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Abstract

Background: Toxicities due to fluoride exposure from
natural and industrial sources occur commonly in man
and animals with severe consequences ranging from mild
cardiac derangements to sudden death. In this study, we
investigated the protective effects of the methanol extract
of Azadirachta indica (Al) against sodium fluoride (NaF)-
induced hypertension and genotoxicity in rats.

Methods: Sixty rats were divided into six groups of ten
rats each as follows: Group A, the control group received
distilled water; Group B rats were administered NaF at
600 ppm in drinking water; Groups C and D rats were
pre-treated with the methanol extract of Al and thereafter
administered NaF at 600 ppm in drinking water for 7 con-
secutive days; Groups E and F rats were co-administered
with Al and NaF.
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Results: The administration of NaF caused significant
(p<0.05) increases in the blood pressure, markers of oxi-
dative stress, serum myeloperoxidase, xanthine oxidase
values in NaF-alone treated rats, compared with the
control. Significant (p<0.05) decreases were observed
in cardiac and renal antioxidant defence system in rats
administered NaF alone compared with the control group.
NaF treatment also resulted in a reduction in the expres-
sions of extracellular signal-regulated kinase (ERK) 1/2 in
cardiac and renal tissues of NaF-treated rats. Moreover,
NaF treatment elicited an increase in the frequency of
micronucleated polychromatic erythrocytes when com-
pared with the control group.

Conclusions: This study shows the protective effect of Al
on NaF-induced hypertension and genotoxicity through
antioxidant and ERK 1/2 signaling in rats.
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Introduction

Fluoride in the environment originates from both natural
and industrial sources [1]. When absorbed, fluoride is
rapidly distributed via the systemic circulation into the
intracellular and extracellular water of tissues [2]. The
presence of fluoride in tissues is associated with both
structural changes and disorders of function [3]. Occa-
sionally, acute fluoride intoxication may result in sudden
cardiac death and the mechanism is thought to result from
profound hypocalcemia by the precipitation of calcium
fluoride salt [4]. Chronic fluorosis which results from the
excessive ingestion of fluoride over a long period of time
is prevalent in many areas of the world and it endangers
both human and animal health [5]. As exposure to fluoride
has been shown to cause excessive production of reactive
oxygen species (ROS) and a resultant disruption in the
antioxidant defence system [6], the use of products with
antioxidant properties may be beneficial in ameliorating
fluoride-induced toxicity.
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Azadirachta indica (Al) is a plant with a wide variety
of clinical applications in traditional medicine [7]. Its
extracts from young flowers and leaves also have strong
antioxidant potential [8]. Administration of aqueous
extract of neem along with deoxycorticosterone acetate
salt prevented the development of hypertension in rats
[9]. Also, the administration of the mature leaf extract
of Al decreased serum cholesterol significantly without
changing serum protein, protein urea, and uric acid level
in rats [10]. Omobowale et al. recently demonstrated the
antioxidant and cardioprotective effects of Al [11, 12]. In
this study, we investigated the probable effects of Al on
sodium fluoride (NaF)-induced cardiorenal dysfunction
and genotoxicity in rats.

Materials and methods
Collection, identification, and extraction of plant material

Azadirachta indica leaves were botanically identified and authenti-
cated at the Herbatium of the Department of Botany, University of
Ibadan, Nigeria. The voucher number UIH-22527 was assigned. Fresh
leaves of Al were cleaned, air-dried, and crushed into coarse powder
using an electric blender. The powdered leaf was soaked in n-hexane
for 24 h and agitated at intervals and then filtered. The ground leaves
were afterwards soaked in methanol for 72 h and agitated at intervals.
The mixture was filtered thereafter and the filtrate was concentrated
at 37 °C using a rotary evaporator to give a residue methanol extract
of AL

Experimental animals

Some 60 male Wistar rats weighing 120-250 g were obtained from
the animal house of the Faculty of Veterinary Medicine, University
of Ibadan and housed in well-ventilated cages. The rats were fed
with rat chow produced and water was provided ad libitum. The rats
were subjected to a natural photoperiod of about 12 h light and 12 h
darkness daily. The animals were acclimatized for 7 days prior to
the commencement of the experiment. The protocols used were in
conformity with the guidelines of the National Institute of Health for
Laboratory Animal Care and Use [13].

Experimental protocol

The animals were randomly divided into six experimental groups
each containing 10 rats, as follows: Group A (control) was admin-
istered distilled water for 2 weeks; Group B was administered NaF
at 600 ppm (600 mg/L) in drinking water for 7 days; Group C was
pre-treated with 100 mg/kg Al orally for 7 days and then given NaF
at 600 ppm (600 mg/L) in drinking water for 7 days; Group D was
pre-treated with 200 mg/kg Al orally for 7 days and then given
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NaF at 600 ppm (600 mg/L) in drinking water for 7 days; Group E
was co-administered with both 100 mg/kg AI and NaF at 600 ppm
(600 mg/L) in drinking water for 7 days; Group F was co-administered
and treated with both 200 mg/kg Al and NaF at 600 ppm (600 mg/L)
in drinking water for 7 days.

Blood pressure measurement

Indirect blood pressure was taken in conscious rats by tail plethys-
mography using an automated blood pressure monitor (CODA S1,
Kent Scientific Corporation, CT, USA). The average of at least nine
readings was taken in the quiescent state following acclimatization.
The systolic blood pressure (SBP), diastolic blood pressure (DBP),
and mean arterial pressure (MAP) values were recorded for each rat.

Electrocardiography

Standard lead II electrocardiogram was recorded in conscious rats
using a seven-lead ECG machine (EDAN VE-1010, Shanghai, China).
The machine was calibrated at 20 mm/mV amplitude and 50 mm/s
paper speed. From the electrocardiogram, parameters such as heart
rate, QRS duration, QT segment, and Bazett’s correction of the QT
interval were determined.

Preparation of serum and tissue samples for biochemical
assays

The blood samples were then centrifuged at 400 rpm for 10 min. The
serum was collected and stored in the refrigerator at 4 °C. The heart
and kidney tissues were then minced with scissors in four volumes
of ice-cold 0.1 M phosphate buffer, pH 7.4, and homogenized. The
resultant homogenates were centrifuged at 10,000 g at 4 °C for
15 min. The cardiac and renal post mitochondrial fractions (PMFs)
were collected and processed for biochemical assays.

Biochemical assays

The protein concentrations of the samples obtained from individual
rats were determined by Gornal et al. [14]. The activity of superox-
ide dismutase (SOD) was determined by measuring the inhibition
of auto-oxidation of epinephrine at pH 10.2 at 30 °C as described by
Misra and Fridovich [15] with slight modification [16, 17]. Glutathione
peroxidase activity was analyzed by the method of Beutler et al. [18].
Lipid peroxidation was determined by measuring the formation of
thiobarbituric acid reactive substances according to the method of
Varshney and Kale [19]. Levels of hydrogen peroxide in the samples
were determined using the method described by Woff [20]. The activ-
ity of catalase was determined using the method of Sinha [21]. The
production of NO was evaluated by measuring the level of nitrite,
an indicator of NO, as described by Crespo et al. [22]. The sulfhydryl
(total thiol) and non-protein thiol (NPT) content were determined
as described by Ellman [23]. The activity of xanthine oxidase was
determined according to the method of Akaike et al. [24] while serum
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myeloperoxidase activity was determined according to the method of
Xia and Zweier [25].

Genotoxicity

This was done using in vivo micronucleus assay technique as described
[26]. The proximal ends of the femurs were carefully removed with a
pair of scissors until a small opening to the marrow became visible. The
femur was submerged in fetal calf serum and the marrow was flushed
out gently by aspiration and flushing on glass slides. The marrow sus-
pension was positioned on one end of a slide and spread by pulling
the material behind polished cover glass held at an angle of 45°. Slides
were fixed in methanol for 3-5 min; allowed to dry for 24 h and later
stained with May-Gruenwald and later with 5% diluted Giemsa solu-
tion for at least 30 min. Slides were then rinsed in phosphate buffer
for about 30 s and in distilled water. Slides were then air-dried. The
dried stained slides were then mounted in DPX with coverslips. They
were later viewed under the microscope at 100x magnification using
oil immersion for the presence of micronucleated polychromatic eryth-
rocytes (MNPCE). Scoring was done using a tally counter.

Immunohistochemistry of extracellular regulated
kinase 1/2

Immunohistochemistry of paraffin-embedded tissue of the heart and
kidneys was performed after the tissues were obtained from buffered
formalin perfused rats as earlier described by Oyagbemi et al. [27].

Statistical analysis

All values were expressed as mean=+SD. The test of significance
between two groups was estimated by Student’s ¢ test. One-way
ANOVA with Dunnett’s post-test was also performed using Graph Pad
Prism version 4.00.

Chemicals and reagents

1,2 Dichloro 4 nitrobenzene, thiobarbituric acid (TBA), trichloro-
acetic acid (TCA), CoCl,, sodium hydroxide, xylenol orange (XO),
potassium hydroxide, reduced glutathione (GSH), O dianisidine, and
hydrogen peroxide (HZOZ) were purchased from Sigma (St. Louis, MO,
USA). Normal goat serum, Biotinylated antibody and Horse Radish
Peroxidase (HRP) System was purchased from KPL, Inc. (Gaithers-
burg, MD, USA). ERK1/2 antibodies were purchased from Bioss Inc.
(Woburn, MA, USA) while 3,3’-diaminobenzidine (DAB) tablets were
purchased from AMRESCO LLC. (OH, USA). All other chemicals used
were of analytical grade and were obtained from British Drug Houses
(Poole, Dorset, UK).

Results

In this study, NaF caused a significant (p <0.05) increase
in markers of oxidative stress (MPO — myeloperoxidase,
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X0, NO, malondialdehyde — MDA, and H,0,) in both
cardiac and renal tissues. This was, however, reversed by
both pre-treatment and co-treatment with AI (Tables 1-4).
Similarly, a decline in the antioxidant defence system in
cardiac and renal tissues of rats treated with NaF alone
was observed when compared with the controls (Table 5).
Significant (p<0.05) decreases in the levels of nonenzy-
mic antioxidants GSH, PT, and NPT (Tables 6-8) as well
the activities of SOD, CAT, and GPx (Tables 9-11) were

Table 1: The effect of Azadirachta indica on serum myeloperoxidase
(MPO) activity of NaF-treated rats.

Treatment group MPO, pmol/mg protein
A (Control) 2.940.1
B (NaF) 7.6+0.92
C(AI1+NaF) 3.2+0.5°
D (Al,+NaF) 2.9+0.6°
E(AI3+NaF) 4.9+0.4%°
F(AI4+NaF) 4,1+£0.9%°

The results are shown as mean £ SD for each group of 10 rats per
group. 2p <0.05 when compared with control group. °p <0.05 when
compared with NaF-treated group.

Table 2: The effect of Azadirachta indica on serum nitric oxide (NO)
level of NaF-treated rats.

Treatment group NO, umol/mg protein
A (Control) 0.04+0.02
B (NaF) 0.01+0.00°
C(AI1+NaF) 0.04+0.02°
D (AI2+NaF) 0.03+0.01°
E(AI3+NaF) 0.04+0.01°
F(AIA+NaF) 0.04+0.02°

The results are shown as mean = SD for each group of 10 rats per
group. ?p <0.05 when compared with control group. ®p <0.05 when
compared with NaF-treated group.

Table 3: The effect of Azadirachta indica on serum xanthine oxidase
activity.

Treatment group X0, pmol/mg protein
A (Control) 0.10+0.00
B (NaF) 0.26+0.02°
C(AI1+NaF) 0.21+0.012°
D (AI2+NaF) 0.2140.022°
E (AI3+NaF) 0.16+£0.00°
F(AIA+NaF) 0.17£0.00%0

The results are shown as mean = SD for each group of 10 rats per
group. 2p <0.05 when compared with control group. °p <0.05 when
compared with NaF-treated group.
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Table 4: The effect of Azadirachta indica on malondialdehyde (MDA)
levels in cardiac and renal tissues of NaF-treated rats.

DE GRUYTER

Table 7: The effect of Azadirachta indica on cardiac and renal non-
protein thiol (NPT) contents.

Treatment MDA, pmol MDA formed/mg protein
rou
group Heart Kidney
A (Control) 3.2+0.7 1.1+0.1
B (NaF) 8.7+0.7° 3.5+0.4°
C (AI1+NaF) 4.910.07%° 1.6+£0.220
D(AI2+NaF) 4.6+0.3%° 2.1+0.6*"
E (AI3+NaF) 5.3+0.7*" 2.4+0.3*"
F(AI4+ NaF) 5.4+0.4%b 1.9+0.12°

The results are shown as mean £ SD for each group of 10 rats per
group. ?p <0.05 when compared with control group. °p <0.05 when
compared with NaF-treated group.

Table 5: The effect of Azadirachta indica on hydrogen peroxide levels
generated in the cardiac and renal tissues of the experimental rats.

Treatment NPT, pmol/protein NPT, pmol/mg protein
group Heart Kidney
A (Control) 100.2+5.4 107.8+9.2
B (NaF) 91.6+0.8° 100.6+6.2
C(AI1+NaF) 129.9+9.3b 111.1+£2.0°
D (AI2+NaF) 114.3+5.3%b 98.7+1.4°
E(A|3+NaF) 110.5+5.12° 97.8+4.8°
F(AI4+NaF) 121.3+8.10 96.0+2.4°

The results are shown as mean = SD for each group of 10 rats per
group. p <0.05 when compared with control group. °p <0.05 when
compared with NaF-treated group.

Table 8: The effect of Azadirachta indica on reduced glutathione
(GSH) levels in cardiac and renal tissues of NaF-treated rats.

Treatment H,0,, pmol/mg protein  Treatment GSH, pmol/mg protein
rou group .

group Heart Kidney Heart Kidney
A (Control) 12.8+0.1 19.4+0.8 A (Control) 14.6+0.6 15.6+0.5
B (NaF) 14.940.9° 22.4+0.2* B (NaF) 13.4+0.7° 13.0+0.7°
C (Al +NaF) 13.6+0.12" 17.8+0.9>>  C(Al +NaF) 17.240.82" 15.0+0.8
D (Al,+NaF) 13.240.9° 19.1+0.7> D (Al,+NaF) 14.0£0.6" 14.6+0.2°"
E (AL, +NaF) 13.5+0.5 17.7+£1.0%>  E(Al,;+NaF) 14.8+0.5 16.0+0.0°
F (Al,+NaF) 13.5+0.5% 18.0+1.0=>  F(Al,+NaF) 16.3+1.32" 13.6+1.0°

The results are shown as mean £ SD for each group of 10 rats per
group. ?p<0.05 when compared with control group. °p <0.05 when
compared with NaF-treated group.

Table 6: The effect of Azadirachta indica on protein thiol (PT)
content in cardiac and renal tissues of NaF-treated rats.

Treatment PT, umol/mg protein
rou
group Heart Kidney
A (Control) 34.7+7.9 66.9+77
B (NaF) 23.2+3.67 56.1+2.3°
C(AI]+NaF) 34.0+4.6° 70.0£13.1°
D(AI2+NaF) 38.3%5.5° 76.31£10.0%°
E(AI3+NaF) 24.3+1.9° 72.8+11.6°
F(AI4+NaF) 32.4+2.8° 77.4+11.3%0

The results are shown as mean £ SD for each group of 10 rats per
group. ?p <0.05 when compared with control group. ®p <0.05 when
compared with NaF-treated group.

observed. Also, the decline in the activities of these anti-
oxidant enzymes was reversed by both pre-treatment and
co-treatment with Al

Genotoxicity shown by an increase in the frequency of
MNPCE relative to the controls was observed in NaF-treated
rats. This was, however, ameliorated by pre-treatment

The results are shown as mean = SD for each group of 10 rats per
group. p <0.05 when compared with control group. °p <0.05 when
compared with NaF-treated group.

Table 9: The effect of Azadirachta indica on superoxide dismutase
(SOD) activity in cardiac and renal tissues of NaF-treated rats.

Treatment SOD, units/mg protein
rou
group Heart Kidney
A (Control) 1.04+0.4 1.45+0.1
B (NaF) 0.39+0.22 0.87£0.32
C (Al, +NaF) 1.32+0.1° 1.45+0.1°
D (AI2+NaF) 1.27+£0.1° 1.42£0.1°
E (Al +NaF) 1.53£0.2*° 1.29£0°
F (Al +NaF) 1.26+0.4° 1.46£0°

The results are shown as mean = SD for each group of 10 rats per
group. 2p <0.05 when compared with control group. °p <0.05 when
compared with NaF-treated group.

with AI at 100 and 200 mg/kg as well as co-treatment at
200 mg/kg as indicated in Table 12.

A significant (p<0.05) increase in blood pressure
parameters (SBP, DBP, and MAP) was observed in NaF-
only treated rats relative to the controls. However, a sig-
nificant (p<0.05) decrease in SBP was observed with
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Table 10: The effect of Azadirachta indica on catalase activity in
cardiac and renal tissues of NaF-treated rats.

Omobbowalé et al.: Ameliorative effect of Azadirachta indica on sodium fluoride-induced hypertension =—— 5

Table 13: The effect of Azadirachta indica on blood pressure of NaF-
treated rats.

Treatment CAT, pmol of H,0, consumed/min/mg
group protein

Heart Kidney
A (Control) 1.34+0.4 6.7£1.0
B (NaF) 0.97£0.6° 1.2+0.4°
C(AI1+NaF) 3.24+0.9%° 2.7+1.2%
D(AI2+NaF) 2.4+0.5%0 7.5+£0.6°
E(AI3+NaF) 3.54+2.5%° 3.84+0.8*"
F(AI4+NaF) 3.7+2.2° 2.6+0.9%°

The results are shown as mean + SD for each group of 10 rats per
group. p <0.05 when compared with control group. ®p <0.05 when
compared with NaF-treated group.

Table 11: The effect of Azadirachta indica on glutathione peroxidase
(GPx) activity in cardiac and renal tissues of NaF-treated rats.

Treatment GPx, pmoles/mg protein
rou
group Heart Kidney
A (Control) 220.7£0.2 216.1£1.1
B (NaF) 218.3£0.25° 214.1£0.4°
C (Al, +NaF) 220.0+1.2° 218.3+1.6%°
D (Al,+NaF) 219.9£0.6%0 217.9£1.9%0
E (Al,+NaF) 219.7£0.5%0 217.4+0.8%0
F (Al +NaF) 221.2+0.8° 217.8+1.0%°

The results are shown as mean = SD for each group of 10 rats per
group. 2p <0.05 when compared with control group. °p <0.05 when
compared with NaF-treated group.

Table 12: The effects of Azadirachta indica on genotoxicity of NaF-
treated Wistar rats.

Treatment group Frequency of MNPCE
A (Control) 1.3£0.6
B (NaF) 18.0+1.82
C (Al, +NaF) 15.8+1.7%
D (AL, +NaF) 8.5+1.2%
E(AI3+NaF) 16.5+1.2?2
F (Al +NaF) 14.2£0.8%

The results are shown as mean = SD for each group of 10 rats

per group. MNPCE, micro nucleated polychromatic erythrocytes.
3p <0.05 when compared with control group. °p <0.05 when com-
pared with NaF-treated group.

both pre-treatment and co-treatment with Al. Again, only
pre-treatment with Al at 200 mg/kg caused a significant
(p<0.05) reduction in DBP when compared with the NaF-
treated group. Further, pre-treatment with Al at both 100
and 200 mg/kg caused significant (p<0.05) reductions
in MAP (Table 13). No significant effects were, however,

Treatment group SBP, mmHg DBP, mmHg MAP, mmHg
A (Control) 127.6+11.15 99.2+12.83 108.2+11.39
B (NaF) 166.0+7.75* 128.2+8.15° 140.4%7.09°
C (Al +NaF) 148.0£16.97>* 119.5+21.92° 128.5+9.19%>
D (Al,+NaF) 127.0+10.83> 100.6+13.48" 109.2+12.19°
E (Al,+NaF) 159.3£1.15%>  134.0%+3.61*  142.3+2.52°
F (Al +NaF) 149.5+24.69*> 118.8+30.35 128.8+24.28%

The results are shown as mean = SD for each group of 10 rats per
group. SBP, systolic blood pressure; DBP, diastolic blood pressure;
MAP, mean arterial pressure. ?p <0.05 when compared with control
group. °p<0.05 when compared with NaF-treated group.

Table 14: The effect of Azadirachta indica on heart rate, QT, and QTc
of NaF-treated rats.

Treatment Heart rate, QT segment, QTc, ms
group beats/min ms

A (Control) 260.5£13.4 65.0+7.1 135.0£11.3
B (NaF) 268.3+31.5 61.0+£3.8 128.3+10.6
C (Al, +NaF) 274.0£15.4 68.8+8.5 146.0+£15.0
D (Al,+NaF) 269.0+8.9 62.3+2.9 131.7+8.4
E (Al +NaF) 251.0£17.3 72.7+13.3 147.7+£26.4
F (Al +NaF) 259.3+14.4 69.8+8.4 144.3+£15.7

The results are shown as mean £ SD for each group of 10 rats per
group. ?p<0.05 when compared with control group. *p <0.05 when
compared with NaF treatment group.

observed with NaF treatment on heart rate, QT, and QTc
(Bazett) values (Table 14). NaF treatment caused lower
expressions of extracellular signal regulated kinase (ERK
1/2) in both cardiac and renal tissues of rats relative to the
control. This was, however, ameliorated by treatment with
Al (Figures 1 and 2).

Discussion

In this study, the administration of NaF induced both
cardiac and renal toxicities as evidenced by a signifi-
cant increase in MDA and H,0, and decrease in the
levels of PT, NPT, GSH, CAT, and GPx. Excessive forma-
tion of ROS, deoxyribonucleic acid (DNA)-damage, and
decreased activity of antioxidant enzymes induced by
sodium fluoride ingestion have been reported [28]. Also,
the serum MPO increased significantly in this study. MPO
is an enzyme stored in the azurophilic granules of poly-
morphonuclear neutrophils and macrophages [29]. At
inflammatory sites, MPO is released into the cellular fluid,
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Figure 1: Lower expressions of ERK1/2 are observed in the renal and cardiac tissues of rats administered NaF alone relative to the control.
Similarly, higher expressions of ERK1/2 are observed in rats pre-treated and co-treated with Al, respectively.

Group A (control) shows higher expressions of renal extracellular signal regulated kinase (ERK 1/2) expressions in the renal tissues. Group B
(NaF only) shows lower expressions of ERK than the control. Group C [Azadirachta indica, Al + NaF (100 mg/kg pre-treatment)] shows higher
expressions of ERK than Group B. Group D [Al+NaF (200 mg/kg pre-treatment)] shows higher expressions of ERK compared to Group B. Group
E [Al+NaF (100 mg/kg co-treatment)] shows higher expressions of ERK similar to that of Group A. Group F [(Al+NaF (200 mg/kg co-treatment)]
shows higher expressions of ERK similar to that of Group A. The slides were counterstained with high-definition hematoxylin and viewed 400x
objectives (magnification: 100x).

consumes endothelial-derived nitric oxide (NO), anendog- anti-inflammatory activities of NO in vivo. MPO is also a
enous vasodilator, and thus reduces the bioavailability of marker of myocardial damage mediated by lipid peroxi-
NO with consequent impairment of the vasodilatory and dation, endothelial dysfunction, modulation of proteases
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Figure 2: Group A (control) shows higher expressions of extracellular signal regulated kinase (ERK 1/2) expressions in the cardiac tissues.
Group B (NaF only) shows lower expressions of ERK than the control. Group C [(Azadirachta indica, Al +NaF (100 mg/kg pre-treatment)]
shows higher expressions of ERK than Group B. Group D [(Al + NaF (200 mg/kg pre-treatment)] shows higher expressions of ERK compared
to Group B. Group E [(Al + NaF (100 mg/kg co-treatment)] shows higher expressions of ERK similar to that of Group A. Group F [(Al+NaF
(200 mg/kg co-treatment)] shows higher expressions of ERK similar to that of Group A. The slides were counterstained with high-definition

hematoxylin and viewed 400x objectives (magnification: 100x).

cascade, and increase in thrombogenicity [30]. The NaF-
enhanced MPO activity, observed in this study, suggests
an inflammatory process associated with the generation
of free radicals and an induction of oxidative stress. Con-
versely, the decreased MPO activity associated with the
pre-and co-treatment of Al at 100 and 200 mg/kg suggests

an ameliorative action for Al in fluoride-induced oxidative
stress.

Nitric oxide is actively involved in several protective
functions of the intact endothelium and it maintains the
blood vessel in a constant state of vasodilation [31]. In
this study, significant decrease in the serum level of NO
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was observed in rats exposed to NaF compared with the
control. However, the pre-treatment of rats with Al and co-
administration of NaF with Al caused a significantincrease
in the serum level of NO, compared with the untreated
NaF exposed rats. This observation suggests a probable
ameliorative role for Al on NaF-induced progressive loss
of NO-associated endothelial protective functions.

Xanthine oxidase (XO) is an enzyme involved in the
metabolism of purines; catalyzing the conversion of both
hypoxanthine and xanthine to uric acid, a normal compo-
nent of urine [32]. Unfortunately, oxidative stress-inducing
free radicals are the by-products of XO activity [33]. Conse-
quently, increased activity of xanthine oxidase is associ-
ated with significant oxidative stress-mediated endothelial
dysfunction and tissue injury [34]. It has been demon-
strated that mild uricemia has the ability to induce renal
inflammation, activate the renin-angiotensin system, and
downregulate nitric oxide metabolism, thereby leading to
uric acid-mediated hypertension [35]. Hyperuricemia has
also been linked to abnormalities such as afferent arte-
riopathy, glomerular hypertrophy, increased glomerular
pressure, tubulointerstitial damage, and infiltration of the
kidneys by macrophages [36]. In this study, NaF elicited
a significant increase in the serum level of XO when com-
pared with the control group, but pre-treatment with Al
caused a significant (p<0.05) decrease in the activity of
serum XO, thus suggesting an effect of Al on free radical
generation in both the pre-treatment and co-treatment
groups.

A significant increase in MDA, which is a marker of
oxidative stress [37], as observed in the untreated NaF-
treated group of rats suggests an indication of oxidative
stress. However, both the pre-treatment and co-treatment
with Al caused a significant decrease in the cardiac and
renal MDA levels in rats, thus suggesting potent antioxi-
dant effect of Al and protection of the heart and kidney
from lipid peroxidation. Liu et al. [38] reported increased
production of lipid peroxides, reactive nitrogen and
oxygen species, and concomitant cellular damage follow-
ing fluoride exposure.

In this study, treatment with NaF elicited a significant
increase in hydrogen peroxide (HZOZ), one of the several
ROS formed in the course of normal metabolism [39],
whereas Al caused a significant decrease in the cardiac
and renal H,0, levels in both the pre-treatment and co-
treatment groups, thus suggesting an amelioration of free
radical generation. Moreover, thiols make up the major
portion of the total body antioxidants and play a signifi-
cant role in defense against ROS [40]. A decreased level
of thiols has been noted in various disorders including
chronic renal failure and cardiovascular disorders [41]. In
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this study, the levels of protein (PT) and NPT were signifi-
cantly decreased following NaF exposure in the cardiac
and renal tissues compared with the control group, proba-
bly due to an increased generation of free radicals induced
by NaF. However, pre-treatment and co-treatment with Al
caused a significant increase in PT and NPT in the cardiac
and renal tissues of rats. This observation suggests pre-
vention of the deleterious effect of NaF on the endogenous
antioxidant of Al. Antioxidant enzymes, such as SOD,
catalyze the conversion of superoxide radicals (O,) into
hydrogen peroxide (H,0,) and O,, and further the detoxi-
fication of H,0, into H,0 and O, [42]. Catalase (CAT) and
glutathione peroxidase (GPx), also, are enzymes involved
in the detoxification of H,0,. In this study, the activities of
the antioxidant enzymes CAT, GPx, and SOD significantly
decreased in cardiac and renal tissues of rats exposed to
NaF when compared with the control. The decrease in the
activities of these enzymes may be associated with their
excessive utilization in the inactivation of the free radi-
cals generated by NaF. The significantly increased activity
of SOD, CAT, and GPx in the cardiac and renal tissues of
rats pre-treated with and co-administered with the extract
of Al suggest an inherent protective effect for Al on the
observed NaF-induced depletion of the endogenous anti-
oxidant enzymes. The observation in this study is similar
to the report of Sinha et al. [43] who reported increased
lipid peroxidation, but decreased antioxidant enzyme
activities in NaF intoxication.

Moreover, fluoride has been reported to inhibit
various enzymes such as phosphofructokinase-1, thereby
interfering with DNA repair mechanism and thus inducing
mutagenesis [44]. An important biomarker of DNA damage
is the detection of MNPCE in the bone marrow [45]. The
observed increase in the frequency of MNPCE, observed
in this study, following the administration of NaF suggests
an alteration of the genomic integrity of rats, whereas
the significant decrease in the frequency of MCPCE in
NaF-exposed rats treated with 200 mg/kg of Al suggest
a preservation of the genomic integrity and inhibition of
DNA damage. The observation, in this study, of increased
MNPCE in the untreated NaF-exposed rats agrees with an
earlier report of Srilatha et al. [46] that oral administration
of NaF induces DNA damage in rats.

Also in this study, the SBP which is a measure of blood
pressure while the heart is relaxed between heart beats
[47], increased significantly in the untreated NaF-exposed
rats. The regulation of blood pressure and development
of hypertension (increased blood pressure beyond the
normal range for a given species) is a complicated multi-
factorial process involving the heart, autonomic nervous
system, endothelial signaling intercellular mechanisms,
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vasculature, and kidneys [48]. Fluoride has been shown
to concentrate in the cardiovascular system and this can
result in increased blood pressure [49]. In this study, the
SPB, DBP, and MAP of the untreated NaF-exposed rats
increased significantly when compared with the control
group, but the pre-treatment and co-treatment with Al
elicited a significant decrease in the blood pressure level,
thereby suggesting that Al conferred some level of protec-
tion against the development of high blood pressure.

Extracellular signal regulated kinases are members of
the mitogen-activated protein kinase superfamily involved
in the ERK cascade, and they function to regulate cellular
processes such as proliferation, differentiation, and cell
cycle [50]. The activation of ERK 1/2 has been shown to
inhibit apoptosis in response to a wide range of stimuli
such as tumor necrosis factors, osmotic stress, nitric
oxide, radiation, and hydrogen peroxide [51]. The result
of this study showed that NaF administration elicited a
lower expression of ERK 1/2 which caused a reduction in
cell survival protein. However, pre-treatment and co-treat-
ment with Al reversed the toxic effect of NaF as evidenced
by a marked increase in ERK 1 and 2 expressions in cardiac
and renal tissues. This suggests that Al has an antioxidant
effect against the NaF-induced cell death. The pre-treat-
ment and co-treatment with Al ameliorated the effect of
fluoride-induced oxidative stress, DNA damage, hyperten-
sion, and reduction in cell survival protein in cardiac and
renal tissues of rats. Therefore, Al holds great potential as
amedicinal plant in the management of hypertension and
its associated complications.
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