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Abstract: Exposures to car fuel vapor among workers result in appearance of pulmonary diseases. An
evaluation of histological and scanmng electron microscopic changes mduced by subjecting guinea pigs to
gasoline vapor under laboratory conditions was studied. Thirty males of guinea pigs were used in the
experiment where it was divided into two main groups (control and experimental). Each group was subdivided
into three subgroups according to the duration of exposure (30, 60 and 90 days). Experimental groups were
subjected to gasoline vapor i an mhalation chamber for 6 h daily, 5 days a week. Control group were left access
to fresh air under laboratory conditions. Gasoline vapor induced histological changes, which mcreased
according to duration of exposure. There were infiltration of inflammatory cells within mucosa and submucosa
of trachea, loss of cilia in tracheal epithelium and increase in size of tracheal gland in submucosa, disruption
and desquamation in tracheal epithelium and mnfiltration and reduction in goblet cell numbers. Scanmng electron
microscopic findings revealed that shorting and disorientation of cilia, focal disruption and deciduation of
ciliated epithelial cells and decrease in number of goblet cells in comparison to control group. Tt was concluded
that gasoline vapor can harm tracheal mucosal and submucosal components, which will reflect on its functions
and predispose to lower respiratory tract diseases. Prophylactic measures must be provided during exposure

to car fuel (gasoline) mhalation.
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INTRODUCTION

Gasoline 1s one of the largest volume commercial
products in the world (Cutler ef al., 2007). It is a complex
substance of variable composition depending on the
source of raw material (crude oil), the refiming processes,
performance specifications, season and other factors
(Grebic et al., 2007). Formulated gasoline contains both
volatile and nonvolatile components covering a wide
distillation range. Under normal conditions of consumer
use and in gasoline production facilities, exposure is
primarily via inhalation of the vaporized material
(Benson et al., 2001).

(Gasoline can be modified to reduce pollution and
improve the fuel combustion by adding components
containing oxygen. The most widely used oxygenate is
Methyl Tertiary-Butyl Ether (MTBE), whereas Ethyl
Tertiary-Butyl Ether (ETBE), Tertiary Amyl Ethyl Ether
(TAME), methanol and ethanol are possible substitutes

(Nihle'n et al., 1998, Linet al., 2005, Zhang et al., 2006).
The amount of MTBE added to gasoline varies with
seasorn, among gasoline companies and between regions
and countries. Typically, concentrations up to 15% MTBE
by volume (2.7% oxygen by weight) are bemng used in
oxygenated gasoline (Graham et af., 1993, Upton ef al.,
1996).

The respiratory tract is the first target for atm ospheric
pollutants. Chronic exposure of female rats to gasoline
vapors for 2 years resulted in an merease in the incidence
of mild multifocal pulmonary inflammatory response
(compared to respective controls) that was thought to be
due to the irritant effect of gasoline (MacFarland et al.,
1984). Al-Saggaf et al. (2008) previously reported that,
guinea pigs exposed to gasoline vapor resulted in focal
collapse in the lung parenchyma, infiltration of inflam-
matory cells, mtra-alveolar hemorrhage, blood congestion,
disruption of alveolar septa causing focal emphysema,
marked lymphoid aggregation within parenchyma.
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Several studies were performed to determine the
hazardous effect of inhaling gasoline vapor on lung were
performed (MacFarland et «l, 1984; O’Regan and
Turgeon, 1986; Vyskocil et al., 1988), while little attention
had been paid to the effect of gasoline on trachea, which
is an important airway. So, the aim of this study was to
determine the histological and scanning electron
microscopic changes of gumea pigs trachea mduced by
inhalation of gasoline vapor in laboratory.

MATERIALS AND METHODS

Animals and animal care: Thirty Dunkin Hartley males
guinea pigs weighing between (400-600 g) were purchased
from amimals house in King Fahd Medical Research
Center. Animals were housed in a polycarbonate cage
with staimnless steel wire lids under constant conditions of
temperature and humidity, with 12: 12-h day/night cycles
with free access to water and a balanced diet All
experiments were undertaken with the consent of the
animal ethics in accordance with the guidelines set out by
the Canadian Council on Animal Care.

Tnhalation process: The animals were randomized into two
main groups control and experimental (15 animals each).
Experimental group was subdivided into three groups
(5 animals each) according to the duration of gasoline
exposure (30, 60 and 90 days). Two experimental animals
were placed m each cage with a total of four cages inside
the inhalation glass chamber (160>x130x70 ¢cm). The cover
of the chamber has four circular openings (10 cm in
diameter) for fresh air to enter. A container filled with 1 L
of gasoline (octane 95) was obtained from car fuel station
in Jeddah. It was put (introduced) in the center of the
chamber then the lid was opened to subject the animals to
gasoline vapor for 6 h daily, 5 days a week for the total
period of the experiment (Sureshlumar et al, 2005).
Experimental animals were removed from the inhalation
chamber and left to recover in a different room with fresh
air before returned baclk in the next day. The gasoline was
changed twice per week to insure the presence of gasoline
volatile materials during the whole duration of the
experiment. Inhalation chambers were placed in the
laboratory at King Fahd Medical Research Center. Control
group were left in another room with access to fresh air
under laboratory conditions.

Tissue processing and histological techniques: At 30, 60
and 90 days animals from each group with its counter
partner control were euthamzed by neck dislocation after
anesthesia by ketamine and seton. The chest was opened
and trachea was injected via insulin syringe with normal
saline followed by 10% neutral buffered formalin for light
microscopy and gluteraldhyde (3%) in phosphate buffer

for scanning electron microscopy to insure good washing
of surface epithelium. Samples for light microscopy were
fixed, dehydrated, cleared before embedding in paraffin
wax, then sectioned 5Sum thickness. For light microscopic
examination sections were stained with Hematoxyline and
Eosin (H and E). For counting goblet cells we chose
Alcian Blue-Periodic Acid Schiff (AB-PAS) stain. An area
about 1 c¢m above the tracheal carina was chosen, because
there was less variation in the number of goblet cells here
than in other sites in the trachea. To quantify number of
goblet cells, the mean number of all goblet cells counted
at 400x/field was determimed and twelve visual fields, six
from the right side and six from the left side were counted
per tracheal section (Guo et @l., 2003). Samples from
trachea of guinea pigs, which exposed to gasoline vapor
for 90 days were prepared to be examined by Scamming
Electron Microscope (SEM). They were fixed in 2%
glutaraldehyde and osmium tertraoxide. Then they were
dehydrated in a graded series of ethyl alcohol (70-100%),
then immersed n acetone and mfiltration in a mixture of
acetone and hexa methyldisilazana 1: 1. The dried samples
were fixed on the specimen stubs and coating with gold
stain.

Statistical analysis: The values of the various parameters
(amimal weight, munber of goblet cells) were calculated for
each animal and then pooled to give the mean and
standard deviation values for all ammals within a given
group. Differences between control and experimental
groups were tested by student t-test by using SPSS
computer program. Differences among groups were
considered significant when p<0.05.

RESULTS AND DISCUSSION

The present results showed that during exposure to
car fuel (gasoline) vapor within inhalation chamber, the
ammals looked calm, with sluggish movement. After they
were removed they showed aggressive behavior,
restlessness and tend to bite each other.

Effect of car fuel inhalation on body weight of adult male
guinea pig: As regards body weight, there was no
significant difference between control and experimental

groups during the whole length of the experiment
(Table 1).
Table 1: Influence of gasoline vap or exposure on animal’s weight

Days
Groups 30 60 90
Control 697.7431.4 782.2414.9 850£20
Experimental 726.8+12.5 784+37.3 869.8+30.6

Student t-test: No significant difference between experimental and control
group
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Fig 1. a) Control guinea pig tracheal epithelivm showing nomnmal pseudo stratified colutnnar epithelium with goblet cells
showing basophilic stained mucous content (arrows). The surface clia could be seen asa fuxy layer (dotted
arrows). Few eosinophil and lymphocytes are seen in the bagal layer (white arrow heads). b) Thirty days
following carefil (gasoline) inhalation, guinea pig tracheal epithelivm showing degeneration and shrinkage of
epithelial cells leaving empty spaces (thick arrows), notice the decreasze of munber and size of goblet cells (thin
arrows). The undetlying lamina propria showed few mononiclear cells infiltrmte (star and amrows). ©) Minety days
after careful inhalation showing marked destruction and desgquamation of tracheal epithelivm (dotted arrows).
Goblet cells are seen fallen into the lumen (white arrows). The lamina propria is heavily infiltrated with
tnonotclear cell (ymphocytes (white star) and Eosinophils. The latter are seen ruigrating to damaged epithelivm
(black thin arrows). Dilated wessels (black stars) are seen amnong cellular infiltrate. Scale bar =60 pm (Hxzand E

stain)

Light microscopic study of racheal mucosa

Control racheal mucosa: Sections stained with H and E
showed that trachea in control group consist of mucosa,
submmucoza  and  fibro-cartilagenous  layer.  Tracheal
trcosa iz lined by peevdostratified ciliated columnar
epithelium with goblet cells. Columnar ciliated cells, basal
cells and intervering goblet cells could be easily
distinguished in H and E sained sections. Goblet cells
could be also identified by their shape and the
accumwlation of puple mucus gramles in their apical
regions (Fig 1a). In PAS-alcan blue stained sections,
goblet cells were easily identified by their affinity of
mucous granules to alcian blue, whereas the nearby
colutnnar cells stained moderately by PAS (Fig. Za). The
sub-epithelial mucosal and sayhmucozal connective tizque
of trachea in control groups showed normal structure with
no inflarntnatory infiltration (Fig. la).

Effect of differemt periods of exposure to inhalation of car
fuel (gasoline) vapor: Exposure to of careful (gasoline)
vapor for 30 days induced degeneration and shrinkage of
epithelial cells, leaving empty spaces at the site of lost

cells. There was loss of normal ciliated surface (Fig 1)
Increasing the duration of exposure to 60 and 90 days
resulted in progressive damage of surface epithelium.
Exposure for 90 days to car fisel wapor resulted in marked
destruction and desquamation (deciduation) of tracheal
epithelium. Goblet cells were seen fallen into the lumen.
The lamina propriais heavily infiltrated with monomacl ear
cellsand Eosinophil. The latter are large in size are seen
tigrating to ovetlying damaged epithelivm (Fig. 1c).

Effect of inhalation of car fuel on number of gob let cells:
mections stained with PAS-Alcian blue showed that
although goblet cells were seen larger and engorged with
faintly stained rmucous, they were significantly decrease
inrmumber (Fig 2hy. The decrease in goblet cells observed
atlight microscopic ezamination was significant (p<0.05)
following car fiael exposure at all petiods compared to
control unexposed animals ( Table 2).

Scanning electron microscopic of wacheal mucosal
surface: Scanning ricroscopy gives a dimensional wiew
of tracheal surface epithelium regarding ciliated and
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Tale 2: Infhence of sasoline vapor inhalation on mmber of tackeal zoblet

cells
Days
s a0 i) a0
Comtrol 40.05+1.2 41113 43211
Experimertal 23] 5 29741 FE AGA+] S

Stadent ttest: *p=0.05 compated o contal groap

Fig 2:a) Control guinea pig tracheal epithelium stained
by PAZaldan blue showing normal  intact
epithelium and goblet cells stained blue for its
tmcous content. Motice the intact ciliated surface
(dotted amow). b) Sixty days after car fusl
(gazoline) inhalation quinea pig tracheal epithelinm
showing basal separation of epithelial cells (thick
horizontal amrows), decrease number and staining
intensity of goblet cells (hlack arrowss) and 1oss of
surface cilia (dotted arrows). Scale bar = 60 pm
(PAS-alcian blue stain)

goblet cells, which was found to be correlated with light
microscopic observation. Ciliated cellsin control samples
possess long healthy cilia that mask the nearby columnar
non ciliated types (Fig 33). Intrachea ofanimals exposed
for 90 days to gasoline wapor inhalation, scanning
ticrascopy showed, focal loss of cilia, other regions
showed shortage and ciliary or clumping (Fig. 3h).

In Control group, regions where gohlet cells
dominating they could be identified from their apical
rounded surface zcattered among cliated cells (Fig 4a).
Gablet cellz in exposed anrals to gasoline for 90 days

Fig 3: Scanning microscopy of Guinea pig tracheal
surface showing: a) Control normal surface cilia
(black amows) b) Minety days after car fuel
(gasoling) inhalation tracheal surface showing
darrage and loss (white arrows), shorting and
clutnping of cilia (black arrows). Mon ciliated cells
hawing short microwvilli (star). Empty spaces of lost
cells (dotted white arrows) could be seen. Scale
har=10 pm

were  engorged  with mucous and  seen  detached
(deciduation) and protrade above the surface(Fig 4b).

asolitie; the main constituent of car fuel is awolatile,
highly flarnmable lguid mixture of hydrocarbons. It is
usedin internal cotnbustion engnes. ltiza mistre of over
five hundred hydrocarbons with waried composition
according to its place of origin Because of the
wide-spread usze of gasoline and oxygen containing
additives, such as MTBE, the number of people exposed
iswery large(Linet o, 2005, Gasoline gains entrance into
the body by many routes. The inhalation route would
appear to be more important because more persons may
be affected (Zhang et @l., 2006, Employees in gazoling
companies may be exposed during production and
transportation processes. In addition, gasoline station
attendants and the general public may be expozed during
refueling (Guo et @, 2003) Tomic effects of inhaling
gasoline wvapor and additives wia inhalation route
range from affection of respimtory, cardiowascular,
gastrointestingl, haematological, musculoskeletal, hepatic,
renal and newrological systems to induction of cancer in
different organs (Hartle, 1984, Wonget of ., 1993}

In the present sudy, the histological and
scaning tnicroscopic changes of guinea pigs trachea
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Fig 4. Scanning microscopy of goblet cells in guinea pig
tracheal epithelinm showing, ay control shows
normal rounded shape cells (blacks arrows) among
ciliated cells (white arrows). b Minety days after
car fuel (gasoline) inhalation tracheal surface
showing desquamated or sloughed engorged
gaoblet cells (black stars). Motice the chumnped short
cilia (white arrows). The empty spaces left by
degenerated cells (dotted white arrows). Scale bar
=10pm

induced by inhalation of gasoline vaporin laboratory for
different periods (30, 60 and 90 days) were investigated.

Intermediate and chronic-duration exposures to
gazoline wapors have been reported to cause significant
decreazes in hody weight gain in rats and mice
(MacFatland et of |, 1984, Vyskoci et o, 1988). Inanother
study, depressed body weight gain was ohserwed in
female rats exposed for 4 weelss to ethanol/zasoline
(Smith et @l , 1993) On the contrary | in this study as there
was no significant difference between control and
exzperimental groups during the whale length of the
exzpetiment (30, 60 and 90 days)

As regards animal’s behavior during the experiment,
exzperitnenital group experience periods of restlessness and
violet hehavior as they bite each others. Inhaling gasoline
vapor tmay affect their nerwvous system as (Chu et af,
2005) reported in his study on neurological effects of
gasoline on rabbitz, All the exposzed andmals exhibited
restlessness, equilibrinm disturbances, convulsions and
fArCoss.

(Gazoline has been shown to be irmtating at the portal
of entry (ie, the eyes, the lungs after inhalation, or the

gastrointestinal mucosa after ingestion) MTBE and
ethanol wapors deposit substantially in the upper airway
sttuctire with a marked enhancement of dose atlocal sites
(Zhang et «f, 2008). Several studies reported that
inhalation of gazoline induced imritation and histological
changes at the epithelial lining of the nasal cawity and
upper respiratory tract (Prevbylowdd, 19710, In the
present study, as a reaction to inhaling gazoline wapor in
laboratory for 30 days, infiltration of inflarematory cells
(lymphocytes,  eosinophils)  within  tmocosa and
subtnucosa, When exposure petiod to gasoline was
increazed to 40 days loss of cilia in tracheal epithelivm
and increase in size of tracheal gland in submucosa wers
occutred. Animmals exposed to gasoline wapar for 90 days
had disuption and desgquamation in tracheal epithelivm
and infiltration of submucosa with Iymphocytes.

Theacute respiratory effects of gasoline inhalation in
ratzwere exposed to 0.1 ml gazolinein a closed container
gither once or intermrittently for 5-7 davs. In both exposure
scenarios, Widespread hemnorrhage of the lungs was noted
at necropsy (O'Fegan and Turgeon, 19860, On contrary
rats and monkeys failed to exhibit any consistent adverse
respiratory  effects following intenmediate-duration
exposure to 1,552 ppm gasoline vapors (Mlann et af,
2002, When, the lungs of rats expozed to 100 ppm of
gasoline wapors for 12 weels were examined by electron
microscopy, a progression of lesions charactenstic of
fibrosing alveolitis (interstitial fibrosis and alveclar
collapse) was observed (Lylde et af, 1979, These lesions
were not apparent at the light microscopic lewel. These
resultz  indicated that gasoline-induced pulmonary
changes tay occur at levels previousy thought to cause
no effect becausze the tissues were not examined
ultrastructurally andfor other sensitive pammeters of
pulmonary function were not measured.

Previous study reported that, guinea pigs exposed to
gasoline wapor for 30, 60 and 90 days in laboratory
resulted in focal collapse in the lung parenchyrna,
infiltration of inflarmmatory cells,  intra-alveolar
hemorthage, blood congestion, dsoption of alveolar
septa causing focal emphysema, matked lymphoid
aggregation within parenchyma, alveolar thickening with
increased interstitial reticulin  disposition, enhanced
proliferation of bronchus associated lymmphoid tissue,
slonghing of epithelial cell, increased mucosa secretion
and elongation of epithelial folds lining the bronchus and
bronchiolar tissue (Al-Tahdali et af, 2007

Trachea as a part of respimtory airways is lined by
pseundostratified columnar ciliated  epithelivm  that
containg many  mucus-secreting  goblet cells, Goblet
cellz (30% of cell population) secrete mucus that coats
the epithelial cellz. Thiz mucous coating protects the
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epithelial cells from desiccation and traps inhaled
particulates that are then transported up the airways and
out of the lungs by the ciliated cells (Pocock et al., 2006).
The regulatory mechanisms that govern goblet cell
proliferation and differentiation or the expression and
release of characteristic secreted products are poorly
understood. In the present study, results revealed that
inhalation of gasoline vapor significantly decreased the
number of goblet cells in experimental groups for 30, 60
and 90 days, when compared with the corresponding
control group.

As regards the scanning changed induced by
inhalation of gasoline vapor for 90 days, scanning
electron microscopic examination of tracheal epithelium
revealed that shorting and disorientation of cilia, focal
disruption and deciduation of ciliated epithelial cells and
decrease in number of goblet cells in comparison to
control group. These findings confirmed the histological
observation. In a study on rats, which exposed to 100ppm
of gasoline vapors for 12 weeks had fibrosing alveolitis
(interstitial fibrosis and alveolar collapse), which were
detected by electron microscopy. These lesions were not
apparent at the light microscopic level (Kuna and Ulrich,
1984).

CONCLUSION

Gasoline vapor induced histological changes in
trachea, which increased according to duration of
exposure. It remains uncertain what compound(s) in
gasoline caused the observed harmful effects on tracheal
epithelium. Further researchs would be required to
determine what constituent(s) may be responsible for
these effects. Also, perform further studies on car fuel
station to compare between laboratory and station results.
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