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Summary: The ubiquitous presence of lead (Pb) and its release by anthropogenic activities has remained a major 

environmental pollution risk to both humans and animals. Lead toxicity has been associated with different systemic toxicities 

and biochemical impacts (such as oxidative stress and DNA damaging effects) with dire health consequences. In Nigeria, 

the health problem associated with lead toxicity has been overwhelming in the Bagega District of Zamfara State where 

artisanal gold mining has resulted in widespread environmental lead contamination. For this study, 24 goats were selected 

from two communities, 12 goats (exposed groups) selected from Bagega District, Zamfara (a community with widespread 

mining and lead contamination), while 12 goats (control) were selected from Apete, Ibadan with no previous mining history. 

The liver lead levels in the two groups were evaluated using the using Atomic Absorption Spectrophotometry and the lead 

level in the exposed group was categorized into 3 exposure categories (viz mild, moderate and severe). Representative liver 

samples from the 3 tissue lead exposure categories were analyzed using agarose gel electrophoresis for the detection of 

apoptotic oligonucleosomal DNA fragmentation. The tissue lead level in the goats from the exposed group (32.42±13.85 

mg/kg) was significantly higher than the control group (0.36±0.12 mg/kg). DNA ladder was detected in the 3 exposure 

categories with a dose-related degree of DNA fragmentation. This study highlights the role of oligonucleosomal DNA 

fragmentation and apoptosis in the pathogenicity of lead in lead exposed goats and the associated the dose-gradient impact 

of tissue lead level on the degree of DNA fragmentation. 
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INTRODUCTION 
 

Lead is a ubiquitous non-physiological important 

heavy metal pollutant in the environment. This heavy 

metal is widely distributed due to its relative 

abundance in nature and has found widespread use due 

to its desirable malleability and its relatively high 

resistance to corrosion (Landrigan et al., 1994; 

Needleman 2004). Important sources of heavy metals 

exposure include natural sources (e.g., water bodies, 

metal ores), industrial processes, commercial 

products, folk remedies, and contaminated food 

(Garza et al., 2006; Sharma et al., 2014). 

Over the years, there has been a significant reduction 

in lead use however, the non-biodegradable nature of 

lead has accounted for its persistence in the 

environment and the continual release due to 

anthropogenic activities still makes lead pollution an 

environmental and public health concern (Elliot et al., 

1999). The environmental contamination associated 

with lead is mostly due to its release by anthropogenic 

activities hence posing a significant risk to humans and 

animals due to their interaction and exposure to the 

same contaminated environment (Landrigan and 

Todd, 1994; Needleman, 2004; Akoto, et al., 2014). 

Livestock exposed to lead contamination also poses 

additional threat to public health due to the risk of 

heavy metal bioaccumulation with resultant toxic 

tissue lead residue above permissible consumption 

limit (Khalafalla et al., 2011). 

In Nigeria, the Zamfara state lead toxicity outbreak 

is one of such cases of environmental lead 

contamination due to anthropogenic activities 

resulting from the indiscriminate artisanal small-scale 

gold mining and ore processing in the Bagega District 

of Zamfara. This incidence has led to the death of more 

than 400 children in the impoverished rural region and 

severely exposed thousand more to toxic lead dust 

levels (Plumlee et al., 2013). This has led to the 

reporting of this outbreak by both the Human Rights 

Watch (HRW) and Medecins Sans Frontiere (MSF) as 

the worst recorded case of acute lead poisoning in 

history (Burki, 2012; MSF, 2012). Therefore, there is 

a need for better understanding of the pathogenic 

mechanism involved in the toxicity as a means of 

stymieing future morbidity and mortality in the 

exposed population. 

Lead due to its non-physiological importance to the 

body has been associated with a wide range of 

toxicities in the body. These effects are often seen in 
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the central nervous system, haemopoietic system, the 

portal of entry of the metal (gastrointestinal tract, 

respiratory tract), storage organ (liver and bone), 

excretory portals (kidneys) and the male and female 

reproductive organs (Valko et al., 2005). The clinico-

pathological effects associated with these toxicities are 

intricately linked to the ability of the heavy metal to cause 

significant alteration in the normal body physiological 

and biochemical processes.  

Lead and other heavy metals also utilize oxidative 

stress via the generation of reactive oxygen and nitrogen 

pro-oxidant species to induce hepatotoxic, neurotoxic, 

genotoxic and nephrotoxic effects in animals and humans 

(Patrick, 2006; Sharma et al., 2014). This oxidative stress 

mechanism is associated with the alteration of the 

antioxidant process via the inhibition of the activities of 

antioxidant molecules (such as GSH) and enzymes (such 

as superoxide dismutase, catalase, glutathione peroxidase 

(GPx), and glucose-6-phosphate dehydrogenase). The 

combined effect of the generation of reactive oxygen 

species, reactive nitrogen species and alteration of the 

antioxidant mechanism thus aggravates the oxidative 

stress and the concomitant detrimental effects on the 

body physiological and biochemical mechanism (Sharma 

et al., 2014). 

The lead toxicity-induced oxidative stress has also 

been associated with oxidative DNA damages such as 

strand break, generation of micronuclei, formation of 

DNA adduct (8-hydroxy-2-deoxyguanosine), and 

chromosomal aberrations (Ahmed et al., 2012; Koedrith 

and Seo, 2011). All these along with the direct impact of 

lead on the DNA repair enzyme also increase the 

potential for DNA damage accumulation. Hence, this 

results in genotoxicity, somatic mutation with potential 

oncogenic transformation and may the potentiate 

apoptosis in the affected cells (Koedrith and Seo, 2011). 

Apoptosis or Type I programmed cell death (PCD 1) is 

a critical gene regulated cell death mechanism associated 

with both physiological (morphogenesis and 

physiological cell turnover) and pathological roles in the 

body. (Reed and Tomaselli, 2000; Elmore, 2007; Rastogi 

et al., 2009; Portt et al., 2011). Due to the sequential 

activation of caspases and substrate cleavage involved, 

apoptosis is associated with distinctive morphological 

and molecular (hallmark) changes (Wyllie et al., 2010; 

Portt et al., 2011; Favaloro, 2012). These changes include 

chromatin condensation, nuclear pyknosis, membrane 

blebbing, phosphatidylserine externalization, 

oligonucleosomal DNA fragmentation, and intracellular 

substrate cleavages.  The expression of these hallmarks 

has thus been utilized extensively in the development of 

different tests and assays for the detection of apoptosis 

(Elmore, 2007; Wyllie et al., 2010; Portt et al., 2011). 

The induction of DNA damage and the modification of 

some of the intrinsic biochemical and genetic mechanism 

because of lead toxicity have been proposed as an 

important trigger for the activation of the apoptotic 

mechanism. Therefore, apoptotic cell death has been 

suggested as an important mechanism for the expression 

of the toxicity of lead poisoning (Sharifi et al., 2002; 

Ahmed et al., 2013; Xu et al., 2015). 

This study, therefore, evaluates the induction of 

apoptosis by lead toxicity using the detection of 

oligonucleosomal DNA fragmentation as a molecular 

biomarker and also examines the effect of dose variation 

on the extent of DNA fragmentation in lead exposed 

goats raised in Bagega District of Zamfara State. 
 

MATERIALS AND METHODS 
 

Study Area 

Two districts in Nigeria were selected as sampling site 

for this study. This was done to ensure sampling from a 

region with environmental lead contamination issues 

(Bagega District, Zamfara State and this was tagged the 

lead-exposed district) and another area with no 

comparable prior history of contamination (Apete, Oyo 

State and this was tagged the Unexposed/Control site). 

The Bagega District of Zamfara (11.8648° N, 6.0024° E) 

is located in the Northwestern part of Nigeria. This 

district has been ravaged by lead environmental pollution 

and attendant acute lead poisoning outbreak due to the 

extensive illegal artisanal gold mining and ore processing 

being practised in the area. In contrast, Apete is a 

residential suburb in Ibadan, Oyo State (7.4493° N, 

3.8721° E) with no prior history of mining activities and 

lead contamination predisposing industrial activities. 
 

Animals 

A total of twenty-four goats were selected from the goats 

slaughtered at the Community Slaughter slab from both 

districts. The goats sourced from Bagega district were 

classified as the lead-exposed group while those from 

Apete, Oyo State were classed as the unexposed group. 

The animals selected for this study were adult of both 

sexes (average weight of about 10–15 kg) and were in 

apparent clinically healthy state. The animals were 

examined antemortem for obvious physical lesions and 

the assessment of their physiological parameters (heart 

and respiratory rates).  
 

Sample Collection 

Liver tissue samples were collected postmortem from the 

slaughtered animals and stored at -80°C until tested. This 

was done to retain the viability of the collected tissue 

sample for the evaluation of the tissue lead level and for 

DNA fragmentation assay using ethidium bromide-

stained agarose gel electrophoresis  
 

Evaluation of the liver lead level 

The evaluation of the liver lead level was carried out 

(after wet digestion of the tissues) using atomic 

absorption spectrophotometry (AAS) as described by 

Julshman (1983) with slight modifications. Wet tissue 

digestion was carried out using the HNO3 digestion 

method to obtain the wet tissue digest. The digested 

tissue samples were afterwards analyzed using an Alpha 

4 Atomic Absorption Spectrophotometer, CHEMTECH 

4200 for the tissue lead levels. The graphite furnace 

atomic absorption spectrophotometry readings and 

background correction (SR-BDG), signals were read at 

283.3nm and all blanks, standards, and samples were 

analyzed in duplicates. The calibration curve gave a 
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linear response across this range with a correlation 

coefficient of t- test. 

An arbitrary method decided upon by the researcher 

was used to stratify the category of lead exposure for 

grading and determining the possibility of a dose-

response effect in the DNA fragmentation based on level 

of exposure. Hence, the liver lead level obtained above 

the FAO/WHO permissible tissue lead limit (0.5 mg/kg) 

(FAO/WHO, 2000) from the exposed were graded as 

mild (0.6 – 10.0 µg/g), moderate (10.1 – 20.0 µg/g) and 

severe (>20.1 µg/g) to obtain an exposure grading 

criterion for the goats. 
 

DNA fragmentation assay using agarose gel 

electrophoresis 

Representative goat liver tissue samples were selected 

from the three liver lead level groups (mild, moderate and 

severe groups) for agarose gel electrophoresis for the 

detection of DNA fragmentation. 50 mg of each liver 

tissue was homogenized in PBS to generate cell 

suspension. DNA was extracted from cell suspension 

using DNeasy Blood and Tissue Kits (Qiagen, Valencia, 

CA). 15 µl of the extracted DNA were then loaded onto 

a 1.5% agarose gel containing 0.5 µg/ml ethidium 

bromide in the gel ran at 85 V until the yellow dye in the 

loading dye ran to the edge of the gel. The ethidium 

bromide-stained DNA was then visualized by 

transillumination with UV light and photographed. 
 

Statistical Analysis 

The data collected were analyzed using SPSS v.24 and 

expressed as mean±SD. The student t-test and ANOVA 

were used for the comparison of the means and a p-value 

< 0.05 was accepted as statistically significant. 
 

RESULTS 
 

As shown in Figure 1, the tissue lead level in the 

unexposed group (0.36±0.12 mg/kg) was significantly 

lower than the exposed group level (32.42±13.85 mg/kg). 

The tissue lead levels in the exposed group animals 

(Table 1) were found to be very high and above the 

FAO/WHO permissible limits (0.5mg/kg). As such, the 

animals were categorized into 3 groups based on the 

severity of the exposure. 

The lead level in the severe exposure group 

(58.65±14.45 mg/kg) was significantly higher than the 

values obtained in the mild (7.86±2.02 mg/kg) and 

mild exposure group (15.80±6.22 mg/kg). There was a 

lead-exposure level dependent difference in the degree 

of DNA fragmentation as shown in the agar gel 

electrophoresis (Figure 2).  

 
Figure 1: Bar chart of lead level in control and exposed 

 

 
Figure 2: Agarose gel electrophoresis analysis of DNA 

fragmentation in liver. Effect of Pb on DNA fragmentation. 

DNA samples were extracted from liver tissues and DNA 

fragmentation was analyzed using 1.5% agarose gel 

electrophoresis. [Lane M, 1 kB ladder; lane 1, Liver 

1(control); lane 2, Liver 2(severe exposure); lane 3, Liver 

3(moderate exposure) and lane 4, liver 4(mild exposure)].

 

Table 1: Mean levels of lead in the liver of exposed goats  

Category Exposure Grading 

Criteria (mg/kg) 

Number of animals 

(n) 

Values 

(mg/kg) 

Mild exposure <0.6 – 10.0 3 7.86±2.02a 

Moderate exposure 10.1 – 20.0 5 15.80±6.22a 

Severe exposure >20.1 4 58.65±14.45b 

Means with the same superscript are not significantly different from each other (Tukey's HSD, P<0.05) 
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The highest degree of fragmentation was seen in the 

severe exposure category (lane 2) typified by a 

comparatively more distinct ladder shape compared to 

lane 3 and 4 which represent the goats in the moderate 

and mild exposure goat category respectively. 

DISCUSSION 
 

According to Swaileh et al., (2004, 2009), different 

body organs have different propensity to concentrate 

different metals based on the calculation of the total 

rank score (TRS). The liver, kidney, lungs, small 

intestine heart and the brain in the order of 

arrangement based on this scoring system have been 

reported to be the major sites of heavy metal 

concentration. As a result, the liver due to its important 

role in metabolism and removal of toxic materials 

serves as a very important organ for the monitoring 

and assessment of the level of heavy metal exposure 

and associated pathology (Abou-Arab 2001; Akoto et 

al., 2014). 

In this study, the lead level reported in the exposed 

goat was significantly higher compared to the 

unexposed goat group and this was consistent with 

findings from previous studies (Liu, 2003; Farmer and 

Farmer, 2000). This high liver lead level obtained in 

the exposed goats was similar to the findings reported 

by Liu (2003) in the soft tissues of sheep sampled from 

Baiyin in Gansu province of China (a non-ferrous 

metal smelting community where cases of strange lead 

toxicity-like diseases were reported in animals). 

Similar tissues lead levels were also reported by 

Farmer and Farmer (2000) in horses, cattle and sheep 

samples reared near a metal production area in eastern 

Kazakhstan. However, the lead levels reported in this 

present study was significantly higher than the level 

reported by Akoto et al. (2014) in free range sheep and 

goat reared in the Obuasi gold-mining town of Ghana. 

Studies have shown that the genotoxic effects of lead 

could be ascribed to the effect of oxidative stress 

(arising due to the accumulation of reactive oxygen 

species and reactive nitrogen species and the alteration 

of the antioxidant system) on the DNA and the nucleic 

acids in the cell (Sharma et al.,2014; Koedrith and Seo, 

2011). This thus results in significant changes to the 

cells genomic with changes such as DNA strand break, 

DNA protein crosslinking, chromosomal alteration, 

micronucleus and other genotoxic changes. Aside 

from the direct damage to the DNA and the genomic 

nucleic acid, there is evidence suggesting that 

oxidative stress mechanism is also involved in the 

reduction of the inherent body cell repair mechanism. 

The associated DNA damage seen in lead toxicity also 

serves as an important apoptotic trigger for apoptosis 

(Portt et al., 2011).  More so, due to the ability to alter 

genomic DNA integrity, lead also possesses potential 

clastogenic effects along with the potential to exhibit 

oncogenic effects which could occur due to long-term 

lead exposure (Wise et al., 2004). The risk of lead-

induced carcinogenesis has been associated with 

multifactorial causes which include oxidative stress 

(Jurczuk et al., 2006), altered cell signalling pathways 

(Wang et al., 2008, 2009), the induction of apoptosis 

(Xu et al., 2006, 2008) and the reduction in body cell 

repair mechanism. 

As a consequence, DNA damage and apoptosis form 

a crucial component in the clinicopathology of lead 

poisoning and toxicity. Due to the unique molecular 

activities involved in the apoptotic process, the 

induction of irreparable DNA damage as an example 

of apoptotic trigger thus set up a cascade of substrate 

cleavage and caspase activation culminating in the 

morphological and biochemical hallmarks of 

apoptosis. 

According to a study by Wolf et al. (1999), the 

manifestation of the different hallmarks of apoptosis, 

however, starts with the molecular activation different 

caspases and substrates. Oligonucleosomal DNA 

fragmentation is mediated by the activities of the 

Caspase-Activated DNase (CAD) (Enari et al., 1998; 

Liu et al., 1998). In healthy cells, this enzyme is 

normally complexed with the Inhibitor of Caspase-

Activated DNase (ICAD). Activation of the apoptotic 

mechanism, therefore, leads to the activation of the 

apoptotic effector caspase, caspase 3, which results in 

the dissociation of the ICAD: CAD complex to release 

activated CAD. The oligonucleosomal fragments seen 

therefore is due to the cleavage of the DNA at the 

internucleosomal linker sites (which is the part 

exposed to the CAD) thus facilitating the 

oligonucleosomal fragmentation of the DNA of the 
affected cells at ~180-bp intervals (Enari et al., 1998; Liu 

et al., 1998). This characteristic DNA fragmentation into 

multiples of 180 – 200bps is responsible for the 

characteristic apoptotic DNA fragmentation (Wong, 

2011) and this is similar to the presentation in lane 2 and 

3 of this present study. This present study, therefore, 

points to the involvement of the Caspase-mediated 

apoptotic mechanism in lead toxicity in lead exposed 

goats. 

In previous studies, the detection of the different 

hallmark of apoptosis, apoptotic regulatory proteins and 

cleavage products of apoptosis has thus been used 

experimentally as a measure of the severity of apoptosis 

and the inciting trigger (Yuste et al., 2001; Ahmed et al., 

2013). Hence, this present study evaluated the dose-

related impact of different tissue lead level on the degree 

of DNA fragmentation in lead exposed goats. This 

finding is similar to studies by Ahmed et al. (2013) 

conducted on the tissues of rats experimentally exposed 

to lead and assessed for varying levels of apoptotic 

markers such as caspase 8, caspase 9 and Bax in the liver, 

kidney and brain tissues.  

This present study, therefore, accessed the effects of 

lead toxicity at the DNA level using agarose gel 

electrophoresis to monitor DNA fragmentation in a bid to 

10 
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unravel the mechanism of lead-induced apoptosis in the 

hepatotoxicity and pathology of lead toxicity.  

The detection of DNA ladder in this present study in 

the lead exposed goats demonstrate the relevance of 

apoptosis as an important mechanism in the pathologies 

and clinicopathological features of lead poisoning. This 

along with the dose-response variation in the level of 

DNA fragmentation seen with the different level of lead 

exposure also further strengthens the effect of the level of 

exposure on the severity of the apoptotic changes 

observed. This also makes DNA fragmentation detection 

an important adjunct diagnostic tool in the evaluation of 

the severity and extent of lead poisoning in toxicologic 

screening programmes and research.   
 

REFERENCES 
 

Abou-Arab A.A.K (2001). Heavy metal contents in 

Egyptian meat and the role of detergent washing on 

their levels. Food and Chem Toxicology; 39 (6), pp. 

593-599. 

Ahmed, M. B., Ahmed, M. I., Meki, A.-R. and Abdraboh, 

N. (2013) Neurotoxic effect of lead on rats: 

Relationship to Apoptosis, International Journal of 

Health Sciences, Qassim University. Qassim 

University, 7(2), pp. 192–199.  

Ahmed, Y. F., Mahmoud, K. G. H. M., Farghaly, A. A., 

Mona, A. Z. and Ismail, E. M. (2012) Some studies on 

the toxic effects of prolonged lead exposure in male 

rabbits: Chromosomal and testicular alterations, 

Global Veterinaria, 8(4), pp. 360–366. 

Akoto, O., Bortey-Sam, N., Nakayama, S. M. M., 

Ikenaka, Y., Baidoo, E., Yohannes, Y. B., Mizukawa, 

H. and Ishizuka, M. (2014). Distribution of Heavy 

Metals in Organs of Sheep and Goat Reared in Obuasi: 

A Gold Mining Town in Ghana, International Journal 

of Environmental Science and Toxicology Research, 

2(4), pp. 2408–7262.  

Burki, T. K. (2012) Nigeria’s lead poisoning crisis could 

leave a long legacy, The Lancet, p. 792. doi: 

10.1016/S0140-6736(12)60332-8. 

Elliott, P., Arnold, R., Barltrop, D., Thornton, I., House, 

I. M. and Henry, J. A. (1999). Clinical lead poisoning 

in England: an analysis of routine sources of data., 

Occupational and Environmental Medicine, 56(12), 

pp. 820–824. doi: 10.1136/oem.56.12.820. 

Elmore S. (2007). Apoptosis: a review of programmed 

cell death. Toxicologic Pathology 2007;35: 495-516. 

Enari, M., Sakahira, H., Yokoyama, H., Okawa, K., 

Iwamatsu, A. and Nagata, S. (1998). A caspase-

activated DNase that degrades DNA during apoptosis, 

and its inhibitor ICAD, Nature. Nature Publishing 

Group, 391(6662), pp. 43–50. doi: 10.1038/34112. 

Farmer, A. A. and Farmer, A. M. (2000). Concentrations 

of cadmium, lead and zinc in livestock feed and organs 

around a metal production centre in eastern 

Kazakhstan, Science of The Total Environment, 

257(1), pp. 53–60. doi: 10.1016/S0048-

9697(00)00497-6. 

Favaloro, B., Allocati, N., Graziano, V., Di Ilio, C. and 

De Laurenzi, V. (2012) Role of apoptosis in disease, 

Aging (Albany, NY). Impact Journals, LLC, pp. 330–

349. doi: 10.18632/aging.100459. 

FAO/WHO (2000) Report of the 32nd session of the 

codex committee of the food additives contaminants; 

March 20–24. Beijing, People’s Republic of China. 

Garza A, Vega R, and Soto E. (2006). Cellular 

mechanisms of lead neurotoxicity. Medical Science 

Monitor, 2006. 12(3): p. RA57-65.  

Julshman, K. (1983) Analysis of major and minor 

elements in molluscus from Norway. Institute of 

Nutrition, Directorate of Bergen Nygardsangen, 

Norway. 

Jurczuk M, Moniuszko-Jakoniuk J, Brzóska M.M. 

(2006). Involvement of some low-molecular thiols in 

the peroxidative mechanisms of lead and ethanol action 

on rat liver and kidney. Toxicology; 219: 11-21. 

Khalafalla, F. A., Ali, F. H., Schwagele, F. and Abd-El-

Wahab, M. A. (2011) Heavy metal residues in beef 

carcasses in Beni-Suef abattoir, Egypt., Veterinaria 

Italiana, 47(3), pp. 351–361. 

Koedrith, P. and Seo, Y. R. (2011) Advances in 

carcinogenic metal toxicity and potential molecular 

markers., International journal of molecular sciences. 

Multidisciplinary Digital Publishing Institute (MDPI), 

12(12), pp. 9576–95. doi: 10.3390/ijms12129576. 

Landrigan P.J, and Todd A.C. (1994). Lead poisoning. 

Western Journal of Medicine, 1994. 161(2): p. 153-

159.  

Liu, Z. (2003). Lead poisoning combined with cadmium 

in sheep and horses in the vicinity of non-ferrous metal 

smelters, The Science of The Total Environment, 

309(1–3), pp. 117–126. doi: 10.1016/S0048-

9697(03)00011-1. 

MSF (2012). Lead poisoning crisis in Zamfara State, 

northern Nigeria (MSF Briefing Paper May 2012). 

Available 

at:https://www.msf.org.uk/sites/uk/files/Lead_Poisoni

ng_Crisis_in_Zamfara_State_Northern_Nigeria_2012

12133049.pdf (Accessed: 10 March 2017). 

Needleman, H. (2004). Lead Poisoning, Annual Review 

of Medicine, 55(1), pp. 209–222. doi: 

10.1146/annurev.med.55.091902.103653. 

Patrick, L. (2006). Lead toxicity part II: The role of free 

radical damage and the use of antioxidants in the 

pathology and treatment of lead toxicity, Alternative 

Medicine Review, pp. 114–127. doi: 10.1016/S0736-

4679(97)00283-7. 

Plumlee, Geoffrey S, James T Durant, Suzette A 

Morman, Antonio Neri, Ruth E Wolf, Carrie A 

Dooyema, Philip L Hageman, et al. (2013). Linking 

Geological and Health Sciences to Assess Childhood 

Lead Poisoning from Artisanal Gold Mining in 

Nigeria. Environmental Health Perspectives 121 (6). 

National Institute of Environmental Health Science: 

744–50. doi:10.1289/ehp.1206051. 

Portt, L., Norman, G., Clapp, C., Greenwood, M. and 

Greenwood, M. T. (2011) Anti-apoptosis and cell 

survival: A review, Biochimica et Biophysica Acta - 

Molecular Cell Research, pp. 238–259. doi: 

10.1016/j.bbamcr.2010.10.010. 

11 



 Niger. J. Physiol. Sci. 32 (2017): Jubril et al 

DNA fragmentation in liver of lead-exposed goats  7 

Rastogi, R. P., Richa and Sinha, R. P. (2009) Apoptosis: 

Molecular mechanisms and Pathogenicity, EXCLI 

Journal, pp. 155–181. doi: 10.17877/DE290R-8930. 

Reed, J. C. and Tomaselli, K. J. (2000) Drug discovery 

opportunities from apoptosis research. Current 

Opinion in Biotechnology, 11(6), pp. 586–592. doi: 

10.1016/S0958-1669(00)00148-8. 

Sharifi, A. M., Baniasadi, S., Jorjani, M., Rahimi, F. and 

Bakhshayesh, M. (2002). Investigation of acute lead 

poisoning on apoptosis in rat hippocampus in vivo, 

Neuroscience Letters, 329(1), pp. 45–48. doi: 

10.1016/S0304-3940(02)00576-1. 

Sharma, B., Singh, S. and Siddiqi, N. J. (2014). 

Biomedical implications of heavy metals induced 

imbalances in redox systems., BioMed research 

international. Hindawi Publishing Corporation, 2014, 

p. 640754. doi: 10.1155/2014/640754. 

Swaileh K.M., Abdulkhaliq A, Hussein R.M., Matani M 

(2009). Distribution of toxic metals in organs of local 

cattle, sheep, goat and poultry from the West Bank, 

Palestinian Authority Bulletin of Environmental 

Contamination and Toxicology; 83(2) pp. 265. 

Swaileh K.M., Hussein R.M., Abu-Elhaj S (2004). 

Assessment of heavy metal contamination in roadside 

surface soil and vegetation from the West Bank. 

Archives of Environmental Contamination and 

Toxicology; 47(1), pp. 23-30. doi:10.1007/s00244-

003-3045-2 

Valko, M., Morris, H. and Cronin, M. (2005) Metals, 

Toxicity and Oxidative Stress, Current Medicinal 

Chemistry, 12(10), pp. 1161–1208. doi: 

10.2174/0929867053764635. 

Wang C.Y, Lin Y.W, Yang J.L. (2008). Activation of 

protein kinase Calpha signaling prevents cytoxicity 

and mutagenicity following lead acetate in CL3 human 

lung cancer cells. Toxicology; 250: 55-61. 

Wang C.Y, Wang Y.T, Tzeng D.W, Yang J.L. (2009). 

Lead acetate induces EGFR activation upstream of 

SFK and PKC alpha linkage to the Ras/Raf-1/ERK 

signaling. Toxicology and applied pharmacology; 235: 

244-252. 

Wise, S. S., Holmes, A. L., Ketterer, M. E., Hartsock, W. 

J., Fomchenko, E., Katsifis, S., Thompson, W. D. and 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Wise, J. P. (2004) Chromium is the proximate 

clastogenic species for lead chromate-induced 

clastogenicity in human bronchial cells, Mutation 

Research - Genetic Toxicology and Environmental 

Mutagenesis, 560(1), pp. 79–89. doi: 

10.1016/j.mrgentox.2004.02.009. 

Wolf, B. B., Schuler, M., Echeverri, F. and Green, D. R. 

(1999). Caspase-3 is the primary activator of apoptotic 

DNA fragmentation via DNA fragmentation factor-

45/inhibitor of caspase-activated DNase inactivation., 

The Journal of biological chemistry. American Society 

for Biochemistry and Molecular Biology, 274(43), pp. 

30651–6. doi: 10.1074/JBC.274.43.30651. 

Wong, R. S. (2011) Apoptosis in cancer: from 

pathogenesis to treatment, Journal of Experimental & 

Clinical Cancer Research. BioMed Central, 30(1), p. 

87. doi: 10.1186/1756-9966-30-87. 

Wyllie A.H, Kerr J.F.R and Currie A.R (1980). Cell 

death: the significance of apoptosis. International 

Review of Cytology 68: 251–306 

Wyllie, A.H. (2010). “Where, o death, is thy sting?” a 

brief review of apoptosis biology, Molecular 

Neurobiology. 42 (2010) 4–9. 

Xu J, Ji L.D, Xu L.H. (2006). Lead-induced apoptosis in 

PC 12 cells: involvement of p53, Bcl-2 family and 

caspase-3. Toxicology Letters.6; 166: 160-167. 

Xu J, Lian L.J, Wu C, et al. (2008). Lead induces 

oxidative stress, DNA damage and alteration of p53, 

Bax and Bcl-2 expressions in mice. Food and Chemical 

Toxicology; 46: 1488-1494. Xu, L.-H., Mu, F.-F., 

Zhao, J.-H., He, Q., Cao, C.-L., Yang, H., Liu, Q., Liu, 

X.-H. and Sun, S.-J. (2015). ‘Lead Induces Apoptosis 

and Histone Hyperacetylation in Rat Cardiovascular 

Tissues’, PLOS ONE. Edited by M. Bader. Public 

Library of Science, 10(6), p. e0129091. doi: 

10.1371/journal.pone.0129091. 

Yuste, V. J., Bayascas, J. R., Llecha, N., Sánchez-López, 

I., Boix, J. and Comella, J. X. (2001). The absence of 

oligonucleosomal DNA fragmentation during 

apoptosis of IMR-5 neuroblastoma cells: 

disappearance of the caspase-activated DNase., The 

Journal of biological chemistry, 276(25), pp. 22323–

31. doi: 10.1074/jbc.M100072200. 

12 


