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SUMMARY 

The aim of this investigation was to study the effects of continuous lighting exposure on the 

testes of the African giant rats (AGR). Samples of testes from twelve (12) healthy AGR were 

investigated under two groups. The rats were divided into two groups of 6 rats each as follows: 

Group I - Control rats (12 h light/12 h darkness); Group II - Rats exposed to continuous light (24 

h). The indices of the testes were length, width, and weight of the organ, estimation of serum 

levels of testosterone, luteinizing hormones, follicle stimulating hormone (FSH) by 

radioimmunoassay (RIA) technique and histological studies of the testes. The mean body weight 

of the rats exposed to continuous light was 1.086 ± 0.034 kg which was reduced by 3.9 % from 

the control (1.131 ± 0.02 kg). The mean weight of the testes in rats, exposed to continuous light 

was 4.549 ± 0.30 g, which was significantly reduced by 17.8 %, when compared to the control 

(5.534 ± 0.16 g). The mean length and width of testes of rats exposed to continuous lighting was 

0.294 ± 0.71 cm and 0.143 ± 0.48 cm, respectively. The mean serum level of testosterone in 

control rats was 1.225 ± 0.08 miu/ml and that in rats exposed to lighting, 0.275 ± 0.10 miu/ml. 

This result showed that the serum level of testosterone in male rats exposed to continuous 

lighting was reduced by 77.6 % from 1.225 ± 0.08 miu/ml in the control rats to 0.275 ± 0.10 

miu/ml. Histological observations showed that the testes of rats exposed to light displayed 

elongated to round seminiferous tubules each with wide lumen lined by low germinal epithelium, 

and had wide interstitial spaces. Disruption of spermatogenesis and vacuolization of epithelial 

cells were evident. This study has shown that exposure of AGR for four (4) weeks of continuous 

lighting will result in disruption of spermatogenesis and decreased testosterone serum level. 
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INTRODUCTION 

The African giant rats (AGR) (Cricetomys 

gambianus) are found in the rain forest 

where they are restricted to farmlands, 

grasslands and human habitations. They are 

frequently seen at night crossing roads, 

running along drains and in house 

compounds. They are social animals and as 

such several individuals live together in 
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burrows (Delany and Happold, 1979). In 

tropical Africa, the AGR is a source of 

nutritional protein and income for peasant 

farmers (Ajayi, 1977; Malekani, 2009).  The 

Anti-Persoonsmijnen Ontmijnende Product 

Ontwikkeling (APOPO) has employed AGR 

as mine-detection animals for approximately 

10 years in sub-Saharan Africa, where the 

species are indigenous, and now plans to 

deploy the rats in areas where they are not 

indigenous (Timothy et al., 2015). Like 

dogs, AGRs have a highly sensitive sense of 

smell. The rats, which are relatively large 

rodents (1-2 kg body weight) that live for 7-

8 years in captivity, can be readily trained 

through operant-conditioning procedures to 

detect land mines (Poling et al., 2010a, 

2010b; Poling et al., 2011) to detect in 

human sputum the presence of 

Mycobacterium tuberculosis, the bacillus 

that causes tuberculosis (Weetjets et al., 

2009; Poling et al., 2010c; Mahoney et al., 

2012); and to detect Salmonella bacteria in 

horse faeces (Mahoney et al., 2014). The 

findings of Mahoney et al. (2014) suggest 

that AGRs may be a valuable asset in the 

global effort to control illicit cigarette trade.  

Light and dark cycles in circadian rhythm 

play a significant role in endocrine and 

reproductive functions (Biswas et al., 1994). 

It plays a major role in controlling the 

circadian rhythms (Falcon, 1999) and 

circadian rhythms might affect cell division 

in many organisms (Mori and Johnson, 

2000). In photoperiodic mammals such as 

rats, light is an important regulator of 

secretion of several pituitary hormones 

(Freeman et al., 2000). In both males and 

females, short-day exposure reduces 

hypothalamic synthesis and secretion of 

gonadotropin-releasing hormone (GnRH) 

and, subsequently, the pituitary 

gonadotropins; that is, follicle-stimulating 

hormone (FSH) and luteinizing hormone 

(LH) (Glass, 1986; Buchana and Yellon, 

1991). Eventually, these endocrine 

alterations result in gonadal atrophy or 

regression, and loss of reproductive 

function. 

 Exposure of male albino rats to continuous 

lighting for 70 days increase the weight of 

testis and serum testosterone level (Biswas 

et al., 2013). In Djungarian hamsters, long 

photoperiods markedly stimulate testicular 

development, increase body weight and 

initiate summer molting. In another small 

rodent, Microtus agrestis, a similar cycle of 

body weight with maxima at the time of 

maximal gonadal activity and minima at the 

time of gonadal quiescence is observed. 

Hamsters kept in continuous darkness 

develop pronounced atrophy of the gonads 

and delayed growth of accessory sex organs 

(Wade and Bartness, 1984). Those hamsters 

maintained on long photoperiod of 16 hours 

of light and 8 hours of darkness have larger 

gonads than those maintained at normal 

lighting rhythm of 12 hours of light and 12 

hours of darkness (Hasting et al., 1989). 

Photostimulation in the immature golden 

hamster increases testicular activity and 

testosterone secretion (Hance et al., 2009). 

However, in the adult marmoset (Callithrix 

jacehus), continuous light exposure for 60 

days exerts no effect on the rhythmicity of 

plasma testosterone and spermatogenesis 

(Kholkute and Javaramans, 1987). The 

present investigation has been undertaken to 

determine the effects of continuous lighting 

exposures on the structure and function of 

the testes of the AGR. 

 

MATERIALS AND METHODS 

Experimental animals 

Mature AGRs were purchased from 

surrounding villages around Zaria, Nigeria. 

They were transported to the experimental 

animal unit of the Department of Anatomy, 

Faculty of Veterinary Medicine, Ahmadu 

Bello University, Zaria, Nigeria. They were 

housed in standard laboratory cages, 

measuring 50 cm (H) by 40 cm (W) by 40 

cm (L). The handling method in this study 

was in accordance with the guidelines of the 

American Society of Mammalogists 

(Gannon and Sikes, 2007). The animals 

were fed with feed supplement, maize 
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grains, ground-nut, dried cassava tubers and 

sweet potatoes. Water was given ad libitum.  

 

Protocol of study 

 A total of 12 male adult AGRs were used 

for this study. The rats were divided into 

two groups of 6 rats each as follows: Group 

I - Control rats (12 h light/12 h darkness); 

Group II - Rats exposed to continuous 

lighting (24 h). The control rats were kept in 

the Departmental animal room that had 

normal lighting rhythm of 12 hours of light 

and 12 hours of darkness. The rats exposed 

to continuous lighting were housed in a 

small room in the Department. The room 

was illuminated with 122 cm fluorescent 

lamp that gave a mimicked natural daylight. 

The lamp was switched on permanently for 

four weeks, covering the duration of the 

experiment.  

 

Sample collection 

After the period of exposure, the rats were 

lightly anaesthetized using chloroform in a 

closed container.  They were then weighed 

using a Mettler balance (Model P1421) with 

a sensitivity of 0.1gm. Using a 21-gauge 

needle attached to a 5 ml syringe, 

intracardiac blood was collected into sample 

bottles and allowed to clot. The blood 

samples were later centrifuged at 3,000 rpm 

for 30 minutes. After this, the rats were 

euthanized by cervical dislocation, they 

were them placed on supine position and the 

abdomen and thorax were cut open. The 

scrotal sacs of the rats were deserted open 

and the pair testes exposed. The testes were 

examined in situ and then exteriorised. The 

testes, trimmed of fat and extraneous tissue, 

were measured using a micrometer screw 

gauge and then weighed using a Mettler 

balance P1210 (Mettler Instrument AG, 

Switzerland), with a sensitivity of 0.001 g.  

 

Hormonal assay  

The serum levels of LH and FSH were 

measured by radioimmunoassay according 

to the method of Moudgal and Madhwa Raj. 

(1974). Serum samples were assayed in 

duplicate and the amount of gonadotropins 

were expressed as miu/ml serum. The 

radioimmunoassay of testosterone was 

carried out as described by Auletta et al. 

(1974). The measurements were all done 

using ELISA kits (AccuBind Microwell, 

Lake Forest, California, USA). The 

instructions in the booklet that accompanied 

the kit were followed carefully for the 

preparation of standard curve and 

determination of hormone levels using the 

gamma-counter. The standard curves were 

plotted and the values of the serum level for 

hormones in the samples were determined 

by extrapolating the counts of each sample 

to the standard curve. All samples were run 

in duplicate in a single assay to avoid 

interassay variation. 

 

Light microscopy 

Tissues for light microscopy were preserved 

in labelled bottles, containing 10 % neutral-

buffered formalin. After fixation, the tissue 

was dehydrated through a series of graded 

ethanol solutions (50 – 100 %), and 

embedded in paraffin (Bancroft and Sevens, 

1990). Paraffin sections (5 µm) were cut and 

stained with haematoxylin-eosin and 

trichrome stains. The sections were observed 

and subjected to photomicrography using 

Olympus light microscope (BX63+ DP72) 

 

Statistical analysis 

All recorded weights and dimensions were 

expressed as mean ± standard error of the 

mean (mean ± SEM), and subjected to 

statistical analysis using Statistical Package 

for Social Science, version 17.0. Variation 

in parameters in groups were analyzed using 

one-way analysis of variance (ANOVA) and 

further subjected to a post-hoc test, Duncan 

multiple range test. Values of P < 0.05 were 

considered significant. 
 

RESULTS 

The mean body weight of the rats exposed to 

continuous light was 1.086 ± 0.034 kg 

which was reduced by 3.9 % from the 

control. The mean weight of the testes in 

rats, exposed to continuous light was 4.549 
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Table I: Mean values of body weight and testes parameters in male African Giant rats 

 exposed to continuous lighting (Mean ± SEM) 

parameters             Control  

           (n = 6) 

 Lighting 

(n = 6) 

Body  weight, (kg)  1.131 ± 0.02ᵃᵇ  

 

1.086 ± 0.034ᵃ 

Testis  Weight, (g)   5.534 ± 0.16ᵇ  

 

4.549 ± 0.30ᵃ 

 Length, (cm)   0.329 ± 0.31ᵇ  0.294 ± 0.71ᵃ 

 

  Width, (cm)   0.157 ± 0.19ᵇ  0.143 ± 0.48ᵃ 

a, b = Means along the same column with different superscript letters differ significantly (P < 

0.05) 

 

Table II: Mean values of serum levels of testosterone, luteinizing hormone and follicle- 

stimulating hormone in male African Giant rats exposed to continuous lighting (Mean ± SEM) 

Hormones, (miu/ml)                                              Control  

         (n = 6) 

 Lighting 

 (n = 6) 

Testosterone      1.225 ± 0.08ᶜ  0.275 ± 0.10ᵃ 

Luteinizing hormone  0.175 ± 0.48 

 

 

 

0.550 ±0.26 

 

Follicle stimulating hormone  0.350 ± 0.03ᵃ 

 

 

  

0.525 ± 0.05ᵇ 

a, b = Means along the same column with different superscript letters differ significantly (P < 

0.05) 

± 0.30 g, which was reduced by 17.8 %, 

when compared to the control (5.534 ± 0.16 

g). The mean length and width of testes of 

rats exposed to continuous lighting were 

0.294 ± 0.71 cm and 0.143 ± 0.48 cm, 

respectively. The mean length and width of 

rats exposed to lighting were lower from the 

control (Table I). The mean serum level of 

testosterone in control rats was 1.225 ± 0.08 

miu/ml and in rats exposed to lighting was 

0.275 ± 0.10 miu/ml. This result showed that 

the mean serum level of testosterone in male 

rats exposed to continuous lighting reduced 

by 77.6 % from 1.225 ± 0.08 miu/ml in the 

control rats to 0.275 ± 0.10 miu/ml. The 

mean serum level of LH in rats exposed to 

continuous lighting increased by 214.3 % 

from 0.175 ± 0.48 miu/ml in the control to 

0.550 ± 0.26 miu/ml. The mean serum level 

of FSH in rats, exposed to continuous 

lighting was higher by 50 % from 0.525 ± 

0.05 miu/ml to 0.350 ± 0.03miu/ml in the 

control (Table II). 

 

Light microscopic findings  

Testicular capsules of all groups of rats were 

very prominent with numerous blood 

vessels.  In the control rats, the testes 

consisted of a number of seminiferous 

tubules, lined by the germinal epithelium 

and separated by interstitial tissue which 

was observed to contain more spermatozoa 

and distinct Leydig cells. The seminiferous 

tubules possessed epithelia, containing 

Sertoli cells and germ cells at various stages, 

covering the complete cycle of 

spermatogenesis (Plates 1 and 3). The testes 

of rats exposed to light displayed elongated 

to round seminiferous tubules, with wide 

lumen lined by low germinal epithelium, 

and had wide interstitial spaces. 

Disorientation of epithelial cells was 

common in majority of the seminiferous 

tubules. Disruption of spermatogenesis and 

vacuolization of epithelial cells were evident 

(Plates 2 and 4). 
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Plate 1: Testis of control a rat showing 

capsule (C) and seminiferous tubules 

(double arrow heads) lined by germinal 

epithelium (GE). Hematoxylin and Eosin, 

Scale bar = 200 µm 

 Plate 2: Testis of a rat exposed to light 

showing the seminiferous tubules (arrows) with 

wide lumen (L) lined by low germinal 

epithelium (GE), disorientation of epithelial 

cells (DOC) and having capsule (C). Masson 

Trichrome, Scale bar = 200 µm 

 

 

 
Plate 3: Seminiferous tubules of control rat 

containing, myloid cells (MYC), Sertoli 

cells (SC), Leydig cells (LYC) and germ 

cells at various stages of spermatogenesis 

such as spermatogonia (SG), spermatocyte 

(SPC), spermatid (SP) and spermatozoa (S). 

Hematoxylin and Eosin, Scale bar = 20 µm 

 Plate 4: Seminiferous tubules of a rat exposed 

to light with disrupted seminiferous tubule (ST) 

wider interstitial spaces (ICS). Haematoxylin 

and Eosin, Scale bar = 200 µm 

  

DISCUSSION 

Light and dark cycles in circadian rhythm 

play a significant role in endocrine and 

reproductive functions (Biswas et al., 1994; 

Aleandri et al., 1996). Continuous light 

exposure in the male rats resulted in a 

significant decrease in body weight, when 

compared to the control. This result 

contradicts that of Steven (1994) who 

reported that the body weight of male 

Djungarian hamster reared in long days or 

after 30 long days were significantly greater 

than those of male exposed to short days. 

This may probably be due to the fact that the



Nigerian Veterinary Journal 38(2). 2017 Ali et al 

   

164 
 

AGR are nocturnal and can see well in the 

dark and even feed better. Continuous light 

exposure resulted in a significant decrease in 

testes weight, length and width, significant 

testosterone decrease and elevated FSH 

serum level when compared with the 

control. The control rats had a significant 

increase in testes weight, significant increase 

in testosterone level and a decrease in FSH. 

This result agrees with Rodriquez et al. 

(2005) who reported that long term exposure 

to continuous light inhibits gonadal growth 

in European male seabass but contradicts 

that of Olatunji-Bello and Sofola (2001) 

who reported an increase in size of testes 

and elevation of hormones, LH and FSH in 

rats exposed to continuous light when 

compared with the control. Biwas et al. 

(2013) also reported an increased testes 

weight and serum levels of testosterone, LH 

and FSH in male albino rats exposed to 

continuous light for 70 days. 

Photostimulation in the immature golden 

hamster increases testicular activity and 

testosterone secretion (Hance et al., 2009). 

But in adult marmoset (Callithrix jacehus), 

continuous light exposure for 60 days had 

no effect on the rhythmicity of plasma 

testosterone and spermatogenesis (Kholkute 

and Javaramans, 1987). The seminiferous 

tubules of the testes of the control rats 

possessed epithelia containing Sertoli cells 

and germ cells of various stages, covering 

the complete cycle of spermatogenesis. 

There were more spermatozoa in the central 

lumen of the tubules.This observation did 

not agree with that of Olatunji-Bello and 

Sofola (2001), who reported that the 

seminiferous tubules of the rats exposed to 

light contained more spermatozoa than the 

controls. This study has shown that 

continuous light for four weeks has a 

detrimental effect on the structure and 

function of the testes of AGR. 
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