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ABSTRACT

Analysis and distribution of Pb and Cd in different mice organs, includ-
ing the liver, kidney, spleen, heart, and blood, were evaluated before and after
treatment with different aqueous concentrations of Nigella sativa (1.25–10.0
mg/L). Atomic absorption spectrometry was used for analysis of Pb and Cd
in these organs. Results indicated that the Pb in the unexposed group of mice
without treatment with N. sativa (black cumin) was in the following order:
liver > heart > spleen > kidney, and the distribution of Pb in various organs
of the unexposed group was not affected significantly by N. sativa. Moreover,
results of mice exposed for Pb show that the Pb concentrations in different
organs were reduced significantly (p < 0.05) by 72.9%, 63.4%, 72.3%, 66.7%,
and 39.5% at a dose of 10 mg/L of N. sativa for the liver, kidney, heart, spleen,
and blood, respectively. Furthermore, the distribution of Cd in the unexposed
Cd group of mice without treatment with N. sativa was in the following order:
kidney > heart > spleen > liver. Nigella sativa at 10 mg/L reduced Cd levels in
mice exposed to Cd by 75.5%, 83.3%, 47.0%, 95.3%, and 100% in the liver, kid-
ney, heart, spleen, and blood, respectively, whereas blood Cd concentrations
were lowered to below the detection limit of 0.05 µg/L.

Biological Trace Element Research 157 Vol. 115, 2007

© Copyright 2007 by Humana Press Inc.
All rights of any nature, whatsoever, reserved.
0163-4984/(Online) 1559-0720/07/11502–157 $30.00

*Author to whom all correspondence and reprint requests should be addressed.



A 28-d exposure of mice to a Cd–Pb mixture at a concentration of 1
ppm in drinking water induced a highly significant inhibition (p < 0.0001)
of antibody response to human serum (80.5%). The suppressed immune
responses in mice pretreated with the Cd–Pb mixture were reversed by
43.1% and 38.9% in the presence of 1.25 and 2.5 mg/mL of N. sativa, respec-
tively, whereas higher concentrations (5–10 mg/mL) of N. sativa increased
the immunosuppression significantly. Nigella sativa at 1.25–10 mg/mL did
not induce any significant modulation of the antibody response in unex-
posed mice.

Index Entries: Cadmium; lead; analysis; atomic absorption spectrom-
etry; Nigella sativa; immunosuppressive.

INTRODUCTION

Heavy metals have an extremely long biological half-life in humans
and are accumulated in body tissues, particularly in the liver and kidney
(1,2). Most of the heavy metals, especially Pb and Cd, are toxic pollutants
and dangerous for humans. Many adverse health effects caused by Pb and
Cd are the result of their accumulation in different body organs (1,2). Pb
toxicity is induced in several organ systems, including nervous, hematopi-
etic, renal, endocrine, and skeletal systems, reproductive system, and car-
diovascular system. Exposure can cause impairment in intellectual
functioning, kidney damage, infertility, miscarriage, and hypertension
(3–5). Moreover, Pb is a special hazard for young children and had been
shown to reduce the IQ of school-aged children (4).

Cadmium is an ubiquitous environmental pollutant (6). Acute high-
dose exposures can cause severe respiratory irritation and prostate cancer,
and lead to bone fractures (itai-itai disease) (7,8).

Researchers studied these elements in soils (9), road dust (10,11), and
cigarets (12,13). Others studied their effects on the immune system (14–16),
the effect of heavy metals on Drosophila (17), and removal of heavy metals
by halophilic bacteria (18). Good indicators of exposure to heavy metals
are measurements of their concentrations in different mice organs such as
blood, liver, kidneys, amd spleen (14).

Nigella sativa seeds have been used for thousands of years as a spice
and food preservative, as well as a protective and treatment for various
diseases (19). The English name for N. sativa is black cumin. Its crude oil
produces many actions, including antihistamine (20), antihypertensive
(21), hypoglycemic (22), antimicrobial (23), and immunopotentiating (24)
effects. The main constituents of N. sativa are thymoquinone and dithy-
moquinone (25). Other constituents include alkaloids such as nigellicine,
nigellimine, and nigellidine (26).

In this study, the effect of N. sativa on Pb and Cd distribution in mice
organs and the immunosuppressive effect of Cd and Pb were evaluated in
mice.
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MATERIALS AND METHODS

Materials

Concentrations of 1 ppm of Cd and Pb were prepared from two stock
solutions (1000 ppm) of analytical grade Cd(NO3)2·4H2O and Pb(NO3)2
obtained from Scharlau (Spain). Ten groups of male and female Balb/c
mice (11 mice/group) weighing 15.8–30.4 g (mean: 26.9 g) were obtained
from the Biological Research Center of Jordan University of Science and
Technology. All mice were fed a normal diet. During d 1–28, mice of
groups 1–5 were allowed to drink distilled water while mice of groups
6–10 were exposed to a Pb–Cd mixture (1 ppm each). At the end of d 28,
Pb–Cd exposure was terminated. During d 29–50, mice of group 1 were
left on distilled water while groups 2–5 were allowed to drink distilled
water containing Nigella extract at 10, 5, 2.5, and 1.25 mg/mL, respectively.
At the end of d 50, exposure to Nigella extract was terminated. Moreover,
during d 29–50, mice of group 7 were left on distilled water while mice of
groups 7–10 were exposed to distilled water containing Nigella extract at
10, 5, 2.5, and 1.25 mg/mL, respectively. At the end of d 50, exposure to
Nigella extract was terminated.

On d 51, 52, and 53, each mouse of groups 1–3, 4–6, and 7–10, respec-
tively, was immunized intraperitoneally with 0.25 mL of human serum
emulsified in Freund’s complete adjuvant (FCA) according to the standard
immunization procedures (27). Secondary immunization was repeated on
d 61, 62, and 63 for groups 1–3, 4–6, and 7–10, respectively. Furthermore,
tertiary immunization was performed on d 71, 72, and 73 for groups 1–3,
4–6, and 7–10, respectively.

On d 81, 82, and 83, blood samples were obtained from mice of groups
1–3, 4–6, and 7–10, respectively, by cardiac puncture while the mice were
under general ether anesthesia.

The titer of the antibody response was estimated using the Rheuma-
toid Factor Kit (Labkit, Spain). The approximate titer, in international units
(IUs), of the serum was calculated by multiplying the highest dilution giv-
ing a positive agglutination by the kit’s sensitivity (8 IU/mL).

Methods

Organ Samples Pretreatment
Organ tissue samples were dried in an oven at 105°C. A weight of

about 200 mg of dried sample of each organ was placed in a PTFE vessel
and allowed to digest with a mixture of 4 mL of HNO3 and HClO4 at a
ratio of (3 : 1, v/v) by heating the PTFE vessel in a water bath–shaker at
80°C for 18 h. After cooling, a volume of 6 mL deionzed H2O for each sam-
ple was added and shaken for 6 h and then each sample was filtered via
filter paper (Whatman no. 41). Each extract was completed to 10 mL with
deionized H2O and kept in a refrigerator at 4°C until analysis.
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Blood Sample Pretreatment
A volume of 1 mL of each blood sample was digested in a 3 mL mix-

ture of HNO3 and HClO4 at a ratio of (1 : 2, v/v) and heated in a water
bath–shaker at 70°C for 12 h. For each extract sample, a volume of 6 mL
deionized H2O was added and shaken for 12 h. Each extract was filtered
via Whatman filter paper no. 41, completed up to 10 mL with deionized
H2O, and kept at –20°C until analysis.

Instrumentation for Heavy Metal Analysis
An atomic absorption spectrometer (Spectra AA-50/55; Varian, Aus-

tralia) with a computer system, at the Department of Chemistry, Yarmouk
University, Jordan, was used. Hollow-cathode lamps for Pb and Cd were
operated at wavelengths of 283.3 nm and 228.8 nm, respectively, with a
spectral bandpass of 0.7 nm.

Validation of Methods for Heavy Metal Analysis
To confirm the reliability of the method used for the analysis of Cd and

Pb in the mice organ tissues. For accuracy and reproducibility of results,
every run was started with a control blank and testing several quality con-
trol (QC) solutions. This procedure was repeated after every tenth sample.
Results were within 5% of the QC values. For every sample, three replicates
were taken and the average value was calculated. The levels of Cd and Pb
were estimated in the heart, spleen, kidney, and liver. Calibration checks
and blanks were analyzed for five replicate determinations.

Statistical Analysis of Results

The Minitab statistical program was used for analysis of data in this
study. The results were analyzed utilizing a computerized program of the
unpaired t-test. Results were considered statistically significant when
p<0.05. Comparison was made between each test group and the control
group.

RESULTS AND DISCUSSION

Lead Distribution and Analysis

Lead levels in different organs of unexposed and exposed mice and
the effect of N. sativa on its distribution in these organs are shown in Tables
1 and 2, respectively.

The distribution of Pb in the unexposed group of mice without treat-
ment with N. sativa was in the following order: liver > heart > spleen >
kidney. Results show a reduction in Pb concentrations in all organs after
treatment with N. sativa in same order (Table 1). The distribution for the
Pb-exposed group of mice in the absence of N. sativa was in the following
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order: liver > kidney > spleen > heart > blood. There was a significant
reduction in Pb concentrations in all organs after treatment with N. sativa
(Table 2). Moreover, there was a significant difference before and after
treatment with N. sativa. The percentage removal of Pb concentrations in
liver ranged from 70.05% to 76.92% at 10, 5, 2.5, and 1.25 mg/mL N. sativa.
The percentage removal of Pb concentrations in the kidney, heart, spleen,
and blood ranged from 63.43% to 77.77%, from 31.73% to 72.28%, from
5.93% to 66.66%, and from 32.54% to 39.55%, respectively, at the same
doses of N. sativa. In the heart, the percentage removal of Pb ranged from
31.73% to 72.29 at 10, 5, 2.5, and 1.25 mg/mL N. sativa.

The distribution of Pb in various organs of the unexposed group was
not affected significantly by N. sativa (Table 1), whereas the opposite is true
for the exposed group (Table 2).

Cadmium Distribution and Analysis

Cadmium levels in different organs in unexposed and exposed Pb
mice taking in our consideration the effect of N. sativa on its distribution in
these organs are shown in Tables 3 and 4, respectively.

The distribution of Cd in the Cd-unexposed group of mice without
treatment with N. sativa was in the following order: liver > spleen > kid-
ney > blood. Results show a reduction in Cd concentrations in all organs
after treatment with N. sativa in the following order: blood > kidney >
heart > spleen > liver (Table 3). The distribution for the Cd-exposed group
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Effect of N. sativa on Distribution of Pb 

in Various Organs in Pb-Unexposed Mice



of mice without treatment of N. sativa was in the following order: kidney
> spleen > liver > heart > blood. Results show a significant reduction in Cd
concentrations in all organs after treatment with N. sativa in the following
order: kidney > liver > spleen > heart > blood (Table 4). The percentage
removal of Cd concentrations in the liver, kidney, heart, spleen, and blood
was 55.74–76.17%, 75.63–88.91%, 47–84.47%, 85.16–95.34%, and 100%
respectively, at 10, 5, 2.5, and 1.25 mg/mL of N. sativa. The percentage
removal of Cd concentrations in the kidney ranged from 75.63% to 88.91%.
In the heart, the percentage removal of Cd ranged from 47.00% to 84.47%.

A previous study by Massadeh and Al-Safi (15) revealed that Cd and
Pb were distributed in various body tissues and organs. The highest levels
of Pb were in the liver and kidney and the lowest level was in the heart.
Moreover, when mice were exposed to each metal separately or in combi-
nation, the liver, kidney or liver, spleen, and kidney remained the main
targets (14). Pb is distributed in various body tissues and organs of mice,
including red blood cells, liver, kidney, spleen, heart, bone, and nervous
and reproductive systems (28). For Cd, it was reported that about 60% of
total body burden is concentrated in the liver and kidney where the major-
ity is bound to a low-molecular-weight metal-binding protein known as
metallothionein (29). In addition, Cd is distributed to other organs, includ-
ing the stomach, intestines, pancreas, and reproductive organs (30). In this
study, N. sativa decreases both Pb and Cd concentrations in different mice
organs in high percentages compared with their concentrations before
treatment with N. sativa.
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Effect of N. sativa on the Distribution of Pb 

in Various Organs in Exposed Mice
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Table 3
Effect of N. sativa on Distribution of Cd in Various Organs 

in Cd-Unexposed Mice

ND, not detected.

Table 4
Effect of N. sativa on Distribution of Cd 
in Various Organs in Cd-Exposed Mice

ND, not detected.



Immune System Results

Table 5 shows that N. sativa at 1.25–10 mg/mL did not induce any sig-
nificant modulation of the antibody response.

The suppressed immune responses in mice pretreated with the Cd–Pb
mixture were reversed by 43.1% and 38.9% in the presence of 1.25 and 2.5
mg/mL of N. sativa, respectively (Table 6). However, higher concentrations
(5–10 mg/mL) of N. sativa did not cause any improvement of the
depressed immune response (Table 6).

Nigella sativa seeds have been shown to induce immunopotentiating
effects on human lymphocytes (31). Moreover, N. sativa seeds stimulate T-
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Table 5
Effect of N. sativa on Antibody Response in Mice

NS, not significant.

Table 6
Effect of N. sativa on Antibody Response in Mice Pretreated 

with Cd–Pb Mixture (1 ppm Each)



lymphocytes to secrete interleukin-3 (IL-3) and to enhance IL-1β produc-
tion (32). However, N. sativa extract has no immunostimulatory activity on
mouse splenocytes unless activated by optimal doses of mitogen (25). N.
sativa seeds contain immunostimulatory and immunosuppressive proteins
(33). The reversal of Cd–Pb-induced immunosuppression by low concen-
trations (1.25–2.5 mg/mL) of N. sativa extract might be the result of the
predominant effect of the immunostimulatory proteins CD4+TH cells. On
the other hand, the enhanced immunosuppression by higher concentra-
tions (5–10 mg/mL) might be the result of either the predominant effect of
the immunosuppressive proteins on CD4+TH cells or the immunostimu-
lant effect on suppressor lymphocytes (CD8+Ts). Our results are in agree-
ment with other investigators (31).
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