scoring system for kidney and liver tissues (Asyura et al., 2016; Nurul et al.,
2018).

Score Percentage Severity

0 None None
0.5 <15% Very mild
1 15–30% mild
1.5 30–45% Mild to moderate
2 45–60% Moderate
2.5 60–75% Moderate-severe
3 More than 75% Severe
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lar injection. The blood sample was collected via cardiac puncture
through the diaphragm for the following hematological examina-
tions; one aliquot of blood with anticoagulant (heparin) was used
for the measurement of complete blood counts (Hemogram) and
second aliquot with anticoagulant (heparinized EDTA) was used
to obtain plasma. The remaining amount of blood was collected
in non-heparinized test tube (plain tube) for obtaining serum.
Serum and plasma were separated by whole blood centrifugation
at 4000 rpm for 15 min using centrifuge Eppendorf 5424R, Ger-
many, and stored in (-80 �C for plasma and �20 �C for serum) for
biochemical assays and assessment of oxidative stress biomarkers
respectively. Organs of interest such as; kidney and liver were har-
vested, washed thrice in ice-cold saline and weighed then stored in
10% formalin for histological and histochemical analysis.

2.7. Hematology and biochemical analysis

Blood samples collected were immediately analyzed for com-
plete blood count using Horiba Medical Scil Vet ABC Plus analyzer
(Scil Vet, USA). The following hematological parameters were
assessed; Red blood cells (RBC), platelets (PLT), hemoglobin (Hb),
packed cell volumes (PCV), mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscular hemoglobin
concentration (MCHC), white blood cells (WBC), monocytes, neu-
trophils, eosinophil and lymphocytes. The kidney and liver func-
tion enzymes were analyzed with commercial reagents and
according to good laboratory practice on the Dimension Xpand
Plus Integrated Chemistry System analyzer (Dimension EXL, 200
integrated Chemistry System, Siemens, Germany) for the following
parameters: creatinine, urea, total protein (TP), albumin (ALB),
total bilirubin (Tbil), globulin, gamma-glutamyl transferase
(GGT), lactate dehydrogenase (LDH), alkaline phosphatase (ALP),
aspartate aminotransferase (AST) and alanine aminotransferase
(ALT)

2.8. Redox status analysis

Serum SOD activities and MDA levels were quantified using col-
orimetric methods base on their respective assay kits.

2.8.1. Enzyme linked-immunosorbent assay (ELISA)
Malondialdehyde (MDA) level was quantified from the rats’

serum strictly base on the simple principle of competitive-ELISA
using MDA ELISA kit (E-EL-006, Elabscience). MDA level was
assayed by monitoring the competitive reaction of the fixed
amount of MDA on the pre-coated microtitter plate surface with
the MDA in the serum samples. Standard working solution was
set up for each sample well and 50 mL of the sample were added
in each well separately. Immediately, biotinylated detection Ab
working solution was added to each well sealed and incubated
for 45 min at 37 �C. The solutions were aspirated and 350 mL of buf-
fer was added to each well and soaked for 2 min then aspirated
again 3 times before the addition of 100 mL of HRP conjugate work-
ing solution to each well and incubated for 30 min at 37 �C. Fur-
ther, the incubated solution was decanted and washed with
buffer solution 5 times before the addition of 90 mL of substrate
reagent to each well and incubated for 15 min at 37 �C. Finally,
50 mL of stop solution was added to each well and the absorbance
was measured using a micro-plate reader at a wavelength of
450 nm. The results were expressed as ng/mL.

2.8.2. Superoxide dismutase (SOD) activity analysis
Assessments of the SOD activities in the rats’ serum using the

method of colorimetric analysis of WST-1 product was strictly base
on the kit’s instructions. The reaction mixture comprises of the fol-
lowing; 20 mL of tissue homogenates, 20 mL of enzyme working
solution and 200 mL of substrate application solution. These solu-
tions were fully mixed and incubated at 37 �C for 20 min. The final
absorbance was taken at a wavelength of 450 nm and the results
were expressed in U/mL.

2.9. Histopathological analysis

The fixed liver and kidney tissues were processed for histologi-
cal evaluation as described in the previous study Danmaigoro et al.
(2018). The tissues were trimmed, inserted in plastic cassettes and
dehydrated in ascending degree of alcohol solutions and absolute
alcohol, cleared in xylene and infiltrated in liquid paraffin and
finally embedded in paraffin wax using an automated tissue pro-
cessor (Leica TP 1020, Semi enclosed benchtop tissue processor,
Singapore). The tissue sectioning microtome (Leica 2235 Micro-
tome, USA) was used to trim and sectioned to approximately
5 mm thick in size. The sectioned tissue ribbon was suspended on
the surface of warm water bath, picked using clean glass slides,
and allowed to dry. Finally, the sectioned liver, kidney was stained
using the standard techniques for H & E for normal histology study
and examined under the light microscope (Leica DM4M, NY USA).
Moticam Pro 282A 5.0MP (Motic images Software Plus 2.0 TWAIN,
Hong Kong) was used to analyse the degree of tissue injury, necro-
sis and inflammatory responses.

2.9.1. Histopathological tissue scoring system
A minimum of three sections of each tissues were taken for

evaluation in five rats per group (n = 5). Toxicological lesions such
as activated Kupffer cells, sign of necrosis, vaculation (Fatty
changes), inflammatory cell infiltrations, karyolysis, pyknotic cells
and karyorrhexis in the liver were examined and scored. Mean-
while in kidney tissue, toxicological lesions such as sign of necro-
sis, tubular dilatation, inflammatory cells, eosinophilic cytoplasm,
atrophy of glomerulus and fatty degeneration were examined
and scored. The scoring assessments were performed through a
guide of two independent histologists. The overall methods of tis-
sue scoring system was in accordance with the previous literatures
(Asyura et al., 2016; Nurul et al., 2018). The detailed description of
lesion scoring method for both kidney and liver are presented in
Table 2.

2.10. Statistical analysis

All analysis was conducted using SPSS version 25 and GraphPad
prism (GraphPad Prism software, Inc, Version 6.01, San Diego,
California, USA). The differences in p values < 0.05 were statistically
significant. The data obtained were presented as mean ± standard
error of mean (SEM). Data obtained from the effect of lead on
various parameters was conducted using student unpaired-
samples t-test. Further, the data obtained from effect of free cur-
cumin and Cur-CSCaCO3NP on various parameters was analysed
using one-way analysis of variance (ANOVA) followed by Tukey’s
post-hoc test. While the data obtained from histology was
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conducted using non-parametric t-test followed by Mann Whitney
U test for the effect of lead on various tissues and one-way ANOVA
followed by Kruskal Wallis test for global comparison of organ
lesions for the effect of free curcumin and Cur-CSCaCO3NP. Dunn’s
test was used to assessed the statistical differences among the
groups.
Fig. 2. Effects of Cur-CSCaCO3NP and curcumin on the weight of organs in rats
exposed to lead. Values were presented as mean ± SEM, n = 6. # p < 0.05 vs Cur 100
group.

Fig. 3. Effects of lead on serum biochemical parameters in rats after acute lead-
induction. Values were presented as mean ± SEM, n = 5. *p < 0.05 vs control.
3. Results

3.1. Effects of lead on the weight of organs

There was a significant difference between the weight of all the
organs of lead-induced rats and the control group of rats as
demonstrated by the Unpaired-samples t-test as follows;
Liver [LTG (11.13 ± 0.4013)g] and the control group of rats
(9.448 ± 0.3580)g, p = 0.0108, Right kidney [LTG (3.092 ± 0.2185)g]
and the control group of rats (2.313 ± 0.1716)g, p = 0.0187. In addi-
tion, a statistically significant difference was observed between the
left kidney [LTG (2.125 ± 0.2323) g] and the control groups of rats
(2.903 ± 0.09807)g p = 0.0115. These results showed that lead signif-
icantly increased theweightsof the liver, left and right kidneysof the
rats when compared to their respective controls (Fig. 1).

3.2. Effects of Cur-CSCaCO3NP on the weight of organs

As shown in Fig. 2, one-way ANOVA revealed statistically signif-
icant difference in the weight of the liver of rats [F (3, 20) = 7.218,
p = 0.0018]. Tukey’s post hoc revealed significant decrease in the
weight of the liver of the rats treated with Cur-CSCaCO3NP 100
(8.56 ± 0.27 g, p = 0.01) and the control group (8.5 ± 0.38,
p = 0.0021) when compared to Cur 100 treatment group
(1.613 ± 0.064) g. No differences were observed in the weight of
right and left kidney between the control, Cur 100, Cur-
CSCaCO3NP 50 and Cur-CSCaCO3NP 100 treated groups of rats.

3.3. Effect of lead on kidney biochemical analysis and liver function
test

Acute lead induction resulted in altered profile of the biochem-
ical parameters in rats. An unpaired-samples t-test was conducted
to compare the difference in the levels of creatinine and urea from
serum of rats in the lead treated group and the control groups as
shown in Fig. 3. There was a significant increase in creatinine
(41.80 ± 3.20) in the lead-administered rats when compared to
the control (63.20 ± 4.13), p = 0.0035. Similarly, a significant
increase in the serum level of urea concentrations in LTG group
(7.72 ± 0.34) when compared to the control group (6.66 ± 0.23),
Fig. 1. Effects of lead on the weight of organs in rats after 4 weeks of induction.
Values were presented as mean ± SEM, n = 6. * p < 0.05 vs control group.
p = 0.03 was observed. This result demonstrated an increase in
the two parameters of kidney function caused by oral administra-
tion of lead.

Assessment of the effect of lead on liver function of the serum of
lead-administered rats was conducted using unpaired-samples t-
test as shown in Fig. 3. The difference in the mean of the following
biochemical parameters revealed a significant increase as follows:
ALT [LTG (83.80 ± 5.33)], when compared to the control group
(42.00 ± 3.67), p = 0.0002, AST [LTG (88.40 ± 24.78)] when
compared to the control group (191.0 ± 23.49), p = 0.0169,
ALP [LTG (229.6 ± 12.81)] when compared to the control group
(178.4 ± 5.83), p = 0.0066, GGT [LTG (7.160 ± 1.24)] when
compared to the control group (1.69 ± 0.43), p = 0.0031, Tbil
[LTG (2.52 ± 1.06)] when compared to the control group
(8.16 ± 0.96), p = 0.0042 and LDH [LTG (426.2 ± 21.73)] when com-
pared to the control group (215.8 ± 25.14), p = 0.0002. Conversely,
a significant decrease in the following biochemical parameters
were observed; globulin [LTG (18.56 ± 2.25)] when compared to
the control group (37.12 ± 3.60), p = 0.0024, ALB [LTG
(22.08 ± 2.59)] when compared to the control group
(34.96 ± 3.51), p = 0.0183 and TP [LTG (40.64 ± 3.17)] when com-
pared to the control group (72.08 ± 6.17) , p = 0.0019.

3.4. Effects of Cur-CSCaCO3NP on kidney and liver biochemical analysis

One-way ANOVA employed to analyze the protective effect of
Cur-CSCaCO3NP and curcumin on kidney functions demonstrated
significant differences in creatinine and urea levels in the rat’s
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serum after four weeks of treatments [Creatinine: F (3, 16) = 4.697,
p = 0.0155, Urea: F (3, 16) = 5.29, p = 0.01]. Tukey’s post hoc
revealed significant decreases of creatinine levels in the serum of
the control groups (40.18 ± 2.09, p = 0.0183) and Cur-CSCaCO3NP
100 groups of rats (40.80 ± 1.20, p = 0.0308) when compared to
Cur 100 groups (48.20 ± 2.18). Further, a significant decrease in
the levels of urea in the serum of the control group
(5.944 ± 0.255, p = 0.017) and Cur-CSCaCO3NP 100 groups of rats
(6.10 ± 0.36, p = 0.0421) when compared to Cur 100 groups
(7.10 ± 0.16). There were no statistically significant differences in
the mean of the Cur-CSCaCO3NP 100 groups of rats when com-
pared to their respective control group (Fig. 4).

As shown in Fig. 4, One-way ANOVA used to analyze the protec-
tive effect of Cur-CSCaCO3NP and curcumin on liver functions
showed significant differences [ALT: F (3, 16) = 6.836, p = 0.0035,
GGT: F (3, 16) = 10.81, p = 0.0004, Tbil: F (3, 16) = 4.232,
p = 0.0221, LDH: F (3, 16) = 6.066, p = 0.0059 and TP:
F (3, 16) = 6.209, p = 0.0053 ]. Tukey’s post hoc revealed significant
decrease in ALT levels in the serum of the control group
(40.20 ± 4.20, p = 0.0032), Cur-CSCaCO3NP 50 group (48.80 ± 2.91,
p = 0.0417) and Cur-CSCaCO3NP 100 group of rats (45.40 ± 6.43,
p = 0.0154) when compared to Cur 100 group (68.80 ± 4.91). A
significant decrease in the levels of AST in the serum of the
control group (1.87 ± 0.04, p = 0.0005), Cur-CSCaCO3NP 50 group
(3.12 ± 0.22, p = 0.0458) and Cur-CSCaCO3NP 100 group of rats
(2.17 ± 0.18, p = 0.0014) when compared to Cur 100 groups
(4.75 ± 0.74). Also, significant decrease in the levels of serum Tbil
of the control group (1.74 ± 0.07, p = 0.0265) and Cur-CSCaCO3NP
100 group of rats (1.97 ± 0.25, p = 0.0466) when compared to Cur
100 group (4.26 ± 1.08). Further, a significant decrease was
observed in the mean LDH of the control group (207.2 ± 14.86,
p = 0.0093), Cur-CSCaCO3NP 50 (225.6 ± 32.08, p = 0.0209) and
Cur-CSCaCO3NP 100 (222.2 ± 28.32, p = 0.0180) when compared
to the Cur 100 group of rats (376.6 ± 46.04). Conversely, a
significant increase in TP was observed in the control group
(74.64 ± 3.34, p = 0.0049) and Cur-CSCaCO3NP 100 groups of rats
(70.92 ± 2.14, p = 0.0184) when compared to the Cur 100 group of
rats (51.66 ± 3.29, p = ). No statistically significant differences were
observed in the levels of AST, ALP, ALB and globulin among all the
treatment groups when compared to their respective control
groups of rats.
3.5. Effect of lead on leukogram in rats

Unpaired independent t-test was used to evaluate the effect of
lead on leukogram in rats. The results showed a significant eleva-
tion of all the leukogram parameters of lead-induced rats when
compared to their respective control groups of rats as follows:
Fig. 4. Effects of Cur-CSCaCO3NP and curcumin on serum biochemical parameters
of lead-administered rats. Values were presented as mean ± SEM, n = 5. # P < 0.05 vs
Cur 100.
White blood cells (WBC) [LTG (16.34 ± 0.62)] when compared to
the control group (6.10 ± 0.61), p < 0.0001, neutrophils [LTG
(3.02 ± 0.06)] when compared to the control group (1.10 ± 0.26),
p < 0.0001, lymphocytes [LTG (8.46 ± 0.23)] when compared to
the control group (5.29 ± 1.09), p = 0.0217, monocytes [LTG
(0.35 ± 0.06)] when compared to the control group (0.09 ± 0.01),
p = 0.0016 and eosinophils [LTG (0.27 ± 0.06)] when compared to
the control group (0.084 ± 0.0051), p = 0.0134 (Fig. 5).

3.6. Effect of Cur-CSCaCO3NP on leukogram

One-way ANOVA was used to analyze the mean differences in
the leukogram parameters of the control group and lead treated
group of rats. Statistically significant differences were observed in
the neutrophil’s levels: [F (3, 16) = 4.243, p = 0.0219]. Tukey’s post
hoc revealed statistically significant decrease in the neutrophils
level of rats in the control group (1.11 ± 0.13) and Cur-CSCaCO3NP
100 groups of rats (1.19 ± 0.25), when compared to the Cur 100
(2.09 ± 0.092) groups of rats. No statistically significant difference
was observed in the level of neutrophils in the Cur-CSCaCO3NP 50
group when compared to the control groups of rats. Further, no sig-
nificant differences in the levels of WBC, lymphocytes, monocytes,
eosinophils among the mean of rats in all the treatment groups
when compared to their control groups of rats as shown in Fig. 6.

3.7. Effect of lead on hematological indices in rats

An independent t-test was used to analyze the mean differences
in the hematological parameters of the control group and lead trea-
ted group of rats (Fig. 7). The results showed statistical significant
decrease in the mean of the lead treated group when compared to
their control groups of rats as follows: Red blood cells (RBC) [LTG
(5.76 ± 0.38)] when compared to the control group (9.002 ± 0.32),
p = 0.0002, hemoglobin (Hb) [LTG (6.61 ± 0.35)] when
compared to the control group (10.66 ± 0.14), p < 0.0001, PCV
[LTG (32.20 ± 1.74)] when compared to the control group
(49.80 ± 1.53), p < 0.0001, MCV [LTG (50.56 ± 1.11)] when compared
to the control group (55.41 ± 1.17), p = 0.0165, MCH [LTG
(9.86 ± 0.52)] when compared to the control group (14.05 ± 0.22),
p < 0.0001 and MCHC [LTG (33.86 ± 1.86)] when compared to the
control group (19.15 ± 0.51), p < 0.0001. Further, a significant
increase in the volume of platelets (PLT) [LTG (984.4 ± 94.38)] when
compared to the control group (520.8 ± 171.0), p = 0.0450.

3.8. Effects of Cur-CSCaCO3NP on hemogram of lead-induced rats

To investigate the therapeutic effect of Cur-CSCaCO3NP and cur-
cumin on lead-administered rats, the volume of hematological
Fig. 5. Effect of lead on leukogram in rat’s blood after induction. Values were
presented as mean ± SEM, n = 5, *p < 0.05 vs control.



Fig. 6. Effect of Cur-CSCaCO3NP and curcumin on leukogram in the blood of lead-
administered rats. Values were presented as mean ± SEM, n = 5, # P < 0.05 vs Cur
100.

Fig. 7. Effects of lead on hematological values of rats after four weeks of induction.
Values were presented as mean ± SEM, n = 5. *P < 0.05 vs control.

Fig. 8. Effects of Cur-CSCaCO3NP and curcumin on hematological values of rats after
4 weeks of treatments. Values were presented as mean ± SEM, n = 5, *p < 0.05 vs
control, # P < 0.05 vs Cur 100.

Fig. 9. Effect of lead on superoxide dismutase (SOD) activities in the serum of rats
after 4 weeks of induction. Values were presented as mean ± SEM, n = 3. *p < 0.05 vs
control.

Fig. 10. Effect of Cur-CSCaCO3NP and curcumin on superoxide dismutase (SOD)
activities in the serum of lead-administered rats after 4 weeks of treatment. Values
were presented as mean ± SEM, n = 3. # p < 0.05 vs Cur 100.
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parameters in the rat’s blood were analyzed using ANOVA [RBC:
F (3, 16) = 4.870, p = 0.0136, Hb: F (3, 16) = 4.659, p = 0.0159] which
showed statistically significant differences among the rat groups.
Tukey’s post hoc revealed statistically significant increase in the
volume of rat’s RBC in the control group (9.25 ± 0.23, p = 0.0140)
and Cur-CSCaCO3NP 100 groups of rats (9.06 ± 0.15, p = 0.0333)
when compared to the Cur 100 (7.78 ± 0.45) groups of rats. Further,
a statistically significant increase was observed in the volume of
Hb of the control group of rats (10.59 ± 0.13, p = 0.0122) when
compared to the Cur 100 group of rats (8.678 ± 0.67). No statisti-
cally significant differences were observed in volumes of PLT,
PCV, MCV, MCH and MCHC in all the treatment groups when com-
pared to their control groups of rats (Fig. 8).

3.9. Effect of lead on SOD activities

The activity of SOD in the serum of the lead-administered rats
revealed statistically significant differences as shown by the
unpaired independent t-tests as follows; Serum [LTG (5.45 ± 1.14)
] and the control group of rats (18.62 ± 0.16), p = 0.0003. These
results showed that lead significantly decreased the SOD activity
in the serum of the rats when compared to the control (Fig. 9).

3.10. Effect of Cur-CSCaCO3NP on SOD activities

As shown in Fig. 10, the effect of Cur-CSCaCO3NP and free cur-
cumin on the SOD activities in the serum of lead-administered rats
revealed statistically significant differences among the rat groups
as shown by the one-way ANOVA [F (3, 8) = 6.395, p = 0.0161].
The Tukey’s post hoc showed statistically significant increase of
SOD activities in the serum of the control group (22.86 ± 0.16,
p = 0.0147) and the serum of Cur-CSCaCO3NP 100 groups of rats
(22.17 ± 0.93, p = 0.0381) when compared to Cur 100 (18.79 ± 0.87).
3.11. Effect of lead on MDA level

The ELISA results for MDA level in the serum of the lead-
administered rats revealed statistically significant differences
among the means of various rat groups as shown by the unpaired
independent t-tests as follows; Serum [LTG (25.53 ± 0.73)] and the
control groups of rats (14.06 ± 1.83), p = 0.0043. These results



Fig. 11. Effect of lead on malondialdehyde (MDA) levels in the serum of rats after
4 weeks of induction. Values were presented as mean ± SEM, n = 3. *P < 0.05 vs
control.

Fig. 12. Effect of Cur-CSCaCO3NP and curcumin on malondialdehyde (MDA) levels
in the serum of lead-administered rats after 4 weeks of treatment. Values were
presented as mean ± SEM, n = 3, # P < 0.05 vs Cur 100.
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showed that lead significantly increased the MDA levels in the
serum of the lead-induced rats when compared to their control
counterparts (Fig. 11).

3.12. Effect of Cur-CSCaCO3NP on MDA level

As shown in Fig. 12, based on the ELISA results, one-way ANOVA
revealed statistically significant differences of MDA levels in the
Fig. 13. Photomicrographs of liver section from rats treated with (A) Normal saline (c
hepatocytes (H) and array of radiating sinusoids (S) (scored as 0). (B) 50 mg/kg of lead (LT
(N), pyknotic nuclei, infiltration of inflammatory cells (star) and numerous activated ku
serum among all the groups of rats [F (3, 8) = 6.605, p = 0.0148].
The Tukey’s post hoc showed statistically significant decrease in
MDA levels of the serum of control (14.06 ± 1.82, P = 0.0156) and
the serum Cur-CSCaCO3NP 100 groups of rats (15.14 ± 2.64,
p = 0.0288), when compared to Cur 100 (23.79 ± 1.103).

3.13. Histopathology

3.13.1. Histological examination of the liver using H and E stain after
lead-induction

Histopathological examination of the liver section from control
rats revealed a normal hepatic architecture with well-defined cen-
tral vein and hepatocytes with clear cytoplasm and prominent
nucleus (Fig. 13A). However, liver sections from the LTG group of
rats revealed some abnormalities as shown in Table 3 and
Fig. 13B. Mann-Whitney U test showed significant differences
(p < 0.05) of lesions observed for activated kupffer cells, sign of
necrosis, fatty changes, karyolysis, pyknosis, karyorrhexis and
inflammation in LTG group when compared to the control group.

3.13.2. Histological examination of the liver using H and E stain after
treatment with Cur-CSCaCO3NP

Histopathological examination of the liver section from control
rats revealed a normal hepatic architecture (Fig. 14A). Although,
the liver section from the Cur 100 group of rats revealed significant
moderate changes in liver architecture and inflammations when
compared to the control (Fig. 14B), restored liver architecture with
no significant mild changes were observed in Cur-CSCaCO3NP 50
and Cur-CSCaCO3NP 100 groups of rats (Fig. 14C and 14D), when
compared to the control group. Kruskal-Wallis, test for the global
comparison between organ toxicity among groups was used. The
result showed statistically significant differences (p < 0.05) of
lesions observed for activated kupffer cells, sign of necrosis, fatty
changes and karyolysis in Cur 100 group when compared to the
control group. There was no statistically significant difference
observed in Cur-CSCaCO3NP 50 and Cur-CSCaCO3NP 100 groups
of rats when compared to the control (Table 4).

3.13.3. Histological examination of the kidney using H and E stain after
lead-induction

Kidney section from the control group revealed a normal renal
morphology consisting of a glomerulus and well-defined Bow-
man’s capsule with adjacent proximal and distal convoluted
ontrol) showing normal hepatic architecture with central vain (CV), surrounding
G) showing congestion of central vain (arrow), fatty changes, foci of hepatic necrosis
pffer cells (AKC) (scored as 3). (H and E, X 10, scale bar = 200 mm).



Table 3
Scoring results of lesion in the liver of control and lead-administered rats after
4 weeks of lead-induction.

Pathological parameters Control LTG Mann Whitney
U test
(p < value)

Activated Kupffer cells 0.4 ± 0.24 2.3 ± 0.2* 0.0079
Sign of necrosis 0.2 ± 0.2 2.5 ± 0.16* 0.0079
Vacuolation (fatty changes) 0.2 ± 0.2 2.6 ± 0.19* 0.0079
Inflammatory cell infiltration 0.2 ± 0.2 2.3 ± 0.26* 0.0079
Karyolysis 0.2 ± 0.2 2.3 ± 0.13* 0.0079
Pyknosis 0.2 ± 0.2 2.5 ± 0.16* 0.0079
Karyorrhexis 0.0 0.6 ± 0.24* 0.1667

The symbol * denotes the values were significantly different (p < 0.05) between
lead-administered and the control groups of rats. Values were presented as
mean ± SEM, n = 5.

1546 M.M. Mailafiya et al. / Saudi Journal of Biological Sciences 27 (2020) 1538–1552
tubules (Fig. 15A). The kidney section from the LTG group of rats
showed some marked abnormalities as shown in Fig. 15B. Mann-
Whitney U test showed significant differences (p < 0.05) of lesions
observed for sign of necrosis, tubular dilatation, inflammatory cell,
eosinophilic cytoplasm, atrophy of glomerulus and fatty degenera-
tion in LTG group when compared to the control group (Table 5).
3.13.4. Histological examination of the kidney using H and e stain after
treatment with Cur-CSCaCO3NP

The light microscopy examination of the kidney section from
control rats revealed a normal renal morphology (Fig. 16A).
Although, the kidney section from the Cur 100 group of rats
showed moderate congested hypercellular when compared to the
control (Fig. 16B). Restored renal morphology with very mild
Fig. 14. Photomicrographs of liver section from rats treated with (A) Normal saline (cont
100) showing foci of hepatic necrosis (N) and infiltration of inflammatory cells (yellow arr
Cur-CSCaCO3NP (Cur-CSCaCO3NP 100) showing marked improved liver architecture and r
E, X10, scale bar = 200 mm).
changes were observed in Cur-CSCaCO3NP 50 and Cur-
CSCaCO3NP 100 groups of rats (Fig. 16C and 16D), when compared
to the control group. Kruskal-Wallis, test for the global comparison
between organ toxicity among rats’ groups was used. The result
showed significant differences (p < 0.05) in lesions observed for
sign of necrosis and fatty degeneration in Cur 100 group when
compared to the control group. There was no statistically signifi-
cant difference observed in Cur-CSCaCO3NP 50 and Cur-
CSCaCO3NP 100 groups of rats when compared to the control
(Table 6).
4. Discussion

The present study showed that lead induction in rats for four
weeks revealed marked increased in the weight of the liver and
kidney. Consequently, alterations of hematological parameters,
oxidative stress and marked histopathological tissue abnormalities
were observed in the rats’ liver and kidneys. Similarly, lead
induced pathological conditions related to redox homeostasis
imbalance (Seddik et al., 2010), hematological alterations (Yu
et al., 2004; Alwaleedi, 2016; Rehman et al., 2018), hepatic and
renal dysfunctions (Amjad et al., 2013; Andjelkovic et al., 2019)
were previously reported. However, in this study treatment with
free curcumin to some extent reversed the aforementioned toxic
insults induced by lead in the rats although, better ameliorative
effects were observed with Cur-CSCaCO3NP (50 mg/kg and
100 mg/kg). Further, significant ameliorations were best observed
at higher dose of 100 mg/kg (Cur-CSCaCO3NP 100) treatment than
free curcumin against lead induced hepato-renal toxicity. This
might be related to Cur-CSCaCO3NP enhanced therapeutic efficacy
than free curcumin which could be attributed to the nanoparticle’s
rol) showing normal liver architecture (scored as 0). (B) 100 mg/kg of curcumin (Cur
owhead). (C) 50 mg/kg of Cur-CSCaCO3NP (Cur-CSCaCO3NP 50) and (D) 100 mg/kg of
estoration of normal hepatocytes morphology and central vain (green arrow). (H and



Table 4
Scoring results of lesion in the liver of control and all the treated groups of rats after 4 weeks of treatment with curcumin and Cur-CSCaCO3NP using Kruskal Wallis test for global
comparison of organ lesions among all groups.

Pathological parameters Control Cur 100 Cur-CSCaCO3NP 50 Cur-CSCaCO3NP 100 Asymptomatic significant (p < value)

Activated Kupffer cells 0.4 ± 0.24 1.3 ± 0.12* 1.2 ± 0.12 1.1 + 0.1 0.0334
Necrosis 0.2 ± 0.2 1.4 ± 0.19* 1.2 ± 0.12 1.1 ± 0.1 0.0128
Vaculation (fatty changes) 0.4 ± 0.24 1.6 ± 0.19* 1.3 ± 0.2 1.1 ± 0.1 0.0159
Inflammatory cell infiltration 0.0 0.9 ± 0.24 0.8 ± 0.2 0.5 ± 0.32 0.0694
Karyolysis 0.2 ± 0.2 1.2 ± 0.2* 0.9 ± 0.1 0.6 ± 0.24 0.0303
Pyknosis 0.2 ± 0.2 1.1 ± 0.1 0.7 ± 0.3 0.6 ± 0.24 0.0965
Karyorrhexis 0.0 0.4 ± 0.24 0.3 ± 0.3 0.2 ± 0.2 0.5401

The symbol * denotes the values were significantly different (p < 0.05) between all the treated groups and the control group. Values were presented as mean ± SEM, n = 5.

Fig. 15. Photomicrographs of kidney sections from rats treated with (A) Normal saline (control) showing normal histo-architecture with glomerulus (green arrow), proximal
convoluted tubules (PCT) and distal convoluted tubules (DCT) (scored as 0). (B) 50 mg/kg of lead (LTG) showing congested hypercellular glomerulus (yellow arrow), prominent
cytoplasmic vacuolation (fatty degeneration), cellular necrosis (black star) and glomerular atrophy, tubular dilatation (yellow arrowhead) and collapsed tubular tuft (yellow
star) (scored as 3). (H and E, X40, scale bar = 50 mm).

Table 5
Scoring results of lesion in the kidney of control and lead-administered rats after
4 weeks of lead-induction.

Pathological parameters Control LTG Mann Whitney
U test
(p < value)

Sign of Necrosis 0.1 ± 0.1 2.2 ± 0.12* 0.0079
Tubular dilatation 0.1 ± 0.1 1.9 ± 0.1* 0.0079
Inflammatory cell 0.1 ± 0.1 2.1 ± 0.33* 0.0079
Eosinophilic cytoplasm 0.3 ± 0.2 1.8 ± 0.37* 0.0238
Atrophy of glomerulus 0.2 ± 0.2 1.8 ± 0.26* 0.0159
Fatty degeneration 0.1 ± 0.1 2.8 ± 0.12* 0.0079

The symbol *denotes the values were significantly different (p < 0.05) between lead-
administered group and the control group. Values were presented as mean ± SEM,
n = 5.
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ability to promote sustained and controlled drug release, enhanced
cellular uptake and increased (5–9 fold) oral bioavailability in the
body as stated by previous studies (Shaikh et al., 2009; Wang
et al., 2012; Sankar et al., 2013).

In the current study, significant increase in the weights of lead
administered rats’ liver and kidneys were as a result of the tissue
necrosis accompanied by fat depositions on the liver and kidney
tissues causing an abnormal organ enlargement as further sup-
ported by this study’s histopathology results. Fatty accumulations,
kidney and liver enlargement in lead-induced toxicity were
reported in previous literatures (Khan et al., 2008; Abdel Moneim
et al., 2011; Yuan et al., 2014; Sun et al., 2017). However, treatment
with free curcumin and Cur-CSCaCO3NP showed restoration of nor-
mal organ weights due to the healing effect. Further, better healing
effects were observed in the liver and kidneys of rats treated with
high dose of Cur-CSCaCO3NP. Similar results were also reported in
the previous studies (El-Demerdash et al., 2009; Sankar et al.,
2013; Salama et al., 2013; Soliman et al., 2015; Salahshoor et al.,
2016; Marslin et al., 2018).

It is worthy to note that AST and ALT are key enzymes for sev-
eral metabolic pathways present in the hepatic cells, which are
widely used in the assessment of liver function. AST can be
detected both in mitochondria and cytoplasm of cell while ALT is
found only in the cytoplasm (Alwaleedi, 2015). This study indi-
cated that lead-induced rats showed significant increase in the
activities of ALP, AST, GGT, ALP and LDH, which are all signs of hep-
atic dysfunction and oxidative damage in the liver. This elevation
observed in the enzymes activities is possibly due to cell fluidity
and content leakage as a result of high metabolic rate and destruc-
tive alterations such as oxidative damage of hepatocytes as
described by Omotoso et al. (2015) and Offor et al. (2017). The
findings also concurred with the works of Ibrahim et al. (2012)
and Offor et al. (2017) who reported the hepatotoxic effect of lead
on liver hepatocytes resulting to an increase in the activities of AST
and ALT disruption. In addition, Shalan et al. (2005), Salahshoor
et al. (2016) and Alwaleedi, (2016) observed an increase in the
serum level of GGT, ALP and LDH in lead intoxicated rats. The resul-
tant decrease in albumin, globulin and TP observed in the current
work, were in accordance with work of Lakshmi et al. (2013) and
Saeed et al. (2017), who reported a significant reduction in the
total protein, globulin and albumin in occupational lead exposed



Fig. 16. Photomicrographs of kidney section from rats treated with (A) Normal saline (control) showing normal kidney architecture (scored as 0). (B) 100 mg/kg of curcumin
(Cur 100) showing moderate congestion of glomerulus with inflammatory cells (green arrowhead) and glomerular atrophy (yellow star). (C) 50 mg/kg of Cur-CSCaCO3NP (Cur-
CSCaCO3NP 50) and (D) 100 mg/kg of Cur-CSCaCO3NP (Cur-CSCaCO3NP 100) showing marked improved glomerular morphology and restoration of normal proximal and
distal tubular architecture. (green arrow). (H and E, X40, scale bar = 50 mm).

Table 6
Scoring results of lesion in the kidney of control and all the treated groups of rats after 4 weeks of treatment with curcumin and Cur-CSCaCO3NP using Kruskal Wallis test for
global comparison of organ lesions.

Pathological parameters Control Cur 100 Cur-CSCaCO3NP 50 Cur-CSCaCO3NP 100 Asymptomatic significant (p < 0.05)

Necrosis 0.1 ± 0.1 1.1 ± 0.1* 1.8 ± 0.12 0.7 ± 0.2 0.0077
Tubular dilatation 1 ± 0.31 1.6 ± 0.1 1.2 ± 0.12 1.1 ± 0.1 0.7071
Inflammatory cell 0.1 ± 0.1 0.8 ± 0.26 0.4 ± 0.19 0.2 ± 0.12 0.1118
Eosinophilic cytoplasm 0.3 ± 0.2 1 ± 0.16 0.8 ± 0.12 0.6 ± 0.1 0.0573
Atrophy of glomerulus 0.2 ± 0.1 1.1 ± 0.29 0.8 ± 0.26 0.5 ± 0.16 0.0677
Fatty degeneration 0.1 ± 0.1 1 ± 0.16* 0.8 ± 0.16 0.5 ± 0.6 0.0126

The symbol * denotes the values were significantly different (p < 0.05) among all the treated groups and the control group. Values were presented as mean ± SEM, n = 5.
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workers. Shalan et al. (2005) attributed these reductions to hepatic
cell destruction due to lead intoxication. In the case of kidney func-
tion, the increase in the serum levels of blood creatinine and urea
were also observed in this study, indicating a functional evidence
of lead induced renal dysfunction. This is in accordance with previ-
ous literatures that reported increased levels of creatinine and
urea, which are functional evidence of lead-induced nephrotoxicity
(Missoun et al., 2010; Offor et al., 2017). However, administration
of curcumin and Cur-CSCaCO3NP in this study reversed the afore-
mentioned alterations. These findings are in accordance with the
previous literatures (Pari and Amali, 2005; Yousef et al., 2008; Al
Kahtani et al., 2014; Abdel-Moneim et al., 2015; Abdel-Wahhab
et al., 2016; Kushwaha et al., 2018).

This study revealed a significant decrease in RBC and hemoglo-
bin in the blood of lead induced-rats which could be attributed to
the lead toxic insults. Further, it might be due to the ability of lead
to alter the cell metabolic activities, thereby destructing the cal-
cium influx and causing possible inhibition of some enzymatic
activities, which are useful in heme biosynthesis as reported by
Alwaleedi, (2015) and Andjelkovic et al. (2019). Thus, lead could
possibly bind to RBCs to irritate the cell membrane resulting to
RBCs destruction (Varnai et al., 2004; Alwaleedi, 2016; Gani
et al., 2017). In addition, the current study showed an increased
level of total bilirubin. This could be due to lead-induced heme cat-
abolism thus, possibly enhanced the activity of heme oxygenase in
conversion of heme to bilirubin as reported by Offor et al. (2017).
In addition, these findings are in agreement with the work of
Suradkar et al. (2009), who reported acute disruption in the
biosynthesis of heme due to the ability of lead to obstruct the
activities of cytoplasmic and mitochondrial enzymes. Lead was
reported to counteract the effect of some enzymes responsible
for the production of Hb thereby decreasing erythrocytes life span
(Ibrahim et al., 2012; Velaga et al., 2014). In this study, an
increased number of RBC and hemoglobin with a resultant
decreased level of total bilirubin was observed in rats administered
with curcumin and Cur-CSCaCO3NP, although, a better therapeutic
effect was observed with Cur-CSCaCO3NP treatment. Previous
studies have reported similar findings and attributed it to anti-
inflammatory and therapeutic properties of curcumin on hemato-
logical parameters (Motterlini et al., 2000; Yousef et al., 2008;
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Abdel-Moneim et al., 2015; Hossen et al., 2017; Hussain et al.,
2017).

The current study revealed significant decrease in PCV, MCV,
MCH and MCHC in lead administered rats. These alterations could
be due to the cellular disruption caused by the toxic effect of lead.
Similar findings were seen in the work of Andjelkovic et al. (2019)
who reported the concordant hematological alterations resulting
to acute normocytic normochromic anemia attributed to lead-
induced oxidative stress. The resultant increase in WBC, platelets,
neutrophils, lymphocytes and eosinophils observed in this study,
could be as a result of the lead-induced inflammations, which is in
line with the work of other authors (Ibrahim et al., 2012; Fosu-
Mensah et al., 2017; Andjelkovic et al., 2019). However, a decrease
in PCV, MCV, MCH and MCHC with a resultant increase in the
WBC, platelets, neutrophils, lymphocytes and eosinophils were
observed in rats administered with curcumin and Cur-CSCaCO3NP.
Further, Cur-CSCaCO3NP demonstrated a better therapeutic effect
compared to free curcumin. This reversal could be attributed to
anti-inflammatory and immune-modulatory properties of cur-
cumin as documented in previous literatures (Soliman et al., 2015;
Hossen et al., 2017; Hussain et al., 2017; Saeed et al., 2017).

Oxidative stress occurs when there is an imbalance homeostasis
between free radicals and the ability of the biological system to
readily detoxify the highly generated intermediate reactive species
which could lead to general tissue damage (Patra et al., 2011). Lead
causes oxidative stress via two different pathways operative simul-
taneously; Initial generation of ROS then the depletion of the sys-
tem’s antioxidant reserves (Patrick, 2006). These generated ROS
causes series of cell damages via different mechanisms due to
Fig. 17. Proposed mechanism of lead-induced hepato-renal toxicity and the ameliorati
carbonate nanoparticles (Cur-CSCaCO3NP).
the resulted redox imbalance which in turn produces series of
harmful effects to functional organs such as liver and kidneys
(Soliman et al., 2015). In the present study, significant decrease
in the SOD activities and increase in the MDA levels in the lead-
induced rats’ serum were observed. These findings suggested that
toxic effect of lead resulted to oxidative stress which concurs with
previous literatures (Farooq et al., 2013; Lakshmi et al., 2013;
Nadia, 2013; Andjelkovic et al., 2019). It is worthy to note that
active body antioxidants such as SOD plays an important role in
nullifying the generated ROS (Flora et al., 2012). Curcumin operates
primarily via antioxidant mechanism to alleviate oxidative stress
biomarkers by enhancing the activities of antioxidant enzymes
such as SOD, GSH and CAT (Sahebkar et al., 2015; Liu et al.,
2016). In this study, treatment with Cur-CSCaCO3NP significantly
increased the activities of SOD and conversely decreased the
MDA levels when compared to free curcumin treatment. Although,
antioxidant effect that resulted to these reversals was better
observed in high dose of Cur-CSCaCO3NP treatment. These findings
are in accordance with the work the previous works on both
antioxidant effect of free curcumin and nanoconjugated curcumin
(Yadav et al., 2012; Flora et al., 2013; Sankar et al., 2013; Ansar
et al., 2019).

In the present study, the light microscopic analysis of the liver
revealed histological alterations characterized by congested cen-
tral vein with cellular infiltrations, fatty changes and necrotic hep-
atocytes. The lesion scoring revealed significant increase in
multiple pathological parameters observed when compared to
the control. These histopathological changes could be attributed
to the ability of lead to induce oxidative stress as observed in the
ve effects of Cur-CSCaCO3NP. Note: curcumin-loaded cockle shell derived calcium
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current study and inflammations, lipid peroxidation and oxidative
stress as reported in previous literatures (Sharma et al., 2009;
Omotoso et al., 2015). In addition, the renal microscopic examina-
tion in the current study showed glomerular atrophy, collapsed
tubular tuft and fatty degenerations. The lesion scoring method
revealed significant increase in multiple pathological parameters
observed when compared to the control. This renal histopatholog-
ical alterations observed are similar with the findings of previous
studies (Massanyi et al., 2007; Nisar et al., 2011; Yuan et al.,
2014). Consequently, these morphological alterations observed in
both liver and kidney in this study could be due to the toxic insults
of lead resulting to hepato-renal damages. In this study, liver and
kidney sections of rats that were administered free curcumin
showed a mild change in liver and kidney architecture compared
to LTG groups of rats. In addition, it is worthy to know that there
were no obvious changes observed in the liver and kidney sections
of rats treated with Cur-CSCaCO3NP irrespective of the dose given
when compared to their respective control groups. This indicates a
better efficacy of Cur-CSCaCO3NP as compared to free curcumin.
Findings from this study are in accordance with previous studies
that reported the beneficial effect of free curcumin with enhanced
therapeutic effect of different nanoconjugated curcumin in hepato-
renal injury (Ghoniem et al., 2012; Gao et al., 2013; Abdel-Wahhab
et al., 2016; Maithilikarpagaselvi et al., 2016; Marslin et al., 2018;
Ansar et al., 2019; Li et al., 2019).
5. Conclusion

This study has proven that the administration of lead in rats for
four weeks can induce oxidative stress, hematological alterations,
histopathological aberrations as well as failure in the liver and kid-
ney functions (Fig. 17). However, treatment with free curcumin
and Cur-CSCaCO3NP demonstrated some therapeutic effects by
reversing the aforementioned conditions as demonstrated in
Fig. 17. Although the rats treated with free curcumin showed some
ameliorative effects, Cur-CSCaCO3NP treatment demonstrated
enhanced/better ameliorative effects through significant improve-
ments on the histopathological aberrations, hematological param-
eters, increased SOD activities and decreased MDA levels, when
compared to free curcumin treatment. Interestingly, Cur-
CSCaCO3NP at high dose displayed a greater efficacy for the treat-
ment of lead-induced hepato-renal toxicity when compared to its
equivalent free curcumin dose. Noteworthy, to some extent this
study also revealed a better therapeutic efficacy of Cur-
CSCaCO3NP at a lower dose when compared to high dose of free
curcumin. Thus, it can be concluded that CSCaCO3NP can be appli-
cable for targeted delivery of curcumin (antioxidant) for the oral
treatment of lead-induced hepato-renal toxicity. In addition, the
idea on the use of cockle shells as a source of calcium carbonate
nanoparticle may help in a significant reduction of abundant waste
materials generated thereby improving and promoting environ-
mental waste recycling. Although, this study investigated SOD
activities and MDA levels on lead-induced hepato-renal toxicity
in rats to assess the antioxidant effects of Cur-CSCaCO3NP, further
studies should be carried out to decipher the antioxidant effects of
Cur-CSCaCO3NP on other oxidative stress biomarkers such as GSH,
glutathione reductase, glutathione peroxidase and catalase. This
might provide additional clue on the mechanism behind the
antioxidant effect of Cur-CSCaCO3NP.
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