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Abstract
Lead is one of the major pollutants in the world which is deleterious to both animals and humans. It is
found in every aspect of the environment such as the air, water and soil. This pollutant affect both wild
and domestic birds. Naringin is a �avonoid that has been found to have medicinal properties mostly
because of its antioxidant and metal chelating effects. This study was carried out to investigate the
protective effect of naringin against lead-induced anaemia, cardio and nephrotoxicity, oxidative stress,
and hypertension. Thirty -six cockerel chicks were used for this study, and randomly grouped into six
chicks per group; Group A served as the control, Group B received Pb only (300 ppm), Group C (Pb and
naringin; 80 mg/kg), Group D (Pb and naringin; 160 mg/kg), Group E (naringin 80 mg/kg) and Group F
(naringin 160 mg/kg), respectively for eight weeks. Lead (Pb) was administered via drinking water while
Naringin was administered via oral gavage. Lead acetate intoxication precipitated anaemia as indicated
by signi�cant reductions in the values of PCV, RBC, and Hb concentration in lead-treated chicks when
compared with the controls. Also, lead administration induced hypertension together with increased
oxidative stress, depletion of the antioxidant defense system, reduced nitric oxide production and
increase in high blood pressure. Immunohistochemistry indicated high expressions of cardiac troponin,
renal angiotensin converting enzymes, and renal neutrophil gelatinase associated lipocalin. Treatment
with naringin corrected anemia, reduced oxidative stress, improved antioxidant system, reduced high
blood pressure, and offered protection against lead acetate-induced cardio-renal dysfunction in cockerel
chicks.

Introduction
Lead (Pb) is a blue–gray and highly toxic divalent metal that occurs naturally and is spread through
various human activities in the environment, and its toxicity remains one of the most studied in
environmental health and medicine (Hossain et al. 2014). Wild and domestic birds are quite sensitive to
Pb exposure which can present as either acute or chronic responses, and about 120 species have been
documented to be exposed to Pb poisoning (Haig et al. 2014). Main sources of Pb are the environment;
getting into birds mainly due to anthropogenic activities, industrial emissions, wind carrying dust, water
runoffs, and erosions in the soil (Hossain et al. 2014). Pb has been found to induce a range of
dysfunctions both physiological, biochemical, and behavioral in animals and man by affecting the
cardiovascular system and inducing renal damage, with its toxicity closely related to the route of
exposure and duration, level of intake, absorption rate and e�ciency of excretion (Fakunle et al. 2013,
Matovic et al., 2015). Pb is a non-redox metal and one of the mechanisms of its toxicity is by the
induction of oxidative stress through generating reactive oxygen species (ROS) which induces oxidative
stress and also by the depletion of the antioxidant defense system in various tissues (Matovic et al. 2015;
Oyagbemi et al. 2015; Akinlolu et al. 2021; Nasiruddin et al. 2021; Gadde et al. 2021).

Pb toxicity manifests most times as anemia due to its ability to cause destruction of red blood cells and
reduced production of red blood cells (Gargouri et al. 2020; Oyem et al. 2021). It does so by interfering
with certain enzymes necessary for heme production such as delta-aminolaevulinic acid dehydratase
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(Thuppil et al. 2013; Hossain et al. 2014; Dsouza et al. 2021; Azab 2021). The inhibition of the delta-
aminolaevulinic acid dehydratase (δ-ALAD) is a reliable and sensitive indicator of Pb exposure, ALAD
strongly decreases after Pb exposure and often remains depressed over an extended period in an
otherwise apparently healthy bird (Golden et al. 2016; Krone 2018). Lead exposure has been documented
to be associated with increased blood Pb levels which in turn caused hypertension and increased mean
arterial pressure (Vaziri 2008; Wildemann et al. 2015; Broseghini-Filho et al. 2016; de Moura et al. 2021).
Long-term lead exposure has been reported to alter cardiorespiratory and nervous Systems (Shvachiy et
al. 2020). Several studies have identi�ed oxidative stress, an impaired nitric oxide (NO) bioavailability,
in�ammation, and changes in cellular Ca2 transport during lead exposure (Xu et al. 2015; Ileriturk et al.
2021). Chronic lead exposure causes oxidative stress, limits NO availability, impairs nitric oxide signaling,
promotes in�ammation, increases sympathetic activity, increases endothelial production, and alters
cardiovascular functions (Liu et al. 2013; Ileriturk et al. 2021; Long et al. 2021; Ajarem et al. 2021;
Kucukler et al. 2021).

Naringin is a naturally occurring �avonoid which is known to have a bioactive activity such as anti-
in�ammatory, free radical scavenging, antioxidant, anti-apoptotic, and immunomodulatory effect on
animal and human health (Venkateswara et al. 2017; Baranowska et al. 2021; Hassan et al. 2021; Li et al.
2021; Deng et al. 2022). Naringin differs from other bio�avonoids because of its ability to improve the
lipid pro�le (Chanet et al. 2012), bioactivity in the regulation of heart rhythm (Rani et al. 2013),
cardioprotective (Amini et al. 2019) and its antiarterogenic action LDL cholesterol and arterial pulmonary
hypertension (Wu et al. 2021). All of these contribute to the control of blood pressure and the prevention
of the appearance of atherosclerosis. The present study sought to understand the neproprotective,
cardioprotective and anti-hypertensive actions of metal chelating antioxidant naringin in lead acetate-
induced toxicity in cockerel chicks and its possible molecular mechanism of action.

Materials And Method

Chemicals
Pb acetate trihydrate ((C H O )2Pb.3H O), Lead acetate, naringin, Trichloro acetic acid (TCA), sodium
hydroxide, Odianisidine, and hydrogen peroxide (H2O2), xylenol orange (XO), potassium hydroxide,
reduced glutathione (GSH), oxidized glutathione (GSSG), NaF, thiobarbituric acid (TBA),
1,2dichloro4nitrobenzene, were purchased from Sigma (St. Louis, MO, USA). Normal goat serum,
Biotinylated, and antibody 2-step plus Poly-HRP Anti Mouse/Rabbit IgG Detection System with DAB
solution were purchased from Elabscience Biotechnology®, China), anti- Angiotensin Converting
Enzyme1 Polyclonal Antibody (E-AB-16159: 1:500 Dilution) and Anti-Lipocalin (TINGAL1) Polyclonal
Antibody (E-AB-40223: 1:500 Dilution) for the Kidney, Cardiac Troponin (TNNC1) Polyclonal Antibody (E-
AB-18400: 1:50 Dilution). All other chemicals used for this study were of analytical grade.

Experimental Animals And Design
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Thirty-six-day old cockerel chicks were used for this study. They were randomly grouped into six of six
chicks each; control, Pb (600 ppm), Pb and Naringin (80 mg/kg), Pb and Naringin (160 mg/kg), Naringin
(80mg/kg) and Naringin (160mg/kg). The dosage of Pb acetate was chosen from the previous study of
Amini et al. (2021) with slight adjustment. They were exposed and treated for eight weeks, respectively.
The chicks were given poultry feed and supplied with water ad libitum and housed in poultry units of the
Department of Veterinary Medicine, Faculty of Veterinary Medicine, University of Ibadan. Lead was given
via drinking water and Naringin via oral gavage. Ethical regulations were followed in accordance with
national and institutional guidelines for the protection of animal welfare during experiments (Garber et al.
2011).

Electrocardiogram (ECG)
The Electrocardiographic recordings were done using a 6/7 lead computer ECG machine (EDAN VE-1010,
Shanghai, China) as earlier reported by Omobowale et al. (2017). Lead II parameters of the heart rate, P-
duration, PR-, QRS-duration, QT duration and the Bazett's correction of the QT segment were recorded for
each bird.

Blood Pressure Measurement
The blood pressure was measured using automated blood pressure monitor. Birds were manually
restrained, and indirect blood pressure measurements were obtained by placing a cuff around the limb
over the femoral artery. This was performed 24 hours before the termination of the experiment.

Hematology
Blood was collected from the right jugular vein using a sterile syringe and transferred into a lithium
heparin anticoagulant bottle. The blood was analyzed for full blood count using the method described by
Thomas and Merle (2016).

Blood Sample Collection And Serum Preparation
At termination of the study, the birds were humanely handled and about 5ml blood collected via the
jugular vein. The clotted blood was centrifuged at 4, 000 rpm for 10 mins. The clear serum was harvested
and stored until analysis. The kidney and heart were harvested and weighed for the determination of
organ weight and relative organ weight respectively for biochemical assay.

Renal And Cardiac Post-mitochondrial Fractions Preparation
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Tissue samples from kidney and heart were quickly excised, rinsed, blotted with �lter paper, weighed,
chopped into bits and homogenized with homogenizing buffer (0.1M phosphate buffer, pH 7.4) using a
Te�on homogenizer. The homogenate obtained was centrifuged at 10,000 × g for 10 min with a cold
centrifuge at − 4°C to obtain post-mitochondrial fractions (PMFs). The supernatants (PMFs) obtained
were used for biochemical assays.

Biochemical Assays

Determination of antioxidant defense system
Superoxide dismutase (SOD) assay was carried out by the method of Misra and Fridovich with slight
modi�cation by Oyagbemi et al. (2015). The glutathione peroxidase (GPx) activity was also measured
according to Beutler et al. (1963), glutathione S-transferase (GST) was estimated by the method of Habig
et al. (1974) using 1-chloro-2,4-dinitrobenzene as substrate, and the reduced glutathione (GSH) content
was estimated by the method of Ellman (1959).

Determination Of Markers Of Oxidative Stress
Hydrogen peroxide (H2O2) generation was determined using the method described by Wolf’s (1994).
Malondialdehyde (MDA) as a product of lipid peroxidation was determined using the method described
by Varshney and Kale (1990). Serum myeloperoxidase (MPO) was determined by the method described
by Xia and Zweier (1997).

Determination Of Serum Total Protein And Nitric Oxide
Serum Nitric oxide was determined using the method described by Olaleye et al. (2007) while serum total
protein was determined by Biuret’s method as described by Gornal et al. (1949).

Immunohistochemistry (Ihc) Protocol
Immunohistochemistry was done as described by Oyagbemi et al. (2019). Antibodies against renal
angiotensin converting enzyme (ACE), neutrophil gelatinase-associated lipocalin (NGAL), while cardiac
troponin were probed in the heart with slight modi�cation using 2-step plus Poly-HRP Anti Mouse/Rabbit
IgG Detection System with DAB solution (Catalog number: E-IR-R217 from Elabscience Biotechnology®,
China). The kidney and Heart samples were �xed with 10% paraformaldehyde, embedded in para�n and
sectioned at a thickness of 5 µm. The slides were subsequently dewaxed in xylene (100%) solution for 2
minutes and afterward, hydration was carried out in different concentrations of ethanol (100%, 90%, and
80%) for 2 minutes each. The hydrated slides were rinsed and put in a PBS buffer tank for 5 mins. The
antigen retrieval was performed with citrate buffer solution containing 2.1 g of citric acid monohydrate
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and 14.75 g of trisodium citrate dehydrate adjusted to pH 6.0 in microwave oven. Endogenous peroxide
(H2O2 block) was carried out following manufacturer’s instructions as directed on the kit (E-IR-217C).
Drops of H2O2 were added to cover the sections and incubated in humidifying chamber at room
temperature for 10 min. The slides were rinsed afterwards and put back in the PBS tank for 5 min. Goat
serum (E-1R-R217A) was added onto the slides to prevent nonspeci�c binding and incubated in
humidifying chamber at room temperature for 30 mins. After 30 mins of incubation, the tissues were
probed with primary antibodies viz a viz Angiotensin Converting Enzyme1 Polyclonal Antibody (E-AB-
16159: 1:500 Dilution) and Anti-Lipocalin (TINGAL1) Polyclonal Antibody (E-AB-40223: 1:500 Dilution) for
the Kidney, Cardiac Troponin (TNNC1) Polyclonal Antibody (E-AB-18400: 1:50 Dilution) for the Heart and
were incubated for 2 hours at room temperature. Following incubation, the slides were rinsed with PBS
and secondary antibody labelled (E-1R-R217B) was added, and the slides were incubated in humidifying
chamber at room temperature for 20 min. Thereafter, the slides were rinsed and immersed in PBS tank for
5 min. Finally, a few drops of the substrate diaminobenzidine (DAB) was added at room temperature for
10 s; 50 µL of DAB concentrate (E-1R-R217D) + 1 mL DAB solution (E-1R-R217E) in the dark. The reaction
was terminated with deionized water and slides were immersed in hematoxylin for 3 s before rinsing with
PBS. The slides were placed in 80%, 90%, and 100% of ethanol, and then xylene (100%) for 2 minutes
each. Slides were removed, allowed to dry and a DPX mountant was applied. Sections were observed with
light microscope (Leica LAS-EZ®) using Leica software application suite version 3.4 equipped with a
digital camera.

Statistical analysis
All values were expressed as mean ± standard deviation (SD) and the test of signi�cance between two
groups was estimated with Student’s t-test. The One-Way Analysis of Variance (ANOVA) with Turkey’s
post-hoc test of Graph pad prism 5.0 was also carried out with p-Values < 0.05 considered statistically
signi�cant.

Results

The effects of lead acetate intoxication on body weight
There was a signi�cant decrease in �nal body weight in Pb exposed group when compared to their initial
body weights. Also, the �nal body weights of the naringin treated chicks and those on naringin were
signi�cantly improved when compared to the initial body weights (Table 1).
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Table 1
The effect of lead acetate and naringin on weekly body weights (g)

Weeks/

Groups

Control Pb Pb + Nar1 Pb + Nar2 Nar1 Nar2

Week 0 179 ± 22.2 181.6 ± 13.4 182.1 ± 11.9 178.5 ± 16.1 176.3 ± 7.8 178.1 ± 10.1

Week 1 271 ± 
13.1ª

398.8 ± 
96.9ª

257.6 ± 9.8ª 267 ± 18.8ª 256.1 ± 
16.0ª,b

273.8 ± 
21.4ª

Week 2 320.3 ± 
45.8ª

359 ± 73.5ª 257.6 ± 48.2ª 297.8 ± 
10.4ª

315.5 ± 6.5ª 317.3 ± 
29.3ª

Week 3 370.5 ± 
20.7ª

326.3 ± 
54.9ª

253.6 ± 25.0ª 337.6 ± 
13.2ª,b

345.1 ± 
23.3ª

328.1 ± 
43.3ª

Week 4 456.8 ± 
54.3ª

304.8 ± 
52.3ª

361 ± 108.2ª 385.6 ± 
50.6ª,b

426.5 ± 
41.5ª,b

383.8 ± 
67.4ª

Week 5 479.8 ± 
62.6ª

279.3 ± 
53.2ª

385.3 ± 
110.8ª

407.1 ± 
38.3ª,b

443.6 ± 
47.9ª,b

409.6 ± 
67.7ª

Week 6 586.8 ± 
48.8ª

251.1 ± 
14.2ª

582.6 ± 
183.7ª,b

531.1 ± 
46.9ª,b

526.5 ± 
61.2ª,b

485.1 ± 
50.8ª,b

Week 7 654.5 ± 
57.9ª

239.3 ± 6.9ª 595 ± 
180.6ª

537.1 ± 
41.9ª,b

529.3 ± 
65.2ª,b

521.8 ± 
56.3ª,b

Week 8 740.6 ± 
69.7ª

212.1 ± 
13.4ª,b

688.6 ± 
215.4ª,b

638.6 ± 
59.1ª,b

601 ± 
78.3ª,b

556 ± 
61.6ª,b

Superscript (a) indicates signi�cant difference at p < 0.05 when compared with Group A. Superscript
(b) indicates signi�cant difference when compared with Group B. The results are shown in Mean ± SD
(n = 6). Group A: Control, Group B: Pb (3.00ppm), Group C: Pb and Naringin (80 mg/kg), Group D: Pb
and Naringin (160 mg/kg), Group E: Naringin (80 mg/kg), & Group F: Naringin (160 mg/kg).

Antioxidant Defense Status And Oxidative Stress
In both the renal and cardiac assays, there were signi�cant (p < 0.05) reductions in the activities of GPx,
GST, and SOD, with concomitant reductions in the GSH contents in the Pb intoxicated chicks when
compared to the control. Treatment with naringin however produced signi�cant improvement in the
activities of the aforementioned renal and cardiac antioxidant defence system relative to the Pb
administered chicks (Tables 2 and 3). Surprisingly, there was no signi�cant difference in the GST activity
of the cardiac tissues of chicks intoxicated with Pb and those treated with naringin, respectively (Tables 2
and 3). The observed improvement in the antioxidant enzymes and GSH content signi�ed the antioxidant
power of naringin as recorded in Tables 2 and 3, respectively.
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Table 2
The effect of lead acetate and naringin on antioxidant defense system in the kidney

Groups/

Parameters

Control Pb Pb + Nar1 Pb + Nar2 Nar1 Nar2

GPx 55.62 ± 
11.5

24.36 ± 
3.16ª

34.51 ± 
3.38

35.37 ± 
8.73

52.2 ± 
2.69

53.02 ± 
8.21

GSH 96.04 ± 
0.88

91.58 ± 
1.73ª

93.26 ± 
3.01

95.44 ± 
1.53

96.34 ± 
3.5

95.87 ± 
4.05

GST 13.6 ± 4.53 7.28 ± 3.89ª 10.07 ± 2.36 11.33 ± 5.14 11.16 ± 
1.9

11.25 ± 
2.69

SOD 63.37 ± 
7.84

45.77 ± 
4.64ª

52.07 ± 7.5 57.2 ± 6.74 66.11 ± 
3.7

68.77 ± 8.6

Superscript (a) indicates signi�cant difference at p < 0.05 when compared with Group A. Superscript
(b) indicates signi�cant difference when compared with Group B. The results are shown in Mean ± SD
(n = 6). Group A: Control, Group B: Pb (3.00ppm), Group C: Pb and Naringin (80 mg/kg), Group D: Pb
and Naringin (160 mg/kg), Group E: Naringin (80 mg/kg), & Group F: Naringin (160 mg/kg). SOD
superoxide dismutase (units/mg protein), GPx; glutathione peroxidase (units/mg protein), GST;
glutathione S-transferase (mmole 1-chloro-2, 4-dinitrobenzene-GSH complex formed/min/mg protein),
GSH; reduced glutathione (µmol/mg protein).

Table 3
The effect of lead acetate and naringin on antioxidant defense system in the heart

Groups/

Parameters

Control Pb Pb + Nar1 Pb + Nar2 Nar1 Nar2

GPx 65.01 ± 
2.59

58.78 ± 
1.41ª

60.5 ± 
3.81

61.04 ± 
1.63

64.44 ± 
0.85

62.19 ± 
3.45

GSH 71.02 ± 7.2 65.7 ± 0.9ª 68 ± 2.65 68.68 ± 0.6 73.14 ± 0.9 71.37 ± 3.8

GST 3.89 ± 0.24 3.80 ± 1.92 3.37 ± 0.55 3.56 ± 1.66 3.35 ± 0.44 3.87 ± 0.49

SOD 57.55 ± 
6.59

52.44 ± 
4.39ª

54.51 ± 
7.18

53.62 ± 8.31 55.77 ± 
9.74

56.66 ± 
6.96

Superscript (a) indicates signi�cant difference at p < 0.05 when compared with Group A. Superscript
(b) indicates signi�cant difference when compared with Group B. The results are shown in Mean ± SD
(n = 6). Group A: Control, Group B: Pb (3.00ppm), Group C: Pb and Naringin (80 mg/kg), Group D: Pb
and Naringin (160 mg/kg), Group E: Naringin (80 mg/kg), & Group F: Naringin (160 mg/kg). SOD;
superoxide dismutase (units/mg protein), GPx; glutathione peroxidase (units/mg protein), GST;
glutathione S-transferase (mmole 1-chloro-2, 4-dinitrobenzene-GSH complex formed/min/mg protein),
GSH; reduced glutathione (µmol/mg protein).

Cardiac and renal oxidative stress markers
The cardiac and renal oxidative stress markers (H O  and MDA) were observed to be signi�cantly
increased in the Pb exposed group when compared to the control. This is indicative of antioxidative and
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free radical scavenging action of naringin. Meanwhile, a signi�cant reduction in values was observed in
the naringin co-treated with Pb acetate groups (Table 4).

Table 4
The effect of lead acetate and naringin on markers of oxidative stress in the kidney and heart

Groups/

Parameters

Control Pb Pb + Nar1 Pb + Nar2 Nar1 Nar2

Kidney            

H O 150.77 ± 
3.04

187.58 ± 
8.84ª

136.23 ± 
9.9

127.82 ± 
10.52

149.64 ± 
5.08

149.87 ± 
7.93

MDA 3.05 ± 0.92 5.82 ± 
0.15ª

2.9 ± 0.74 2.11 ± 0.78 3.1 ± 0.99 3.12 ± 0.27

Heart            

H O 131.8 ± 
15.91

142.34 ± 
6.38ª

139.14 ± 
1.17

135.35 ± 
6.01

128.93 ± 
2.35

137.89 ± 
7.95

MDA 8.44 ± 0.17 9.61 ± 
1.33ª

8.57 ± 
0.91

8.27 ± 1.14 8.37 ± 1.1 8.33 ± 1.13

Superscript (a) indicates signi�cant difference at p < 0.05 when compared with Group A. Superscript
(b) indicates signi�cant difference when compared with Group B. The results are shown in Mean ± SD
(n = 6). Group A: Control, Group B: Pb (3.00ppm), Group C: Pb and Naringin (80 mg/kg), Group D: Pb
and Naringin (160 mg/kg), Group E: Naringin (80 mg/kg), & Group F: Naringin (160 mg/kg). H2O ;
hydrogen peroxide (µmol/mg protein). MDA; malondialdehyde (µmol of MDA formed/mg protein).

The effects of lead acetate and naringin on myeloperoxidase activity, nitric oxide content and serum total
protein in chicks.

Our data also indicated a signi�cant increase in the activity of serum MPO in Pb exposed chicks
compared to the control. However, in the naringin treated groups (80 mg/kg and 160 mg/kg body weight),
a signi�cant decrease in MPO activity was observed; indicative of anti-oxidative, anti-in�ammatory, and
cardioprotective effects of naringin (Table 5). The serum NO bioavailability also decreased signi�cantly
in Pb intoxicated chicks (Table 5). Naringin co-administration however, signi�cantly improved NO
bioavailability in comparison to Pb only exposed chicks as indicated in Table 5. Furthermore, the values
of serum total protein were also signi�cantly reduced in Pb exposed chicks when compared to the control,
and naringin treated chicks relative to Pb only treated group (Table 5).
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Table 5
The effect of lead acetate and naringin on myeloperoxidase activity, nitric oxide content and serum total

protein.
Groups/

Parameters

Control Pb Pb + Nar1 Pb + Nar2 Nar1 Nar2

MPO 20.13 ± 
9.57

47.34 ± 
3.87ª

15.35 ± 
0.18

18.4 ± 2.7 20.04 ± 
1.2

20.3 ± 
5.75

NO 1.18 ± 0.02 0.98 ± 0.18ª 1 ± 0.19 1.18 ± 
0.09

2 ± 0.26 1.33 ± 
0.01

TP 3.73 ± 0.3 3.32 ± 0.04ª 3.41 ± 0.3 3.57 ± 
0.21

3.73 ± 
0.18

3.78 ± 
0.24

Superscript (a) indicates signi�cant difference at p < 0.05 when compared with Group A. Superscript
(b) indicates signi�cant difference when compared with Group B. The results are shown in Mean ± SD
(n = 6). Group A: Control, Group B: Pb (3.00ppm), Group C: Pb and Naringin (80 mg/kg), Group D: Pb
and Naringin (160 mg/kg), Group E: Naringin (80 mg/kg), & Group F: Naringin (160 mg/kg). NO; Nitric
oxide (µmol/mg protein), TP; Total protein (g/dl), MPO; Myeloperoxidase (nmol/mg protein).

Hematology
The hematological parameters showed marked reductions in the RBC, Hb concentration and PCV in the
Pb exposed group when compared to the control. This is indicative of anemia in chicks. Furthermore,
signi�cant reductions in the values of MCH, MCV, and MCHC together with signi�cant increase in WBC
counts were also recorded in Pb intoxicated chicks when compared Pb acetate co-administered with
naringin (Table 6). The observable low values of MCV and MCH precipitated by Pb intoxication are
indicative of hypochromic microcytic anemia, which was interestingly corrected and restored in naringin
treated chicks.
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Table 6
The effect of lead acetate and naringin on hematological parameters

Parameters/

Groups

Control Pb Pb + Nar1 Pb + Nar2 Nar1 Nar2

PCV (%) 30.2 ± 4.2 19.8 ± 2.2ª 27.2 ± 1.6 27.8 ± 2.1 29.4 ± 1.9 30.4 ± 1.8

RBC
(1012/L)

3.09 ± 
0.24

2.22 ± 
0.47ª

2.66 ± 0.10 2.94 ± 0.22 3.07 ± 
0.39

3.08 ± 
0.20

WBC
(109/L)

13.75 ± 
0.84

17.92 ± 
2.97ª

15.87 ± 
1.03

16.56 ± 
1.31

13.95 ± 
1.03

13.81 ± 
2.14

HB (g/dl) 12.2 ± 
0.38

6.88 ± 
1.37ª

7.32 ± 0.46 8.74 ± 0.53 10.82 ± 
0.87

11.08 ± 
0.99

mcv(�) 97.34 ± 
7.75

74.61 ± 
5.63ª

100.42 ± 
1.45

100.57 ± 
0.24

95.97 ± 
4.43

97.97 ± 
2.95

MCH (ρg) 34.21 ± 
0.96

32.19 ± 
1.17ª

33.74 ± 
1.59

34.63 ± 
0.43

30.98 ± 
1.32

33.03 ± 
2.08

MCHC
(g/dl)

33.22 ± 
0.45

23.56 ± 
0.54ª

33.47 ± 
1.47

33.65 ± 0.96 32.64 ± 
0.07

33.03 ± 
1.01

Superscript (a) indicates signi�cant difference at p < 0.05 when compared with Group A. Superscript
(b) indicates signi�cant difference when compared with Group B. The results are shown in Mean ± SD
(n = 5). Group A: Control, Group B: Pb (3.00ppm), Group C: Pb and Naringin (80 mg/kg), Group D: Pb
and Naringin (160 mg/kg), Group E: Naringin (80 mg/kg), & Group F: Naringin (160 mg/kg).

Table 7
The effect of lead acetate and naringin on white blood cells (WBC) differentials

Parameters/

Groups

Control Pb Pb + Nar1 Pb + Nar2 Nar1 Nar2

HET (%) 52.2 ± 
21.97

30.4 ± 
3.91ª

32.8 ± 
5.26

34.8 ± 
4.76

50.6 ± 
13.64

50.8 ± 
11.07

EOS (%) 2.0 ± 0.70 4.6 ± 1.67ª 3.4 ± 1.14 3.8 ± 1.48 1.8 ± 0.83 1.8 ± 0.83

BASO (%) 1.8 ± 0.44 5.8 ± 1.64ª 5.0 ± 1.00 5.6 ± 0.54 1.4 ± 0.54 1.4 ± 0.54

MONO (%) 2.8 ± 0.83 5.4 ± 0.54ª 3.2 ± 0.44 3.6 ± 0.54 2.6 ± 0.54 2.8 ± 1.09

LYM (109/L) 2.88 ± 0.53 3.64 ± 
0.25ª

2.89 ± 
0.95

2.56 ± 
0.57

2.20 ± 0.48 2.27 ± 0.32

Superscript (a) indicates signi�cant difference at p < 0.05 when compared with Group A. Superscript
(b) indicates signi�cant difference when compared with Group B. The results are shown in Mean ± SD
(n = 5). Group A: Control, Group B: Pb (3.00ppm), Group C: Pb and Naringin (80 mg/kg), Group D: Pb
and Naringin (160 mg/kg), Group E: Naringin (80 mg/kg), & Group F: Naringin (160 mg/kg).



Page 12/26

Electrocardiogram (ECG)
There was no signi�cant difference in the values of heart rate, P-duration, PR intervals, QRS and QT
durations, and QTc interval, respectively, in Pb intoxicated chicks, chicks co-administered with naringin,
and chicks administrated only naringin (Fig. 1).

Blood Pressure
The results showed signi�cant increases in the systolic, diastolic, and mean arterial blood pressures of
cockerel chicks exposed to Pb acetate when compared to the Pb acetate treated groups and groups
administered only naringin (Fig. 2). The anti-hypertensive effect of naringin at both 80 mg/k and 160
mg/kg was demonstrated with signi�cant reduction in systolic, diastolic, and mean arterial blood
pressures as indicated in Fig. 2.

Immunohistochemistry
The immunolocalization of renal neutrophil gelatinase-associated lipocalin (NGAL) and angiotensin
converting enzyme (ACE) revealed higher expressions in the Pb exposed chicks when compared to the
control and groups co-treated with naringin (Figs. 3 and 4). The reduction in the expressions of ACE and
NGAL is indicative of anti-hypertensive and nephroprotective effects of naringin against Pb acetate
toxicity. The immunohistochemistry results showed a higher expression of cardiac troponin in the heart
of the Pb exposed chicks when compared to the control. The expression of cardiac troponin was lower in
chicks co-administered with naringin, those administered with naringin alone (Fig. 5). The
cardioprotective effect of naringin as a metal chelating antioxidant was also demonstrated as indicated
by reduction in the cardiac troponin expression in naringin treated chicks.

Discussion
Pb poisoning has been identi�ed as a signi�cant public health risk, particularly in developing countries,
and has been considered a global issue affecting the health of various bird species (Herring et al. 2018;
González et al. 2019; Monclús et al. 2020; Descalzo et al. 2021). Pb exposure has a number of negative
effects on the body's systems, most notably is increased oxidative stress which plays a signi�cant role in
disease manifestations (Amini et al. 2019).

Negative inotropism and electrocardiogram abnormalities, particularly conduction defects have been
reported following lead exposure (Williams et al. 1983; Xie et al. 2019; Eum et al. 2011). In an earlier study
on isolated rat hearts exposed to Pb, Reza et al. (2008) reported statistically signi�cant (p < 0.05)
increases in heart rate after 8 and 12 weeks of exposure to Pb. Although, Pb treated chickens in our study
had higher heart rates, the differences were however not statistically (p > 0.05) signi�cant. The difference



Page 13/26

observed is probably due to differences in the length of treatment, species of animals involved and the
methodology of the study.

Pb administration has been reported to cause decrease in body weight, anemia, marked increase in
oxidative stress, in�ammation, and apoptosis (Gargouri et al. 2020; Oyem et al. 2021; Ileriturk et al. 2021;
Ajarem et al. 2021; Kucukler et al. 2021). Interestingly, it was observed that Pb intoxication precipitated
anemia as indicated with signi�cant decrease in PCV, RBC and Hb concentration; con�rming previous
studies that correlated lead-induced anemia with Pb toxicity (Dsouza et al. 2021; Azab 2021).
Furthermore, we observed signi�cant decreases in the values of MCV, MCH and MCHC in exposed chicks,
indicative of microcytic hypochromic anaemia. The hematinic property of naringin was demonstrated by
signi�cant improvement in PCV, RBC and Hb concentration and restoration of MCV, MCH and MCHC
values.

The pathogenesis and pathophysiology of Pb-induced toxicity has been associated with free radical
generation, induction of oxidative stress and depletion of antioxidant defence system (Nasiruddin et al.
2021; Gadde et al. 2021). From our study, marked increase in hydrogen peroxide (H2O ) generation and
lipid peroxidation product (MDA) content associated with increased oxidative stress and free radical
generation were observed in Pb untreated birds. Our �ndings are in consonance with earlier studies that
reported that Pb toxicity precipitated marked oxidative stress, in�ammation and apoptosis (Gagan et al.,
2012; Omobowale et al. 2014; Oyagbemi et al. 2014; Matovic et al. 2015; Markiewicz-Górka et al. 2015;
Omobowale et al. 2016). Also, Pb intoxication led to signi�cant decrease in reduced glutathione (GSH)
content, and activities of glutathione S-transferase (GST), superoxide dismutase (SOD) and glutathione
peroxidase (GPx), in the Pb administered untreated cockerel chicks. However, data from our study
revealed naringin co-administration improved antioxidant defence system and attenuated
aforementioned oxidative stress markers. These �ndings therefore agreed with the reports of other
studies on the antioxidant properties of naringin (Baranowska et al. 2021; Hassan et al. 2021; Li et al.
2021; Deng et al. 2022).

According to this study, the observed decreased in serum nitric oxide (NO) indicated that Pb toxicity
adversely effected NO production. NO is important for the maintenance of vascular tone, blood pressure
regulation, thereby improving blood pressure in hypertensive individuals and animals (Ahmad et al.
2018). Therefore, the recorded decrease in serum NO bioavailability was inversely proportional to high
blood pressure. The toxicity of Pb and its implications on the induction of hypertension had been earlier
documented (Broseghini-Filho et al. 2016; de Moura et al. 2021). Similarly, reduction in serum NO
availability by Pb acetate has also been positively correlated with hypertension (Long et al. 2021; Ajarem
et al. 2021; Kucukler et al. 2021). Our data revealed that administration of naringin improved serum NO
and normalized high blood pressure precipitated by Pb toxicity. This is indicative of the anti-hypertensive
action of naringin against Pb-induced hypertension in cockerel chicks. We report for the very �rst time, the
anti-hypertensive effect of naringin, a metal chelating �avonoid in cockerel chicks. MPO has been
reported as a novel marker of in�ammation, oxidative stress, renal damage, and a diagnostic marker of
cardiomyopathy including cardiac arrest, heart attack (Khan et al. 2018; Veltman et al. 2021; Peng et al.
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2021; Wei et al. 2021; Sandamali et al. 2021). In our study, the elevated MPO activity was observed in
birds exposed to Pb alone in comparison to the groups administered naringin. The reduction in the
activity of MPO in birds treated with naringin indicated the anti-in�ammatory, nephroprotective and
cardioprotective effects of naringin in Pb treated birds. Furthermore, marked reduction in serum total
protein of Pb intoxicated birds has been associated with kidney and heart dysfunction as reported by
Moussa and Bashandy (2008). In this study, naringin administration was found to signi�cantly improve
serum total protein concentration.

Naringin is a widely available �avonoid found in citrus fruits that has a variety of pharmacological
bene�ts including antioxidant, anti-in�ammatory, and anti-apoptotic properties. In this study Naringin was
seen to exhibit its antioxidant, anti-in�ammatory and anti-apoptosis properties against oxidative stress,
in�ammation and apoptosis in groups administered 80 mg/kg and 160 mg/kg naringin, signi�cantly
increased the activities of enzymatic levels and non-enzymatic antioxidants, mitigated oxidative stress,
improved serum NO, and reduced MPO activity.

Immunohistochemistry showed higher expression of ACE in the kidney of Pb treated birds relative to other
groups that received naringin in combination with Pb or naringin alone. ACE converts angiotensin I to
angiotensin II which causes narrowing of blood vessel leading to hypertension (Puspita et al. 2021). The
increased expression of ACE in the kidney signi�ed toxicity associated with Pb-induced hypertension. It is
important to note that naringin co-administration conferred antihypertensive effect as indicated by the
reduction in the expression of renal ACE. Therefore, we propose that the antihypertensive mechanism of
naringin is through the reduction in the expression of renal ACE. Neutrophil gelatinase-associated
lipocalin (NGAL) is a member of the lipocalin superfamily of proteins that has been extensively studied in
acute kidney injury. NGAL is one of the most robustly expressed proteins in the kidney following ischemic
or nephrotoxic injury in animals and human (Jia et al. 2021; Kovacevic et al. 2021; Naja� et al. 2021; Al-
Brakati et al. 2021). NGAL is a recent marker that have been used to aid diagnosis and it has been shown
to be more sensitive and speci�c than classical markers such as creatinine and blood urea nitrogen
(BUN). However, new biomarkers such as NGAL does not only serve as indicators of glomerular damage,
but also tubular impairment (Naja� et al. 2021; Al-Brakati et al. 2021). In this study, the kidneys of Pb
treated birds showed high expression of NGAL when compared with birds co-treated with naringin. The
observed high expression of NGAL was indicative of acute kidney injury and impairment of glomerular
�ltration rate. Therefore, it can be extrapolated that Pb intoxication from the present study induced acute
renal damage as indicated by higher expression of NGAL in Pb-intoxicated birds relative to birds from
other groups that received naringin in combination with Pb. Again, it can be clearly deduced that naringin
offered nephroprotection against Pb-induced nephrotoxicity as demonstrated by reduced expression of
renal NGAL in Pb-intoxicated birds. The proposed mechanism of nephroprotection of naringin might be
through its antioxidant, free radical scavenging and anti-in�ammatory properties.

Troponins are a group of proteins found in skeletal and heart (cardiac) muscle �bers that regulate
muscular contraction (Tang et al. 2021; Jamil et al. 2021). Measurement of cardiac-speci�c troponin in
the blood or tissues helps in detecting myocardial injury and myocardial necrosis (Veltman et al. 2021;
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Karaarslan et al. 2021; Yuan et al. 2021). From our study, the immunohistochemistry revealed increase in
expression of cardiac troponin in Pb-intoxicated birds. We observed lower expression of cardiac troponin
in Pb-intoxicated treated birds. This is therefore an indication of cardioprotective effect of naringin
against Pb-induced cardiotoxicity. We speculate that the mechanism of Pb-induced cardiotoxicity might
be through exaggerated increase in oxidative stress, free radical generation, and depletion of antioxidant
defense system in cardiac tissues. Therefore, naringin administration in poultry feed or water might be
applicable in preventing cardiovascular diseases associated with heavy metal intoxication such as Pb.

Conclusion
Combining all, it can be concluded that naringin as a metal chelating �avonoid has antioxidant, anti-
in�ammatory, cardio and nephroprotective effects against lead acetate toxicity. Furthermore, naringin co-
admiration with lead mitigated lead-induced oxidative stress, lowered high blood pressure, signi�cantly
improved serum nitric oxide bioavailability and antioxidant defense system.
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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