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Abstract

Lead is a heavy metal been widely used in the manufacturing of glass, pigments, makeup, pipes, wine, cooking,
electronic components and batteries. It is a multimedia environmental pollutant, and its exposure via different routes
is found to affect metabolic functions. Primarily Lead (Pb) plays an important role in inducing oxidative stress one of
the important pathologies and can affect the functioning of antioxidant defense system. The cell growth and
proliferation is severely affected with the exposure of lead in designated quantities. There is no specific therapy
available to treat the toxicity being generated by Pb and the efforts are on to find suitable natural biologically active
components that can effectively combat the toxicity. Koenidine (KND) one of the active ingredients from the plant
Murraya koenigii was considered to test its efficacy in mitigating the toxicity elicited by Pb. Human SH-SY5Y
neuroblastoma cells were exposed to different concentrations (0.01-10 μM) of Pb for 48 h and the cell viability was
determined. The IC50 was observed at 5 μM and this particular concentration used for further investigations. The
cells were also pre-treated with KND with a range of concentration from 0-100 μM for 48 h, no change in the cell
viability was observed. KND was treated (50 μM) to the cells to verify its protective effects against the pre-treatment
of Pb at a concentration of 5 μM 48 h, resulted in the significant increase in the cell viability at least by 29.4% from
12.1% when compared with Pb alone treated group. Intracellular glutathione, caspase-3 and prostaglandin E2 levels
were quantified to find the protective effects of koenidine. Some significant results (but less than 18%) were
observed in decreasing the oxidative stress, combating apoptosis and lessening the inflammation. This clearly
indicates that koenidine can be effectively used to mitigate the toxicity provoked by Pb indicating the nature of
koenidine as an effective antioxidant, anti-apoptotic, and anti-inflammatory agent.
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Introduction
Exposure of Lead (Pb) is a major public health concern, has been

found to alter the brain function effectively. This can lead to the
changes in the learning and psychological function of children
behavior [1-3]. The primary target for the lead induced poisoning is
the developing nervous system [4,5]. Continued exposure to Pb leads
to intellectual impairment and growth retardation [6-8]. The chronic
exposure to brain is a multi-factorial event and is executed at intra
cellular level [9,10]. Pb can affect the cell functioning by altering the
structure and also neurochemically it substitutes calcium that results in
altered calcium channel ultimately leading to changes in metabolism
resulting in the generation of oxidative stress causing damage in the
developing brain [11-13]. Literatures indicates that, Pb induces
oxidative stress by generating reactive oxygen species in turn reducing
the antioxidant defense system by depleting glutathione [14,15]. This
will interfere with essential components that are required for the
activation of antioxidant enzyme activities [15]. Toxic assault on the
cells is an indication of oxidative damage and during these
circumstances antioxidants play an important role in the chemical
toxicity being generated by Pb associated with pathological changes
[12,16]. Medical cases against Pb induced poisoning has been

increased in the past decade and there is a need to find alternate
options for the treatment which are very scantly [17,18].

Murraya koenigii (L.) Spreng, commonly recognized as “meethi
neem” or “curry patta”, a small aromatic tree belongs to the family
Rutaceae, a very common plant widely available in India and is a
tropical to sub-tropical in nature. Murraya koenigii is very popular
because of battery of medicinal properties. Leaves are a major part of
Indian culinary practices with characteristics such as slight pungent
odor with bitter taste regularly used for seasoning dishes [19]. Mostly
roots, bark and leaves are having active bio-ingredients having
antidiabetic [20], anticancer [21], antioxidant [22], hepatoprotective
[23], and antilipase activities [24]. Reported important constituents are
carbazole alkaloids, coumarins and flavonoids [25]. Koenidine (KND),
3,11-Dihydro-8,9-dimethoxy-3,3,5-trimethylpyrano[3,2-a]carbazole is
an active ingredient said to have antioxidant [26-28], anti-
inflammatory [29], immune-modulatory [30] and apoptotic effects
[31-33]. Therefore, the present report was focused to elucidate the
mitigative properties of KND against Pb-induced toxicity in Human
neuroblastoma cells.

Materials and Methods
RPMI-1640 medium, OPI were obtained from GIBCO Life

Technologies. Fetal Bovine Serum, Penicillin and Streptomycin and
Phosphate Buffered Saline were procured from CELLGRO, Mediatech.
The kits were used for the assays of MTT cell proliferation (ATCC,
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Manassas, VA, USA), Glutathione (Dojindo Molecular Technologies,
Gaithersburg, MA,, USA), Prostaglandin E2 (Amersham Biosciences
Piscataway, NJ, USA) and Caspase-3 (Biovision, Mountain View, CA,
USA). All other chemicals were of analytical grade and procured from
Sigma including Koenidine (3,11-Dihydro-8,9-dimethoxy-3,3,5-
trimethylpyrano[3,2-a]carbazole).

Cell culture
Human SH-SY5Y neuroblastoma cells were grown in RPMI-1640

medium supplemented with 10% (v/v) fetal bovine serum, 50 μg/ml
penicillin-streptomycin and OPI (150 μg/ml oxaloacetate, 50 μg/ml
pyruvate and 0.2 U/ml insulin) in a humidified air/5% CO2 chamber at
37°C. Medium was changed every three days and were passed once
they reached approximately 80% confluence.

Cell viability
Cell viability among the attached cell population was assessed by

trypan blue exclusion technique. Trypan blue isotonic solution was
added to the culture and number of deeply stained cells, representing
dead cells was counted using Neubauer hemocytometer as described
by Black and Berenbaum [34]. The number of stained cells was
subtracted from the total count in order to determine the percentage of
viable cells.

Exposure of Cells to Pb acetate and Koenidine (KND)
Human SH-SY5Y neuroblastoma cells were seeded at 2 × 104 cells

per well in a 96 well plate. The cells were allowed to attach and grow
for two days prior to the treatment. The cells were treated with varying
concentrations of lead acetate (0.01-10 μM) in order to determine IC50
value. The cells were pre-treated with KND (0-100 μM) to determine
the effect on cell growth. Further, the cells were exposed to 5 μM
(IC50) of Pb in the presence or absence of KND for 48 h and the cell
viability was determined by MTT reduction assay.

MTT reduction assay
Cell viability was also assessed by MTT [3-(4,5 dimethyl-2-

thazolyl)-2,5 diphenyl-2H tetrazolium bromide] reduction assay as per
the manufacturer’s instructions. In brief, the cells 2 × 105 per well were
seeded into 96 well culture plates and allowed to attach. The medium
containing varying concentrations of Pb in the presence or absence of
KND was added to the cells and incubated for 48 h. Then, 10 μl of
MTT reagent was added to the culture and incubated in the dark for
four h at 37°C followed by cell lysis by the addition of 100 μl Detergent
reagent provided with the kit. Then plate was left at room temperature
in the dark for 2 h and the relative amount of MTT reduction was
determined based on the absorbance measured at 570 nm using a plate
reader.

Determination of glutathione
In brief, 5 × 105 cells were centrifuged and the suspension was

washed with the Phosphate Buffered Saline. Suspended cells were lysed
with 10 mM HCl and treated with 5% sulphosalycilic acid. The cells
were centrifuged at 8,000 rpm for 10 min and to the supernatant 20 μl
of enzyme working solution, 140 μl of coenzyme working solution and
20 μl of either one of the standard solution or the sample solution (cells
treated with Pb in the presence or absence of KND) were added. Then
the plate was incubated at 37°C for 10 min and 20 μl of substrate,5,5’-

Dithiobis(2-nitrobenzoic acid) [DTNB] working solution was added.
The plate was incubated at room temperature for 10 min and the
optical density was measured at 415 nm using a micro plate reader and
the concentration of GSH was calculated using a standard calibration
curve. The reagents used throughout the experiment were prepared
according to the manufacturer’s instructions.

Caspase-3 activity assay
Briefly, the assay is based on the spectrophotometric detection of

the chromophore p-nitroanilide (pNA) after cleavage from the labelled
substrate DEVD-pNA. After the Pb-treatment of the cells in the
presence or absence of KND, 3-5 × 106 cells were collected,
resuspended in the 50 μl of chilled cell lysis buffer included in the kit
and incubated for 10 min on ice and then centrifuged at 10,000 × g for
1 min. To the supernatant, 50 μl of the reaction buffer containing 10
mM dithiothreitol and 5 μl of the 4 mM DEVD-pNA substrate was
added and incubated at 37oC and the optical density was measured at
405 nm after 2 h. The relative fold increase in caspase-3 activity was
determined by comparing with the levels of the untreated control.

Determination of prostaglandin E2
The reagents used in the procedure were included in the kit

contents. SH-SY5Y neuroblastoma cells 104 to 105 cells/well were
placed in a standard 96 well microplate. The plate was incubated in a
humidified air/5% CO2 chamber at 37oC and allowed the cells to
attach. The cells were treated with Pb in the presence or absence of
KND and continued the incubation for 48 h. Then, 20 μl of buffer A
(2.5% Dodecyltrimethylammonium Bromide in 0.1 M Phosphate
buffer pH 7.5). The cells were lysed by simple agitation and 50 μl of
lysate was transferred to goat anti-mouse IgG coated plate (included in
the kit) and 50 μl of lysis reagent containing
Dodecyltrimethylammonium Bromide (prepared as described with 0.1
M Phosphate buffer pH 7.5 containing 0.9% Bovine Serum Albumin
and 0.5% Kathon). Further, 50 μl of diluted PGE2 antibody and 50 μl
of diluted conjugate (PGE2 conjugated to Horseradish Peroxidase)
were added to the plate and incubated at room temperature for one
hour. The cells were washed and added 150 μl of enzyme substrate (3,3’,
5,5’ Tetramethylbenzidine) readily provided with the kit. The contents
were mixed thoroughly exactly for 30 min and the reaction was
stopped by the addition of 100 μl of 1 M sulfuric acid. The optical
density was measured at 450 nm within 30 min and concentration of
total cellular PGE2 was calculated using appropriate standards.

Data analysis
Data were expressed as mean ± SD of at least four determinations

from each group, repeated at least three times in different occasions.
Statistical analysis was performed using one-way analysis of variance
(ANOVA) and the statistical significance was assumed at p<0.05.

Results
When exposed to different concentrations of Pb ranging from 0.01

μM to 10 μM for 48 h, the cell viability was significantly decreased
from 96.4-23.2% (Figure 1). A 50% decrease in cell viability (IC50) was
observed at 5 μM Pb. When cells exposed to KND with a range of
concentration from 0-100 μM for 48 h, the cell viability has not shown
any significant alterations (Figure 2). KND was treated (50 μM) to the
cells to verify its protective effects against the pre-treatment of Pb at a
concentration of 5 μM 48 h, resulted in the significant increase in the
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cell viability at least by 29.4% from 12.1% when compared with Pb
alone treated group (Figure 3). This indicates that, KND can effectively
function as a protective compound in enhancing the cell viability
affected by Pb exposure. A significant decrease in the levels of intra-
cellular GSH was observed in the cells exposed to Pb for about 48 h in
a concentration dependent (Figure 3). 53.2% of decrease in GSH levels
were observed in the cells at 5 μM of Pb exposure, whereas cells treated
with KND alone (1-100 μM) for 48 h the GSH levels were unaltered
(Figure 4). When pre-treated with KND (50 μM) along with Pb (5 μM)
has shown a significant increase (48.2%) in the levels of GSH when
compared with the group with Pb alone indicating the fact that, KND
has an antioxidant effect (Figure 5).

Figure 1: Effect of Pb exposure on Human SH-SY5Y Neuroblastoma
cells. The lead was exposed in increasing concentrations (0.01-10
μM) for 48 h. The cell viability was determined by MTT reduction
assay. Data are presented as mean ± SD from four samples from
each group. *Significantly different from control at p<0.05.

Levels of caspase-3, an executioner enzyme in the apoptosis
pathway were significantly increased at least by 52.5% when compared
with the untreated control group. Rather, the cells treated with KND
did not show any increase in the enzyme levels when compared with
the Pb alone group, but, the combination of Pb and KND has a
significant decrease in the levels of caspase-3 by 21.4% when compared
with the Pb alone group (Figure 6). Seven fold increase in the PGE2
levels were observed in the Pb but not KND group, whereas, the
combination of KND (50 μM) and Pb (5 μM) exposure resulted in a
significant decrease in PGE2 by 112.5 pg per well when compared the
Pb alone group (Figure 7).

Discussion
Literature indicates that, Pb has induced alterations in both cellular

and animal models [35-38] but reports on the effects of low levels of Pb
exposure and subsequent damage to Central Nervous System (CNS) is
very limited. Pb-induced toxicity to the cells mediated by the oxidative
stress is one of the very important events that are been associated with
the cell death [36]. Present study deals with the investigations
involving the exposure of low levels of Pb on human neuroblastoma

cells in culture and role of koenidine in protective the cells from the
toxic assaults.

Figure 2: Effect of KND treatment (0 -100 μM) on Human SH-SY5Y
Neuroblastoma cells for 48 h. The cell viability was determined by
MTT reduction assay. Data represented as mean ± SD of four
different samples from each group.

Figure 3: Effect of Pb (5 μM) exposure for 48 h in the presence or
absence of KND (50 μM) on Human SH-SY5Y Neuroblastoma cells.
The cell viability was determined by MTT reduction assay. Data
represented as mean ± SD of four different samples from each
group. *Significantly different from the control at p<0.05.

Our results were encouraging and suggested that cell viability has
gone down drastically with the exposure of Pb in a dose dependent
manner. Murraya koenigii leaves to be a potent source of proteasome
inhibitors that lead to cancer cell death. The active component(s) such
as koenidine from the leaf extract might be playing role in the reducing
the proliferation rate of the cells [39]. When we tested the KND on
human brain cells, the similar kind of effects such as a significant
reduction on cell proliferation was observed. Koenidine alone has not
shown any effect on the proliferation of neuroblastoma cells but its pre-
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treatment has significantly mitigated the influence of Pb on cell
proliferation. Abnormal behavioural, motor and cognitive
impairments resulted because of the Pb induced brain damage could
be through the process of apoptosis, a process of programmed cell
death is triggered by variety of stimuli.

Figure 4: Changes in the percentage of intra-cellular GSH levels
after 48 h incubation of the cells with increased concentrations of
Pb (0.01-10 μM). The values are mean ± SD of five different values
from each group.*Significantly different from control at p<0.05.

Figure 5: Effect of Pb (5 μM) exposure on the levels of intra-cellular
GSH over 48 h in the presence or absence of KND (50 μM) on
Human SH-SY5Y Neuroblastoma cells. The values are mean ± SD
of five different samples from each group.*Significantly different
from control at p<0.05.

Caspases a family of cysteine proteases, transducer apoptotic cell
death signals in a hierarchical fashion, where the initiator caspases
cleave and activate the effector caspases leading to cell death [40]. One
of the important executioner enzymes in the group of caspases is
caspase-3 which promotes the cell dis-assembly via the cleavage of
several structural proteins and repairs the enzymes essential for
maintaining cellular homeostasis. The proteolytic activity of caspase-3

is a critical determinant of whether or not cell commits suicide [41]. It
was observed that alkaloids from Murraya has induced the loss of
mitochondrial membrane potential and subsequently activated
caspase-9/caspase-3 cascade resulting in induction of apoptosis [31].

Figure 6: Caspase-3 levels after 48 h of Pb exposure (5 μM) in the
presence or absence of KND (50 μM) on Human SH-SY5Y
Neuroblastoma cells. Data represented as mean ± SD of four
independent assays from each group.

Figure 7: Alterations in the levels of total cellular PGE2 after 48 h of
Pb exposure in the presence or absence of KND (50 μM) on Human
SH-SY5Y Neuroblastoma cells. Data represented as mean ± SD of
four independent assays from each group.*Significantly different
from control at p<0.05.

In the present study, Pb exposure stimulated the specific activity of
caspase-3 and it was evident with the significant increase in its levels.
However, the cells pre-treated with KND followed by Pb exhibited a
decrease in caspase-3 activity suggesting that KND could elicit effective
anti-apoptotic effect. In fact, caspase-3, a member of the caspase family
has been shown to be the key modulator of apoptotic changes [42].

Our results shows a significant decrease in the levels of GSH, a tri-
peptide with a gamma peptide linkage between the carboxyl group of
the glutamate side chain and the amine group of cysteine, and the
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carboxyl group of cysteine is attached by normal peptide linkage to a
glycine, suggesting the fact that oxidative stress has been generated.
Oxidative stress is one of the molecular events that are closely
associated with Pb induced toxicity. Studies have shown that
environmental Pb can stimulate oxidative haemolysis in erythrocytes
by inhibiting the superoxide dismutase [12,16]. From our results it is
evident that the cells pre-treated with KND were resistant to the effects
of Pb, suggesting that KND acts as neuroprotective agent in countering
Pb toxicity. KND might have strongly bonded to Pb thus leading to
increase in intracellular GSH levels could be via up-regulation of
machinery of GSH-synthesizing enzymes [43-45]. It is possible that the
metal-chelating effect of KND has reduced cell damage and increased
the production of intracellular GSH.

A very low concentration of Pb has resulted in the significant release
of PGE2. Activation of cyclooxygenase and production of PGE2 is an
essential key mechanism in the process neuronal loss [46]. It gives an
impression that Pb could have raised the release of PGE2 by activating
of the cyclooxygenase pathway. Cells that are treated with KND
resulted in the significant alterations in the PGE2 levels indicating the
fact that KND has an important role in the inflammatory pathway.

Conclusion
Exposure of Pb to the cells has induced oxidative stress, apoptosis

and inflammation; these pathways might have played an important
role in developing neurotoxicity. Further, pre-treatment of the cells
with natural bio-active compounds such as koenidine has significantly
mitigated the toxicity that is been generated by Pb.
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