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Abstract Lead (Pb2+) toxicity is the most common form
of heavy metal intoxication in humans and animals.
Therefore, the current study was conducted to evaluate
the potential ameliorative effects of curcumin on lead
acetate (LA)-induced deleterious effects in the liver and
kidney. Forty male Wistar rats were divided into four
equal groups; first group was used as a control and given
both corn oil orally and vehicle of lead acetate intraper-
itoneally (i.p). Groups from 2–4 were treated with lead
acetate (LA; 50 mg/kg BW i.p), curcumin (200 mg/kg
BW orally), and curcumin plus lead acetate, respectively.
Curcumin was administered 3 weeks before LA injection
for 7 days. Pb2+-intoxicated rats have higher Pb2+ levels
compared to other treated groups. Results revealed that
lead acetate significantly increased the serum levels of

hepatic transaminases (GPT and GOT), urea and creati-
nine, while albumin was significantly decreased. In par-
allel, serum IgG, IgM, and IgA were significantly de-
creased in LA-injected rats. LA groups showed decrease
in messenger RNA (mRNA) expression of catalase,
SOD, GST, GPx, and alpha-1 acid glycoprotein (AGP),
while the gene expression of desmin, vimentin,
transforming growth factor-β1 (TGF-β1), monocyte
chemoattractant protein-1 (MCP-1), and alpha-2 macro-
globulin (α-2M) was increased. Prior and coadministra-
tion of curcumin with LA for 7 days significantly im-
proved the ameliorated changes in liver and kidney, im-
munoglobulins, and mRNA expression. Moreover,
curcumin ameliorated LA-induced congestion of hepatic
and renal blood vessels and decreased fibrous tissue pro-
liferation and necrosis of hepatocytes. In the kidney, LA-
induced degeneration in tubular epithelium and
intraluminal hyaline casts and prior curcumin administra-
tion restored normal renal structure with mild congestion
of renal blood vessels. The results clarify the potential of
curcumin to counteract the immunosuppressive alteration
in gene expression as well as hepatic and renal damage
occurred after Pb2+ intoxication.
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Introduction

Lead (Pb2+) is known to be a heavy metal and potential
environmental pollutant that induces toxicity for most of
body organs [1]. The resistance to corrosion and low
melting point of Pb2+ is the cause for its wide usage.
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The importance of Pb2+ toxicity comes from its wide
dispersion in ambient air, foods, drinking water, and con-
sumption of vast quantities of lead as an antiknock agent
in gasoline [1]. Several reports showed that Pb2+ caused
many forms of illness to human organs [2].

It was reported that Pb2+ increased the level of lipid
peroxidation and inhibited the activity of antioxidants,
including glutathione-S-transferase (GST) and peroxidase
(GPx), catalase, and superoxide dismutase (SOD) [2].
Generation of reactive oxygen species (ROS), and lipid
peroxidation and depletion of antioxidant are the major
contributors to Pb2+ exposure-related diseases [3]. The
oxidative stress is a consequence of imbalance between
oxidants and antioxidant enzymes [3]. Pb2+ is reported to
cause oxidative stress by generating the release of ROS
[4].

The absorbed Pb2+ is conjugated in the liver and
passed to the kidney. Small quantity of Pb2+ is excreted
in urine, and the rest accumulated in various body organs
[5]. In chronic intoxication, the kidney and bone are the
primary site for the accumulation of Pb2+ and the most
critical organ that concentrates toxic substances in
humans and animals, because of its highly specialized
cells and large blood flow [6].

Curcumin (CUR) is an important natural compound,
widely used in traditional diets and herbal medicine.
Curcumin has various functions among which is antican-
cer, anti-inflammatory, antimicrobial, antiviral, antifungal,
and antioxidant activity [7]. Curcumin has oxygen-free
radical scavenger effects. It increases intracellular gluta-
thione concentration, thereby protects lipid peroxidation,
and reduces oxidative tissue damage [8]. Curcumin is safe
without side effects and with pleiotropic functions [9]. It
inhibits the generation of ROS [10]. Curcumin counters
the toxicity induced by chemical carcinogens, as it in-
duces the activity of detoxifying enzymes [11]. The po-
tential molecular protective effects of curcumin on lead
acetate-induced hepatotoxicity and nephrotoxicity have
not been explored well. Therefore, the purpose of this
study was to explore the protective effect of curcumin
against lead acetate-induced changes in immunoglobulins,
antioxidants, acute phase proteins, cytokines, podocytes
integrity, and hepatorenal histopathological changes at
cellular and molecular level.

Materials and Methods

Materials

Lead acetate, ethidium bromide, and agarose were pur-
chased from Sigma-Aldrich (St. Louis, MO, USA).
Curcumin was bought from local markets in Taif area,

Saudi Arabia. The male Wistar rats were purchased from
King Fahd center for Scientific Research, King Abdel-
Aziz University, Jeddah, Saudi Arabia. Serologic kits for
glutamate pyruvate transaminase (GPT), glutamate oxal-
acetate transaminase (GOT), albumin, urea, and creati-
nine were purchased from Bio-diagnostic Co., Dokki,
Giza, Egypt. The deoxyribonucleic acid (DNA) ladder
was purchased from MBI, Fermentas, Thermo Fisher Sci-
entific, USA. Qiazol for RNA extraction and oligo dT
primer was purchased from QIAGEN (Valencia, CA,
USA).

Animals and Experimental Design

All animal procedures were approved by the Ethical
Committee Office of the scientific dean of Taif Univer-
sity, Saudi Arabia. Forty male Wistar rats, 3 months old
(250–280 g) were used for this study. For acclimatiza-
tion, animals were kept under observation for 2 weeks
before the onset of the experiment. The animals were
kept at 12:12-h light–dark cycle and gained free access
to food and water. Healthy rats were randomly divided
into four groups as follows: Control group served as
negative control and received corn oil orally and intra-
peritoneal injections (i.p; 1 mL/kg BW) of vehicle
(120 mM NaCl, 10 mM phosphate buffer, pH 7.4).
Lead acetate (LA) group injected i.p with LA in a dose
of 50 mg/kg for 7 days. LA suspensions were prepared
in 120 mM NaCl, 10 mM phosphate buffer, pH 7.4.
Curcumin group (CUR) received curcumin dissolved
in corn oil orally in a dose of 200 mg/kg BW for
4 weeks. Curcumin plus lead acetate group (CUR+
LA) received curcumin orally for 3 weeks, and in the
fourth week, curcumin was given 1 h before LA injec-
tion. To assess the short-term exposure to LA, the an-
imals received their treatments for seven consecutive
days. The dose of LA was determined based on other
studies [9, 10, 12], while curcumin dose was deter-
mined based on another study [13]. The administrated
doses of lead and curcumin were determined by other
studies [9, 10, 12, 13] and are safe and enough to induce
alteration without animals death based on reported stud-
ies. Twenty-four hours after administration of treatments,
all animals were sacrificed after anesthetization by
diethyl ether inhalation. Tissues from the liver and kid-
ney were collected from slaughtered rats. Serum was
extracted after blood centrifugation for 10 min at
5000 rpm. For gene expression, liver and kidney tissues
were preserved in Qiazol reagent at −80 °C for ribonu-
cleic acid (RNA) extraction and in 10 % neutral buffered
formalin (NBF) at room temperature for 24 h for histo-
pathological examination.
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Serum Biochemical Measurements

Serum levels of GPT, GOT, albumin, creatinine, and urea
were measured spectrophotometrically using specific com-
mercial kits (Bio-diagnostic Co., Dokki, Giza, Egypt) and
assayed according to the manufacturer’s instruction manual.

Pb2+, IgG, IgM, and IgA Determinations

Blood lead levels were determined by atomic absorption spec-
trophotometry at Al-Asafara Laboratories Alexandria, Egypt.
IgG, IgM, and IgAwere measured on serum from rats using a
radial immunodiffusion (RID) assay bought from Clini Lab,
Al-Manial, Cairo, Egypt.

RNA Extraction, Complementary Deoxyribonucleic Acid
Synthesis and Semiquantitative RT-PCR Analysis

Total RNA was extracted from liver and kidney (100 mg)
of experimental rats. Samples were homogenized using
homogenizer, and RNA was extracted using chloroform-
isopropanol-alcohol method as previously described [14].
The RNA pellets were washed with 70 % ethanol then
dried up. The pellet was dissolved in diethylpyrocarbonate
(DEPC) water. RNA concentration was determined

spectrophotometrically at 260 nm. The RNA integrity
was confirmed in 1.5 % denaturated agarose gel stained
with ethidium bromide. RNA samples with ration between
1.7 and 1.9 were used for reverse transcription. A mixture
of 2 μg of total RNA and 0.5 ng oligo dT primer (Qiagen
Valencia, CA, USA) in a total volume of 11 μL sterilized
DEPC water was incubated in the Bio-Rad T100™ Ther-
mal cycle at 65 °C for 10 min for denaturation. Then, 2 μL
of ×10 RT buffer, 2 μL of 10 mM dNTPs, and 100 U
Moloney Murine Leukemia Virus (M-MuLV) Reverse
Transcriptase (SibEnzyme. Ak, Novosibirsk, Russia) were
added, and the total volume was completed up to 20 μL by
DEPC water. The mixture was then re-incubated in Bio-
Rad thermal cycle at 37 °C for 1 h and at 90 °C for 10 min
for enzyme inactivatation. For semiquantitative RT-PCR
analysis, specific primers as reported in Table 1 were de-
signed using Oligo-4 computer program and synthesized
by Macrogen Company, GAsa-dong, Geumcheon-gu, Ko-
rea. PCR reaction was carried out in a total volume of
25 μL, consisting of 1 μL cDNA, 1 μL of 10 pM forward,
and reverse primer, and 12.5 μL PCR Master Mix
(Promega Corporation, Madison, WI, USA), and the vol-
ume was adjusted to 25 μL using sterilized deionized wa-
ter. PCR cycles were initial denaturation at 94 °C for 5 min
one cycle, followed by variable cycles. Each cycle consists

Table 1 PCR conditions for rat antioxidants, intermediate filament proteins, cytokines, and acute phase proteins genes

Examined genes Product size (bp) Annealing temp. (°C) Number of cycles Direction Primer sequence (5′-3′)

Desmin 398 54 35 Sense TCACAATCACCTCTTTGTGGTC

Antisense CAGCACCTTCCAGTTCTCTCTT

Vimentin 444 55 35 Sense GAGTCAAACGAATACCGGAGAC

Antisense GTGGTGCTGAGAAGTCTCATTG

GPx 406 57 30 Sense AAGGTGCTGCTCATTGAGAATG

Antisense CGTCTGGACCTACCAGGAACTT

GST 575 55 30 Sense GCTGGAGTGGAGTTTGAAGAA

Antisense GTCCTGACCACGTCAACATAG

SOD 410 55 29 Sense AGGATTAACTGAAGGCGAGCAT

Antisense TCTACAGTTAGCAGGCCAGCAG

Catalase 652 55.5 31 Sense GCGAATGGAGAGGCAGTGTAC

Antisense GAGTGACGTTGTCTTCATTAGCACTG

α-2 Macroglobulin 230 57 32 Sense GCTCCTGTCTGTTTCCTTAGTT

Antisense ATTGGCCTTTCGTGGTTTAG

α1-Acid glycoprotein 325 55 32 Sense GCTCCTGTCTGTTTCCTTAGTT

Antisense GGCTTTTTGTTGTTTGCTTCTATTTC

TGF-β1 456 60 35 Sense TGAGTGGCTGTCTTTTGACG

Antisense TGGTTGTAGAGGGCAAGGAC

MCP-1 525 58 33 Sense CAGGTCTCTGTCACGCTTCT

Antisense AGTATTCATGGAAGGGAATAG

GAPDH 309 52 25 Sense AGATCCACAACGGATACATT

Antisense TCCCTCAAGATTGTCAGCAA
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of denaturation at 94 °C for 1 min, variable annealing tem-
perature for each gene as shown in Table 1 and extension at
72 °C for 1 min, ended with final extension at 72 °C for
7 min. The expression of glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH) messenger RNA (mRNA) was
used as a reference for densitometric analysis. PCR prod-
ucts were visualized under UV light and photographed
using gel documentation system. PCR products were run
on DNA electrophoresis set with 1.5 % agarose gel (Bio
Basic, Markham, ON, Canada) stained with ethidium bro-
mide in Tris-Borate-EDTA (TBE) buffer. The intensity of
bands of genes for five different rats per group was quan-
tified densitometrically using ImageJ software version 1.47
(http://imagej.en.softonic.com/).

Histopathological Examination

The liver and kidney of male Wistar rats were collected at the
end of experiment from tested groups. The samples were
sliced and fixed in Bouin’s solution, dehydrated in ascending
grades of alcohols, cleared in xylene, and embedded in paraf-
fin. The samples were casted, then sliced into 5 μm in thick-
ness, and placed onto glass slides. The slides were stained
with hematoxylin and eosin stains [15]. In Masson’s
Trichrome method, the liver and kidney were deparaffinized
and rehydrated through descending series of alcohols and then
stained in Biebrich scarlet-acid fuchsin solution. Then, sec-
tions were differentiated in phosphomolybdic–phosphotung-
stic acid solution. Sections were transferred directly to aniline
blue solution and differentiated in 1 % acetic acid solution,
dehydrated very quickly through ascending series of alcohols,
cleared in xylene, and mounted with resinous mounting me-
dium [16].

Statistical Analysis

Results are expressed as means±standard error of means
(SEM). Data were analyzed using analysis of variance
(ANOVA) and post hoc descriptive tests by SPSS software
version 11.5 for Windows (SPSS, IBM, Chicago, IL, USA)
with P<0.05 regarded as statistically significant. Regression
analysis was performed using the same software.

Results

Serum Changes in Pb2+ Levels

Pb2+wasmeasured after i.p injection of lead acetate for 7 days.
Pb2+ was low in control and curcumin-administered rats. The
Pb2+ levels were 4.3±0.5 and 3.8±0.4 μg/dL, respectively. In
lead acetate-injected rats, the Pb2+ levels were increased sig-
nificantly (P<0.05) to 55±2.1 μg/dL. Prior administration of

curcumin for 3 weeks decreased significantly (20±1.1 μg/dL)
the increase in Pb2+ levels reported in LA-injected rats.

Liver and Kidney Biomarkers

Serum levels of GPT and GOT were not changed in control
and curcumin-administered rats (Table 2). Pb2+ injection in-
duced twofold increase in GPT and GOT levels. Prior admin-
istration of curcumin ameliorated the reported increase in liver
biomarkers (GPT and GOT) seen in LA-intoxicated rats. Al-
bumin levels were decreased after LA injection, and prior
curcumin administration prevented the decrease in albumin
levels. Kidney biomarkers represented by urea and creatinine
were increased after LA intoxication and prior curcumin ad-
ministration normalized such increase when given with LA
(Table 2).

IgG, IgA, and IgM Levels

The changes in IgG, IgA, and IgM are shown in Table 3. As
seen, there is an overall decrease in serum levels of IgG, IgA,
and IgM after injection of LA for 7 days. Prior administration
of curcumin to LA-intoxicated rats inhibited the decrease in
immunoglobulins levels. There was no significant difference
between the control group and curcumin-administered rats
(Table 3).

Table 2 Protective effect of curcumin on lead acetate induced changes
in serum levels of liver and kidney function biomarkers in Wistar rats

Control CUR Pb CUR + Pb

GOT (U/L) 45±8 43.7±9.6 89±9.1* 47.7±6.5#

GPT(U/L) 51.3±3.9 52.7±5.01 94±7.2* 58±4.9#

Albumin (g/dL) 5.2±0.6 6.1±0.7 2.8±0.2* 4.9±0.1#

Urea (mg/dL) 45.6±5.8 46.3±6.3 80.0±10.5* 48.0±8.0#

Creatinine (mg/dL) 0.9±5.8 1.0±0.3 2.4±0.5* 0.9±.08 #

Values are means±standard error (SEM) for three independent experi-
ments per each treatment. Values are statistically significant at *p<0.05
vs. control and #p<0.05 vs. lead acetate group

Table 3 Protective effect of curcumin on lead acetate-induced changes
in serum immunoglobulin levels in Wistar rats

Control CUR Pb CUR+Pb

IgA (mg/dL) 39.6±2.9 44±3.1 25.7±2.1* 35.6±3.4#

IgG (mg/L) 465±30.1 475±25.1 386±29.4* 474.9±22.6#

IgM (mg/dL) 20.6±2.9 22.4±4.1 14.1±1.1* 19.6±1.2#

Values are means±standard error (SEM) three independent experiments
per each treatment. Values are statistically significant at *p<0.05 vs.
control and #p<0.05 vs. lead acetate group
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Protective Effect of Curcumin on Pb2+-Induced Changes
in Hepatic Antioxidants Expression

RT-PCR analysis for antioxidants expression is shown in
Fig. 1a–d. The mRNA expressions of SOD, GST, GPx, and
catalase were decreased significantly after LA injection for sev-
en consecutive days. The expression of all antioxidants was
increased in curcumin-administered group (Fig. 1a–d). Prior

and coadministration of curcumin plus LA reversed the decrease
in antioxidants expression observed in LA-intoxicated rats.

Protective Effect of Curcumin on Pb2+-Induced Changes
in Hepatic Acute Phase Proteins Expression

To identify the possible involvement of curcumin
against LA intoxication, the expressions of α1-acid
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Fig. 1 Semiquantitative RT-PCR analysis of SOD (a), GST (b), GPx (c),
and catalase (d) mRNA expressions and their corresponding GAPDH in
the liver. Experimental groups were administered corn oil as a control
(CTR), lead acetate (LA), curcumin (CUR), or curcumin plus LA (CUR+
LA) as described in the BMaterials and methods.^RNAwas extracted and
reverse-transcribed (1 μg), and RT-PCR analysis was carried out for SOD

(a), GST (b), GPx (c), and catalase (d) expression as described in the
BMaterials and methods.^ Densitometric analysis was carried for three
different experiments. Values are means±SEM obtained from 10 rats per
group. *P<0.05 vs. control group, $P<0.05 vs. control and CUR-
administered groups, and #P<0.05 vs. lead-intoxicated group
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glycoprotein (AGP) and α-2 macroglobulin (α-2M)
were examined in the liver. AGP expression was de-
creased in LA-injected rats compared to control and
curcumin-administered rats (Fig. 2a). Prior curcumin ad-
ministration inhibited the changes in AGP expressions
compared to LA-injected rats as shown in Fig. 2a.

Regarding α-2M mRNA expression, α-2M was in-
creased in LA group compared to control administered
rats. In parallel, curcumin increased α-2M expression.
Prior curcumin administration induced additive stimula-
tory effect on α-2M expression compared to LA and
control groups (Fig. 2b).
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lead acetate (LA), curcumin (CUR), or curcumin plus LA (CUR+LA)
as described in the BMaterials and methods.^ RNAwas extracted and
reverse-transcribed (1 μg), and RT-PCR analysis was carried out for

AGT (a) and α-2M (b) expression as described in the BMaterials and
methods.^ Densitometric analysis was carried for three different
experiments. Values are means±SEM obtained from 10 rats per group.
*P<0.05 vs. control group, $P<0.05 vs. control and CUR-administered
groups, and #P<0.05 vs. lead-intoxicated group
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Protective Effect of Curcumin on Pb2+-Induced Changes
in Renal Transforming Growth Factor-b1 and Monocyte
Chomattaractant Protein-1 Expression

Lead intoxication induced significant upregulation
(P<0.05) in the expression of transforming growth
factor-β1 (TGF-β1) and monocyte chemoattractant
protein-1 (MCP-1) compared to control and curcumin-
administered rats (Fig. 3a–b). Curcumin alone has no
effect on TGF-β1 and MCP-1 expressions. Prior and
coadministration of curcumin reduced the upregulation
in mRNA expression of TGF-β1 and MCP-1 shown in
LA-intoxicated rats (Fig. 3).

Protective Effect of Curcumin on Pb2+-Induced Changes
in Renal Intermediate Filament Proteins Expression

To explore the harmful effect of LA on renal function efficien-
cy, we examined the expression of some genes that are respon-
sible for renal glomerular filtration rate. As seen in Fig. 4, LA-
injected rats showed increase in mRNA expression of desmin
and vimentin, known intermediate filament proteins that are
essential for maintaining normal glomerular structure in kid-
ney. Curcumin administration prior and during LA intoxicity
inhibited the upregulation in mRNA expression of desmin and
vimentin (Fig. 4a–b).

Protective Effect of Curcumin on Pb2+-Induced Changes
in Liver and Kidney Histopathology

The liver of control and curcumin-administered rats showed
normal hepatic structure, characterized by polygonal-shape
hepatocytes with well-defined boundaries, slight staining aci-
dophilic cytoplasm with large centrally located nucleus with
dispersed chromatin radially disposed in the hepatic lobule,
and the sinusoids arise in the periphery of the lobule are emp-
tying in the direction of the central vein (Fig. 5a–b). The liver
of LA-injected rats showed congestion of portal blood vessels
with fibrous tissue proliferation and necrotic hepatocytes char-
acterized by pyknotic nuclei with condensed chromatin
(Fig. 5c), perivascular oedema, and perivascular cuffing of
round cells with scattered necrotic hepatocytes (Fig. 5d–f).
The liver of curcumin and LA-administered rats restored nor-
mal hepatic architecture that showed improvement in hepato-
cytes with mild congestion of central veins (Fig. 5g–h).

Regarding the renal changes occurred after LA intoxica-
tion, the kidney of control and curcumin-administered rats
showed normal renal structure with well-organized glomeru-
lar structure surrounded by intact Bowman’s capsule, capsular
space between the visceral and parietal layers with strongly
acidophilic cytoplasm and spherical nuclei located in the cen-
ter (Fig. 6a–b). The kidney of LA-intoxicated group showed
hyaline casts in the lumen of renal-convoluted tubules with
vacuolar degeneration of tubular epithelium and congestion of
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renal blood vessels (Fig. 6c–d), perivascular fibrosis, oedema
around congested blood vessels, and degenerated tubular ep-
ithelium (Fig. 6f). The kidney in curcumin and LA-
administered rats showed restoration in normal nephron struc-
ture with mild congestion of renal blood vessel and mild
intraluminal hyaline casts (Fig. 6g–h).

Discussion

The present study clarified, at least to our knowledge, that
acute Pb2+ intoxication induced ameliorative changes and
was protected by prior administration of curcumin. As known
lead (Pb) is found in two main oxidation states (charges), Pb2+
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and Pb4+, Pb2+ is the most common in blood where Pb4+ is the
most common in acidic media and solutions. Blood pH is 7.2–
7.4; therefore, the mostly measured form of Pb in blood and
induced toxicity is Pb2+ [17]. LA intoxication showed (a) a
decrease in serum immunoglobulins and liver damage as ev-
idence by increase liver and kidney biomarkers, decrease in
antioxidant gene expression, alterations in AGP and α-2M
expression, and changes in liver histopathology, (b) upregula-
tion in renal inflammatory cytokines (TGF-β1), chemokines
(MCP-1) and intermediate filament genes expression (desmin
and vimentin), and (c) hepatic and renal histopathological
changes and damage. Pb2+ is very dangerous to human body
organs and the most toxic metal in the environment [2, 4, 18].
Exposure to Pb2+ is associated with cancer, neurotoxicity,
hepatotoxicity, and cardiovascular disease [19].

The mechanism by which curcumin ameliorated Pb2+ tox-
icity is not examined well. Curcumin probably acts as lead
chelating agent to form a molecular complex and to prevent
the availability of lead and thus hinders Pb2+ entry and accu-
mulation in the liver and renal tissues. As known, kidney is the
prime excretory organ and the ultimate organ of clearance for
most of the xenobiotics. Moreover, kidney is the most suscep-
tible to lead toxicity [20]. We observed that prior and coad-
ministration of curcumin for LA-intoxicated rats significantly
protected the lipid peroxidation level from being increased as
indicated by the upregulation in the mRNA expression of
antioxidants examined. This infers that curcumin has antilipid
peroxidation and antioxidative properties. Therefore,
curcumin could protect against free radical-mediated oxida-
tive and attenuates antioxidants depletion occurred by Pb2+

intoxication [21].
Generation of ROS caused renal and hepatic damage and

consequently modified proteins, lipids, and DNA degradation
[22]. Like kidney, liver is one of the targets for lead

accumulation and responds to lead toxicity by increasing the
activity of transaminases [23]. The present study showed in-
crease in serum levels of GPTand GOTafter lead intoxication,
which coincides with the results of other studies [23, 24].
Curcumin inhibited LA-induced oxidative damage and de-
crease in antioxidants expression. Acute exposure to Pb2+ in-
duces brain and kidney damage, and gastrointestinal diseases,
while chronic exposure caused adverse effects on the blood,
central nervous system, blood pressure, kidneys, and vitamin
D metabolism [25]. These findings are compatible with other
studies using curcumin against variable toxic materials [25,
26]. In this study, curcumin normalized the downregulation
in antioxidants expression in LA-intoxicated rats as reported
by this and other studies [26, 27]. The normalizing effects of
curcumin may be due to the increase in hepatic content of
polyphenolic compounds of curcumin, as two possible mech-
anisms can be proposed, first is scavenging ROS and second is
chelating lead acetate [18].

Pb2+ showed significant declines in IgM, IgG, and IgA
levels in lead-exposed rats. Probably, lead has the ability to
affect B cell function due to increase in oxidative stress [28].
Such oxidative stress induced by LA causes an alteration in
cytokine expression, consequently promotes Th cell dysregu-
lation, and alters the availability of key Th1 and Th2 cytokines
[28].

AGP is an acute phase protein synthesized primarily in
hepatocytes and is affected by many factors such as pregnan-
cy, certain drugs, and certain diseases [29]. The pharmacoki-
netics of some drugs is mediated by AGP to reduce the degree
of toxicity and inflammation in tissues [30]. We reported that
LA intoxication decreased AGP expression due to inflamed
hepatocytes, and curcumin normalized it. Moreover, α-2M is
slightly increased after LA intoxication and curcumin alone
upregulated it. Of interest, prior administration of curcumin
induced additive upregulation in α-2M expression. The cause
for α-2M upregulation is probably a counteract mechanism to
inhibit plasmin synthesis occurred after LA intoxication and to
increase the transport of growth factors that may help in he-
patocyte regeneration [31].

Podocytes is the most critical components in the kidney
maintain glomerular structure in the kidney. Podocytes control
the bulk flow of filtrate through the intracellular spaces and are
situated at the basement of glomeruli as the terminal element
in ultrafilteration barrier [32]. Injury of podocytes causes focal
segmental glomerulosclerosis and chronic renal diseases [33].
Podocytes express unusual intermediate filament proteins
(IFs) for visceral epithelial cells. IFs are mainly composed of
vimentin, nestin, desmin, synaptopodin, and connexin 43. Tis-
sue injury is often associated with changes in gene expression
of IFs [34]. LA-intoxicated rats showed upregulation in ex-
pression of desmin and vimentin. Curcumin downregulated
IFs expression to maintain podocyte stability and normal renal
barrier. Podocytes are generally attached to several capillaries

�Fig. 5 Liver photomicrographs show the protective effect of curcumin
on lead intoxication. a Liver of control rats showed normal hepatic
architecture characterized by well-organized hepatic lobules (HL) which
consisted of hepatic strands of radially disposed hepatocytes (arrow)
surround central vein (cv): H&E (bar=20 μm). b Rats administered
with curcumin showed normal hepatic architecture characterized by
well-organized hepatic lobules (HL) which consisted of hepatic strands
of radially disposed hepatocytes surround central vein (cv): H&E (bar=
100 μm). c Rats intoxicated with LA showed congestion of portal blood
vessels (arrow) with fibrous tissue proliferation and necrotic mass of
hepatocytes (n): H&E (bar=100 μm). d LA-intoxicated rats showed
congestion of portal blood vessels (arrow) with perivascular oedema (o)
and perivascular cuffing (cu): H&E (bar=20 μm). e LA-intoxicated rats
showed dilated portal blood vessel with perivascular fibrosis (arrow):
Masson’s trichrom (bar=100 μm). f LA-intoxicated rats showed
scattered necrotic hepatocytes (n) characterized by pyknotic nuclei and
condensed chromatin: H&E (bar=20 μm). g Liver of LA and curcumin-
administered rats showed restored normal hepatic architecture with mild
congestion of central vein (arrow): H&E (bar=100 μm). h Liver of LA
and curcumin-administered rats showed improvement in hepatocytes
(arrow) and mild congestion of central vein: H&E (bar=20 μm)
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by way of their foot and primary processes to increase the
mechanical resistance of cells [35]. The upregulation of IFs
allows podocytes to progress to cell hypertrophy, which are
suitable for glomerular growth but prior administration of
curcumin-inhibited IFs expression upregulated by LA to
maintain renal barrier and normal renal function. For our
knowledge, we are the first whom explained the effect of
Pb2+ intoxication on IFs gen expressions.

Cytokines and chemokines are proteins produced by many
cell types, and the imbalance expression of cytokines has been
implicated in the progression of many diseases [36]. TGF-β1
is the early mediator of the inflammatory response in most
species [37]. Pb2+ intoxication upregulated TGF-β1 expres-
sion, and curcumin administration downregulate it to control
the degree of inflammation. It has been shown that curcumin
decreased mRNA expression of IL-1β, TNF-α, and IL-8

Fig. 6 Renal photomicrographs
show the protective effect of
curcumin on lead intoxication. a
Control rats showed normal
glomerular structure (g) with
intact Boman’s capsule (bc) and
normal renal tubular structures
(arrows): H&E (bar=20 μm). b
Kidney of curcumin-administered
rats showed normal nephron
architecture characterized by
well-organized glomerular (g)
and tubular (arrows) structures:
H&E (bar=20 μm). c Kidney of
LA-intoxicated rats showed
intraluminal hyaline casts (arrow)
and vacuolar degeneration of
tubular epithelium (arrow heads):
H&E (bar=20 μm). d Kidney of
LA-intoxicated rats showed
congestion of renal blood vessels
(arrow): H&E (bar=20 μm). e
LA-intoxicated rats showed
congestion of renal blood vessel
(arrows) and hyaline casts (short
arrow): H&E (bar=100 μm). f
LA-intoxicated rats showed
perivascular fibrosis (arrow),
oedema (o) around congested
renal blood vessel, and
degenerated tubular epithelium
(arrow head): Masson’s trichrom
(bar=20 μm). g Kidney of LA
and curcumin-administered rats
showed restored normal nephron
structure with mild congestion of
renal blood vessels (arrows):
H&E (bar=100 μm). hKidney of
LA and curcumin-administered
rats showed renal tubular
structure (arrows) and mild
hyaline casts (arrow head): H&E
(bar=20 μm)
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increased after liver toxicity [14]. In the current results,
curcumin regulated MCP-1 expression in a way to initiate
chemoattractant mechanism and consequently ameliorate in-
flammation. The reduction of the Iκ/NF-κB signaling path-
way is the cause for the inhibitory effect of curcumin on in-
flammatory cytokines [37]. The increase in TGF-β1 expres-
sion in Pb2+ intoxicated rats is due to fibrosis occurred after
Pb2+ intoxication [38]. On the other hand, MCP-1 is produced
by several cell types and is stimulated by LPS and inflamma-
tory cytokines. Monocyte recruitment is induced by MCP-1
[39]. MCP-1 expression is upregulated by LA intoxication
and inhibited by prior curcumin administration, confirming
its anti-inflammatory effects and initiation of monocytes
recruitment.

In short, LA-intoxicated rats showed adverse degenerative
effects on the liver and kidney structure that may be due to
induced oxidative stress relative to control. Such degenerative
changes were reported in female albino rats after lead expo-
sure and were due to oxidative damage and ROS of both
kidney and liver [40]. There are reports of antioxidant, radical
scavenging, and metal chelating effects of curcumin on vari-
ous forms of metal toxicity [40–42]. In our study, curcumin
showed acceptable mitigative protective effect against histo-
pathological changes occurred in liver and kidney through
regulation of AGP, α-2M, TGF-β1, and MCP-1 expression.

Conclusions

The results from this study clarified that lead intoxication in-
duced oxidative stress, immunosuppressive effects, and alter-
ation in gene expression of antioxidants, intermediate filament
proteins, cytokines, and acute phase proteins in the kidney and
liver. Moreover, it caused renal and liver histopathological
changes. Prior treatment with curcumin could significantly
attenuate the lead-induced immunosuppressive, oxidative
stress, and nephrotoxicity and hepatotoxicity.
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