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Abstract of thesis presented to the Senate of Universiti Putra Malaysia
in fulfilment of the requirement for the degree of Master of Science

ACUTE AND CHRONIC PULMONARY RESPONSES TO
INTRATRACHEALL Y INSTILLED BENZO(A)PYRENE IN RATS

By

MAZLINA BINTI MAZLAN

March 2010

Chairman Noordin Bin Mohamed Mustapha, PhD

Faculty Veterinary Medicine

Air pollution has been reported to exert serious health effects to all living

things in both short and long term exposures. These allegations have been

proven by mounting epidemiological data and studies which consistently

showed clear evidences. However, the precise mechanisms behind the

association between airborne particulates and the evidences have yet to be

fully comprehended.

Benzo(a)pyrene (BaP) is a main constituent of haze and notably known to be

the cause of mutagenicity and carcinogenicity in experimental animals.

Despite the notorious reputation of BaP, no conclusive study has been

conducted to assess the effects of this compound at such a low dose as the

one that Malaysians encountered during the haze episode in 1997. Thus, this

study was designed to assess the oxidative stress in rats intratracheally
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exposed to BaP, and also to correlate these findings with the morphology of

the lungs.

This study involved a total of 70 rats, divided into groups of 5 rats each and

randomly assigned to different treatment groups. A total of 50 rats and 10

rats were assigned to the acute and chronic responses, respectively. The

remaining 10 rats were used as controls. The rats that were assigned in acute

study were instilled intratracheally with a single dose of 13.8 ng which is

equivalent to 7 ul of BaP. In contrast, the rats destined to receive BaP in the

chronic response were given 2 doses of equal amountd which have been

divided equally (3.5 ul) with the second dose administered at 1 week post

instillation (p.i). All the rats were alternately subjected to blood sampling via

intra cardiac puncture at hours (hr) 0, 1, 8, 16, 24, 32, 72 (acute) and weeks

(wk) 1, 3, 6, 9, 12 (chronic) p.i. However, 5 rats in the treated group were

euthanized at 1, 8, 16, 32 and 72 hr p.i. for the acute response study. Rats in

the chronic response and the control groups were only sacrificed at 12 wk

p.i. At necropsy, lung samples were collected for morphological studies.

The antioxidant and lipid peroxidation assays were conducted on blood,

lungs and liver samples.

Acute response revealed a marked inflammatory response characterized by

predominantly alveolar macrophages and mild neutrophils infiltration at 8
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hr and 16 hr p.i. in the BaP group. These lesions corresponded to the high

malondialdehyde (MDA) and superoxide dismutase (SOD) with low

glutathione peroxidase (GSH-Px) and glutathione S transferase (GST)

concentrations in the blood, lungs and liver.

The chronic response revealed that the treated group demonstrated mild

inflammatory reactions with persistent hyperplasia, metaplasia and

dysplasia of the pneumocytes with presence of granuloma at 12 week p.i,

Diffused emphysema of the lungs was the obvious lesion seen in the chronic

study. The MDA and SOD activities in the peripheral blood, lung and liver

of treated rats were significantly (P<O.05)high at 12 weeks p.i. On the

contrary, the level of GSH-Px of treated rats in all of the samples (blood,

lungs and liver) and was significantly (P<O.05)lower at 12wk p.i, Likewise,

the GST level in the lung and liver of treated rats were significantly (P<O.05)

lower than the normal rats at 12wk p.i.

It was concluded that even at minute levels, BaP is able to exert deleterious

effects on tissue morphology via oxidative stress as evident from the

disruption in the lipid peroxidation (MDA level) and antioxidant status

(SOD,GSH-Px and GST levels) in blood, lungs and liver.
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia
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Pengerusi Noordin Bin Mohamed Mustapha, PhD

Fakulti Perubatan Veterinar

Pencemaran udara telah dilaporkan menyebabkan kesan yang serius pada

kesihatan kepada semua benda hidup akibat pendedahan dalam jangka

masa pendek dan panjang. Dakwaan-dakwaan ini telah pun dibuktikan

dengan wujudnya begitu banyak data dan kajian epidemiologi yang secara

konsisten menunjukkan bukti yang jelas. Namun begitu, mekanisma yang

persis yang terlibat masih belum dapat difahami.

Benzo(a)pirena adalah unsur yang utama dalam jerebu and telah

dikenalpasti sebagai penyebab kepada kemutagenan dan kekarsinogenan

yang dilihat hasil dari kajian dalam haiwan. Walau BaP terkenal kerana

kesan kemudaratannya tetapi masih tiada kajian yang konklusif dijalankan
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untuk mengkaji kesan bahan tersebut pada dos yang begitu rendah seperti

mana yang dihadapi oleh penduduk Malaysia ketika episod jerebu pad a

tahun 1997. Oleh itu, kajian ini dijalankan untuk menilai tekanan oksidatif

dalam tikus yang didedahkan kepada BaP secara intratrakea dan untuk

mengaitkan penemuan tersebut dengan morfologi peparu.

Kajian ini melibatkan sejumlah 70 ekor tikus yang telah dibahagikan sarna

rata kepada kumpulan yang terdiri dari 5 ekor tikus bagi setiap kumpulan

dan tikus-tikus tersebut telah secara rawak diagihkan kepada kumpulan

rawatan yang berlainan. Sejumlah 50 ekor tikus dan 10 ekor tikus yang lain

masing-masing telah ditugaskan dalam kajian gerak balas akut dan kronik.

Sepuluh ekor tikus yang selebihnya pula telah digunakan sebagai kawalan.

Kesemua tikus yang telah diagihkan ke dalam kumpulan rawatan untuk

kajian gerak balas akut menerima satu dos yang mengandungi 13.8 ng atau

bersamaan dengan 7 ~l BaP secara intratrakea. Berbeza dengan tikus-tikus

yang telah ditentukan menerima BaP dalam kajian gerak balas kronik telah

diberikan 2 dos yang sarna jumlahnya yang telah dibahagikan sarna rata (3.5

ul) di mana dos kedua telah diberikan pada minggu pertama pasca

pemberian (p.i.). Kesemua tikus secara bergilir telah diambil sampel darah

melalui intrakardiak pada jam 0, 1, 8, 16, 24, 32, 72 (akut) dan minggu 1, 3, 6,

9, 12 (kronik) p.i. Walau bagaimanapun, 5 ekor tikus dalam kumpulan

rawatan telah dikorbankan pad a 1, 8, 16, 32 dan 72 jam p.i. dalam kajian
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gerak balas akut. Tikus-tikus dalam kajian gerak balas kronik dan kumpulan

kawalan pula hanya dikorbankan pada 12 minggu p.i. Ketika nekropsi,

sampel peparu telah diambil bagi tujuan kajian morfologi. Asai peroksidasi

lipid dan antioksida telah dijalankan pada sampel darah, peparu dan hati.

Gerak balas akut mendedahkan gerak balas keradangan yang sangat jelas

yang bercirikan penyusupan oleh makrofaj alveolus secara pradominan dan

neutrofil yang sederhana pada 8 dan 16 jam p.i. dalam kumpulan yang

menerima rawatan BaP. Lesi-Iesi ini berpadanan dengan penemuan

konsentrasi malondialdehid (MDA) dan superoksid dismutase (SOD) yang

tinggi bersama dengan glutation peroksidase (GSH-Px) dan glutatione S-

transferase (GST)yang rendah dalam darah, peparu dan hati.

Gerak balas kronik pula mendedahkan bahawa kumpulan rawatan

menunjukkan tindak balas keradangan yang sederhana diikuti dengan

hiperplasia, metaplasia dan displasia pneumosit berterusan bersama dengan

kehadiran granuloma pada 12minggu p.i. Selerakan emfisema pad a peparu

adalah lesi yang paling ketara ditemui dalam kajian gerak balas kronik ini.

Aktiviti MDA dan SOD dalam darah dari periferi, peparu dan hati dari

tikus-tikus dalam kumpulan rawatan adalah ketara tinggi (P<O.05)pada 12

minggu p.i. Sebaliknya, paras GSH-Px dari tikus yang menerima rawatan

dalam kesemua sampel (darah, peparu dan hati) adalah rendah yang ketara

Vlll

© C
OPYRIG

HT U
PM



(P<O.05)pada minggu ke-12 p.i. Begitu juga bagi paras eST dalam hati dan

peparu dalam tikus dari kumpulan rawatan yang menunjukkan paras yang

lebih rendah secara ketara (P<O.05)berbanding tikus normal pada 12minggu

p.i.

Secara kesimpulannya, temyata bahawa pada kadar yang sangat rendah pun

BaP masih boleh mengakibatkan kesan yang mudarat pad a morfologi tisu

melalui tekanan oksidatif yang dibuktikan oleh perubahan pada paras

peroksidasi lipid (paras MDA) dan status antioksida (paras SOD, eSH-px

dan GST)dalam darah, peparu dan hati.
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CHAPTERl

INTRODUCTION

Air pollution has become a major environmental health problem affecting the

global population. It is the result of steady change in the atmosphere's

composition that began ever since the onset of the industrial revolution. This

is mainly due to the use of fossil fuel combustions for transportation and

generation of the much needed energy.

There has been mounting concern over the adverse health effect of air

pollution. Clear association exists linking the increased in hospital

admissions, cardiovascular morbidity, poor lung function and even mortality

to airborne concentrations of photochemical and particulate pollutants

(Risom et al., 2005;Kelly, 2003).

Besides the serious health impacts of air pollution, reduced visibility has

affected the Malaysian economy whereby land, air and marine traffics were

restricted. There was a tremendous decline in the tourism revenues,

industrial and also fishing as well as agricultural activities. (EEPSEA and

WWF,2003;Hassan et al., 2000).
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Numerous epidemiologic studies have consistently shown clear evidences of

adverse health effects related to particulate air pollutants even at low levels

beyond the National Ambient Air Quality Standards. However, the precise

biologic mechanisms behind the association between airborne particulates

and the evidences have yet to be fully established (Martin et al., 1997).

So far, the multi-pathogenic mechanisms of how the damages linked to

particulate matter (PM) are brought about are not well understood. Although

there are various research done on the ambient air PM inducing oxidative

DNA damage in in vitro systems, there is scarcity of research done in vivo

(Lin et al., 2009).

Lung suffers a significant impact of haze as it encounters direct exposure to

ambient air and experiences enhanced oxidative stress invoked by

environmental contaminants that lead to generation of excessive free radicals

(Kinnula and Crapo, 2003).

Benzo(a)pyrene (BaP), a recognized polycyclic aromatic hydrocarbon (PAH)

notoriously known for its carcinogenic and mutagenic properties (ATSDR,

1995;1990;Faust, 1994;IARe, 1983),was found to be one of the PM with the

highest concentration during the devastating haze that hit Malaysia in 1997

(Zakaria et al., 1998). It is believed that upon exposure, PM could have been
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the main culprit for the occurrence of inflammation and oxidative stress

(Risom et al., 2005).

A dose-related study conducted revealed an increase in the incidence of

malignant lung tumour after injection of BaP in tricaprylin (Tr) or beeswax

into the lung tissue of rats (IARe, 2006). Garcon et al. (2001) stated of a

possibility of BaP inducing oxidative stress leading to injury in the

respiratory system.

Although much epidemiological reports exist on the adverse health effects of

BaP present in soot, tar and oil, these data are considered as insufficient in

assessing the carcinogenicity of BaP itself (ARB,1994).Moreover, most of the

studies of BaP either singly or in combination with other substances in

animal models used higher concentrations of BaP than that of the one the

public was exposed to during the severe and intense haze episode in 1997

(IARe, 2006;Sigma-Aldrich, 2006;Faust, 1994;EPA, 1991;ATSDR, 1990).

Therefore, the aim of this study was to determine the effect of haze,

particularly BaP, primarily on the respiratory system and the mechanisms

behind the cause and effect in a rat model.

3
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It is hypothesized that BaP is potent in exerting deleterious effects on the

pulmonary system even at a very minute dose either for a short duration or

even chronically. Hence, this study was conducted to assess the effect of BaP

exposure on rats based on the following objectives:

i) to assess the antioxidant and lipid peroxidation status during

BaP-induced lung injury

ii) to evaluate the morphological changes in lungs after

administration of BaP

iii) to explain the mechanism and pathway of BaP-induced lung

injury

4

© C
OPYRIG

HT U
PM



BIBLIOGRAPHY

Abdullah, L'C; Wong, L.I., Saari, M., Salmiaton, A. and Abdul-Rashid, MS.
(2007). Particulate matter dispersion and haze occurrence potential
studies at a local palm oil mill in Malaysia. International Journal of
Environmental Science and Technology. 4(2),271-278.

Afroz, R., Hassan, M.N. and Ibrahim, N.A. (2003). Review of air pollution
and health impacts in Malaysia. Environmental Research. 92: 71-77.

Agency for Toxic Substances and Disease Registry (ATSDR). (1990).
Toxicological Profile for Benzo(a)pyrene. Prepared by ICF-Clement,
under Contract No. 68-02-4235.ATSDR/TP-88-05.

Agency for Toxic Substances and Disease Registry (ATSDR). (1995).
Toxicological Profile for Polycyclic Aromatic Hydrocarbons (PAHs).
Agency for Toxic Substances and Disease Registry (ATSDR), United
States Department of Health and Human Services (USDHHS), Public
Health Service (PHS), Centers for Disease Control (CDC). ATSDR,
CDC, Atlanta, Georgia. pp. 1-487. http:
IIwww.atsdr.cdc.gov/toxprofiles/phs69.html. Accessed on July 2009.

Aktar, M.W. (2008). Antioxidants: Chemistry and their impact of health. http:
IIwww.shamskm.com/health/antioxidants-chemistry-and-their-
impact-on-heaIth.html. pp. 1-15.Accessed on May 2009.

Aldrich. (1996).Aldrich Catalog Handbook of Fine Chemicals. Aldrich Chemical
Company, Milwaukee, Wisconsin.

Anonymous. (2009). Polycyclic aromatic hydrocarbons, 15 listings. Report on
carcinogens in» Edition). US. Department of Health and Human
Services, Public Health Service, National Toxicology Program. pp. 1-
3. http://ntp.niehs.nih.gov/ntp/roc/eleventh/profiles/sI50pah.pdf.
Accessed on August 2009.

Awang, M.B., [aafar, A.B., Abdullah, A.M., Ismail, M.B., Hassan, M.N.,
Abdullah, R., [ohan, S. and Noor, H. (2000).Air quality in Malaysia:
Impacts, management issues and future challenges. Respirologu. 5(2):

183-196.

Beutler, E. (1984). Red cell metabolism: A manual of biochemical methods (3rd

Edition), ed. Beutler, E. pp. 105-106.London: Grune and Stratton, Inc.

169

© C
OPYRIG

HT U
PM

http://IIwww.atsdr.cdc.gov/toxprofiles/phs69.html.
http://ntp.niehs.nih.gov/ntp/roc/eleventh/profiles/sI50pah.pdf.


Bohr, V.M., Raghuram, N. And Sivakami, S. (2004). Oxidative damage and
altered antioxidant enzyme activities in the small intestine of
streptozocin-induced diabetic rats. The International Journal of
Biochemistry and Cell Biology. 36: 89-97.

Bradford, M.M. (1976).A rapid and sensitive method for the quantitation of
microgram quantitites of protein utilizing the principle of protein-
dye binding. Analytical Biochemistry. 72:248-254.

Brauer, M., Avila-Casado, C., Fortoul, T.L, Vedal, S., Stevens, B. and Churg,
A. (2001). Air pollution and retained particles in the lung.
Environmental Health Perspectives. 109(10):1039-1043.

Brunekreef, B. and Holgate, S.T. (2002).Air pollution and health. Lancet. 36:
1233-1242.

Buhl, R., Meyer, A. and Vogelmeier, C. (1996).Oxidant-protease interaction
in the lung: Prospects for antioxidant therapy. Chest. 110(6):267-272.

California Air Resources Board (ARB). (1994). Benzo(a)pyrene as a toxic air
contaminant, Part A, exposure assessment. California Air Resources
Board, Office of Environmental Health Hazard. Stationary Source
Division. Sacramento, California.
www.arb.ca.gov/toxics/id/summarylbap.pdf. Accessed on June 2009.

California Public Health Coal (PHC). (1997). Public Health Goal for
Benzotanrqrene in drinking water. Pesticide and Environmental
Toxicology, Section Office of Environmental Health Hazard
Assessment, California Environmental Protection Agency. pp. 1-48.
http://oehha.ca.gov/water/phg/pdflbap c.pdf. Accessed on October
2009.

Chauhan, A.J. and Johnston, S.L. (2003). Air pollution and infection in
respiratory illness. British Medical Bulletin. 68: 95-112.

Chlubek, D. (2003).Fluoride and oxidative stress. Fluoride. 36(4):217-228.

Cohen, C.M. (1990). Pulmonary metabolism of foreign compounds: Its role
in metabolic activation. Environmental Health Perspectives. 85: 31-41.

Comhair, S.A.A. and Erzurum, S.c. (2002).Antioxidant responses to oxidant-
mediated lung disease. American Journal of Physiologtj - Lung Cellular
and Molecular Physiology. 283: 246-255.

170

© C
OPYRIG

HT U
PM

http://www.arb.ca.gov/toxics/id/summarylbap.pdf.
http://oehha.ca.gov/water/phg/pdflbap


Crapo, J.D. (2003).Oxidative stress as an initiator of cytokine release and cell
damage. European Respiratory Journal. 22(44):4-6.

Das, RK., Banerjee, S. And Bhattacharya, S. (2007).Amelioration of benzo (a)
pyrene-induced lung carcinogenesis in starin A mice by
diphenylmethyl selenocyanate. Experimental and Toxocologic
Pathology. 58(5):351-360.

Das, S., Horowitz, S., Robbins, CG., EI-Sabban, M.E., Sahgal, N. and Davis,
J.M. (1998). Intracellular uptake of recombinant superoxide
dismutase after intratracheal administration. American Journal of
Physiology - Lung Cellular and Molecular Physiologlj. 274:673-677.

Department of Environment of Malaysia (DOE). (1998). Malaysian
environmental quality report 1997. DOE, Ministry of Science,
Technology and Environment, Kuala Lumpur.

Dockery, D.W. (2009). Health effects of particulate air pollution. Annals of
Epidemiology. 19: 257-263.

Dockery, D.W., Pope, CA. 3rd, Xu, X., Spengler, J.D., Ware, J.H., Fay, M.E.,
Ferris, B.G. and Speizer, F.E. (1993). An association between air
pollution and mortality in six Ll.S. cities. New England [oumal of
Medicine. 329: 1753-1759.

Driscoll, K.E., Costa, D.L., Hatch, G., Henderson, R, Oberdorster, G., Salem,
H. and Schlesinger, RB. (2000). Intratracheal instillation as an
exposure technique for the evaluation of respiratory tract toxicity:
Uses and limitations. Toxicological Sciences. 55: 24-35.

Economy and Environmental Program for Southeast Asia (EEPSEA) and
World Wide Fund for Nature (WWF). (2003). The Indonesian fires and
haze of 1997: The economic toll. http:
U203.116.43.77/publications/research1/ACF62.html. Accessed on
November 2009.

Elsom, D.M. (1992). Atmospheric Pollution: A Global Problem (2nd Edition).
Massachusetts: Blackwell.

Emre, M.H., Aktay, G., Polat, A. and Vardi, N. (2007). Effects of
Benzo(a)pyrene and ethanol on oxidative stress of brain, lung tissues
and lung morphology in rats. Chinese Journal of Physiology. 50(3): 143-
148.

171

© C
OPYRIG

HT U
PM



Erel, O. (2004). A novel automated method to measure total antioxidant
response against potent free radical reactions. Clinical Biochemistry.
37: 112-119.

Ewing, P., Blomgren, B., Ryrfeldt, A. and Gerde, P. (2006). Increasing
exposure levels cause an abrupt change in the absorption and
metabolism of acutely inhaled benzo(a)pyrene in the isolated,
ventilated and perfused lung of the rat. Toxicological Sciences. 91(2):
332-340.

Faust, R.A. (1994). Toxicity summary for Benzo[a]Pyrene. Chemical Hazard
Evaluation Group, Biomedical and Environmental Information
Analysis Section, Health Sciences Research Division, Oak Ridge
National Laboratory, Oak Ridge, Tennessee for Oak Ridge
Reservation Environmental Restoration Program. pp. 1-23.

Flecknelt P.A. (1996). Laboratory Animal Anaesthesia (2nd Edition). pp. 248-249.
London: Academic Press.

Florano, E.R. (2004). Regional Environmental Cooperation without tears or fear:
The case of the Asean Regional Haze Action Plan. Institut Du
Developpement Durable (IDDR) - International Environmental
Governance Conference, Paris, France, 15-16 March 2010. pp. 1-13.

Garcon, G., Gosset, P., Garry,S., Marez, T., Hannothiaux, M.H. and Shirali, P.
(2001). Pulmonary induction of proinflammatory mediators
following the rat exposure to benzo(a)pyrene-coated onto Fe203
particles. Toxicology Letters. 121: 107-117.

Geiser, M., Rothen-Rutishauser, B., Kapp, N., Schiirch, 5., Kreyling, W.,
Schulz, H., Semmler, M., Hof, V.I., Heyder, J. and Gehr, P. (2005).
Ultrafine particles cross cellular membranes by nonphagocytic
mechanisms in lungs and in cultured cells. Environmental Health
Perspectives. 113(11): 1555-1560.

Gerde, P., Medinsky, M.A. and Bond, J.A. (1991). The retention of polycyclic
aromatic hydrocarbons in the bronchial airways and in the alveolar
region-A theoretical comparison. Toxicology and Applied Pharmacology.
107: 239-252.

Gerde, P., :Muggenburg, B.A., Lungborg, M. and Dahl, A.R. (2001). The rapid
alveolar absorption of diesel soot-adsorbed benzo[ a]pyrene:

172

© C
OPYRIG

HT U
PM



bioavailability, metabolism and dosimetry of an inhaled particle-
borne carcinogen. Carcinogenesis. 22(5):741-749.

Gilmour, M.I., Daniels, M., McCrillis, x.c, Winsett, D. and Selgrade, M.K.
(2001). Air pollutant-enhanced respiratory disease in experimental
animals. Environmental Health Perspectives. Supplement 4: 619-622.

Habig, W.H., Pabst, M.J. and Jakoby, W.B. (1974).Glutathione S-transferases:
the first enzymatic step in mercapturic acid formation. Journal of
B:ological Chemistry. 249(22):7130-7139.

Halliwell, B. (1990).How to characterize a biological antioxidant. Free Radical
Research. 9(1): 1-32.

Halliwell, B. (1999).Antioxidant defence mechanism: From the beginning to
the end (of the beginning). Free Radical Research. 31(4):261-272.

Halliwell, B. and Gutteridge, J.M.C. (1995).The definition and measurement
of antioxidants in biological systems. Free Radical Biology and
Medicine. 18(1):125-126.

Hanachi, P., Shamaan, N.A., Ramli, J., Arshad, J.H. and Syed, M.A. (2003).
The effect of Benzo(a)pyrene on Glutathione S-Transferase,
Glutathione Peroxidase in the liver and kidney mouse (Mus
musculus). Pakistan Journal of Medical Sciences. 19(3):197-202.

Hautamaki, R.D., Kobayashi, D.K., Senior, R.M. and Shapiro, S.D. (1997).
Requirement for macrophage elastase for cigarette smoke-induced
emphysema in mice. Science. 277:2002-2004.

Hardwick, S.J., Adam, A., Smith, L.L. and Cohen, G.M. (1990).A novel lung
slice system with compromised antioxidant defences. Environmental
Health Perspectives. 85: 129-133.

Hassan, M.N., Awang, M., Rajan, S., Abdullah, A.M., Kuang, D., Wan-Yunus,
W.-Z., Abdullah, R., Zakaria, M.P., Theng, t.c. and [aafar, A.B.
(2000). The economic impacts of the 1997 haze episode on the agricultural
sector. Proceedings of PETA-PKD-JPSM, seminar on repositioning of
the agriculture industry in the next millennium. Universiti Putra
Malaysia.

Heil, A. (1998). Polycyclic aromatic hydrocarbons (PAHs) in the haze from forest
fires in Indonesia 1997. http://www.fire.uni-
freiburg.de/se asia/projects/pahs.html. Accessed on Apri12008.

173

© C
OPYRIG

HT U
PM

http://www.fire.uni-


Heil, A. (2000a). The 1997-98 air pollution episode in Southeast Asia generated by
vegetation fires In Indonesia. http://www.fire.uni-
freiburg.de/iffn/country/id/id 32.htm. Accessed on 28 August, 2009.

Heil, A. (2000b). Haze Guide. http: Iwww.iffm.or.id.haze.html. Accessed on
June 2006.

Heil, A. and Goldammer, J.G. (2001). Smoke-haze pollution: A review of the
1997 episode in Southeast Asia. Regional Environmental Change. 2: 24-
37.

Hsiao, W., Mo, Z., Fang, M., Shi, X. and Wang, F. {2000).Cytotoxicity of PM2.5
and PM2.5-1oambient air pollutes assessed by the MIT and the Comet
assays. Mutation Research. 747(1-2):45-55.

International Agency for Research on Cancer (IARC). (1973). Some Polycyclic
Aromatic Hydrocarbons and Heterocyclic Compounds. IARC
Monographs on the Evaluation of Carcinogenic Risk of Chemicals to
Humans, Vol. 3. Lyon, France: International Agency for Research on
Cancer. pp. 271.

International Agency for Research on Cancer(IARC). (1983). Benzo[a]pyrene.
In: IARC Monographs on the Evaluation of Carcinogenic Risks to
Humans. Polynuclear Aromatic Compounds. Part 1. Chemical,
Environmental and Experimental Data, Vol. 32. World Health
Organization, Lyon, France. pp. 33-224.

International Agency for Research on Cancer (IARC). (1987).Monographs on
the evaluation of carcinogenic risks to humans. Supplement 7: Overall
evaluations of carcinogenicity, an update of IARC monographs.

International Agency for Research on Cancer (IARC).
aromatic hydrocarbons. Vol.
Ilmonographsjarc.fr/ENGIMeetings/92-pahs.pdf.
March 2009.

(2006). Polycyclic
92. http:

Accessed on

Kelly, F.J. (2003).Oxidative stress: Its role in air pollution and adverse health
effects. Occupational Environmental Medicine. 60: 612-616.

Khesina, A.Y. (1994). Urban air pollution by carcinogenic and genotoxic
polyaromatic hydrocarbons in the former USSR. Environmental Health
Perspectives. 102(4):49-53.

174

© C
OPYRIG

HT U
PM

http://www.fire.uni-
http://Iwww.iffm.or.id.haze.html.


Kim, K.B. and Lee, B.M. (1997). Oxidative stress to DNA, protein, and
antioxidant enzymes (superoxide dismutase and catalase) in rats
treated with benzo(a)pyrene. Cancer Letters. 113:205-212.

Kim, H.S, Kwack, S.J. and Lee, B.M. (2000).Lipid peroxidation, antioxidant
enzymes, and benzo[ a]pyrene-quinones in the blood of rats treated
with benzo[a]pyrene. Chemico-Biological Interactions. 127:139-150.

Kinnula, V.L. and Crapo, J.D. (2003).Superoxide dismutases in the lung and
human lung diseases. American Journal of Respiratory and Critical Care
Medicine. 167:1600-1619.

Klaunig, J.E. and Kamendulis, L.M. (2004). The role of oxidative stress in
carcinogenesis. Annual Review of Pharmacology and Toxicology. 44: 239-
267.

Knaapen, A.M., Borm, P.J.A., Albrecht, C. and Schins, R.P.F. (2004). Inhaled
particles and lung cancer. Part A: mechanisms. International Journal
of Cancer. 109:799-809.

Kodama, M., loki, Y. and Nagata, C. (1980). Dose-dependent effect of
trichloropropene oxide on Benzo[a]pyrene carcinogenesis. Journal of
Cancer Research and Clinical Oncology. 98: 105-107.

Kooter, LM. (2004).Inventory of biomarkers for oxidative stress. RIVM report no.
630111001.pp. 1-30.

Kumar, A., Patel,S., Kumar-Gupta, Y. and Pratap-Singh, M. (2006).
Involvement of endogenous nitric oxide in myeloperoxidase
mediated benzo(a)pyrene induced polymorphonuclear leukocytes
injury. Molecular and Cellular Biochemistry. 286:43-51.

Lee, W.L. and Downey, G.P. (2001). Leukocyte elastase: Physiological
functions and role in acute lung injury. American Journal of Respiratory
Critical Care Medicine. 164:896-904.

Lerda, D. (2009). Polycyclic aromatic hydrocarbons (PAHs) factsheet. JRC
technical notes. European Commission, Joint Research Centre,
Institute for Reference Materials and Measurements. JRC 50087-2009.
pp.1-33.

Li, T., MoIteni, A., Latkovic, P., Castellani, W. and Baybutt, R.C. (2003).
Vitamin A depletion induced by cigarette smoke is associated with

175

© C
OPYRIG

HT U
PM



the development of emphysema in rats. Journal of Nutrition. 133:
2629-2634.

Lin, Q.-L., Xi, Z.-G., Yang, D.-F., Chao, F.-H., Zhang, H.-S., Zhang, W., Liu,
H.-L., Yang, Z.-M. and Sun, R.-B. (2009). Oxidative damage to lung
tissue and peripheral blood in endotracheal Plvlzs-treated rats.
Biomedical and Environmental Sciences. 22: 223-228.

Lopez, A. (1988). Respiratory System. In: Thomson's Special VeterinanJ
Pathology (2nd Edition), ed. Carlton, W.W. and McGgavin, M.D. pp.
116-174.Missouri: Mosby.

Lucattelli, M., Cavarra, E., De Santi, M.M., Tetley, T.D., Martorana, P.A. and
Lungarella, G. (2003). Collagen phagocytosis by lung alveolar
macrophages in animal models of emphysema. European Respiratory
Journal. 22: 728-734.

Marklund, S. and Marklund, G. (1974). Involvement of the superoxide anion
radicals in auto-oxidation of pyrogallol and a covenient assay for
superoxide dismutase. European Journal of Biochemistru. 47: 469-474.

Martin, L.D., Krunkosky, T.M., Dye, J.A., Fischer, B.M., Nan, F.J., Rochelle,
L.G., Akley, N.J., Dreher, K.L. and Adler, K.B. (1997). The role of
reactive oxygen and nitrogen species in the response of airway
epithelium to particulates. Environmental Health Perspectives. 105(5):
1301-1307.

McIlwain, CC, Townsend, D.M. and Tew, K.D. (2006). Glutathione S-
transferase polymorphisms: cancer incidence and therapy. Oncogene.
25: 1639-1648.

Moller, P., Folkmann, J.K., Forchhammer, L., Brauner, E.V., Danielsen, P.H.,
Risom, L. and Loft, S. (2008). Air pollution, oxidative damage to
DNA, and carcinogenesis. Cancer Letters. 266: 84-97.

Montushi, P., Barnes, P.J. and Roberts-II, I.J. (2004). Isoprostanes: markers
and mediators of oxidative stress. FASEB Journal Review. 18: 1791-
1800.

Morgenstern, R., Guthenberg, C, Mannervik, B., DePierre, J.W. and Ernster,
L. (1982). Benzo(a)pyrene metabolism by rat liver microsomes:
effects of adding purified Glutathione S-Transferases A, B, and C.
Cancer Research. 42: 4215-4221.

176

© C
OPYRIG

HT U
PM



Moron, M'S; Depierre, J.W. and Mannervik, B. (1979).Levels of glutathio
glutathione reductase and glutathione s-transferase activities in rat
lung and liver. Biochimica et Biophysica Acta. 582: 67-78.

Morrow, J.D. and Roberts, L.J. (2002). The isoprostanes: Their role as an
index of oxidant stress status in human pulmonary disease. American
Journal of Respiratory and Critical CareMedicine. 166:25-30.

Murdiyarso, D., Lebel, L., Gintings, A.N., Tampubolon, S.M.H., Heil, A. and
Wasson, M. (2004). Policy responses to complex environmental
problems: insights from a science-policy activity on transboundary
haze from vegetation fires in Southeast Asia. Agriculture, Ecosystems
and Environment. 104:47-56.

New Jersey Department of Health and Senior Services. (1998). Hazardous
substance fact sheet: Benzo(a)pyrene. http:
//www.state.nj.uslhealth/eoh/odisweb/. Accessed on January 2009.

Oberd6rster, G., Oberd6rster, E. and Oberd6rster, J. (2005).Nanotoxicology:
an emerging discipline evolving from studies of ultrafine particles.
Environmental Health Perspectives. 113:823-839.

Ohkawa, H., Ohishi, N. and Yagi, K. (1979). Assay for lipid peroxidase in
animal tissues by thiobarbituric acid reaction. Analytical Biochemistry.
95: 351-358.

Oka, Y., Mitsui, M., Kitahashi, T., Sakamoto, A., Kusuoka, 0., Tsunoda, T.,
Mori, T. and Tsutsumi, M. (2006).A reliable method for intratracheal
instillation of materials to the entire lung in rats. Journal of Toxicologic
Pathology. 19: 107-109.

Painter, D.E. (1974). Air pollution technology. Virginia: Reston Publishing
Company.

Pincemail, J., Meurisse, M., Limet, R. and Defraigne, J.O. (2009).Measurement
and use of antioxidants in human medicine. http:
ljwww.probiox.com/delhtml/documentslMeasurementanduseofanti
oxidants OOO.PDF.Accessed on 28August 2009.

Pryor, W.A. (1997). Cigarette smoke radicals and the role of free radicals in
chemical carcinogenicity. Environmental Health Perspectives. 105(4):
875-882.

177

© C
OPYRIG

HT U
PM

http:////www.state.nj.uslhealth/eoh/odisweb/.
http://ljwww.probiox.com/delhtml/documentslMeasurementanduseofanti


Rahman, I. and MacNee, W. (1999). Lung glutathione and oxidative stress:
implications in cigarette smoke-induced airway disease. American
Journal of Physiology - Lung Cellular and Molecular Physiology. 277(6):
1067-1088.

Rahman, I. and MacNee, W. (2000). Oxidative stress and regulation of
glutathione in lung inflammation. European Respiratory Journal. 16:
534-554.

Ravindra, K., Sokhi, RS. and Van Grieken, R (2008a). Atmospheric
Polycyclic Aromatic Hydrocarbons: Source attribution, emission
factors and regulation. Atmospheric Environment. 42(13):2895-2921.

Ravindra, K., Wauters, E. and Van Grieken, R (2008b). Variation In

particulate PAHs levels and their relation with the transboundary
movement of air masses. Science of the Total Environment. 396: 100-110.

Risom, L., Moller, P. and Loft, S. (2005).Oxidative stress-induced damage by
particulate air pollution. Mutation Research. 577: 1-19.

Ruckerl, R, Greven, S., Ljungman, P.,Aalto, P., Antoniades, c., Bellander, T.,
Berglind, N., Chrysohoou, C., Forastiere, F., Jacquemin, B.,Klot, S.V.,
Koenig, W., Kfichenhoff, H., Lanki, T., Pekkanen, J., Perucci, C.A.,
Schneider, A., Sunyer, J. and Peters, A. (2007). Air pollution and
inflammation (Interleukin-6, C-Reactive protein, Fibrinogen) in
myocardial infarction survivors. Environmental Health Perspectives.
115(7):1072-1080.

Sagai, M. and Ichinose, T. (1987). Lipid peroxidation and antioxidative
protection mechanism in rat lungs upon acute and chronic exposure
to nitrogen dioxide. Environmental Health Perspectives. 73: 179-189.

Sagredo, C., Ovrebe, S., Haugen, A., Fujii-Kuriyama, Y., Baera, R., Botnen,
LV. and Mollerup, S. (2006).Quantitative analysis of benzo[a]pyrene
biotransformation and adduct formation in Ahr knockout mice.
Toxicologv Letters. 167:173-182.

Sazuka, Y., Tanizawa, H. and Takino, Y. (1989). Effect of adriamycin on the
activities of superoxide dismutase, glutathione peroxidase and
catalase in tissues of mice. Japan [curnal of Cancer Research. 80:89-94.

Siddik, Z.H., Mimnaugh, E.G., Thrush, M.A. and Gram, T.E. (1980). The
effect of vitamin A deficiency of hepatic, renal and pulmonary

178

© C
OPYRIG

HT U
PM



glutathione s-transferase activities in the rat. Biochemical Journal. 188:
889-893.

Sies, H. (1993). Strategies of antioxidant defense. European Journal of
Biochemistry. 215:213-219.

Sies, H. (1997). Oxidative Stress: Oxidants and antioxidants. Physiological
Society Symposium: Impaired endothelial and smooth muscle cell
function in oxidative stress. Experimental Physiology. 82: 291-295.

Sigma-Aldrich. (2006). Benzo(a)pyrene. Sigma-Aldrich material data sheet.
Sigma-Aldrich Incorporated, St. Louis, Montana, U.S.A.

Smith, D.M., Rogers, A.E., Herndon, B.J. and Newberne, P.M. (1975).Vitamin
A (Retinyl Acetate) and benzo(a)pyrene-induced respiratory tract
carcinogenesis in hamsters fed a commercial diet. Cancer Research. 35:
11-16.

Smith, K.R, Kim, S., Recendez, J.J., Teague, S.V., Menache, M.G., Grubbs,
D.E., Sioutas, C. and Pinkerton, K.E. (2003).Airborne particles of the
California Central Valley alter the lungs of healthy adult rats.
Environmental Health Perspectives. 111:902-908.

Spasic, M.B. (2000).Free radicals and cancer. Archive of Oncology. 8(4): 153.

Sullivan, P.D. (1985). Free radicals of Benzo(a)pyrene and derivatives.
Environmental Health Perspectives. 64: 283-295.

Sun, J.D., Wolff, RK. and Kanapilly, G.M. (1982).Deposition, retention, and
biological fate of inhaled benzo(a)pyrene adsorbed onto ultrafine
particles and as a pure aerosol. Toxicology and Applied Pharmacology.
65:321-244.

Thomson, RG. (1978). Degeneration and necrosis. In: General Veterinary
Pathology. pp. 6-84.Philadelphia: W.B. Saunders Company.

United Kingdom Environmental Agency (EA). (2009). Benzo-iai-inpene.
http://www.environmentagency.gov. uklbusiness/topics/pollu tion/39
407.aspx. Accessed on November 2008.

United States Environmental Protection Agency (EPA). (1984). Integrated Risk
Information System (IRIS). Environmental Criteria Assessment Office,
Office of Health and Environmental Assessment, Cincinnati, Ohio.

179

© C
OPYRIG

HT U
PM

http://www.environmentagency.gov.


United States Environmental Protection Agency (EPA). (1991).Drinking water
criteria for polycyclic aromatic hydrocarbons (PAHs). Prepared by the
Environmental Criteria and Assessment Office, Office of Health and
Environmental Assessment, Cincinnati, Ohio, for the Office off
Water, Washington, DC. ECAO-CIN-D010.

United States Environmental Protection Agency's Office of Air Quality
Planning and Standards (OAQPS). (2000). General information about
haze. www.epa.gov/airprogrm/oar/oaqpsl. Accessed on February
2009.

Venugopal, R., Senthilnathan, P., Magesh, V., Rajkapoor, B. and
Sakthisekaran, D. (2007). Chemotherapeutic efficacy of Solanum
trilobatum along with Paclitaxel in lung cancer bearing swiss albino
mice. International Journal of Cancer Research. 3(2): 119-126.

Vineis, P., Forastiere, F., Hoek, G. and Lipsett, M. (2004). Outdoor air
pollution and lung cancer: Recent epidemiologic evidence.
International Journal of Cancer. 111:647-652.

Vineis, P. and Husgafvel-Pursiainen, K. (2005). Air pollution and cancer:
Biomarker studies in human populations. Carcinogenesis. 26(11):
1846-1855.

Vinitketkumnuen, U., Kalayanamitra, K., Chewonarin, T. and Kamens, R.
(2002). Particulate matter, PM 10 & PM 2.5 levels, and airborne
mutagenicity in Chiang Mai, Thailand. Mutation Research. 519: 121-
131.

Vinzents, p.s., Meller, P., Sorensen, M., Knudsen, L.E., Hertel, 0., Jensen,
F.P., Schibye, B. and Loft, S. (2005). Personal exposure to ultrafine
particles and oxidative DNA damage. Environmental Health
Perspectives. 113(11):1485-1490.

Werb, Z. and Gordon, S. (1975). Elastase secretion by stimulated
macrophages: Characterization and regulation. Journal of
Experimental Medicine. 42: 361-377.

Weyand, E.H. and Bevan, D.R. (1986). Benzo(a)pyrene disposition and
metabolism in rats following intratracheal instillation. Cancer
Research. 46: 5655-5661.

180

© C
OPYRIG

HT U
PM

http://www.epa.gov/airprogrm/oar/oaqpsl.


Whitlock, Jr., J.P. (1999). Induction of cytochrome P4501Al. Annual Review of
Pharmacology and Toxicology. 39: 103-125.

Witschi, H. (1990).Responses of the lung to toxic injury. Environmental Health
Perspectives. 85: 5-13.

World Health Organization (WHO). (2003).Health aspects of air pollution with
particulate matter, ozone and nitrogen dioxide. Report on a WHO
Working Group, Bonn, Germany, 13-15 January 2003.
EUR/03/5042688. pp. 1-98.

Yasuo, 0, Masayuki, M., Tsukasa, K., Akika, S., Osamu, K., Tsukasa T.,
Toshio, M. and Masahiro, T. (2006). A reliable method for
intratracheal instillation of materials to the entire lung of rats. Journal
of Toxicologic Pathology. 19: 107-109.

Zaharim, A., Shaharuddin, M., Mohd.-Nor, M.J., Karim, O.A. and Sopian, K.
(2009). Relationships between airborne particulate matter and
meteorological variables using non-decimated wavelet transform.
European Journal of Scientific Research. 27(2):308-312.

Zakaria, M.P., M.J. Haron and H. Takada. (1998).Chemical characterization
of polycyclic aromatic hydrocarbons (PAHs) in haze. In: A.R.
Sheikh-Omar, M.B. Awang, F. Yusoff, M.N. Hassan, M.s. Mustapha
(eds), Proceedings of National Symposium on The Impact of Haze, 21st

April, 1998.Universiti Putra Malaysia. 10.1-10.5.

Zhang, S.Z., Wang, X.Y. and Qi, Z.M. (1997). Studies on the mechanism and
its effects of selenium and vitamin E in the free radical, metabolism
of animals with selenium deficiency. Husbandry and Veterinary
Science. 28: 23-27.

Zhang, S. (2000). Studies on the aetiopathogenesis and prevention of
Brachiaria decumbens intoxication in sheep in Malaysia. PhD Thesis.
Universiti Putra Malaysia.

181

© C
OPYRIG

HT U
PM




