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Background: In urban environment, exposure to the emission of motor vehicles is common. 

In urban peoples it is a very difficult task to distinguish among peoples with different grades 

of momentous period exposure to such pollutants. Objective: The objective of this study was to 

determine the effects of diesel exhaust, gasoline emission, Particulate Matter (PM) noise and heat on 

the reproductive health of rickshaw drivers. Methods: Adult married male individuals were recruited 

randomly in the study from Btkhella, Malakand agency, Khyber Pakhtunkhwa, Pakistan. Two groups 

were made, control (n=45) and rickshaw drivers (n=50). A special questionnaire was designed about 

occupational activities, socio-demographic and clinical characteristics. From both groups 5 mL of the 

blood was collected and was analyze for serum total testosterone and cortisol using Biocheck (USA) 

and Antibodies-online GmbH (Germany) kits. Results: In control group the Mean±SEM of total 

serum testosterone was 657.6±16.84 ng/dl and cortisol was 443.8±14.67 mU/L. In rickshaw drivers 

the Mean±SEM of total serum testosterone was 577.1±11.42 ng/dl and cortisol was 

595.1±8.879mU/L. In rickshaw drivers there was a significant reduction in total serum testosterone (P
 

0.0002) but a significant increase in serum cortisol level (P < 0.0001) at 95% confidence interval. 

Conclusions: Reproductive health problems like decreased libido, erectile dysfunction, absent 

morning and nocturnal erection, ejaculatory problems, primary infertility and secondary infertility 

were prevalent in rickshaw drivers but, no such problems were found in control group. Chronic 

exposure to pollutants such as diesel exhaust, gasoline emission, Particulate Matter (PM) noise and 

heat negatively regulate Hypothalmo-Pituitary Gonadal axis (HPG) leading  to reproductive problems. 
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INTRODUCTION 

In our era one of the most important 

environmental health problems is pollution from 

vehicles.
1,2

 In urban environment, exposure to the 

emission of motor vehicles is common. In urban 

peoples it is a very difficult task to distinguish 

among peoples with different grades of momentous 

period exposure to such pollutants. To estimate the 

effects of different emission sources, professional 

contact can offer an alternative background.
3 

Urban peoples are exposed to chemical 

pollutants such as gasoline, diesel exhaust and 

noise. Gasoline contains very complex, 

inflammable and volatile substances. It  comprises  
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of more than 500 saturated or unsaturated 

hydrocarbons having 3 to 12 carbons and is mainly 

used for internal combustion of engine. The various 

characteristics of gasoline depends on blends, 

additives, seasons to season’s changes, differences 

in processing techniques and crude oil origin.
4
 At 

self-service gasoline stations about 110 million 

people are exposed to gasoline constituents.
5
 

Exposure to both gasoline and smoking causes 

hepatotoxicity, haematotoxicity, nephrotoxicity and 

alters lipids metabolisms and some biochemical 

activities.
6-11

 Gasoline exposure induces male 

reproductive toxicities by decreasing testosterone 

and increasing testicular IL-6 by induction of 

oxidative stress and inhibition of 

steroidogenesis.
12,13

 Gasoline exposure increases 

IL-6 can cause infertility because; it was found that 

its concentration is greater in the seminal plasma of 

infertile men as compared to fertile men.
14

 Gasoline 

components such as n-pentane, n-hexane, toluene 

and benzene decreases luteinizing and testosterone 
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hormone.
15

 Diesel exhaust emission contains 

thousands of chemical constituents such as, dioxin 

like compounds, polycyclic aromatic hydrocarbons 

and nitrogen oxide affecting the reproductive tract 

directly or indirectly.
16-21

  

Nitrogen oxide is involved in the regulation of 

hypothalamic-pituitary-gonadal and -adrenal axis 

functions.
22-28

 In diesel exposed rat testicular 

functions were reduced because, sperm production 

and hyaluronidase activity were lowered.
29-31

 In 

neonatal and gestation life if diesel exhaust were 

inhaled for a long time, will disrupt reproductive 

functions in males by disrupting the development 

of sex organs.
32-35 

Urban workers are exposed to psycho-social 

stressor, noise and chemical pollutants affecting 

hypothalamic-pituitary-adrenocortical (HPA) axis 

and related systems.
36-43

 ACTH induces an increase 

in adrenal corticosteroids that suppresses the 

episodic secretion pattern of LH and 

testosterone.
44,45

 Long-lasting contact with noise 

can leads to alteration in testosterone 

concentration.
46,47

 Milder form of stress decreases 

testosterone level in male but, chronic stress leads 

to disturbances in spermatogenesis including arrest 

of spermatogenesis.
48,49 

In the present study blood samples were taken 

from professional rickshaw drivers and shepherd. 

Specific questions were asked from them via a 

standard format questionnaire. These drivers are 

exposed to gasoline emission, diesel exhaust and 

noise for more than 12 hours. Similarly while 

driving their scrotum and so testes are directly 

exposed to extra heat generated by engine. The 

goal of this study was to determine the effects of 

gasoline emission, diesel exhaust, noise and heat on 

the reproductive system of rickshaw drivers. 
 

 

MATERIALS AND METHODS  

Inform consent 

Before starting study, a written informed 

consent was signed from all the participants. 

Sufficient information was given to them about the 

purpose of study. 

 

Study design 

Adult men (n= 90) were selected randomly 

from Batkhella city, Malakand agency, Khyber 

pakhtunkhwa, Pakistan. In 90 men, 45 were control 

(shepherd) and the remaining 45 were rickshaw 

drivers. Their age ranges from 35 to 40 years. 

Control group participant passes most of its time 

out of bazaar in greenery. They are exposed to 

fresh air and out of vehicles and industrial noise. 

Rickshaw drivers are exposed directly to gasoline 

emissions, diesel exhaust, engine generated heat 

and noise for more than 12 hours. A special format 

questionnaire was developed concerning their 

socio-demographic characteristics, addiction, 

occupational activities and clinical characteristics. 

5 mL of the blood sample was obtained from each 

participant by a phlebotomist aseptically from 

9:00AM to 10:00 AM in the laboratory. Blood 

samples were immediately transferred into 

vacutainer tubes containing no additives or 

anticoagulants. Blood sample was allowed to clot at 

room temperature then, centrifuged at 3200 rpm for 

15 minutes at 4 C
0
 to obtained serum. For later 

analysis all the serum samples were then stored at -

20°C. 

 

Assays 

Total serum testosterone and cortisol was 

measured in all the serum samples using 

testosterone enzyme immunoassay test kit, Bio-

check (USA) and Antibodies-online GmbH 

(Germany) kit according to the company protocol 

and procedures. 

 

Statistics 

Software Graph Pad Prism, version 

6.03(Graph Pad Software Inc., San Diego, CA, 

USA), was used for data analysis. Impaired t-test 

was used to evaluate the significance of the 

difference between the mean values of the serum 

total testosterone in both groups. A significant 

difference was acknowledged at P< 0.05. 

 

RESULTS 

History 

History of both control and rickshaw drivers 

are summarized in Table 1. 

Table 1  

History of control and rickshaw drivers 

 

Parameter 
Group 

Control Rickshaw Drivers 

N 45 45 

Age range (years) 35-45 35-45 

History of jobs 

(years) 

> 10 > 10 

Exposure time (h) < 2 > 12 

Use of protective 

clothing 

mask no 

Addiction (%) 6 snuff 

5 cigarette 

9 snuff 

8 cigarette 

General health 

problems 

01 DM* 

 

05 HT* 

01 A* 

01 RA* 

Reproductive 

health problems 

none 5 PI* 

3 SI* 

07 DL* 

03 EP* 

06 AMN* 

 
DL*= Decreased Libido, EP*= Erection Problems, 

AMN*= Absent Morning and Nocturnal erection. DM*= 

Diabetes Mellitus, HT*= Hypertension, A*= Asthma, 

RA*= Rheumatoid Arthritis, PI*= Primary Infertility, 

SI*= Secondary Infertility. 
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Hormonal profile in control and rickshaw 

drivers 

The results showed that total serum 

testosterone is significantly reduced (p=
 
0.0002) 

but serum cortisol is significantly increased (p < 

0.0001) in rickshaw drivers as compared to control 

group (Table 2). 

Table 2  

Total serum testosterone and cortisol concentration 

in study population 

 

Parameter 

Group 

p 
95% 
CI 

Control Rickshaw 

drivers 

Testosterone 657.6 ± 
16.84 

577.1 ± 
11.4 

0.0002 -121 
to -

40.09 

Cortisol 443.8 ± 
14.67 

 

595.1 ± 
8.879 

 

0.0001 117.2 
to 

185.4 

 

DISCUSSION 
The PM in diesel exhaust contains substances 

having estrogenic, anti-estrogenic and anti-

androgenic properties.
50

 These PM enters into our 

bodies through skin, lungs and the intestinal tract 

affecting our reproductive functions.
51-57

 Exposure 

to diesel exhaust in developing mice leads to 

degeneration of leydig cells, rise in the number of 

impaired seminiferous tubules, and decrease in 24 

hours sperm production.
55

 Diesel exhaust exposure 

during fetal life in rats decreases the number of 

sertoli cells and reduces sperm production in adult 

life.
50

 Leydig cells take up diesel exhaust particles 

leading to cytotoxicity in cultured cells in vitro.
58-60

 

In leydig cells PM reduces testosterone production 

by repressing the expression of StAR 

(Steriodogenic Acute Regulatory protein).
61,62

 

Various factors like AP-1, C/EBPb, GATA4, and 

DAX-1 regulated StAR gene expression.  In Leydig 

cells these factors may be associated with induction 

of StAR gene.
63-65

 Polycyclic aromatic 

hydrocarbons (PAH) in diesel exhausts reduce 

expression of genes which encode enzymes 

responsible for androgenesis and affect gonadal 

development by reducing the expression of 

Ad4BP/SF-1 mRNA.
50

 Persistently organic 

pollutants and lead exposure have been related with 

reduced intertubular tissue volume in the testes, 

significant reduction of plasma testosterone, altered 

rates of sexual maturation, decreased in measures 

of sperm quality and alterations in the character of 

menses. Chemical pollutants such as toluene, PM, 

NO2, NO,Pb and Cd cause changes on production, 

secretion and/or action of testosterone.
66,67

 

Exposure to aromatic hydrocarbons, O3, CO, SO2, 

Pb, PM, and NO leads to  hormonal reproductive 

problems.
68,69

 In human male exposure to 

PAHdecrease sperm count, sperm motility, and 

total plasma testosterone, increases plasma LH 

concentration but has no effect on FSH in exposed 

group.
70 

It has been found that gasoline exposure in 

male rat decreases testosterone level as compared 

to control group.
71,72

 Offspring sex ratio at birth is 

also affected by gasoline exposure.
73

 Workers in 

filling stations are chronically exposed to gasoline 

and are associated with decreased testosterone level 

and alter Offspring sex ratio at birth when 

compared with control group.
71,72

 Toluene present 

in gasoline at a very low concentration of 0.9 ppm 

for 90 minutes per 24 hours decreases fetal plasma 

testosterone concentrations in male rat by 

decreasing 3b- hydroxysteroid dehydrogenase, the 

enzyme involved in testosterone synthesis.
74

 

Ethylene dibromide (EDB) in gasoline has 

testicular and post-testicular effects, reduces sperm 

velocity and semen volume after short 

exposure.
75,76

 Workers exposed to ethylene di-

bromide (EDB) for a long time indicated decreased 

sperm concentration and increase in the number of 

abnormal sperm.
77 

Noise is a stressor and chronic exposure to 

noise causes hormonal alterations, cryptorchidism, 

varicocele and sperm abnormalities.
78

 Decreased 

testosterone level was observed after chronic 

exposure to noise.
41.47

 During acute or chronic 

stress the secretion of ACTH increases. At the 

same time the expression of RFRP-3(mammalian 

ortholog of GnIH) increases. Cortisol receptors are 

located on GnRH neurons, RFRP-3 neurons and 

gonadotrophs. High cortisol positively regulate 

RFRP-3 secretion that inhibit secretion of GnRH, 

LH and so testosterone but directly negatively 

regulate secretion of GnRH and LH by acting on 

GnRH and gonadotrops.
79 

Testes functions better below normal body 

temperature i.e. 3-4 C
0
 less than 37 C

0
. Testes 

descent into scrotum during fetal life if, failed will 

lead to infertility because normal body temperature 

is unsuited for sperm production (Mieusset&Bujan 

1995; Setchell 1998). Scrotal heat losses are 

affected by exposure to exogenous heat sources 

such as taking a hot bath or occupationally 

(welders, bakers, foundry workers).
80,81

 Impairs 

spermatogenesis was observed in animal models 

soaked for 30 minutes in a moderately hot bath 

(40–428C).
81

 Heat exposure causes sperm DNA 

damage and induces germ cell apoptosis.
82-84

 Heat 

exposure induces hypoxia and oxidative stress in 

germ cells that pushes the germ cells towards 

apoptosis by increasing the expression of hypoxia 

inducible factor 1a, haemoxygenase 1, glutathione 

peroxidase 1 and glutathione-S-transferase-a.
83

 In a 

sedentary position there is less efficient scrotal 

cooling so scrotal.
 

Temperature rises gradually with duration of 

sedentation, and this was associated with lower 

sperm counts.
85-87

 Taxi and lorry drivers spend a lot 

of time seated, have also shaped evidence for 

negative effects on semen quality.
88.89

 Scrotal 
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heating has been studied as a possible contraceptive 

choice in men and shown to be affective.
80 

 

CONCLUSION 
Reproductive health problems are common in 

rickshaw drivers because, they are exposed to 

environmental pollutant. These drivers are advised 

to use mask and other protective things to minimize 

the adverse effects of these pollutants.  

 

REFERENCES 

1. Krzyzanowski M, Kuna-Dibbert B and 

Schneider J. Health effects of transport-related 

air pollution. Copenhagen, Denmark: World 

Health Organization; 2005. 

2. Cohen A, Anderson H and Ostro B. Mortality 

impacts of urban air pollution. In: Ezzati M, 

Lopez A, Rodgers A, et al, eds. Comparative 

quantification of health risks: global and 

regional burden of disease attributable to 

selected major risk factors. Geneva, 

Switzerland: World Health Organization; 2004. 

3. Siemiatycki J. Risk factors for cancer in the 

occupational environment and relevant 

epidemiologic study methods. In: Talbott E, 

Craun G, eds. Introduction to environmental 

epidemiology. Boca Raton, FL: Lewis 

Publishers, 1995:99–122. 

4. Luciano C and Giuseppina T. Potential Health 

Effects of Gasoline and Its Constituents: A 

Review of Current Literature (1990-1997) on 

Toxicological Data.Environ Health Perspece 

1988; 106: 115-125. 

5. Wixtrom RN and Brown SL. Individual and 

population exposures to gasoline. J Expo Anal 

Environ Epidemiol 1992; 2: 23-78. 

6. Uboh  FE,    Akpanabiatu  MI and Alozie  Y.  

Comparative  effect  of  gasoline  vapours  on  

renal  functions  in male  and  female  albino  

wistar rats.  J. Pharmacol. Toxicol 2008; 3: 478-

484.  

7. Uboh  FE,  Akpanabiatu  MI,  Ebong  PE and  

Eyong  EU. Evaluation  of the  toxicological  

implications  of  inhalation  exposure  to  

kerosene  and petrol fumes in rats. 

ActaBiologicaSzegiend 2005; 49 : 19-22. 

8. Uboh  FE,  Akpanabiatu  MI,  Ebong  PE and 

Umoh  IB. Gender differences in the       

haematotoxicity and weight changes associated 

with exposure  to  gasoline  vapours    in  wistar    

albino rats.  ActaToxicologica 2007; 15: 125-

131. 

9. Uboh  FE,  Akpanabiatu  MI,  Ekaidem  IS,  

Ebong  PE and Umoh  IB. Effect  of  inhalation  

exposure  to  gasoline  fumes  on  sex  

hormones profile  in  Wistar  albino  rats.  

ActaEndocrinol 2007; 3: 23-30. 

URL:http://acta-endo.ro/ 

10. Uboh FE, Akpanabiatu MI, Atangwho IJ, 

Ebong PE and Umoh IB. Effect  of  gasoline  

vapours  on  serum  lipid  profile  and  oxidative  

stress in  hepatocyte  of  male  and  female  rats.  

ActaToxicologica 2007; 15: 13-18. 

11. Uboh FE, Akpanabiatu MI, Edet EE and Ebong 

PE. Increase activity of serum total and 

prostatic acid phosphatase, alkaline 

phosphatase, gamma glutamyltransferase  and 

testosterone level in rats exposed to gasoline 

vapors. Journal of Medicine and Medical 

Sciences 2010; 1: 16-20. 

12. Huang JY, Jiung WL, Yi-Chun and Shui-Yuan 

L. Motorcycle Exhaust Induces Reproductive 

Toxicity and Testicular Interleukin-6 in Male 

Rats. Toxicological Sciences 2008; 103: 137–

148. doi:10.1093/toxsci/kfn020. 

13. Bornstein SR, Rutowski H and Vrezas I. 

Cytokines and steroidogenesis.Mol. 

Cell.Endocrinol 2004; 215: 135–141. 

14. Naz RK, and Kaplan P. Increased levels of 

interleukin-6 in seminal plasma of infertile men. 

J. Androl 1994; 15: 220–227. 

15. ASTDR (agency for toxic substances and 

disease registery).Toxicological profile for 

Gasoline.Department of health and human 

service, Atlana, US; June 1995. 

16. Clunies RC, Stanmore BR and Millar GJ. 

Dioxins in diesel exhaust. Nature 1996; 

381:379. 

17. Zapponi GA, Attias L and Marcello I. Risk 

assessment of complex mixtures:some 

considerations on polycyclic aromatic 

hydrocarbons in urban areas. J Environ 

PatholToxicolOncol 1997; 16: 209-214. 

18. Brouwer A, Ahlborg UG, Van-den BM, 

Birnbaum LS, Boersma ER, Bosveld B et al. 

Functional aspects of developmental toxicity of 

polyhalogenated aromatic hydrocarbons in 

experimental animals and human infants. Eur J 

Pharmacol 1995; 293:1-40. 

19. Kavlock RJ, Daston GP, DeRosa C, Fenner-

Crisp P, Gray LE, Kaattari S et al. Research 

needs for the risk assessment of health and 

environmental effects of endocrine disruptors: a 

report of the U.S. EPA-sponsored workshop. 

Environ Health Perspect 1996; 104: 715-740. 

20. Birnbaum L. Endocrine effects of prenatal 

exposures to PCBs, dioxins, and other 

xenobiotics: implications for policy and future 

research. Environ Health Perspect 1994; 102: 

676-679. 

21. Mumtaz MM, George JD, Gold KW, Cibulas W 

and Derosa CT. ATSDR evaluation of health 

effects of chemicals. Polycyclic aromatic 

hydrocarbons (PAHs): understanding a complex 

problem. ToxicolInd Health 1996; 12: 742-971. 

22. Costa A, Poma A, Navarra P, Forsling ML and 

Grossman A. Gaseous transmitters as new 

agents in neuroendocrine regulation. J 

Endocrinol 1996; 149: 199-207. 

http://www.balimedicaljournal.org/
http://www.ojs.unud.ac.id/
http://acta-endo.ro/


Bali Medical Journal (Bali Med. J.) 2014, Volume 3, Number 2: 78-84 

P-ISSN.2089-1180, E-ISSN.2302-2914 

 

www.balimedicaljournal.org or www.ojs.unud.ac.id , DOI: 10.15562/bmj.v3i2.79                          82 

 

23. Ceccatelli S, Hulting AL, Zhang X, Gustafsson 

L, Villar M and Hokfelt T. Nitric oxide 

synthase in the rat anterior pituitary gland and 

the role of nitric oxide in regulation of 

luteinizing hormone secretion. 

ProcNatIAcadSci 1993; 90:11292-11296. 

24. Welch C, Watson ME, Poth M, Hong T and 

Francis GL. Evidence to suggest nitric oxide is 

an interstitial regulator of Leydig cell 

steroidogenesis. Metabolism 1995; 44: 234-238. 

25. Punta KD, Charreau EH and Pignataro OP. 

Nitric oxide inhibits Leydig cell 

steroidogenesis. Endocrinology 1996; 137: 

5337-5343. 

26. Gaytan F, Bellido C, Aguilar R, Morales C, 

van-Rooijen N and Aguilar E. Role of the testis 

in the response of the pituitary-testicular axis to 

nitric oxide-related agents. Eur J Endocrinol 

1997; 137: 301-308. 

27. Adams ML, Nock B, Truong R and Cicero TJ. 

Nitric oxide control of steroidogenesis: 

endocrine effects of NGnitro-L-arginine and 

comparisons to alcohol. Life Sci 1992; 50: 

3540. 

28. Adams ML, Meyer ER, Sewing BN and Cicero 

TJ. Effects of nitric oxide-related agents on rat 

testicular function. J PharmacolExpTher 1994; 

269: 230-237.  

29. Males JL and Turkington RW.Hormonal 

regulation of hyaluronidase during 

spermatogenesis in the rat.J BiolChem 1970; 

245: 6329-6334. 

30. Shen RS and Lee IP.Selected testicular enzymes 

as biochemical markers for procarbazine-

induced testicular toxicity.Arch Toxicol 1984; 

55: 233-238. 

31. Prasad RS and Vijayan E. A new non-hormonal 

antifertility drug DL-204: II. Effect on testicular 

hyaluronidase and gamma-

glutamiltranspeptidase in male 

rats.Contraception 1987; 36: 567-580. 

32. Mably TA, Bjerke DL, Moore RW, Gendron  

FA and Peterson RE. In utero and lactational 

exposure of male rats to 2,3,7,8-

tetrachlorodibebzop-dioxin. 3. Effects on 

spermatogenesis and reproductive capability. 

ToxicolAppiPharmacol1992c ; 114: 118-126. 

33. Mably TA, Goy RW and Peterson RE. In utero 

and lactation exposure of male rats to 2,3,7,8-

tetrachlorodibebzo-p-dioxin. 2. Effects on 

sexual behavior and the regulation of luteinzing 

hormone secretion in adulthood. Toxicol AppI 

Pharmacol 1992b ; 114: 108-117. 

34. Mably TA, Moore RW and Peterson RE. In 

utero and lactation exposure of male rats to 

2,3,7,8-tetrachlorodibebzo-p-dioxin. 1. Effects 

on androgenic status. 

ToxicolAppIPharmacol1992a ; 114: 97-107. 

35. Peterson RE, Theobald HM and Kimmel GL. 

Developmental and reproductive toxicity of 

dioxins and related compounds: cross-species 

comparisons. Crit Rev Toxicol 1993; 23: 283-

335. 

36. Crebelli R, Tomei F, Zijno A, Ghittori S, 

Imbriani M, Gamberale D et al. Exposure to 

benzene in urban workers: environmental and 

biological monitoring of traffic police in Rome. 

Occup Environ Med 2001;58:165–71. 

37. Gershon RR, Lin S and Li X. Work stress in 

aging police officers. J Occup Environ Med 

2002; 44:160–7. 

38. Collins PA and Gibbs AC. Stress in police 

officers: a study of the origins, prevalence and 

severity of stress-related symptoms within a 

county police force. Occup Med (Lond) 2003; 

53: 256–64. 

39. Kunstmann A and Christiansen K. Testosterone 

levels and stress in women: the role of stress 

coping strategies, anxiety and sex role 

identification. AnthropolAnz 2004; 62: 311–21. 

40. Maffei F, Hrelia P, Angelini S, Carbone F, 

Cantelli FG, BarbieriAet al. Effects of 

environmental benzene: micronucleus 

frequencies and haematological values in traffic 

police working in an urban area. Mutat Res 

2005; 583: 1–11. 

41. Tomei G, Tecchio F, Zappasodi F, Ercolani M, 

Moffa F, Chiovenda P et al. 

Effettisull’attenzione per esposizione a rumore 

da traffic urbano. Annali di Igiene, 

MedicinaPreventiva e di Comunità 2006; 18: 

507–19. 

42. Tomao E, Baccolo TP, Rosati MV, Marcellini L 

and Tomei F. The effects of air pollution on the 

lipid balance of traffic police personal. Ann 

Saudi Med 2002; 22: 5–6. 

43. Volpino P, Tomei F, La VC, Tomao E, Rosati 

MV, Ciarrocca M et al. Respiratory and 

cardiovascular function at rest and during 

exercise testing in a healthy working 

population: effects of outdoor traffic air 

pollution. Occup Med 2004; 54: 475–82. 

44. Gray GD, Smith ER, Damassa DA, Ehrenkranz  

JRL and  Davidson JM. Neuroendocrine 

mechanisms mediating the suppression of circu-

lating  testosterone  levels  associated  with  

chronic  stress in  male  rats. 

Neuroendocrinology 1978; 25: 247-256. 

45. Johnson BH, Welsh TH and Juniewicz PE. 

Suppression of luteinkinghormone  and test-  

osterone secretion in  bulls  following  adreno- 

co rticotrophin  hormone  treatment.  

BiolReprod 1982; 26: 305-310. 

46. Tomei F, Ruffino MG, Tomao E, Baccolo TP, 

Rosati MV and Strollo F. Acute experimental 

exposure to noise and hormonal modifications. 

J Environ Sci Health A 2000; 35: 537–55. 

47. Ruffoli R, Carpi A, Giambelluca MA, Grasso L, 

Scavuzzo MC and Giannessi FF. Diazepam 

administration prevents testosterone decrease 

http://www.balimedicaljournal.org/
http://www.ojs.unud.ac.id/


Bali Medical Journal (Bali Med. J.) 2014, Volume 3, Number 2: 78-84 

P-ISSN.2089-1180, E-ISSN.2302-2914 

 

www.balimedicaljournal.org or www.ojs.unud.ac.id , DOI: 10.15562/bmj.v3i2.79                          83 

 

and lipofuscin accumulation in testis of mouse 

exposed to chronic noise stress. Andrologia 

2006; 38: 159–65. 

48. Kreuz LE, Rose RM and Jennings JR. 

Suppression of plasma testosterone levels and  

psychologic  stress.  Arch Gen Psychiatry 1972; 

26: 479-82. 

49. Rose RM, Bourne PG, Poe  RO,  Mougey EH,  

Collins  DR and Mason JN. Androgen re-  

sponses to stress. 11. Excretion of testosterone,  

epitestosterone,  androsterone and etiocholanol-  

one  during basic combat  training  and  under 

threat of attack. Psychosom Med 1969; 31: 418-

436.  

50. Takeda K, Tsukue N and Yoshida S. Endocrine 

disrupting activity of chemicals in diesel 

exhaust and diesel exhaust particles. Environ. 

Sci 2004; 11: 33–45. 

51. Oberdörster G, Maynard A, Donaldson K, 

Castranova V, Fitzpatrick J, Ausman K et al. 

Principles for characterizing the potential 

human health effects from exposure to nano 

materials: elements of a screening strategy. 

Particle and Fibre Toxicology 2005a;  2: 8. 

52. Oberdörster G, Oberdörster E and Oberdörster 

J. Nanotoxicology: an emerging discipline 

evolving from studies of ultrafine particles, 

Environmental Health Perspectives 2005b; 113: 

823–839. 

53. Yoshida M, Yoshida S, Sugawara I and Takeda 

K. Maternal exposure to diesel exhaust 

decreases expression of Steroidogenic Factor-1 

and mullerian inhibiting substance in the 

murine fetus, Journal of Health Science 2002; 

48: 317–324. 

54. Yoshida S, Ono N, Tsukue N, Oshio S, Umeda 

T, Takano H et al. In utero exposure to diesel 

exhaust increased accessory reproductive gland 

weight and serum testosterone concentration in 

male mice. Environmental Sciences 2006; 

13:139–147. 

55. Yoshida S, Sagai M, Oshio S, Umeda T, Ihara T 

and Sugamata M. Exposure to diesel exhaust 

affects the male reproductive system of mice. 

International Journal of Andrology 1999; 22: 

307–315. 

56. Ono N, Oshio S, Niwata Y, Yoshida S, Tsukue 

N, Sugawara I et al. Prenatal exposure to diesel 

exhaust impairs mouse spermatogenesis. 

Inhalation Toxicology 2007; 19: 275–281. 

57. Tsukue N, Yoshida S, Sugawara I and Takeda 

K. Effect of diesel exhaust on development of 

fetal reproductive function in ICR female mice. 

Journal of Health Science 2004; 50: 174–180. 

58. Don PC, Hoet PH, Verschaeve L, Schoeters G 

and Nemery B. Genotoxic effects of carbon 

black particles, diesel exhaust particles, and 

urban air particulates and their extracts on a 

human alveolar epithelial cell line (A549) and a 

human monocytic cell line (THP-1). 

Environmental and Molecular Mutagenesis 

2001; 37: 155–163. 

59. Hussain SM, Hess KL, Gearhart JM, Geiss KT 

and Schlager J.In vitro toxicity of nanoparticles 

in BRL 3A rat liver cells.Toxicology in Vitro 

2005; 19: 975– 983. 

60. Renwick LC, Donaldson K and Clouter A. 

Impairment of alveolar macrophage 

phagocytosis by ultrafine particles. Toxicology 

and Applied Pharmacology 2001; 172: 119–

127. 

61. Murugesa P, Balaganesh M, Balasubramanian 

K and Arunakaran J. Effects of polychlorinated 

biphenyl (Aroclor 1254) on steroidogenesis and 

antioxidant system in cultured adult rat Leydig 

cells. Journal of Endocrinology 2007; 192: 325–

338. 

62. Diemer T, Allen JA, Hales KH and Hales DB. 

Reactive oxygen disrupts mitochondria in MA-

10 tumor Leydig cells and inhibits 

steroidogenicacuten regulatory (StAR) protein 

and steroidogenesis. Endocrinology 2003; 144: 

2882–2891. 

63. Jana K, Yin X, Schiffer RB, Chen JJ, Pandey 

AK, Stocco DM et al.Chrysin, a natural 

flavonoid enhances steroidogenesis and 

steroidogenic acute regulatory protein gene 

expression in mouse Leydig cells. Journal of 

Endocrinology 2008; 197: 315–323. 

64. Silverman E, Yivgi-Ohana N, Sher N, Bell M, 

Eimerl S and Orly J. Transcriptional activation 

of the steroidogenic acute regulatory protein 

(StAR) gene: GATA-4 and CCAAT/enhancer-

binding protein beta confer synergistic 

responsiveness in hormone-treated rat granulosa 

and HEK293 cell models. Molecular and 

Cellular Endocrinology 2006; 252: 92–101. 

65. Manna PR, Eubank DW and Stocco DM. 

Assessment of the role of activator protein-1 on 

transcription of the mouse steroidogenic acute 

regulatory protein gene. Molecular 

Endocrinology 2004; 18: 558–573. 

66. Svensson BG, Nise G, Erfurth EM, Nilsson A 

and Skerfving S. Hormone status in 

occupational toluene exposure. Am J Ind Med 

1992; 22: 99–107. 

67. Gorbel F, Boujelbene M, Makni-Ayadi F, 

Guermazi F, Croute F, Soleilhavoup JP et al. 

Cytotoxic effects of lead on the endocrine and 

exocrine sexual function of pubescent male and 

female rats. Demonstration of apoptotic 

activity. C R Biol 2002; 325: 927–40. 

68. Junaid M, Chowdhuri DK, Narayan R, Shanker 

R and Saxena DK. Lead-induced changes in 

ovarian follicular development and maturation 

in mice. J Toxicol Environ Health 1997; 50:31–

40. 

69. Xu X, Cho SI, Sammel M, You L, Cui S, 

Huang Y et al. Association of petrochemical 

http://www.balimedicaljournal.org/
http://www.ojs.unud.ac.id/


Bali Medical Journal (Bali Med. J.) 2014, Volume 3, Number 2: 78-84 

P-ISSN.2089-1180, E-ISSN.2302-2914 

 

www.balimedicaljournal.org or www.ojs.unud.ac.id , DOI: 10.15562/bmj.v3i2.79                          84 

 

exposure with spontaneous abortion.Occup 

Environ Med 1998; 55: 31–6. 

70. Hueiwang AJ and Liang Yu.Alteration of sperm 

quality and hormone level by polycyclic 

aromatic hydrocarbons on airborne particulate 

particles. Journal of environmental science and 

health, part A: Toxic substances and 

environmental engineering 2008; 43: 675-681. 

71. Ansari-Lari  M and  Tanideh  N. Changes  in  

sex  hormones  and offspring  sex  ratio  

following  gasoline  exposure  in  male  rats. 

Comp.  Clin.  Path 2009; 18: 43–45. 

72. Uboh  F,  Udosen  E and Ebong  P.  Protective  

effects  of  vitamin C  against  gasoline  

vapours-induced  reproductive  toxicity  in male  

Wistar  rats.  ActaEndocrinol.  (Copenh.)2010; 

6:  305–314. 

73. Saadat M, Ansari-Lari M and Bahaoddini A. 

Sex ratio at birth in Masjid-i-Sulaiman 

(Khozestan Province, Iran).Occup Environ Med 

2002; 59: 853. 

74. Hannigan JH and Bowen SE. Reproductive 

toxicology and teratology of abused toluene. 

Systems Biology in Reproductive Medicine 

2010; 56: 184-200. 

75. Saiyed H, Dewan A, Bhatnagar V, Shenoy U, 

Shenoy R, Rajmohan H et al. Effect of 

endosulfan on male reproductive development. 

Environ Health Perspect 2003; 111: 1958-62. 

76. Schrader SM, Turner TW and Ratcliffe JM. The 

effects of ethylene dibromide on semen quality: 

a comparison of short term and chronic 

exposure. ReprodToxicol 1988; 2: 191-8. 

77. Ratcliffe JM, Schrader SMK, Steenland DE, 

Clapp T and Turner RW.Semen quality in 

papaya workers with long term exposure to 

ethylene dibromide. Br J Ind Med 1987; 44: 

317-26. 

78. Sheiner EK, Sheiner E, Carel R, Potashnik G 

and ShohamVardi I.The potential association 

between male infertility and occupational 

psychological stress. J OccupEnvir Med 2002; 

44: 1093–9. 

79. Kirby ED, Geraghty AC, Ubuka T, Bentley GE 

and Kaufer D. Stress increases putative 

gonadotropin inhibitory hormone and decreases 

luteinizing hormone in male rats. 

ProcNatlAcadSci USA 2009; 106: 11324-

11329. 

80. Mieusset R and Bujan L. Testicular heating and 

its possible contributions to male infertility: a 

review. Int. J. Androl 1995; 18: 169–184. 

(doi:10.1111/j.1365-2605. 1995.tb00408.x) 

81. Setchell B P. Heat and the testis. J. Reprod. 

Fertil 1992; 114: 179–184. 

82. Paul C, Murray AA, Spears N and Saunders 

PTK.Do heat stress and deficits in DNA repair 

pathways have a negative impact on male 

fertility? Mol. Hum Reprod 2008a; 14,1–8. 

(doi:10.1093/molehr/gam089). 

83. Paul C, Teng S and Saunders PTK. A single, 

mild transient scrotal heat stress causes hypoxia 

and oxidative stress in mouse testes, which 

induces germ cell death. Biol. Reprod 2009; 80: 

913– 919. (doi:10.1095/biolreprod.108. 

071779). 

84. Thonneau P, Bujan L, Multigner L and 

Mieussset R. Occupational heat exposure and 

male infertility: a review. Hum. Reprod 1998; 

13: 2122– 2125. (doi:10.1093/ 

humrep/13.8.2122) 

85. Hjollund NH, Bonde JP, Jensen TK and Olsen 

J. Diurnal scrotal skin temperature and semen 

quality. The Danish first pregnancy planner 

study team. Int. J. Androl 2000; 23: 309– 318. 

(doi:10.1046/j.1365-2605.2000.00245.x). 

86. Hjollund NH, Storgaard L, Ernst E, Bonde JP 

and Olsen J.Impact of diurnal scrotal 

temperature on semen quality.Reprod. Toxicol 

2002b;16: 215–221. (doi:10.1016/S0890-

6238(02)00025-4). 

87. Hjollund NH, Storgaard L, Ernst E, Bonde JP 

and Olsen J.The relations between daily 

activities and scrotal temperature.Reprod. 

Toxicol 2002a; 16:209–214. 

(doi:10.1016/S0890-6238(02)00026-6). 

88. Figa-Talamanca I. Effects of prolonged 

autovehicle driving on male reproductive 

function: a study among taxi drivers. Am. J. 

Ind. Med 1996; 30: 750–758. 

(doi:10.1002/(SICI)1097-0274(199612)30:6, 

750::AIDAJIM12.3.0.CO;2-1). 

89. Bujan L, Daudin M, Charlet JP, Thonneau P, 

and Mieusset R. Increase in scrotal temperature 

in car drivers. Hum. Reprod 2000; 15: 1355–

1357. 

 

 

 

 

 

 
 

This work is licensed under 

a Creative Commons Attribution 

 

 

http://www.balimedicaljournal.org/
http://www.ojs.unud.ac.id/

