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Seminal vesicle and coagulating gland Fructose level  

There was a significant decrease in the level of fructose found in the seminal vesicle and 

coagulating glands compared with the control (Fig 3). 

 

Activity of Serum and Testicular Lactate Dehydrogenase (LDH) (Functional marker of ATP). 

The activity of the serum LDH was significantly inhibited in the rats from the dumpsite compared 

with the control rats however, the dumpsite exposure was associated with a significant increase in the 

testicular activities of LDH compared with the control (Fig 4). Testicular LDH significantly correlated 

with mercury and copper (Table 2). 

 

Polychlorinated biphenyls (PCBs) concentration 

Polychlorinated biphenyls (PCBs) were absent in the testis of the dumpsite-exposed animals.  

 

Table 2: Correlation matrix between Heavy metals and Testicular LDH, Serum LDH, Fructose in control 

animals 

 

     Cu Ni As Zn Hg Fe Cd Pb 

 Testicular LDH 0.66* 0.30 0.47 -0.36 0.70 0.67 0.72 0.72 

Control Serum LDH -0.1 0.10 0.01 -0.31 0.18 0.47 -0.36 -0.36 

  Fructose    -0.43 0.06 0.02 -0.58 -0.24 -0.49 -0.95 -0.95** 

 

*Correlation is significant at the 0.05 level. **Correlation is significant at the 0.01 level.  

 

Table 3: Correlation matrix between Heavy metals and Testicular LDH, Serum LDH, Fructose in 

dumpsite exposed (DSE) animals. 

 

      Cu Ni As Zn Hg Fe Cd Pb 

 Testicular LDH 0.77* -0.19 0.04 -0.60 0.83* 0.12 -0.23 0.54 

DSE Serum LDH -0.10 -0.08 0.38 -0.22 -0.14 0.27 0.27 0.41 

  Fructose    -0.55 0.01 -0.04 0.30 -0.62 -0.62 -0.62 -0.03 

*Correlation is significant at the 0.05 level. **Correlation is significant at the 0.01 level. 



O. T. Oyelowo et al. 

 
 

7 

 

Discussion 
 

There was an accumulation of mercury, arsenic, cadmium, iron, zinc and nickel in the testes of the 

dumpsite exposed (DSE) animals. A previous study from our laboratory (28)  reported that heavy metal 

contents found in the soil of Awotan Solid Waste Dumpsite (ASWD) which is the study area for this 

research were above the USEPA permissible limits which would have resulted in the accumulation of 

these toxic heavy metals signifying their roles in testicular toxicity observed in the DSE animals. 

Although the levels of lead and copper were above the USEPA permissible limits in the soil of ASWD, 

they were not accumulated in the testis of the animals exposed to the dumpsite. A probable reason is 

that metals interact additively, synergistically as well as antagonistically and affect each other’s 

absorption, distribution and excretion. This interference with metabolism can reduce the concentration 

in the organism or decrease the bioavailability. The competition between lead and/or cadmium and zinc 

for the same binding sites in enzymes, proteins, and transporters can affect structure and/or function of 

cell membranes, change enzyme activity, induce oxidative stress and apoptosis which all have grave 

consequences on cell growth, development, and differentiation. Thus, these interactions contribute to 

interindividual differences in susceptibility to adverse effects of metals in men (29).     

According to a study by Sharpe et al. (30) sertoli cells proliferate during the foetal, neonatal, and 

pre-pubertal periods and each of these periods is particularly sensitive to the adverse effects of metals. 

Testicular toxicity in rats has also been shown as a good predictor in human subjects (31). Arsenic and 

cadmium which are classified as the first and seventh most hazardous substances (32) were significantly 

increased in the DSE group. Arsenic and its compounds have been reported to disrupt ATP production 

when exposed to animals by way of water drinking (33). The observation in this study corroborates 

other studies that reported that cells exposed to arsenic showed a considerable depletion in ATP and 

glycogen levels in the liver and other tissues. Cadmium has been reported to cause severe damage to 

spermatogenic epithelium in an animal model (34). Other reports have shown that at concentrations 

greater than (0.003 mg/L), cadmium had direct injury on the testes by damaging germ cells and Sertoli 

cells and subsequently reducing sperm quality (34). The increase in cadmium level in the dumpsite-

exposed animals also confirms the fact that cadmium accumulates in the male reproductive organs, 

especially the testis of both humans and animals (35). Cadmium has been shown to negatively affect 

accessory sex organ functions (10).  

The increase in testicular and epididymal weights (36) has been reported in cadmium exposure 

which corroborates the findings of this study. The increase in the organ weights generally indicates an 

excessive accumulation of interstitial fluid and maybe a sensitive indicator of decreased sperm 

production (36). Some studies have earlier reported that cadmium mediated histological changes in the 

testes, epididymis and accessory sex organs (37). Moreover, exposure to cadmium, lead and arsenic 

may contribute to prostate cancer development and some reports have associated their exposure with 

increased serum prostate specific antigen (PSA) (10). Metals can affect the male reproductive system 

directly when they target specific reproductive organs. When there is an accumulation of metals in the 

testis, epididymis, prostate, seminal vesicle, they impair progressive sperm motility (38). Metals affect 

the secretory function of the seminal vesicles leading to the loss of fertility, libido or impotence (39).  

The seminal plasma is a mixture of secretions derived principally from the major accessory sex 

glands such as the seminal vesicle, prostate, Cowper’s glands with minor contributions from the 

epididymis, ampulla gland etc. Since neither the testis nor epididymal sperm contains fructose, the 

immotile spermatozoa encounter fructose only after it has been intermixed with seminal plasma during 

ejaculation. This occurs at a crucial moment when the sperm requires a high degree of motility requiring 

a source of quick available energy. This energy is provided by the metabolic process of fructolysis 

during which lactic acid is formed. Since growth and secretory function of the accessory sex glands are 

under the control of the testis, the level of fructose in seminal plasma appears to be a precise indicator 

of the function of the Leydig cell system of the testis. The decreased fructose level as well as an 

increased accumulation of heavy metals in the testis observed in this study is consistent with the earlier 

report. Scientific evidence suggests that hypofunction of these accessory sex organs affects sperm 

motility and sperm chromatin stability which may produce infertility (41). The seminal fructose 

concentration is an assessment of the seminal vesicle and could also give useful indications of the male 

reproductive function (42). 
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The level of cellular adenosine triphosphate (ATP) during anaerobic conditions had been widely 

assessed using LDH activity because it is a stable enzyme. LDH is an oxidoreductase enzyme that 

catalysis the interconversion of pyruvate and lactate. Cells release LDH into the bloodstream after tissue 

injury. Animals exposed to the dumpsite had a significant depletion of LDH activity in the serum. 

Inhibition of LDH which is a key enzyme of glycolytic pathway caused by the dumpsite exposure in 

the absence of oxygen which is needed for ATP production would slow down the metabolic pathway in 

charge of energy production. This outcome supports (43,44) who had previously reported that patients 

with abnormal spermatogenesis had low levels of ATP. Additionally, ATP is necessary for the synthesis 

of cholesterol, ketone bodies and fatty acids. In aerobic conditions, pyruvate is converted to acetyl CoA 

catalyzed by pyruvate dehydrogenase which may be oxidized in the tricarboxylic acid (TCA) cycle to 

produce ATP. The findings in this study thus suggest that heavy metals in the dumpsite could disrupt 

ATP production by inhibiting pyruvate dehydrogenase when competing with the phosphate group thus 

uncoupling oxidative phosphorylation. This inhibits energy-linked decrease of NAD+, mitochondrial 

respiration, and ATP synthesis in the serum. It is interesting to note that a different interplay of events 

occurred in the testis of the DSE animals, as there was an increase in the level of LDH activity in the 

testes. Lactate dehydrogenase is the functional marker of ATP and it is required in its production. LDH 

is also connected with existence and development of germ cells.  The increase in testicular LDH activity 

thus observed in this study may indicate an adaptive mechanism by the testes to assuage germ cell death 

and azoospermia in DSE rats.  

The significant correlation between the testicular LDH, mercury and copper, as well as fructose 

and nickel and lead in the DSE animals further buttress the fact that the heavy metal bioaccumulation 

in the testis affected the energy supply to the testis thus the reason for the adaptive mechanism. 

Polychlorinated biphenyls (PCBs) are one of the groups of persistent organic pollutants and they have 

been linked to reproductive difficulties (45). In this study PCBs were absent in the testes of the DSE 

rats. According to a study (46), the PCB levels in the AWSD topsoil were below detection limit which 

would have been the reason it was not detected in the testis of the DSE rats. This however does not rule 

out the possibility of the presence of organic pollutants at the dumpsite as there was an accumulation of 

polyaromatic hydrocarbons (PAHs) according to their study.  

 

Conclusions 

The direct exposure to a municipal dumpsite elicits detrimental effects on the energy supplies 

needed for male reproductive activity. The exposure compromised testicular LDH and decreased the 

LDH activity in the serum which are markers of cellular ATP. The inhibition of LDH activity and a 

decrease in fructose levels observed could be possible mechanisms by which direct dumpsite exposure 

elicited energy depletion and toxicity in the male rat. PCBs were absent thus the biotoxic effects and 

energy depletion could be linked to heavy metal interactions which was additive, synergistic, 

antagonistic and individual in nature. Indeed, an alteration in LDH and fructose levels would be 

expected to compromise the energy supplies to germ cells. The human male has relatively low fertility 

potential compared with other mammals and is much more susceptible to metal toxicity, there is 

therefore the need for a critical assessment and discouragement of siting residential areas near 

dumpsites.  
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