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Abstract:  The objective of this study was to evaluate the reproductive risk associated with exposure of adult male 
Fisher-344 (F-344) rats to inhaled benzo(a)pyrene (BaP), a ubiquitous environmental toxicant present in cigarette 
smoke, automobile exhaust fumes and industrial emissions. Rats were assigned randomly to a treatment or control 
group.  Treatment consisted of exposure of rats via nose-only inhalation to 75μg BaP/m3, 4 hours daily for 60 days, 
while control animals were unexposed (UNC).  Blood samples were collected immediately on day 60 of exposures 
(time 0) and subsequently at 24, 48, and 72 hours, to assess the effect of exposures to BaP on plasma testosterone and 
luteinizing hormone (LH) concentrations. Mean testis weight, total weight of tubules and total tubular length per 
paired testes were reduced 33% (P< 0.025), 27% (P < 0.01) and 39%, respectively in exposed rats (P < 0.01) compared 
with UNC rats.  The number of homogenization -resistant spermatids was significantly reduced in BaP-exposed versus 
UNC rats. Plasma testosterone and intra-testicular testosterone (ITT) concentrations were significantly decreased by 
BaP compared with those of UNC rats.  The decreases in circulating plasma testosterone were accompanied by 
concomitant increases in plasma LH concentrations in BaP-exposed versus control rats (P < 0.05).  These data suggest 
that 60 days exposure to inhaled BaP contribute to reduced testicular endocrine and spermatogenic functions in 
exposed rats.  
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Introduction 
 

Several reports [reviewed in 1 & 2] show that human 
health globally, is influenced by exposures to toxic 
chemicals. Many diseases including infertility are on the rise 
in recent years and mirror the increase in toxic chemical 
production, use, and release into the environment [3]. 
Delicately coordinated neuro-endocrine regulated 
physiological events that lead to the production of mature 
spermatozoa must occur to ensure the fertilization of mature 
ova, the development of normal embryos and eventually, the 
delivery of viable offspring. The perturbation of any one 
segment of this delicate sequence of events leads to infertility 
or abnormal fetal development if spermatozoa carrying 
genetic defect(s) fertilize normal mature ova. In the United 
States, approximately 15% of couples experience some 

difficulties when trying to conceive and in roughly 50% of 
these couples, male factor is partially responsible for failure 
to conceive [4]. For 25% of men evaluated, no identifiable 
cause of their abnormal semen analyses can be found, hence 
the diagnosis of idiopathic male factor infertility [4], 
probably due to exposure(s) to environmental/occupational 
xenobiotics that act as reproductive endocrine disruptors. 
Reproductive endocrine disruptors can alter the 
hypothalamic/pituitary and testicular hormones that regulate 
spermatogenesis. As a consequence of exposures to 
endocrine disruptive compounds, hypogonadism and/or 
infertility can ensue. One such xenobiotic that is prevalent in 
the environment and depresses circulating plasma 
testosterone and sperm motility is benzo(a)pyrene (BaP; [5]).  

Benzo(a)pyrene is a semi-volatile, lipophilic, high 
molecular weight compound that belongs to the polycyclic 
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aromatic hydrocarbon  (PAH) family. Benzo(a)pyrene and 
other PAHs are products of combustion and can 
accumulate in crops via absorption from contaminated 
soils [6]. Exclusive sources for BaP contamination of the 
environment and consequently human exposures include 
industrial and automobile emissions, hazardous waste 
sites, cigarette smoke, biomass burning, municipal 
incinerators, volcanic eruptions, home heating, and 
consumption of charcoal broiled and smoked foods [6, 7]. 
Food ingestion and inhalation are the major routes of entry 
into the human body for a large section of the general 
population exposed to PAHs (reviewed in [8]).  

The biological effects of BaP are mediated by the aryl 
hydrocarbon receptor (AhR)-mediated cytochrome P-450 
(CYP) genes [9]. Biotransformation of BaP by 
microsomal epoxide hydrolase and CYP are necessary for 
this prototypical PAH to elicit toxicity [10]. The initial 
step in the BaP metabolic pathway is the formation of 
epoxides, catalyzed by CYP-dependent monooxygenases 
[11]. Further metabolism involves hydration by 
microsomal epoxide hydrolase to the dihydrodiols, 
isomerization to phenols or conjugation with glutathione 
by glutathione transferase. The phenols and dihydrodiols 
are further metabolized by conjugation with glucuronic 
acid or sulphuric acid by glucuronyltransferases and 
sulfotransferases, respectively to facilitate excretions. 
During the process of metabolism, reactive metabolites 
such as BaP-7,8-dihydrodiol 9,10-epoxide (BPDE) are 
formed that may damage cellular macromolecules 
including DNA, thus, resulting in the alteration of cell 
function and cancer. Biotransformation of BaP also leads 
to production of BaP quinones that may arise from 
autooxidation of metabolites such as 6-hydroxy BaP. 
These compounds undergo one electron redox cycling 
with their semiquinone radicals resulting in the formation 
of reactive oxygen species (ROS; [12]). The formation of 
ROS has been associated with altered cell signaling, cell 
damage and apoptosis [13-15]. Interactions of these 
reactive oxygen species with cellular nucleophiles such as 
DNA in the compartments of the testis have the potential 
to alter transcriptional events required for the production 
of mature spermatozoa.  

The hormonal control of spermatogenesis is based on 
the action of the pituitary gonadotropins, luteinizing 
hormone (LH) and follicle stimulating hormone (FSH), on 
the testis.  LH stimulates the Leydig cells in the testes to 
produce testosterone (T).  Intratesticular T (ITT) mediates 
its effects within the testes through the androgen receptor 
that is found on Leydig cells, Sertoli cells, and peritubular 
cells [16].  Follicle stimulating hormone activity is also 
important for quantitatively normal spermatogenesis [17, 
18].  Withdrawal of LH and FSH stimulation of the testis 
reduces sperm production.  Suppression of LH levels 
results in a decrease in ITT [19, 20], which in turn 
suppresses sperm production in men (World Health 
Organization; WHO, [21]) and rats [22]. Intratesticular 
testosterone is believed to stimulate spermatogenesis 
directly in rats [22] and men [17] although not to 
quantitatively normal levels in men.  We have shown that 

a 10 day exposure of male rats to inhaled BaP (75μg/kg) 
causes a significant reduction and increase in plasma 
testosterone and LH concentrations, respectively [5], 
suggesting a lack of direct effect of BaP on LH secretion. 
This reduction in circulating testosterone could be due to: 
1) BaP-induced reduction in Leydig cell testosterone 
synthesis and release or 2) to a higher metabolism of 
testosterone by the liver due to a higher induction of liver 
phase II metabolic enzymes by BaP or 3) both. It is likely 
that the reduction in circulating testosterone by BaP is 
contributed to by reduced intratesticular testosterone based 
on the fact that sperm motility was reduced significantly in 
BaP-exposed rats compared to controls [5]. Motility is 
acquired in the epididymides under the regulation of high 
testosterone concentrations contributed to this organ by 
testicular fluid that aids in the transport of spermatozoa 
from the testis into the epididymides. 

The objective of this study was to determine the effect 
of a 60 day exposure to inhaled BaP on intratesticular 
function.  

 
Materials and Methods 
 
Animals and Exposure 

 
Adult male Fisher-344 rats, approximately 12-13 

weeks of age and weighing approximately 340-360g, were 
purchased from Harlan Sprague Dawley (Indianapolis, 
IN). Animals were housed in pairs, in polyethylene cages 
and allowed to acclimatize to the animal care facilities for 
one week prior to initiation of studies. Rats were 
maintained in an environmentally controlled room with a 
14 hour light: 10 hour dark cycle (lights on at 6.0 AM.), 
22ºC and humidity range of 50-60% and allowed ad 
libitum access to commercial rat chow (5001 Lab meal, 
Ralston Purina Co., MO, USA) and water. Before 
initiation of animal exposures to BaP via inhalation, all 
rats were acclimated to 52 port Cannon nose-only 
exposure chambers, 4 hrs a day for 3 days. Subsequently, 
rats were randomly assigned to a treatment and a control 
group (N = 10 per group). Treatment consisted of 
exposure of rats to 75 μg BaP/m3 (98% pure, Sigma 
Chemical Co., St. Louis, MO) via nose-only inhalation, 4 
hrs daily for 60 days, using a state-of-the-art dual-
component aerosol generator developed in our laboratory 
[23]. Carbon black (CB) was used as a carrier for BaP 
because it adsorbs and strongly binds to PAHs [24] and 
was not known to be mutagenic or carcinogenic in 
mammalian systems [25]. Rats in the control group served 
as unexposed controls (UNC).  We did not control for the 
carrier of BaP (CB) because of the lack of effect of 10- 
and 60- days exposure to CB on the endocrine and 
reproductive characteristics of rats [5, 25, 26]. Even 
though rats in the UNC group were unexposed, they were 
subjected to conditions of restraint similar to those 
imposed on rats exposed to BaP via inhalation. Details on 
the design, fabrication, installation, and characterization of 
the exposure system are reported in Hood et al. [23]. The 
methods for aerosol generation, preparation of carbon 
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black cakes and impactor substrates as well as the 
characterization and quantitation of BaP aerosol and 
substrate extraction, analysis and quality assurance/control 
are detailed in our previous study [5].  

Rats in the BaP and UNC group were weighed prior 
to initiation of exposures, followed subsequently by 
weekly weight monitoring throughout the duration of the 
study to determine whether BaP affected thriftiness among 
treated animals. 

 
Post-exposure Processing Of Tissue Samples 

 
Blood samples were collected via sinus orbital 

puncture using heparinized pulled Pasteur pipettes, 
between 17:00 and 18:00 h immediately following the last 
day of exposure (on day 60; 0 hr) and at 24, 48 and 72 hrs 
post initial sampling. Subsequently, plasma was harvested 
post centrifugation at 2000-x g at 4°C for 10 minutes from 
each sample and stored at –20°C until assayed for 
testosterone and luteinizing hormone (LH). Following the 
last blood sampling, animals were sacrificed by CO2 
asphyxiation, testes immediately harvested and weighed.  
The right testes from UNC and BaP-exposed rats (N = 
6/group) were used for the determination of daily sperm 
production and intra-testicular testosterone (ITT) 
concentrations while the left testes were   prepared for 
histological evaluation according to the modified method 
of Weibel [27] by Lunstra et al [28]. Briefly, fixed testis 
pieces from UNC and exposed rats were washed in PBS (1 
x 1 h), dehydrated through graded ethanol (50, 70, 80, 90, 
100; 2 x 1 hr each), cleared in xylene (2 x 1 h; Sigma, St. 
Louis, MO), infiltrated with paraffin wax (60°C; 4 x 1 hr), 
and embedded in paraffin wax.  Serial sections (5 µm) 
were cut from the middle of each testis preparation.  
Sections were dried overnight onto glass slides at 37°C 
and stored at room temperature until processed for 
histology.  For staining and morphometric evaluation, 
sections were deparaffinized in Microclear (2 x 5min; 
Micron Environmental Industries, Fairfax, VA) and 
rehydrated through graded ethanol (2 x 100%, 2 x 95%, 1 
x 70%).  Sections were rinsed thoroughly in water, stained 
with haematoxylin, dehydrated, cleared in Microclear and 
mounted using DPX mounting media (Sigma-Aldrich, 
Milwaukee, WI).  Stained sections were stored at room 
temperature (26 + 2°C) until morphometric analysis was 
conducted.   

 
Morphometry & Histopathology 

 
Stained sections were evaluated at 50x magnification 

using a Zeiss Axioplan-2 Photomicroscope equipped with 
planaphotochromat objectives for DIC microscopy, 
coupled to a computerized morphometric planimetry 
system (Bioquant Nova 2000 Advanced Image Analysis, 
R&M Biometrics, Nashville, TN) to obtain tubule 
diameters and area percentages (volume percentages) 
occupied by seminiferous tubules and interstitium.  Two 
full cross-sections from near the middle of each testis were 
used in these evaluations.  Four areas randomly selected to 

represent each quadrant on each section were evaluated.  
Briefly, images from an Optronics DEI-750 triple-CCD 
color camera attached to the microscope were displayed 
on a high resolution (1600 lines/inch) color video monitor 
and the tubular components of the parenchyma were 
measured by tracing outlines of whole seminiferous 
tubules (about 60 tubules per rat) using a computer mouse 
connected to a high-resolution digital pad.  Thus, 
approximately 10 x 106 μm2 was evaluated per testis 
(approximately 1.2 x 106 μm2 evaluated per quadrant).  
For all morphometric calculations, specific gravity of the 
testicular tissue was assumed to be 1.0, and area 
percentages were assumed equal to volume percentages 
[28].  No correction factor for shrinkage was applied, 
since the samples used for comparison were fixed and 
processed into paraffin blocks using identical conditions.  
Morphometric assessments included the evaluation of the 
percentage tubular volume, percentage interstitial volume, 
average tubule diameter, and percentage tubules 
displaying elongated spermatids (i.e., full 
spermatogenesis), as described previously [27, 29].  The 
volume percentage of seminiferous tubules was multiplied 
by testicular volume (i.e., testis weight) per paired testes 
to obtain total tubular volume, and then divided by 
average area per round tubule profile, using the formula 
for volume of a cylinder, to obtain total length of 
seminiferous tubules per paired testes [30].   

 
Determination of Daily Sperm Production (DSP) 

 
The number of homogenization-resistant testicular 

spermatids was determined according to the method of 
Goyal et al. [31]. Briefly, testes from BaP-exposed and 
UNC rats were decapsulated, weighed and each testicular 
parenchyma was homogenized in 50 ml of PBS using a 
motorized homogenizer (Brinkmann Instruments, 
Westbury, NY). The homogenate was filtered through a 
metal sieve, and an aliquot of the filtrate was mixed with 
PBS and 0.6% trypan blue in a ratio of 2:1:2, respectively. 
An 8.5 µl aliquot of the latter mixture was then used to 
determine the average number of homogenization-resistant 
spermatids in each sample in duplicate, by 
hemocytometric counting. Daily sperm production was 
calculated by dividing the total number of spermatids per 
gram of testicular parenchyma (testis weight minus weight 
of the capsule) by 6.1 days, the duration of step 19 
spermatids in the seminiferous epithelial cycle [32]. 

 
Plasma and Intratesticular Testosterone and Plasma LH 
Determination 

 
Testosterone was extracted from testis homogenates 

with ether followed by evaporation of ether and 
reconstitution of extracted testosterone in 0.1% gel PBS. 
Subsequently, testis homogenate extracts and plasma 
samples from UNC and BaP-exposed rats were analyzed 
for total testosterone by radioimmunoassay while analysis 
for LH was conducted in plasma samples using the same 
assay method previously validated in our laboratory [5, 
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26].  The sensitivity of testosterone assay was 2 pg/tube 
and the intra-assay coefficient of variation was 8%. The 
inter-assay coefficient of variation for this assay is not 
available because testosterone in all samples was 
measured in a single assay. The sensitivity of LH assay 
was 0.08 ng/tube and the intra- and inter-assay coefficients 
of variation were 6.5 and 10.9%, respectively. 

 
Statistical Analyses 

 
Data on weekly body weights, total plasma 

testosterone and LH concentrations were analyzed by 
ANOVA with repeated measures and the differences 
among means were tested with orthogonal contrasts. 
Those on testis weight, ITT concentrations and daily 
sperm production were compared by unpaired t-test. Data 
on morphometric assessments of testicular histologies 
were analyzed by GLM procedure of SAS Version 6.12 
(SAS/STAT User’s Guide, [33]).  

 
Results 

  
Weekly body weights of UNC and BaP-exposed rats 

were similar during the nine weeks of this study (complete 
data not shown), suggesting that the exposure 
concentration of BaP used in this study, the route of 
administration and duration of exposures per day for 60 
days did not affect body weights in rats. Mean weekly 
weights (Mean + SE) of rats increased from 356.1 + 8 to 
430.3 + 7 and from 351.4 + 11 to 433.7 + 8 gm for UNC 
and BaP-exposed rats, respectively. 

Testes recovered from rats exposed to BaP weighed 
less than those from their UNC counterparts (Fig. 1; P < 
0.025). 

 

 
 

Figure 1: Mean testis weight of BaP-exposed versus UNC 
rats. 
 

Table 1 depicts the morphometric characteristics of rat 
testis exposed to BaP via inhalation versus UNC. Testes 
from BaP-exposed rats weighed 34% less (P < 0.025) than 
those recovered from their UNC counterparts.  Tubule 
diameter (µM) and percentage of tubules exhibiting 
elongated spermatids were similar between UNC and BaP-
exposed rats. However, exposure to BaP caused a reduction 
in total tubular volume (P < 0.002), total weight of tubules 
(P < 0.002) and total tubular length (P < 0.01) per paired 
testes compared with those of their control counterparts. 

Similarly, both total volume and total weight of interstitium 
per paired testes were reduced by approximately 12% due 
to exposure of rats to BaP compared with those of testes 
recovered from control rats (P < 0.05). Collectively, these 
morphometric data suggest that exposure of rats to inhaled 
BaP contributed significantly to the reduction in testis 
weight (Fig. 1). 
 
Table 1: Testicular morphometric data of BaP (75ug/kg)-
exposed rats after 60 days 
 

Parameter Control BaP-exposed

Tubule diameter (µm) 250 + 8.5 230 + 8.2

Tubules with elongated 
spermatids (%) 99 + 1.0 99 + 1.0

Tubular volume (X 109 µm3) 2.0 + 0.7 1.6 + 0.004***

Total weight of tubules (gm) 2.20 + 0.7 1.6 + 0.004***

Total tubular length (µm) 55 + 1.0 33 + 1.0**

Total volume of interstitium 
per paired testis (μm3) 0.43 + 0.01 0.38 + 0.01*

Total weight of interstitium 
per paired testis (gm) 0.45 + 0.01 0.37 + 0.01*

*p < 0.05; **p < 0.01; ***p < 0.002 
 

Some of the above mentioned pathological changes 
are depicted in the photomicrographs of BaP and UNC 
testis histologies (Fig. 2).  

 

   
A. Control rat                            B. BaP-treated rat 
 

Figure 2: Photomicrographs of testes histologies from A) 
unexposed control F-344 rat; B) F-344 rat exposed to 75 
μg BaP /m3 for 60 days. Magnification bar = 250 μm.  
Though the seminiferous tubules appear qualitatively 
similar, the size of tubular lumens and length decreased in 
BaP-exposed rats, compared with controls. This indicates 
a reduction in spermatogenic activity and loss of fluid in 
the seminiferous tubules due to decreased testosterone 
production, thus the observed decreased testis size. 
 

Daily sperm production was reduced (P <0.025) in 
rats exposed to inhaled BaP for 60 days compared with 
rats in the UNC group (Fig. 3). Intratesticular testosterone 
concentrations per gram of testicular tissue harvested on 
day 60 of BaP exposures were also reduced (P < 0.025; 
Fig. 4) as well as plasma testosterone concentrations (P < 
0.05; Fig. 5) on the last day of exposures (day 60) and at 
24, 48 and 72hr later compared with controls. However, 
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LH concentrations in plasma samples of BaP-exposed rats 
were elevated throughout the above mentioned four time 
periods studied compared with controls (P < 0.05; Fig. 6).  

 

 
 
Figure 3: Effect of inhaled BaP on daily sperm production 
per gram of testis in F-344 male rats exposed to 75 μg 
BaP/m3 for 60 days; n = 10 per treatment or control group. 
Results are expressed as mean + SE (UNC = unexposed 
control; BaP = BaP- inhaled rats. Asterisks indicate a 
significant difference from controls (P < 0.05).  
 

 
 

Figure 4: Effect of inhaled BaP on ITT concentrations in 
F-344 male rats exposed to 75 μg BaP/m3 for 60 days; n = 
10 per treatment or control group. Results are expressed as 
mean + SE (UNC = unexposed control; BaP = BaP- 
inhaled rats. Asterisks indicate a significant difference 
from controls (P < 0.05). 
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Figure 5: Effect of inhaled BaP on plasma testosterone 
concentrations in F-344 male rats exposed to 75 μg 
BaP/m3 on the last day of exposures (day 60) and at 24, 48 
and 72hr later; n = 10 per treatment or control group. 
Results are expressed as mean + SE (UNC = unexposed 
control; BaP = BaP- inhaled rats. Asterisks indicate a 
significant difference from controls (P < 0.05). 
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Figure 6: Effect of inhaled BaP on plasma LH 
concentrations in F-344  male rats  exposed to 75 μg BaP 
/m3 on the last day of exposures (day 60) and at 24, 48 and 
72hr later; n = 10 per treatment or control group. Results 
are expressed as mean + SE (UNC = unexposed control; 
BaP = BaP- inhaled rats. Asterisks indicate a significant 
difference from controls (P < 0.05). 
 
Discussion 

 
The exposure concentration of BaP (75μg/m3) used in 

this study is one that adversely affected reproductive 
phenomena in our previous studies in both adult male and 
female rats [5, 26] and is within the range (10μg–2 
mg/m3) present in a variety of sources in the environment. 
Some of these sources include: aluminum smelter and 
coke industries [7]; ambient air of highly polluted 
industrial cities [34]; cooking oil and wood combustion 
fumes [35]; home heating with coal-gas [7]. Furthermore, 
the exposure concentration of BaP to which rats in this 
study were exposed, is close to the legally enforceable 
limit of 100μg/m3 established for PAHs by the 
Occupational Safety and Health Administration [36].  

Rats exposed to BaP in this study had similar weekly 
weight gains compared with UNC rats, suggesting that the 
exposure of animals to 75μg/m3 BaP, daily exposure 
durations and method of restraint, did not impede growth 
through undue stress compared with controls.  

Mean testis weight among BaP-exposed rats was 
significantly reduced compared with their UNC 
counterparts. Similar observation was made by Blazak et 
al. [37] for adult rats and by Singh and Tate [38] in adult 
hamsters, indicating toxicity by this PAH on the testis 
[39].  Testicular morphometric data obtained in this study 
indicate that BaP exposure reduced components of both 
the steroidogenic and spermatogenic compartments of the 
testis. However, more of the BaP-influenced reduction 
was brought to bear on the spermatogenic compartment 
compared with controls (12% reduction in both total 
volume and total weight of interstitium per paired testis 
[steroidogenic compartment] versus 20% reduction in both 
tubular volume and tubular weight and 40% reduction in 
tubular length [spermatogenic compartment]). This is not 
surprising in as much as the testis bulk (85%; [40]) is 
involved in sperm production; consequently, when 
seminiferous tubular cells such as Sertoli cells undergo 
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apoptosis due to exposure to BaP [41], paracrine 
mediators involved in the regulation of spermatogenesis 
[42] are reduced, leading to a reduction in spermatogenetic 
support and testicular mass.  

The morphometric data on the effects of BaP on 
spermatogenic and steroidogenic compartments of the 
testis were predictive of the functions of these testicular 
compartments. We observed a significant reduction in 
DSP per gram of testicular tissue in BaP exposed rats 
compared with their control counterparts, probably due to 
BaP-induced dysfunction of exposed Sertoli cells. 
Raychoudhury and Kubinski [41] reported that in vitro 
exposure of isolated rat Sertoli cells to BaP resulted in 
cellular changes characteristic of apoptosis. Although 
Sertoli cells were not enumerated in this study, the dramatic 
reduction (39%) of total tubular length in BaP-treated rats 
implies that a significant reduction in Sertoli cell numbers 
also occurred during BaP exposure. Sertoli cells initiate, 
support, maintain and regulate spermatogenesis in 
mammals by (1) providing structural and functional barrier 
that regulate the movement of extratubular blood-borne 
components into the seminiferous tubular environment; (2) 
synthesizing and secreting various nutrients utilized by 
developing germ cells; and (3) synthesizing and secreting 
paracrine mediators proposed to be involved in the 
regulation of spermatogenesis [42]. Thus, the reduced DSP 
per gram testis observed in this study may have been due to 
reduced spermatogenesis resulting from BaP-induced DNA 
damage and apoptosis in Sertoli cells [41, 43].  

High ITT concentrations are required for the 
regulation of spermatogenesis [44], the reduction of which 
results in fewer mature sperm produced by the testis [45]. 
Our data demonstrate that reduced DSP was accompanied 
by approximately 20% reduction in ITT concentrations per 
gram of testicular tissue. Our data also indicate that the 
effect of BaP on testicular testosterone synthesis was a 
direct effect on the Leydig cells. This conclusion is based 
on increased plasma LH concentrations observed in this 
study due to the abrogation of the negative feedback on 
this pituitary gonadotropin by decreased plasma 
concentrations of testosterone in BaP exposed versus 
controls during the four time periods studied. The 
reduction in intratesticular synthesis of testosterone may 
have resulted from the exposure of Leydig cells to 
sequestered BaP in high-density lipoproteins that are 
essential for steroid hormone biosynthesis [46]. Mandal et 
al. [47] have demonstrated that DMBA inhibits the ability 
of Leydig cells to synthesize and release testosterone.  

Furthermore, it could be surmised that the metabolism 
of BaP by Leydig cells or BaP metabolites produced 
elsewhere in the body and transported to the testis may 
have adversely affected Leydig cell function. In this 
context, it is worth mentioning that the tissues in the male 
reproductive organs and the Leydig cells in particular 
extensively metabolize PAHs including BaP [48-51]. 
Consequently, the metabolites of BaP may have 
significantly reduced the ability of the Leydig cell to 
synthesize and release testosterone in this study, due to 
ROS-induced aging [47, 52]. Peltola et al. [53] have 

shown that ROS can damage critical components of the 
steroidogenic pathway in Leydig cells, including 
steroidogenic acute regulatory (StAR) protein [54]. The 
reduction in the synthesis and release of testosterone could 
also be exacerbated by a reduction in the population of 
Leydig cells via apoptosis as exemplified in data generated 
on Leydig cells from rats exposed to cigarette smoke [55]. 
A reduction in ITT normally results in reduced 
spermatogenesis [56] and could explain the reduced DSP 
per gram of testicular tissue among BaP-exposed rats 
compared with controls in this study. Additionally, 
decreased circulating testosterone levels similar to that 
observed in the present study upon prolonged exposure to 
BaP may have implications on successful mating of females 
by exposed males [57].  It is also very likely that the 
reduction in the circulating testosterone concentrations by 
BaP is primarily contributed to by reduced ITT synthesis 
and release and secondarily by the heightened induction of 
the liver cytochrome P450s that are necessary for 
detoxification of BaP [10].  

Our data raise the awareness that exposure to BaP 
contributes to the declining fertility in men due to 
declining sperm production and altered endocrine 
regulated events that lead to sperm maturation, gamete 
interaction, embryo development and the delivery of 
viable young. The adverse effect of this endocrine 
disruptor on reproduction will not abate in as much as 
exposures of men to this xenobiotic continue. It is 
important therefore, for healthcare givers to advise 
patients during infertility counseling sessions, to curtail 
exposures to BaP in order to reduce the risk to infertility, 
should the patients fall within ‘at risk’ category for BaP 
exposure. This ‘at risk’ category includes smokers; 
workers in coke oven, coal tar, distillery, iron foundry, 
aluminum, bitumen, creosote and  carbon electrode 
manufacturing industries; thermo-electric power plants; 
roofers; ship builders; painters; fire fighters; auto and 
aircraft mechanics; incineration plant workers; restaurant 
cooks, and individuals that live near hazardous waste sites.   
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