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Lead acetate (LA) toxicity can occur either by ingestion or inhalation from contaminated surfaces or from
the environment. Nigella sativa is a natural product with immense pharmacological proper-ties. In this
study, the effects of N. sativa pre-treatment on lead acetate induced hematological and biochemical
changes were evaluated. A total of 20 male Sprague Dawley rats were divided into 4 groups with 5 rats
each. Group 1 (NC) was the negative control, group 2 was the lead acetate control (PC) and was
administered 10 mg/kg/per day of lead acetate (LA) per OS for 30 days, group 3 (T1) was administered
200 mg/kg/daily of Nigella sativa orally for a month and Group 4 (T2) was pre-treated with 200
mg/kg/daily of Nigella sativa orally for one month, followed by administration of 10 mg/kg/daily of lead
acetate (LA) orally for another month. At the end of the experiment, whole blood and serum were
collected to evaluate the complete blood profile and serum biochemistry. The haemogram showed lower
(p < 0 05) level of hemoglobin, packed cell volume and prothrombin in the PC group, while total white
blood cell count, band neutrophils, segmented neutrophils, lymphocytes and monocytes counts were
higher (p < 0.05) in the PC group than the treatment groups. However, eosinophil count was higher in
T2, while no changes were observed in RBC and MCV values. Both alanine and aspartate
aminotransferase enzymes were higher in the PC as compared to other groups. Similarly, the levels of
alkaline phosphatase, cholesterol, urea and creatinine were all higher (p < 0.05) in the PC group and
comparable (p > 0.05) in the control, T1 and T2 groups. The level of SOD and GSH were lower (p <
0.05) in the PC and T2 groups. In summary, this study showed the prophylactic potential of N. sativa
extract in modulating both hematological, biochemical and anti-oxidant enzymes alterations induced by
sub-chronic lead acetate administration in rats.

Keywords: Lead Acetate, Black Caraway Seed, Hematology, Biochemistry, Anti-Oxidant Enzymes.

1. INTRODUCTION Deficiencies™’. Adults are mostly exposed at work and
Lead (Pb) is a common contaminant of the environment  show clinical signs of microcytic anemia and nervous
and water bodies found in paints, leaded gasoline, dust and
soil in gold mining areas, as well as a result of improper
industrial waste disposal. Following exposure to Pb, it
binds to the blood, soft tissues and bones, thus remaining
in these tissues for an extended time. Lead is particularly
deadly to young children, resulting in non-regenerative
anemia, neurological signs and development of nutritional

sympt01ns.20 Experimental toxicity studies in laboratory
animals have shown various disruptions and alterations in
the animal’s physiological function. In one study on acute
toxicity of lead acetate (LA) in rats, administration of 10
mg or 100 mg of lead acetate caused elevation of alanine
aminotransferase enzyme (ALT) after 12 and 24 hours,
respectively.7 In a related study, administration of graded
I doses of LA to rats for 30 days showed reduction in total

* Author to whom correspondence should be addressed. protein, albumin, globulin, total
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bilirubin, red blood cell (RBC), white blood cell (WBC),
hemoglobin (Hb) and packed cell volume (PCV) while
increasing the levels of ALT, aspartate aminotransferase
(AST), alkaline phosphatase (ALP), urea and creatinine.®
Other researchers have found similar finding following
chronic administration of LA to rats for periods lasting from
14 to 24 weeks.3 414 Nigella sativa (NS) is a popular
medicinal plant whose seeds and leaves have been used to
alleviate ailments for centuries. Its seeds and oil have been
shown to have low toxicity and its constituents have shown
good anti-inflammatory, analgesic, anti-carcinogenic,
antidiabetic, antiulcer, antimicrobial and anti-parasitic
activities.2 i In a related study, the immunomodulatory
effects of N. sativa was attributed to amelioration of oxidative
enzymes such as glutathione and superoxide dismutase, while
its anti-inflammatory proper-ties were attributed to inhibition
of COX and 5-LO path-ways of arachidonic acid
metabolism,2 Other animal studies have shown the
protective effects of V. sativa against isoproterenol, tramadol,
carbon tetrachloride, cisplastin and sodium valproate
toxicities, through regulation of oxidative enzyme levels,
hepatic function enzymes, renal function enzymes and blood
lipid profiles.6 91316 18 Previously, Nigella sativa has been
shown to ameliorate the biochemical imbalances and tissue
damage associated with LA toxicity in rats.10 However, the
study lasted for 6 weeks only and does not reflect the true
picture associated with chronic LA toxicity.

2. MATERIALS AND METHODS

2.1. Preparation of Nigella sativa and
Lead Acetate Solutions

Black seeds (Nigella sativa) were obtained, cleaned and
grounded using an electric grinder (National Blender
8011S, Model HGB2WTS3, U.S.A.) for 10 min to get a
water soluble powder. A suspension of 10 g/L of the pow-
der was prepared for this experiment. Lead acetate
(Oxford Lab. Co., India) was dissolved in distilled water
at a con-centration of 10 mg/kg body weight, and
administered to the rats via a gavage tube.

2.2. Ethical Statement

The animal experimental protocol used in this study was
approved by the Institutional Animal Care and Use
Committee  (IACUC)  with  reference = number:
UPM/IACUC/AUP-R047/2015, in accordance with the
standard guidelines on usage and care of laboratory
animals.

2.3. Animal Grouping and Treatment

Twenty adult male rats were randomly divided into 4
groups of 5 animals each. Hygienic condition was main-
tained by changing the bedding weekly. The animals were
kept for 15 days for acclimatization before commencement
of the experiment.
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The first group served as the negative control (NC) and
received distilled water only, orally. The second group;
positive control (PC) was given 10 mg/kg of LA, orally
for 30 days.5 ' The third group (T1) was given 200 mg/kg
BW of Nigella sativa water suspension, orally for 30
while the fourth group (T2) were pre-treated
with NS 200 mg/kg BW, orally for 30 days,18 followed
by LA 10 mg/kg BW daily for another 30 days.5 19

2.4. Sample Collection for Hematology,

Biochemistry and Histopathology
Blood samples were obtained through cardiac puncture
from 5 animals per group on day 30 and 60,
respectively,24 after anesthesia with ketamine at 75—-100
mg/kg body weight and xylazine 10 mg/kg body Weight.22
Blood was collected in EDTA tubes, while plasma was
obtained by centrifugation of whole blood at 2,500 rpm
for 10 minutes (Hettich, Germany). Tissue samples of the
liver and kidneys were collected and kept inside 10%
neutral buffered formalin for fixation.

2.5. Evaluation of Hematological Parameters

Whole blood was used for estimation of hemoglobin (Hb)
content (Sahli’s hemoglobin meter), total WBC, RBC, and
platelet count using the Automatic Cell Counter (CELL-DYN
3700, U.S.A.) at the Hematology Laboratory, Faculty of
Veterinary Medicine, Universiti Putra Malaysia. Evaluation
of differential leucocyte count (neutrophils, eosinophils,
basophils, lymphocytes and monocytes) were performed on
Leishman’s stained slides. Packed cell volume (PCV) was
determined by micro hematocrit method.12 The mean
corpuscular volume (MCV), mean corpuscular hemoglobin
and mean corpuscular hemoglobin concentration was

calculated using the formula by.2

MCV {1 = Packed cell volume % x 1()
Red cell count per liter

MCH pg= Hemoglobin in gm/dl x 1()

Red cell count per liter

MCHC gdi=H

Volume of red cells %

2.6. Evaluation of Biochemical Parameters

Whole blood, which was collected in a non-heparinized
tube and left undisturbed at room temperature for few min-
utes to clot and was centrifuged at 10000 rpm for 10 min.
At the end of the centrifugation, two layers of serum and
clotted cells were harvested. The upper layer (serum) was
then separated by automatic pipette. The separated serum
was used for evaluation of enzymes specific for liver func-
tion (alanine transaminase, aspartate transaminase, alkaline
phosphatase and gamma glutamyl transferase), kidney
function (urea and creatinine), and cholesterol using an
automated chemistry analyzer (Siemens, USA).

J. Comput. Theor. Nanosci. 14 (6), 2017



Assi et al.

3. HISTOPATHOLOGY

3.1. Processing of Tissue Samples for Histopathology
Tissue samples of the liver and kidney were collected in
10% neutral buffered formalin and fixed for 48 hours. For-
malin fixed tissues sections were processed through serial
dehydration in ethanol, embedded in paraffin wax, sec-
tioned at 5-6 m and stained with hematoxylin and eosin
for histopathological examination of each animal through
light microscopy at 200% and 400 x magnifications. Pho-
tomicrographs of microscopic focal fields were taken

. e ® .
using Miotic™ microscope.

3.2. Evaluation of Superoxide Dismutase and Total
Glutathione Concentrations

Superoxide dismutase catalyzes the dismutation of super-
oxide into H,O, and molecular oxygen. This enzyme was
determined using Superoxide dismutase (SOD) determina-
tion kit (Sigma, Singapore). The reaction mix was set up in
a 96 well plate and incubated for 20 minutes at 37 C.
Absorbance was measured using a plate reader (Tecan,
Austria) at 450 nm.
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Total glutathione activity was measured using the glu-
tathione assay kit (Sigma, Singapore). Glutathione stan-
dards ranging from 50 to 3.125 M were prepared by
serially diluting glutathione standard solution in 5% 5-
sulfosalicyclic Acid (SSA). The reaction mix was incu-
bated at room temperature for 5 minutes before the addi-
tion of NADPH solution to each well. Absorbance was
measured using a plate reader (Tecan, Austria) at 412 nm.

3.3. Statistical Analysis
Data obtained from the hematology, biochemistry and
enzyme evaluations were summarized as mean + S.E and
analyzed with Graph Pad Prism 6.0 using one-way analy-
sis of variance (ANOVA) with Tukey multiple
comparison pos hoc test.

4. RESULTS

4.1. Haematology Findings

The red blood cell count was lower in the PC and compa-
rable between the control and other groups. Hemoglobin
concentration was also lower in the PC and higher
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Fig. 1: Hematological parameters showing differences in (A) RBC, (B) hemoglobin, (C) PCV (D) MCV (E) MCHC and (F) prothrombin in rats

following pretreatment with N. sativa and lead acetate exposure. @
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°Bars with different superscript indicate statistical significance at p < 0.05.
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Fig. 2: Hematological parameters showing differences in (A) WBC, (B) band neutrophil, (C) segmented neutr(()jphil (D) lymphocyte (E) monocyte (F)
eosinophil and (G) thrombocytes in rats following pretreatment with N. sativa and lead acetate exposure. abe Bars with different superscript indicate

statistical significance at p <0.05.

(p < 0.05) in both T1 and T2, while the control had a value
higher than all groups. The PCV was lower in the PC and
higher (p < 0.05) in all other groups. The MCV value was
unchanged (p > 0.05) among all groups, while MCHC value
was lower in all groups but significantly higher in the T1
group. Prothrombin concentration was lower in the PC and
comparable but higher in the other groups (Fig. 1).

The total WBC count was higher in the PC and lower in
the control and treatment groups. However, band

2755

neutrophil and lymphocyte counts were also higher in the
PC but much lower in the T1 and T2 once com-pared to
the control group. Segmented neutrophil and monocyte
counts were also higher in the PC group than other groups.
Eosinophil count was on the other hand was higher (p <
0.05) in the T2 and lower in the control, PC and T1
groups. Thrombocyte count was lower in the PC and
higher in other treatment groups (Fig. 2).
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Fig. 3: Serum biochemical parameters showing differences in (A) AST (B) ALT, (C) ALP (D) cholesterol (E) creatinine and (F) urea in rats following
pretreatment with N. sativa and lead acetate exposure. abe Bars with different superscript indicate statistical significance at p <0 05.

4.2. Serum Biochemical Findings

The level of liver enzymes AST and ALT were both
higher (p < 0.05) in the PC group and lower in the con-
trol and treatment groups. However, the T1 group had a

Fig. 4: Photomicrograph of the kidneys of rats following pretreatment
with N. sativa and exposure to lead acetate (A) NC (B) PC showing evi-
dence of tubular degeneration typified by vacuolation and hyaline depo-
sition within the tubules (yellow arrows) (C) T1 (D) T2 groups, without
any obvious lesions, H&E x200.

J. Comput. Theor. Nanosci. 14 (6), 2017

significantly lower value than the control and T2 groups.
The serum levels of ALP, cholesterol, creatinine and urea
were all significantly elevated in the PC and lower in the
control and treatment groups (Fig. 3).

Fig. 5: Photomicrograph of the liver of rats following pretreatment with
N. sativa and exposure to lead acetate (A) NC (B) PC group with evi-
dence of hepatocyte degeneration and necrosis (yellow arrows) (C) T1
(D) T2 group, showing vacuolar degeneration of hepatocytes (yellow

arrows), H&E %200.
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acetate. * ® ® Bars with different superscript indicate statistical
significance at p <0 05.

4.3. Histopathological Findings in the

Liver and Kidneys
There were no obvious pathological lesions observed in
the kidneys in all groups (Fig. 4). However, the liver of
the PC had evidence of hepatocyte degeneration and
necrosis, while liver from the T2 group had evidence of
vacuolar degeneration (Fig. 5).

4.4. Antioxidant Enzyme Concentrations

The activity of SOD was lower in the PC and T2 groups,
while the control and T1 groups had a higher SOD activ-
ity, which was comparable. The concentration of GSH
was also significantly lower (p < 0 05) in the PC and T2
groups, while the T1 group had a higher concentration that
was significantly different from the control (Fig. 6).

5. DISCUSSION
The ameliorative effects of N. sativa against several toxic

compounds have been reported in literatures.® * 1° 1018 1
this study, LA induced decreases in RBCs and PCV
counts in the PC group and these effects were reversed by
N. sativa administration in treated animals. This shows
that V. sativa can prevent anemia induced by LA.
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Similarly, we observed a decrease in lymphocyte count
and increased neutrophil counts in the PC and T1 groups,
both of which were reversed by N. sativa administration in
the treatment groups. This results supported the earlier
toxicity studies showing the negative effects of LA on the
hemogram of laboratory animals,8 adding to the
therapeutic effects of N. sativa in improving the

hemogram that have been previously documented.” !
Previous studies have reported the hepato-protective
effects of N. sativa against several toxic compounds such
as tramadol, malathion and carbon tetrachloride.9 617
These effects were attributed to the role of N. sativa in
restoring deficits in oxidative enzyme levels such as GSH
and SOD in the cell.”” In a related study, rats exposed to
LA for 6 weeks were observed to have elevated levels of
AST, which was ameliorated by administration of N.
sativa."’ However, the study was only able to show the
sub-chronic effects of N. sativa treatment on LA induced
toxicity, while our study evaluated the effect of NS pre-
treatment on sub-chronic LA induced toxicity.
The administration of low dose LA has been reported to
induce oxidative stress in animals; such resultant effects
were attributed to oxidant organ damage and dysfunction
associated with LA toxicity in man and animals.’ The pro-
tective effects of N. sativa oil and seed extract against
oxidant damage have been reported; N. sativa oil restored
increased malondialdehyde and decreased GSH levels in
rats exposed to tramadol toxicity, while 10% extract of N.
sativa was able to restore an imbalances in CAT, GSH,
SOD, MDA, glutathione peroxidase and glutathione reduc-
tase in mice exposed to carbon tetrachloride poisoning.9
These reports concur with the results of this study and
might support the fact that N. sativa is a potent antioxidant
compound.
In this study, the kidney function was affected by LA
toxicity, since elevated levels of creatinine and urea were
observed in the PC group. Other studies using LA at
graded doses also observed a similar or more severe
increase in kidney enzymes such as creatinine and urea.®”

10 Here, pre-treatment of rats with 200 mg/kg of N. sativa
prevented the increase in creatinine in blood on day 30 of
LA toxicity. Similarly, histolopathological changes such
as degeneration and necrosis was moderate in the liver and
kidney of the PC group and mild in the NS pre-treatment
group. This also suggests amelioration of the toxic effects
of LA by NS pre-treatment.

6. CONCLUSION

To conclude, this study showed that sub-chronic LA
administration to rats induces hematological, biochemical,
antioxidant enzyme and histopathological changes in rats.
The pre-treatment of rats with N. sativa at 200 mg/kg was
able to prevent these alterations.

J. Comput. Theor. Nanosci. 14 (6), 2017
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