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Prophylactic Administration of
Nanocurcumin Abates the Incidence of
Liver Toxicity Induced by an Overdose
of Copper Sulfate: Role of CYP4502E1,
NF-�B and Bax Expressions
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Abstract

Background: The consequences of excess copper in human tissue are the alterations in the oxidative stress markers and perox-
idative damage of membrane lipids. Unselective copper binding may be the clue to damaging impact to protein construction and hence
modifying their biological functions. The aim of this study is to match the hepatoprotective efficacy of curcumin (CM) or nanocurcumin
(NCM) with that of desferrioxamine (DSF; standard heavy metal chelator) against toxic doses of copper sulphate (CuSO4).

Method: All treatments were given simultaneously with CuSO4 for 7 days.

Result: CuSO4 administration elevated serum alanine transaminase, and hepatic nitric oxide (NO), lipid peroxide, and caspase-3
as well as protein expression of cytochrome P4502E1, and nuclear factor-kB (NF-kB) and Bax gene expressions. On the other
hand, hepatic levels of reduced glutathione, superoxide dismutase, and interleukin-10 were decreased, whereas DNA degradation
was increased as well compared with the control group. The administration of the aforementioned antioxidants ameliorated all
the previous altered measured parameters. Interestingly, NCM achieved the most pronounced hepatoprotective effect nearly
equivalent to that of DSF.

Conclusion: It was concluded that NCM is considered a promising candidate against CuSO4 toxicity, and cytochrome P450,
NF-kB, and Bax are involved in its toxicity and treatment.
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Introduction

Copper (Cu) is an essential transition metal whose deficiency

or excess in the individual is associated with pathologic con-

ditions.1 Copper sulphate (CuSO4) is used mainly in leather

manufacturing as well as pesticide and fungicide in agricultural

fields.2 In medicine, it is used as germicide and as antiseptic

and in the treatment of schistosomiasis and gastric as well as

topical exposure to phosphorous.3 CuSO4 produces toxic

effects in the liver and brain due to its production of the highly

reactive HO� species.4 Cu stimulates oxidative stress by trig-

gering of reactive oxygen species (ROS) and declines of the

activities of some free-radical scavenging enzymes including

catalase (CAT) and superoxide dismutase (SOD), and the level

of reduced glutathione (GSH).5 The inhibitory effect of copper

on CAT, SOD, and GSH may be due to oxidative alteration of

the enzymatic proteins and biomembrane lipids by ROS.6 It

also initiates lipid peroxidation.7 It was indicated that
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copper–histidine complex induced nitric oxide.8 Oxidative

stress mediated the upregulation of hepatic nuclear factor-k
B (NF-kB) protein expression in rats. It was reported that the

induction of tumor necrosis factor-a (TNF-a), COX-2, and NF-

kB is involved in the inflammatory response induced by Cu.8

Desferrioxamine (DSF) is a naturally occurring com-

pound produced by Streptomyces pilosus.9 The DSF com-

plexes with heavy metals to form a stable chelate, which

prevents the metals from entering into further chemical

reactions10; however, it has a limited use due to its various

side effects.

The capability of curcumin (CM) to avoid liver dysfunction

and the modifications of the antioxidant enzymes is attributable

to that CM has a power to capture free radicals and possesses

antioxidant activity and also may be to its Cu-chelation activ-

ity.6 Although there are abundant pharmacological functions of

CM, its pharmacokinetic properties are less encouraging.

Hence, there is an urgent need for novel effective strategies

to overcome heavy metals toxicities. Nanocurcumin (NCM,

particle size 200 nm) enhanced dissolution, stability, and bioa-

vailability of the compounds. It is the first time NCM is used in

managing CuSO4 toxicity. Nanoparticles can readily interact

with biomolecules on both the surface and inside cells due to

their small size.11

The current study is designed to compare the potential pro-

tective role of CM with that of NCM against CuSO4-induced

hepatotoxicity. New mechanisms were also performed to

assess the role of NCM in ameliorating CuSO4-induced

hepatotoxicity.

Materials and Methods

Experimental Animals

Fifty male albino rats weighing 120 to 150 g were used. Rats

were housed and maintained on a standard condition of tem-

perature and humidity and were given standard diet and water

ad libitum throughout the study. Ethical considerations for the

use of animals were accomplished following the guidelines of

the Experimental Animal Laboratory and approved by the Ani-

mal Care and Use Committee of the College of Pharmacy, King

Saud University.

Chemicals

CuSO4 and CM were purchased from Sigma Chemicals Com-

pany for Pharmaceutical Industries, St Louis, Missouri. The

NCM was obtained from Lipolife, Drakes Lane Industrial

Estate, Drakes Lane (UK). The DSF was purchased from

Novartis Pharma AG, Basle, Switzerland.

Experimental Design

Rats were randomly divided into 5 groups, 6 rats each, and left

for acclimatization for 1 week before the experiment. All

chemical compounds were dissolved in 1% carboxyl methyl

cellulose (CMC). Group I: negative control, rats were injected

with CMC. Group II: positive control, rats were administered

CuSO4 orally (300 mg/kg)12 daily for 7 days. Group III

(CuSO4): rats were administered CuSO4 and DSF (100 mg/kg).13

Groups IV (CM): rats were administered CuSO4 and CM

(80 mg/kg).14 Group V (NCM): CuSO4 and NCM: rats were

administered CuSO4 and NCM (80 mg/kg). All treatments

were given orally simultaneously with CuSO4 for 7 days.

Blood and Liver Sampling

Rats were scarified and samples of blood and liver tissues were

collected for analysis.

Blood was collected from the retro-orbital venous plexus of

rats under sterile septic condition. Blood samples were centri-

fuged at 3000 rpm for serum separation and kept at �20�C.

Livers were immediately excised, some livers were homoge-

nized in phosphate-buffered saline and the others were fixed in

4% formalin. Other parts of livers were kept under liquid nitro-

gen for Western blot analysis (Table 1).

Biochemical Serum and Tissue Analysis

Serum alanine transaminase (ALT) level was evaluated using

the kits (Randox Laboratories, Ltd, London, UK). Superoxide

dismutase (SOD) was measured using ethylenediaminetetraa-

cetic acid and Pyrogallol according to Svensson et al.15 Hepatic

lipid peroxidation (MDA) and GSH levels were assessed using

Uchiyama and Mihara16 and Ellman17 methods, respectively.

Total nitrite (NO) was determined according to the method

described by Moshage et al.18 Interleukin-10 (IL-10) level was

measured using a high-sensitive rat ELISA kit (Immuno-

Biological Laboratories Co, Ltd, Japan). Caspase-3 was eval-

uated calorimetrically using assay kit.

Western Blot

Hepatic cytochrome P450 (CYP450) expression of control and

all treated group rats was determined using Western blotting

according to the method of Mahmood et al.19 Briefly, the fro-

zen liver samples were homogenized in RIPA buffer

Table 1. Primer Sequences Used for RT-PCR.

Gene
Name Primer Sequence

Primer
Size
(bp)

Refer-
actin

Forward: 50 GAGACCTTCAACACCCCAGC 30 263
Reverse: 50 ATGTCACGCACGATTTCCC 30

NF-kb Forward: 50

CATGAAGAGAAGACACTGACCATGGAAA 30
329

Reverse: 50 TGGATAGAGGCTAAGTGT
AGACACG 30

Bax Forward: 50 GTTGCCCTCTTCTACTTTG 30 194
Reverse: 50 AGCCACCCTGGTCTTG 30

Abbreviations: RT-PCR, real-time polymerase chain reaction; NF-kB, nuclear
factor-kB.
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supplemented with proteinase inhibitors and the concentration

of proteins was determined using Bradford reagent (Bio-Red,

California, US). 60 mg of proteins were separated on sodium

dodecyl sulphate-polyacrylamide gel electrophoresis and elec-

trotransferred onto nitrocellulose membranes. The membranes

were probed with anti-CYP450 and housekeeping anti-b-actin

(Santa Cruz Biotechnology, Inc, Texas, US) overnight at 4�C.

The membranes were incubated with the secondary antibody

and developed using enhanced chemiluminescence kit. Band

intensity was quantified using ImageJ (NIH, Maryland).

Gene Expression of NF-kB and Bax

NF-kB and Bax gene expression were estimated (Table 1)

using Livak and Schmittgen method.20

DNA Fragmentation

DNA fragmentation quantitated by measuring oligonucleo-

some-bound DNA using an ELlSA kit (Boehringer, Mannheim,

Germany).21

Statistical Analysis

Analysis was performed using GraphPad Prism (GraphPad

Software, San Diego, California), and all statistical compari-

sons were made by means of the 1-way analysis of variance test

followed by Tukey test post hoc analysis. Results were

expressed as mean + standard error of the mean and a P �
.05 was considered significant.

Results

Treatment with CuSO4 caused an elevation in serum ALT and

hepatic NO, MDA, and caspase-3 levels compared to the neg-

ative control group, and all treatment compounds either DSF,

CM, or NCM were effectively declined the previous serum

biochemical parameters. On the other hand, the administration

of CuSO4 caused a significant decrease in hepatic levels of

GSH, SOD, and IL-10 in serum compared to the control group,

whereas DSF, CM, and NCM attenuated these effects (Table 2

and Figure 1).

DNA fragmentation and protein expression of NF-kB and

Bax messenger RNA (mRNA) were significantly elevated after

consumption of CuSO4 (P � .001). On the contrary, CYP450

Table 2. ALT, NO, MDA, GSH, and SOD Levels in Serum of Rats in Control, CuSO4-Intoxicated, and All Treated Groups.a

Groups CON CuSO4 DSF CM NCM

ALT (m/L) 1347 + 66.84 5381 + 81.0b 1483 + 71.92c 1501 + 33.20c 1404 + 42.3c

NO (mg/dL) 2.03 + 0.03 3.41 + 0.1b 2.07 + 0.01c 2.49 + 0.1d 2.12 + 0.04c

MDA (mg/dL) 139.8 + 17.2 201.3 + 5.5b 145.8 + 10.4c 182.5 + 14.02e 166.2 + 14.9d

GSH (mg/dL) 0.62 + 0.001 0.28 + 0.01b 0.51 + 0.02c 0.40 + 0.01e 0.61 + 0.01c

SOD (m/g) 7.17 + 0.2 4.3 + 0.2b 5.9 + 0.1d 5.3 + 0.2e 5.82 + 0.2d

Abbreviations: ALT, alanine transaminase; CM, curcumin; CON, control; DSF, desferrioxamine; GSH, reduced glutathione; NCM, nanocurcumin; NO, nitric
oxide; SOD, superoxide dismutase.
aData are presented as mean + SEM (N ¼ 6).
bP � .001 versus control group.
cP � .001.
dP � .01.
eP � .05 versus CuSO4-intoxicated group.

Figure 1. IL-10 and caspase-3 levels in hepatic tissues in control, CuSO4-intoxicated group, as well as in all treated groups. Data are presented
as mean + SEM (N¼ 6). *** P� .001 versus control group, and þþþ P� .001, þþþ P� .01, and þ P� .05 versus CuSO4-intoxicated group. IL-10
indicates interleukin-10; SEM, standard error of the mean.
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protein expression was significantly decreased in CuSO4-

treated group compared with control one (Figures 2–4).The

ingestion of the aforementioned antioxidants ameliorated all

the previous altered measured parameters. Interestingly, NCM

achieved the most pronounced hepatoprotective effect nearly

equivalent to that of DSF.

Discussion

Copper is an imperative element, extensively dispersed in both

animal and human tissues. It is a component of a number of

metalloenzymes, including catalase, peroxides, SOD, and cyto-

chrome oxidase.1 Elevated level of Cu in drinking water

Figure 2. A, Western blot analysis of the expression of cytochrome-P450 in control, CuSO4-intoxicated, and all treated groups. B, The
densitometry analysis of the expression of cytochrome-P450 proteins in control, CuSO4-intoxicated, and all treated groups. (Data corrected by
b-actin and expressed as protein/b-actin). Data are presented as mean + SEM (N ¼ 6). *** P � .001 versus control group, and þþþ P � .001
versus CuSO4-intoxicated group. SEM indicates standard error of the mean.

Figure 3. Hepatic DNA fragments in control group, CuSO4-intoxicated group, as well as in all treated groups. Data are expressed as means +
SEM of 6 rats. *** P � .001 versus control group, and þþþ P � .001, þþþ P � .01, and þ P � .05 versus CuSO4-intoxicated group. SEM indicates
standard error of the mean.
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exhibited a prospective ecological hazard.7 Cu leads to oxida-

tive stress by the induction of ROS and initiation of lipid per-

oxidation.22 The gastrointestinal tract, lungs, and skin are the

main routes of Cu absorption into circulation. It is translocated

to the liver where it is incorporated into ceruloplasmin and

released into the plasma. Liver and kidney are the chief target

organs of CuSO4 leading to hepatic injury and renal dam-

age.23,24 Therefore, studies on the copper toxicity are of espe-

cial importance.

In the present study, CuSO4 induced elevation in the serum

level of ALT, MDA, and NO representing liver damage.

Herein, treatments with CM, NCM, and DSF along with CuSO4

decreased serum levels of ALT, MDA, and NO. It is well

known that Cu2þ depletes intracellular GSH, which is consid-

ered as the first antioxidant in the body.25 Letelier et al26 con-

firmed that lipid peroxidation is elevated as a result of an

overdose of CuSO4.

In the current work, CuSO4 induced a reduction in hepatic

levels of GSH, IL-10, and SOD whereas treatment with the

aforementioned antioxidants restored their levels. The CM is

a bioactive phenolic component in turmeric spice (Curcuma

longa). The CM has various pharmacological activities, includ-

ing anti-inflammatory, anti-mutagenic, and antioxidant

potential, and despite its multiple activities, it has poor bioa-

vailability.25 Nanoparticles can also offer several other

advantages, such as prolonged half-life of injected drugs, drug

delivery targeted to specific tissues, and increased metabolic

stability. Furthermore, it can increase membrane permeability

through its specific physiochemical properties, such as size,

surface, charge, and hydrophobicity. These advantages have

enabled improvement of clinical outcomes and reduced the

side effects of CUR treatment.27 The effective role of NCM

against liver injury induced by CuSO4 was discussed for the

first time.

The IL-10 has been considered as a potential anti-

inflammatory cytokine, and there are several studies supporting

the view that IL-10 shows a strong suppressive effect on Th1

lymphocytes, antigen-presenting cells, and the production of

inflammatory mediators.28 Our results are in accordance with

that of Bruzell et al29 and Joe et al,30 which stated that CM has

strong antioxidant potential and acts as oxygen free-radicals

scavenger. It markedly suppressed ROS generation like super-

oxide anions and hydrogen peroxide by macrophages activa-

tion, which plays an important role in the inflammation.30 The

ability of CM to prevent liver dysfunction and the alterations of

the antioxidant parameters may be due to the fact that CM

Figure 4. mRNA expression of hepatic NF-kB and Bax in control, CuSO4-intoxicated group, and different treated groups. Data are presented
as mean + SEM (N ¼ 6). *** P � .001 versus control group, and þþþ P � .001 versus CuSO4-intoxicated group. mRNA indicates messenger
RNA; NF-kB, nuclear factor-kB; SEM, standard error of the mean.
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possesses scavenging free-radicals properties and antioxidant

activity.6 Therefore, the protective effects of CM may be

related to their ability to chelate/sequester Cu via formation

of complexes.4,31

Persichini et al8 reported that hyper-cupremic situations

may lead to the onset of inflammation through production of

ROS and activation of NF-kB-dependent gene which involved

in the inflammatory response and hence production of TNF-a
and induction of NOS-II and COX.2 Herein, hepatic NO and

gene expression of NF-kB were upregulated by toxic dose of

CuSO4, while treatments with the antioxidants in question

declined the previous parameters. It was reported that Cu expo-

sure induces metallothionein and catalase and increases the

concentrations of NAD (þ) and lactate, which are consistent

with a shift toward anaerobic metabolism and changes in gene

expression.32

CYP450 is a key marker of corruption with many toxins.33

The existing data indicated that CuSO4 declined hepatic

CYP450. The reduction of the activity of this enzyme might

be associated with the overproduction of cytokines. Abdel-

Razzak et al34 revealed the direct inhibitory effects of hepatic

CYP-dependent drug metabolism on inflammatory cytokines.

The inhibitory effect of Cu2þ on the CYP450-catalyzed reac-

tions may come from the inability of an efficient electron trans-

fer from NADPH�P450 reductase to P450 and also the

dysfunctional conformation of NADPH�CYP450 reductase

and CYP450.35 The inflammatory cytokines inhibition of CYP

enzymes may also be linked to the stimulation of heme oxyge-

nase activity, which initiates oxygen radicals and hence lead to

the damage of CYP apoproteins.36 The marked elevation of the

CYP450 enzyme activity by the co-ingestion of the agents in

question may be attributed to their ability to suppress free

radical production and inflammatory cytokine creation as pre-

viously reported.37-40

Copper may promote apoptosis along with DNA base mod-

ifications, strand breaks, and rearrangements. Moreover, Cu

may induce apoptosis by p53-dependent and p53-independent

pathways and suggests that disorders of apoptosis may play

a critical role in Cu-induced hepatotoxicity and neurotoxi-

city.41 In the current study, caspase-3 as well as mRNA

expression of Bax in CuSO4-treated group were elevated,

whereas the consumption of the antioxidants in question

downregulated their levels.

In conclusion, the present study showed that the exposure to

CuSO4 induced adverse effects and profound alterations on the

hepatic function associated with oxidative stress and dimin-

ished activities of antioxidant enzymes. The CM causes indi-

rect reduction of ROS through a decline of oxygen radicals and

the downregulation of the expression of hepatic NO, lipid per-

oxide, and caspase-3 as well as protein expression of CYP450

and mRNA expression of NF-kB and Bax, which is responsible

for inflammation, a common process during liver injury. The

hepatoprotective effects of NCM have shown promising pros-

pects for remission of hepatotoxicity due to its superior bioa-

vailability behavior over native CM.
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