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Abstract Lead (Pb) is found in almost all phases in

environment and biological systems. Pb stimulated oxida-

tive stress is a state that involves the generation of free

radicals beyond the permissible limits, which can deplete

the antioxidant reserves and can result in oxidative stress,

thus hampering the ability of the biological system to

reverse the result. Exposure of rats to Pb (25 mg/kg body

weight) for 8 weeks caused an increase in Pb levels in

blood and brain. Activity of delta-aminolevulinic acid

dehydratase (d-ALAD) and antioxidant enzymes such as

Superoxide dismutase (SOD) and Catalase (CAT)

decreased in the blood of Pb-treated group with a con-

comitant increase in the level of lipid peroxidation (LPO)

and no significant change in the level of reduced glu-

tathione (GSH) level was found. Interestingly, co-treatment

of Pb-treated rats with curcumin (30 mg/kg body weight)

and quercetin (30 mg/kg body weight) for 8 weeks caused

a significant decrease in Pb levels of blood and all brain

regions versus those treated with Pb alone. A significant

improvement in levels of MDA, d-ALAD, SOD and CAT

activities was observed in rats simultaneously treated with

curcumin or Quercetin or both with lead. Therefore, the

ameliorative impact of curcumin and Quercetin might be

due to their antioxidant property hence were able to counter

the oxidative stress generated by Pb. These results suggest

that combination of curcumin and Quercetin could be uti-

lized as a possible supplement with the relevant therapeu-

tics in the suitable management of Pb toxicity
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Introduction

Lead (Pb) is a well-known heavy metal that continues to be

one of the most problematic ecotoxicant found in almost all

phases of environment and biological systems due to its

natural origin and as a result of massive industrial use [1].

The enhanced anthropogenic activities and vehicular

emissions like atmospheric dust, leaded paint, polluted

food, automobile exhaust play a key role in contribution of

Pb exposure and mainly responsible for increase in the

Pb level in human body through inhalation, ingestion and

dermal contact [2]. Upon Absorption, Pb replaces other

useful divalent metal ions that may involved in key phys-

iological functions of the body’s organs and affects almost

all organs of the body but more frequently the central

nervous system and impaired cognitive behavior [3, 4].

Ionic mechanism of action for Pb mainly arises due to its

ability to substitute other bivalent cations like Ca2?, Mg2?,

Fe2? and monovalent cations like Na? (though bivalent

cations are more readily substituted), affecting various

fundamental biological processes of the body [5]. Pb

affects almost all organs of the body but compared to other

organ systems, the developing nervous system appears to

be the most sensitive and chief target for Pb-induced tox-

icity [6, 7]. It has been reported that, Pb has almost no safe

threshold value; even\ 10 lg/dl blood Pb level can induce

adverse health problems specially in children where Pb
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severely affected the haematological, renal as well as

hepatic functions of the children [8]. There is evidence to

suggest that low Pb level exposure significantly affects IQ

along with behavior, concentration, ability and attentive-

ness of the child and may leads to peripheral artery disease,

hypertension and renal problems [9]. At higher levels, Pb

can cause permanent brain damage and even death [10].

Pb-stimulated oxidative stress is a state that involves the

generation of free radicals like Hydroperoxides (HO2
•),

singlet oxygen (O2
–1) and hydrogen peroxide (H2O2);

beyond the permissible limits, these reactive oxygen spe-

cies (ROS) can deplete the antioxidant reserves of the body

and, thus, may hamper the ability of the biological system

to reverse the result [11] Primarily effects of Pb-induced

Oxidative stress include damage to cell membrane,nucleic

acid, as well as various antioxidant enzymes and markers

of Pb-toxicity such as d-ALAD, CAT, SOD, GPx, and

glucose-6-phosphate dehydrogenase (G6PD) and also

affects the pool of nonenzymatic antioxidant molecules

such as thiols including GSH of animals and human sys-

tems [12]. Apart from targeting the sulfhydryl groups, Pb

can also replace the zinc ions that serve as important co-

factors for d-ALAD and other enzymes possessing sulf-

hydryl groups accessible to this metal ion, hence it has

ability to inhibit activities/functions of all those enzymes/

proteins including d-ALAD, thus, hamper the activity of

these enzymes [3]. d-ALAD, also called as porphobilino-

gen synthase is the second enzyme in the heme biosyn-

thetic pathway which catalyses the condensation of two

molecules of d-ALA to form one molecule of porpho-

bilinogen. About 99% of the Pb in blood is present in

erythrocytes due to their high affinity for Pb, from where

Pb can be transported to different organs of the body via

blood [13]. In contrast, it has been reported that half the Pb

in erythrocyte hemolysate obtained from a Pb-exposed

worker was found to be bound to protein fractions with

high molecular weight including d-ALAD, which had

highest affinity for Pb among erythrocyte components

in vivo and in vitro [14].

Curcumin (CUR), also called diferuloylmethane, is the

main natural polyphenol found in the rhizome of Curcuma

longa (turmeric), a member of family Zingiberaceae. CUR

acts as an antioxidant due to the presence of beta-diketone

group in its chemical structure [15, 16]. Quercetin (QUE) is

a polyphenolic compound ubiquitously distributed and

found in common vegetables and fruits such as onions,

broccoli and apples. Previous studies have demonstrated

that QUE contains many good biological properties for

human health including antioxidant, anti-inflammation and

anticancer activities [17]. The presence of multiple

hydroxyl groups and conjugated electrons system in its

chemical structure account for the antioxidant and metal-

chelating properties of QUE. Recently, it has been reported

that QUE can pass through the blood brain barrier (BBB)

in situ models of Alzheimer’s disease and afford significant

protection to the neuronal cells from the oxidative stress-

induced neurodegeneration [18]. Based on the antioxidant

and anti-inflammatory actions of CUR and QUE, it was

hypothesized that both CUR and QUE might mitigate the

oxidative stress in rats induced by Pb. The present study

aimed to determine the effects of CUR and QUE on Pb-

induced oxidative stress in rats and to assess the levels of

antioxidant enzymes in Pb-treated rats pre- and post-

treatment with CUR and QUE. In this study there is aim to

know which one of these two molecules (CUR or QUE)

will show better antioxidant property against Pb-induced

oxidative stress in rats at same concentration. The present

study also aimed to determine Pb levels in the hippocam-

pus, cerebellum and frontal cortex region of brain.

Materials and Methods

Chemicals and Reagents

CUR and QUE were purchased from SRL Company,

Mumbai, India. All chemical substances used in this study

were of analytical grade. All reagents administered to

animals were prepared fresh.

Animals Treatment

In this study, 56 Adult male Sprague Dawley Rats

(10 weeks old), weighed between 250 and 300 g were

selected and obtained from CSIR-Central Drug Research

Institute (CDRI, Lucknow India), and were acclimatized

for 1 week before being used in experiments.. The animals

randomly divided into seven group including control group

(8 per group) were housed in stainless steel cages in an air-

conditioned room with temperature maintained at

25 ± 2 �C, and maintained in 12:12 light:dark cycle and

given access to food and water ad libitum in at the animal

house of King George’s Medical University (KGMU),

Lucknow, India. Protocols for care and maintenance of the

rats were strictly followed as per approval by the Institu-

tional Animal Ethics Committee (IAEC Approval N0.77/

IAEC/2017) of KGMU, Lucknow, India. Treatment was

given to all animals in each group (control and experi-

mental groups) as follows:

Experimental Protocol

Group A (Control): Animals were not treated with any

drugs or injections, and were administered distilled water

(placebo) for 8 weeks.
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Group B (Pb treated): Rats in this group were exposed

to Pb at a concentration of 25 mg/kg body weight in the

form of an aqueous solution of lead acetate and adminis-

tered orally for 8 weeks.

Group C (CUR treated): Rats in this group received

CUR at a concentration of 30 mg/kg body weight orally for

8 weeks.

Group D (QUE treated): Rats in this group received

QUE at a concentration of 30 mg/kg body weight orally for

8 weeks.

Group E (Pb ? CUR treated): Rats in this group were

administered CUR at a concentration of 30 mg/kg body

weight in addition to lead acetate at a concentration of 25

mg/ kg body weight orally for 8 weeks.

Group F (Pb ? QUE treated): Rats in this group were

administered QUE at a concentration of 30 mg/kg body

weight in addition to lead acetate at a concentration

of 25 mg/ kg body weight orally for 8 weeks.

Group G (Pb ? CUR ? QUE treated): Rats in this

group were simultaneously administered CUR and QUE at

concentrations of 30 mg/kg body weight, respectively,

along with lead acetate at a concentration of 25 mg/kg

body weight orally for 8 weeks.

Lead Acetate, CUR and QUE Supplementation

Lead acetate (SRL) was solubilized in Milli-Q water and

given to rats orally at a dose of 25 mg/kg body weight.

QUE was solubilized in 50% ethanol for oral administra-

tion at a dose of 30 mg/kg body weight. Curcumin was

solubilized in ethyl oleate and was given orally at a dose of

30 mg/kg body weight. CUR was protected from light

during the time of the experiment.

Sampling and Blood Collection

After 8 weeks of treatment for each group as per the above

regimen, followed by 24 h of resting and 12–14 h over-

night fasting, the animals were anaesthetized by chloro-

form and cardiac blood samples were collected post 24 h of

the last dose of treatment in heparin-coated vials for vari-

ous biochemical parameters. Blood samples were taken for

estimation of Pb, MDA, GSH levels, as well as status of

various antioxidant enzymes SOD, CAT, d-ALAD, etc.

Seven rats from each treatment group were sacrificed by

cervical decapitation and brains were immediately excised,

cleaned, weighed and dissected into the hippocampal,

cerebellar and prefrontal-cerebral cortex regions as repor-

ted previously [19].These brain tissues of all groups were

used to estimate the Pb level.

Biochemical Parameters

Measurement of Pb Levels in Blood and Brain Tissue

Pb levels in blood, hippocampal, cerebellar and prefrontal

cortex regions of the brain were estimated as described by

Gupta & Gill [20]. The absorbance was read at 283 nm

using the graphite furnace atomic absorption spectropho-

tometer. A calibration curve was drawn by adding known

amounts of Pb standard to calculate Pb levels in the blood

and brain and data were expressed as lg/dl in blood and

lg/g wet tissue of brain.

Estimation of d-ALAD

d–ALAD was assayed in blood by the method of Granick

et al. [21]. Blood sample was incubated with d–ALA in the

presence and absence of dithiothreitol (DTT). DTT helps in

the complete restoration of the enzyme activity by pro-

viding 2 -SH groups. The reaction was stopped with TCA-

HgCl2 mixture and the color was developed by Ehrlich’s

reagent. Enzyme activity was calculated using the molar

absorption coefficient (6.1 9 104 M-1 cm-1) of the final

Ehrlich color salt at 553 nm and the results expressed as

nmol porphobilinogen /mL RBC/h.

Estimation of Lipid Peroxidation (LPO) in RBCs

Lipid peroxidation in RBCs was estimated according to the

method described by Stocks and Dormandy (1971) [22].

LPO was estimated in erythrocytes as malondialdehyde

(MDA) which was formed by Thiobarbituric acid (TBA)

reaction.

Assay of reduced glutathione (GSH) level

The assay is based on method described by Ellman GL.

(1959) [23]. The oxidation of reduced GSH by 5,5-

dithiobis-2-nitrobenzoic acid (DTNB), also called Ellman’s

reagent, producing GSSG and 2-nitro-5-thiobenzoic acid

(TNB), a colored ion with maximal absorbance at 412 nm.

Assay of Superoxide Dismutase (SOD) and Catalase (CAT)

Activity

The activities of SOD and CAT were determined spec-

trophotometrically bases on method describe by Misra and

Fridovich (2000), and Sinha AK. (1972), respectively

[24, 25]
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Statistical Analysis

Data was expressed as mean ± SE. ANOVA (one-way

analysis of variance) was carried out by using SPSS-20.

Difference between control and experimental groups hav-

ing p\ 0.01 were considered as being significant.

Results

Decrease in Pb Concentration of Blood and Brain

with CUR and QUE Treatment

The Pb concentration was about 28.63 lg/dl in blood of

rats of Group B. Co-treatment with CUR (Group E) and

QUE (Group F) decreased blood Pb concentration to about

16.57 and 19.93 lg/dl, respectively whereas co-treatment

with both CUR and QUE (Group G) decreased blood Pb

concentration to about 13.43 lg/dl (Fig. 1).
The levels of Pb were significantly increased in hip-

pocampus (7.06 fold), pre-frontal cortex (28.10fold),

cerebellum (8.36 fold) of rats treated with Pb (Group B) as

compared to controls (Group A) (Fig. 2a,b,c). An increase

of Pb concentration about 6.87 fold was also observed in

the blood. A significant decrease in the levels of Pb in

blood and hippocampal, pre-frontal cortex and cerebellar

regions of brain was observed in Group E rats co-treated

with Pb and CUR (42.1%, 10.8%, 10.9%, 28.0%, respec-

tively) or Group F rats treated with Pb and QUE (30.3%,

14.5%, 13.8%, 14.5%, respectively) or both i.e. Group G

rats (53.0%, 29.1%, 43.1%, 54.0%, respectively) as com-

pared to rats treated with Pb alone (Group B). No

significant changes in the level of Pb in the brain regions

and blood were observed in rats treated with CUR or QUE

alone (Groups C and D, respectively) as compared to the

control group (Group A).
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Fig. 2 Effect of Pb, CUR and QUE and their co-treatment on Pb

concentration in brain regions a -Hippocampus, b-Prefrontal Cortex

and c-Cerebellum of rats. Values are mean ± SE (n = 8). Significant

change at P\ 0.001 in B with respect to values in control group A.

Significant change at P\ 0.001 in E, F, G with respect to values in

group B
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Restoration of d-ALAD Activity With CUR

and QUE Treatment

There was a significant decrease in d-ALAD activity of

blood (53.4%) in Pb-treated rats as compared to the control

group (Group A) (Fig. 3). Co-treatment with CUR, QUE or

both significantly restored the activity of d-ALAD in blood

to the tune of 49.1%, 26.20% and 67.4%, respectively

versus rats treated with lead alone (Group B). No signifi-

cant alteration in d-ALAD activity was observed in blood

of rats belonging to Groups C and D versus Group A

(Fig. 3).

Restoration of CAT and SOD Activity With CUR

and QUE Treatment

The activities of SOD and CAT underwent a significant

decrease (40.4% and 60.9%, respectively) in the blood of

Pb-treated rats as compared to control group (Group A)

(Fig. 4a, b). A significant increase in the activities of SOD

and CAT was found in blood of rats belonging to groups E

(15.8%, 73.1%, respectively), F (11.6%, 52.0%, respec-

tively) and G (50.3%, 128.5%, respectively) versus Group

B. No significant change in SOD and catalase activities was

observed in blood of rats treated with CUR or QUE alone

(Groups C and D) versus controls (Group A) (Fig. 4a, b).

Restoration of GSH levels with CUR and QUE

treatment

GSH was found to be significantly decreased in blood

(35.6%) of Pb-treated rats (Group B) versus controls

(Group A) (Fig. 5). However, the increase in GSH levels

was not found to statistically significantly in the blood of

rats belonging to Groups E (17.2%), F (10.0%), or G
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(39.9%) versus Group B. No significant alteration in GSH

level was observed in blood of the rats treated with CUR or

QUE alone (Groups C and D) versus controls (Group A)

(Fig. 5).

Decrease in Lipid peroxidation (LPO) With CUR

and QUE Treatment

MDA level was found to be significantly increased in blood

(103.6%) of Pb-treated rats (Group B) versus controls

(Group A) (Fig. 6). Co-treatment with CUR (Group E),

QUE (Group F) or both (Group G) significantly decreased

LPO to the tune of 22.1%, 16.5% and 46.9%, respectively

versus rats treated with Pb alone (Group B). No significant

alteration in MDA levels was observed in blood of the rats

treated with CUR or QUE alone (Groups C and D) versus

controls (Group A) (Fig. 6).

Discussion

A number of previous studies have revealed that Pb-ex-

posure even at very low doses is extremely hazardous and

dangerous to living organisms including human beings as

well as animals, resulting in a variety of neurological

consequences [26, 27]. The ionic mechanism contributes

principally to oxidative stress, as Pb, after replacing Ca2?,

is able to cross the blood brain barrier (BBB) where it gets

deposited in brain regions like cerebellum, hippocampus

and prefrontal cortex causing oxidative stress. Oxidative-

stress induced damage to these parts of brain are found to

be associated with behavioral abnormalities, learning

impairment, decreased hearing, neuromuscular weakness

and impaired cognitive functions like forgetfulness,

irritability, poor attention span in humans and in experi-

mental animals [28, 29]. Pb can cross across cell mem-

branes and enter different cells of the body through

different types Ca2? channels at an appreciable rate

thereby causing significant disruption of Ca2? homeostasis

by mimicking the action of Ca2? [30]. Initiation of

oxidative stress by Pb is accrued due to production of

hydroxyl radicals during oxidation of various biomolecules

including proteins, lipids and nucleic acids along with a

parallel compromise in the activity of antioxidant defense

system comprising of SOD, CAT, GPx, MDA level, etc.

[31–33]. Upon inhibition of d-ALAD by Pb, ALA accu-

mulates which is an endogenous source of free radical

generation in the body and, thus, leads to overproduction of

superoxide anions and hydrogen peroxide (ROS) as a result

of auto-oxidation of ALA [34].

CUR (diferuloylmethane), an active ingredient of tur-

meric, is a natural product with multiple biological activ-

ities and numerous potential therapeutic applications. In

the present study, CUR displayed antioxidant and free

radical scavenging properties by restoring the activities of

antioxidant enzymes SOD, CAT and ALAD and causing a

significant decline in LPO with a concomitant decrease in

Pb levels in all the studied brain regions of Pb-treated rats

versus those treated with lead alone. The obtained results

have been found to be in agreement with those reported by

earlier [35]. These results also support earlier hypothesis

that CUR is an effective chelating agent that may reduce

Pb load in the body by chelating Pb thereby decreasing the

oxidative stress caused by this heavy metals as well as

restoring the activity of the endogenous antioxidant

enzymes [36]. Thus, CUR treatment may be beneficial,

because of its antioxidant role in the body as well as its

ability to cross the blood–brain barrier where it acts as a

neuro-protectant [37].

Previous studies have also demonstrated that like CUR,

QUE which is a polyphenolic compound found in many

vegetables and fruits, also possesses biological properties

including antioxidant, anti-inflammatory and anticancer.

Like CUR, QUE can pass through the blood–brain barrier

of in situ models resulting in a significant decrease in MDA

levels and increase in the activity of antioxidant enzymes

viz. SOD, CAT, and GPx [17, 38]. In the present study,

QUE decreased lipid peroxidation, and restored the activity

of CAT and SOD in Pb-treated rats.

However, the Restoration of d-ALAD activity is found

in study groups administered with Pb & CUR or Pb &

QUE. It suggests the protective effect of CUR and QUE

against Pb induced alterations in hematological parameters

may be attributed to the chelating properties of CUR and

QUE that help in removing metals from the binding site of

d-ALAD. This suggests that both CUR and QUE alter the

kinetics of Pb toxicity and reduce body Pb burden, thus
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confirming the beneficial effect of dietary CUR and QUE

in the prevention of Pb toxicity. These findings however,

require more detailed investigations using chronic in vivo

exposure. CUR and QUE at doses of 30 mg/kg body

weight for eight weeks were effective in reducing the

generation of ROS and also in restoring the activities of

antioxidant enzymes that were disturbed as a result of Pb-

treatment. It can, thus, be concluded from the present study

that d-ALAD may be a sensitive biochemical indicator for

lead exposure and that combined administration of CUR

and QUE may be a good treatment option for Pb-induced

toxicity.

The normalization of the altered oxidative stress indices

and antioxidant enzymes with administration of Pb with

CUR or QUE or both (CUR and QUE), reaffirmed the

antioxidant properties of CUR and QUE. In addition to its

antioxidant role, CUR and QUE has been postulated as one

of the elements that can prevent lead accumulation within

the tissues and its subsequent toxicity. It might therefore be

reasoned that CUR and QUE protects against Pb-induced

oxidative stress by two mechanisms; by improving the

antioxidant defense systems and by abrogating the gener-

ation of reactive species through reduction of lead accu-

mulation in tissues.

Though both CUR and QUE were found to be effective

against Pb-induced oxidative stress in rats, CUR was found

to be more active than QUE in the parameters assessed in

the present study viz. decrease in Pb concentration in

blood, restoration of d-ALAD, CAT, SOD and GSH levels

and decrease in lipid peroxidation. However, a combina-

tion of both CUR and QUE was found to be more effective

than either of them alone in improvement of the above

parameters (Figs. 1, 2, 3, 4, 5 and 6).

Conclusion

Our findings clearly indicate that Pb induces production of

ROS and at the same time reduces the levels of antioxidant

enzymes leading to oxidative stress. The results also sug-

gest that CUR and QUE restored the activities of antioxi-

dant enzymes by successfully chelating Pb in blood as well

as soft tissues of brain. It is concluded that CUR and QUE

act by reducing accumulation of Pb in the soft tissue of

brain or possibly in other organs and through improving

Pb-induced hematological and biochemical abnormalities

and are effective in ameliorating lead toxicity. There is

therefore dietary CUR and QUE intake in Pb polluted

environment is recommended. Thus, the antioxidant and

chelating properties of CUR and QUE might possibly make

these molecules as promising drug candidates against Pb-

induced oxidative stress if studied and explored further

in vitro and in vivo.
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