


HISTOLOGICAL BASED SUB-CHRONIC TOXICITY TESTING OF TARGET HEAVY METALS OF CRUDE OIL SPILL; USING THE HISTO-MORPHOMETRY OF TESTES OF WISTAR RAT


ABSTRACT: This study was aimed to evaluate in histological term, the suc-chronic toxicity of some target crude oil contaminants on the histo-morphometry of the testes of exposed Wistar rats. The following target chemicals (TCs; cadmium (Cd), chromium (Cr), copper (Cu), lead (Pb) and nickel (Ni) were selected based on findings from literature review of chemical analysis done on crude oil spill site. Thirty (30) inbred male Wistar rats of average weight 150-200g  (5 for control and  25 for experimental – 5 for each of the five TC treated groups). Rats were later sacrificed and the target organ (testis) excised and used for qualitative histological evaluation. Gross anatomical assessment showed that there was no significant difference (P> 0.05) when correlating weight gain between the treated and control groups.Histological evaluation showed the following major lesions: glomerular congestion, degeneration and necrosis; tubular degeneration and necrosis; Interstitial inflammation, haemporhage and necrosis.This study gives credence to the fact that histology-based evidence is a veritable tool for assessing sublethal level of environmental stressors in the certification of toxicity.
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 INTRODUCTION
Toxicology is a branch of biology, chemistry, and medicine (more specifically pharmacology) concerned with the study of the adverse effects of chemicals on living organism (Schrager, 2006). It also studies the harmful effects of chemical, biological and physical agents in biological system that establishes the extent of damage in living organisms. The relationship between dose and its effects on the exposed organism is of high significance in toxicology. Factors that influence chemical toxicity includes; the dosage (and whether it is acute or chronic), the route of exposure, the species, age, sex and environment.
Toxicity tests can measure lethal and/or sublethal effects. These effects are known as measurement endpoints: that is, they are ecological attributes that may be adversely affected by exposure to site contaminants and that are readily measurable. In addition, each measurement endpoint is closely related to an assessment endpoint. Because of this close relationship, a measurement endpoint can approximate or represent the assessment endpoint if the assessment endpoint is not amenable to direct measurement (USEPA, 1992). Based on the measured end points, toxicity testing can be divided into acute toxicity testing, sub-chronic toxicity testing and chronic toxicity testing. Sub-chronic toxicity testing was applied for this study, whch is defined as a prolonged toxicity test for 14 day. This prolonged toxicity test  may be used in place of the acute toxicity test if a longer observation period is considered appropriate (OECD, 1984), for example if testing highly lipophilic, poorly water soluble substances, and/or the reporting of additional information is considered necessary. The principle of the test is that threshold levels of lethal and other observed effects and NOEC are determined at intervals during the test period (OECD, 1992a).
Organism exposure to hazardous chemicals causes increase in the levels of stress proteins, which induces specific detoxification system responses, reflecting their compensatory potential. When these systems are overwhelmed, it causes sublethal effect which usually begins as biochemical alterations at the molecular levels of biological organization. This change might not impair cellular function until when it results in the formation of a lesion, which is any structural damage or alterations in an organ, tissue or cell of an organism due to an injurious stimulus.  Lesion diagnosis is a report on the qualitative and/or quantitative gross morphological alterations of organs or histo-morphological alteration of tissues, cells and organells, including the histo-chemical changes that occur at the molecular level of bioloigical organization. Diagnostic statement of a lesion is based on the predominant lesion(s) in the tissue, while lesion description can be based on the severity (mild moderate or severe), distribution (focal, multi-focal or diffuse), location (intracellular, epithelial or interstitial) and pathogenesis (adaptive degenerative, inflammatory, and neoplastic). In so far that sublethal lesions of toxic substances is insidious and usually begins at the subcellullular levels of biological organization, even before its manifestation of impairment of the physiology of the affected cell, histology as an assesment tool is therefore a gold standard in certification of toxicity – in a laboratory toxicological setting or pollution – in an encotoxicological setting. It is noteworthy that physiologic and biochemical changes are predominantly due to structural abnormality of tissue which histopathology investigates. Hence lesion diagnosis is a gold standard in diagnosis of disease pathogenesis and pathognomonic histopathologic features. Some lesions are pathognomonic histopathological features that are specifically distinctive or characteristic of some diseases or pathological conditions. 
Male reproductive system comprises a pair of testes, epididymides and accessory sex glands. Testes are encapsulated ovoid organs consisting of seminiferous tubules separated by interstitial tissue. Each scrotal sac consists of a double ling is called the tunica vaginalis and, like the pleura, consist of the visceral and parietal layers separated by a thin layer of serous fluid. The fluid is secreted by the mesothelial cells and acts as a lubricant, allowing the testis to move freely in the scrotal sac.  The viscera layer of the tunica vaginalis surrounds the thick testicular capsule, the tunica albuginea, which is further thickened posteriorly to form the mediastinum testis. Extending from the inner surface of the tunica albuginea to the mediastinum is a series of, complete or incomplete, delicate fibrous septa that divide the parenchyma of the testis into about 250 lobules. Each lobule contains 1-4 convoluted seminiferous tubules, in which spermatozoa are produced. The seminiferous tubule converge, near the mediastinum, upon a plexus of channels, the rete testis, which is continuous with 15-20 small ducts, called ductuli efferentes, which conducts spermatozoa to the extremely convoluted epididymis, the first part of the  ductus deferens.
Testes has two main functions: production of spermatozoa, which transmit male’s gene to embryo and male sex hormone testosterone, which plays an important role in maintaining spermatogenesis, accessory sex organs and secondary sexual characters. (Santhosh Kumar and Siva, C., 2015). Spermatogenesis is the process of gradual transformation of germ cells into spermatozoa over an extended period of time within the boundaries of the seminiferous tubules of testis. This process involves cellular proliferation by repeated mitotic divisions, duplication of chromosomes, genetic recombination through crossover and reduction division by meiosis to produce haploid spermatids and terminal differentiation of spermatids into spermatozoa (de Kretser et.al. 2000). Seminiferous tubules contain a large number of germinal epithelial cells called spermatogonia, located in two to three layers along the outer border of the tubular epithelium and continually proliferate to replenish themselves (de Kretser et.al. 2000). The stem spermatogonia (type A) are located immediately adjacent to the basement membrane of the germinal epithelium. Type A spermatogonia exhibiting fine pale-staining nuclear chromatin and type B with coarse granules or more heavily stained chromatin associated with nuclear membrane and nucleolus (Clermont, 1972). Type A spermatogonia, enter a cycle and produce a chain of aligned undifferentiated spermatogonia which differentiate into type A1 spermatogonia. These cells undergo a sequence of six cell cycles and mitotic divisions resulting in the formation of A2, A3, and A4 intermediates and finally into slightly more differentiated cells, the type B spermatogonia. After several divisions these cells give rise to very large primary spermatocytes (Steinberger and Steinberger, 1975).   
The health effects of toxic substances and hazardous wastes are not yet fully understood. Research to better understand how these exposures may impact health is ongoing. Meanwhile, efforts to reduce exposures continue. Reducing exposure to toxic substances and hazardous wastes is fundamental to environmental health.

MATERIALS AND METHODS
The study was a sub-chronicity testing for 14 days. Thirty (30) inbred male Wistar rats were obtained from the animal house of the Department of Anatomy, Faculty of Basic Medical Sciences, University of Benin for this study. The rats were divided into experimental and control groups:
· Control Group: Five (5) rats were used for this group. They were untreated with target chemical (TC), and were only given only water and food. 
· Experimental Group: Twenty five (25) rats were used for the experiment group. They were treated with the study TCs. This group was sub-divided into 5 Wistar rat per TC treated group of Cd, Cr, Cu, Ni and Pb. 
In estimation of the rat exposure dose (RED) for the study, OEDC (2001) reference oral LD50 dose for Wistar Rat (in mg/Kg of body weight) of the TCs – Cd (63mg/kg); Cr (46 mg/kg), Cu (481 mg/kg); Nickel (300 mg/kg) and Pb (600 mg/kg), was used as a guideline standard for the upper limits of dose administration (OECD, 2001). Ten times (10x) the TC concentration that is above maximum allowable toxicant concentration (MATC) for surface fresh water, but below the median lethal dose (LD50) reference concentration for Wistar Rats was used  as the guideline for estimation of the RED (Hounkpatin et al., 2013; Thinkratok, et al., 2014).  Thus analytical grade metallic salts of the TCs concentrations that are 10x >MATC standard per TC, but below the LD50 per TC for Wistar Rat was dissolved in 100litres of distilled water to make the stock solution. 1ml of the stock, for each of TCs, was administered orally/day for 14 days to the test rats (Thinkratok, et al., 2014). Therefore RED in mg/ml for this study was: Cd (0.0001 mg/ml), Cr(0.01 mg/ml), Cu(0.02 mg/ml), Ni(0.25 mg/ml) and Pb(10.0 mg/ml). Oral route was chosen as the route of administration of the test solution because it is the most common mode of exposure of the target toxicants (ATSDR, 2004; ATSDR, 2007; ATSDR, 2012a, 2012b).
All animals used in this study were handled with regards to international, natural and institutional guidelines for care and use of laboratory animals in biomedical research as promulgated by the Canadian Council of Animal Care (CCAC, 1984). Study animals were housed in cages with wire bar lids used to hold water bottle and feeds to prevent contamination with urine or faeces. Bedding was placed directly into the shoe box cage to allow the absorption of urine. Test animals were kept in well ventilated room at ambient temperature of 28.0±2.0 oC under 12hour light/dark cycle well fed with food and water ad libitum. Generally, the study was conducted in accordance with the recommendations from the declaration of Helsinki on guiding principles in care and use of animals (Obianime and Roberts, 2009).
Histological tissue processing and qualitative analysis of prepared tissue slides was done at the Histology Laboratory of the Department of Anatomy, School of Basic Medical Sciences, University of Benin. Resected target organ of testis was collected in vials filled with preservative (10% neutrally-buffered formalin solution), and transported to the University of Benin Histology laboratory for tissue processing and staining. The prepared tissue slides were used for quality histological evaluations. (Drury and Wallington, 1980; Allison and Paul, 2014; Allison and Paul, 2018)


RESULTS
Gross Anatomical Assessment
The Wistar rat sub-chronic toxicity showed that, rats exposed to the daily rat exposure doses (RED) of Cu1, Ni1 and Pb1 died. Only those exposed to the daily doses of Cd1, Cr1 and control survived the 14day experiment. Table 1 showed that there was no significant difference (P> 0.05) when correlating weight gain between the treated and control groups.
Table 1: correlating weight gain between experimental and control groups using t test analysis
	Group
	No of Male Rats
	Daily RED (mg/ml)
	Exp. Days
	Mean  Wo (g)
	mean W1 (g)
	Weight Gain
	Sig. (2-tailed)
	

	Control
	
	Nil
	14
	175.5
	208.4
	32.9
	0.300
	Not Significant 

	Cd1
	5
	0.0001
	14
	180.6
	212.3
	31.7
	0.419
	Not Significant

	Cr1
	5
	0.01
	14
	175.3
	203.6
	28.3
	0.215
	Not Significant

	Cu1
	5
	0.02
	14
	198.4
	228.4
	30.0
	0.216
	Not Significant

	Ni1
	5
	0.025
	14
	201.0
	230.4
	29.4
	0.650
	Not Significant

	Pb1
	5
	0.01
	14
	180.7
	210.5
	29.8
	0.188
	Not Significant


Key: TC = RED – Rat Exposure Dose; Exp. = Experiment; W0 = Initial Weight; W1 = Final Weight; Cd1, Cr1, Cu1, Pb1 and Ni1 = Heavy metal exposure concentration; Conc = Concentration; Sig: Significance

Mean values (p<0.05) are significantly different.
Histological Assessment



Plate 1-4 are observed micrographs of testes of Wistar rats:
Plate 1: A micrograph of the control Wistar rat  
· Diagnostic Lesion: Normal architecture
· Diagnostic Note: Normal histological architecture of the long comsisting of Seminiferous Tubules (ST): lined by germinal epithelium (G) and Sertoli cells (SE) resting on the basement membrane (BM). Sperms (S) are seen in the lumen. There is normal interstitial space (IS), in between the tubules, which contain the interstitial cells of leydig (L).
Plate 2: A micrpgraph of Wistar rat exposed to Cr
· Diagnostic Lesion: Moderate Germinal Epithelial Degeneration
· Diagnostic Note:  Degeneration is characterized by disorganized arrangement of germ cells in seminiferous tubules (ST) owing to germ cell depletion and vacuolation (V) of some of the cells. Some tubules show desquamated cells (D) within its lumen. Interstitial tissue displays few leydig cells (L)
Plate 3: A micrpgraph of Wistar rat exposed to Cd
· Diagnostic Lesion: Moderate Germinal Epithelial Degeneration
· Diagnostic Note:  Degeneration is characterized by disorganized arrangement of germ cells in seminiferous tubules (ST) owing to germ cell depletion. Some tubules show desquamated cells (D) within its lumen. Interstitial tissue displays hyperplasia of leydig cells (L). There is an associated distortortion  and detached part of the germinal epithelium basement membrane (BM)

[image: ]
Plate 1: A photomicrograph (H&E 400X) of the normal architecture testis of control rat showing normal seminiferous tubules (ST) lined by germinal epithelium (G) and Sertoli cells (SE) resting on the basement membrane (BM). Sperms (S) are seen in the lumen. There is normal interstitial space (IS, in between the tubules, which contain the interstitial cells of leydig (L).

 [image: ]   [image: ]Plate 3: A photomicrograph (H&E 400X) ) of the testes of rat exposed to Cd showing seminiferous tubules (ST) with marked depletion of germ cell layers and disorganization of most part of the germinal epithelium. Some tubules show desquamated cells (D) within its lumen. Interstitial tissue displays hyperplasia of leydig cells (L). Note distorted and detached part of basement membrane (BM) surrounding the tubules.
Plate 2:  A photomicrograph (H&E 400X)  of the testes of rat exposed to Cr showing seminiferous tubules (ST) with marked apparent depletion of germ cell, disorganization, and vacuolation (V) of most germinal epithelium. Some tubules show desquamated cells (D) within its lumen Interstitial tissue displays few leydig cells (L).








DISCUSSION
Gross Assessment
This involves the weight relationship between the control and experimental group. There was no significant difference in mean weight gain between experimental Wistar Rats groups exposed to TCs Rat Exposure Doses (REDs) of Cd1, Cr1, Cu1, Ni1 and Pb1, and the control group. This implies that the RED does not have significant effect on the weight of WISTAR RATS, which is consistent with other studies in which Wistar Rats were exposed to heavy metals. (Melo et al., 1998; Honglin et al., 2017). 
Histology
In this study, the prominent histological diahostic lesion is germinal epithelial degeneration. Germinal epithelium degeneration is a nonspecific term that generally includes a number of degenerative features, such as tubular vacuolation, partial or segmental depletion of germ cells, degenerating (multinucleated or apoptotic) germ cells generally not restricted to a specific germ cell type or stage, and disordered arrangement of the germ cell layers ((NTP, 2014; Allison et al., 2022). Depending on severity, there may be a macroscopic reduction in size of the testis and a reduction in organ weight. The condition may progress to total loss of germ cells, leaving contracted tubules lined only by Sertoli cells ((NTP, 2014; Allison et al., 2022). Frequently, there is a mixed effect on seminiferous tubules, with some showing degeneration and others having progressed to atrophy. Chemically induced germinal epithelium degeneration can be multifocal in distribution, but it is most often a bilateral lesion that affects most of the seminiferous tubules to varying degrees ((NTP, 2014). It can also be an incidental background finding in rodents of any age, but the incidence increases with age ((NTP, 2014). Depending upon the toxicant, in short-duration studies (~14-28 days) the earliest evidence of germinal epithelium degeneration may be preceded by specific degenerative features, such as vacuolation or cell- and stage -specific degeneration/depletion of germ cells ((NTP, 2014). Findings in this study were consistent with other studies: In both low and high doses of chromium-treated rat testes, Chandra et al., (2007) observed seminiferous tubular shrinkage, while Sloughing of germ cells from seminiferous epithelium was observed in the testes of high dose chromium-treated rats for 7 days. Degenerative changes in the testis with the disintegration of spermatocytes were also reported. These degenerative changes due to chromium-treatment in the testis resulted in spermatogenic arrest with tubular necrosis and degenerating Leydig cells. In a study by Johnson and Radhakrishnan (2016), where after 5 days of exposure to Cr, the testes showed inflammatory response. Slight disruption in seminiferous tubules, primary and secondary spermatocytes were decreased significantly. After 10 days of exposure, vacuolization, fluid filled seminiferous tubules and immature spermatogonia and general inflammatory response is observed.  A study by Mohamed et al. (2014) also proved that testes of rats exposed to heavy metal showed multiple shrunken tubules with different shapes and diminished layers of germinal epithelium. Some tubules were also resting on a distorted basement membrane. Wide lumen and wide interstitial spaces were noticed. The lumen of some tubules was filled with degenerated germ cells. A Similar study carried out in Cd-treated Wistar rat also showed total necrotic change in the seminiferous tubules with severely disorganized germinal epithelium. Distorted basement membrane and exaggerated interstitial space with atrophied Leydig cells (Olufemi et al., 2014). Also a study by El-Refaiy (2013) showed Degeneration of spermatogenic cells, pyknotic nuclei, intercellular vacuoles, interstitial haemorrhage, detachment of spermatogenic cells from the basement membrane in some tubules and aggregation of little spermatozoa in the lumen, Interstitial oedema, necrosis of some tubules, interstitial fibroplasias with mononuclear cells infiltrations, dilatation and congestion of blood vessels and Exfoliation of cells in the lumen.
CONCLUSION
Conclusion
This study was ecologically relevant. It was able to demonstrate that known contaminants of oil spill sites, if consumed at rates equal to or higher than their oral reference dose for mammalian species can cause testes disorders, even at sub-chronic toxicity period. The study has once more given credence to the use of histology as a biomarker to assess sublethal level of environmental stressors, and in determination and extrapolation of the ecosystem pollution capabilities of the exposure to the studied target chemicals.  
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