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CHAPTER 6 \b
" Toxicology of air pollutants (animal sfudies)

A. J. Wardlaw
Department of Respíraîory Medicine, Glenfield Hospital NHS Trust, Lcicester U.K.

Introduction

6.1. To assess the possible role of air pollution in allergic
disease it is important to have a good understanding of their
biological effects on tissue. These effects will depend on the
species and the organ exposed, the dcsign of the experinrent,
the pollutant, whether exposure is acute or lt lore long-term
and the concentration.

6.2.  Animal exper iments have the advantage of  being able
to analyse tissue-danraging effects in detail through autopsy
studies but the disadvantage that f indings may not be relevant
to humans because of species differences. Many of the ani-
mal toxicology studies have been weakened by using very
high exposures rvhich are of l imited relevance to hunran ex-
posures under normal conditions.

6.3. There is a large body of rvork on the toxicology of air
pollutants in aninrals. The work of direct relevance to aller-
gen responses wil l be discussed in Chapter 10. The rvork
discussed here wil l attempt to give a feel for the biological
effects of air pollutants on tissue which may be of relevance
to allergic disease in a broad sense.

Sulphur dioxide (SOr)

Acute exposure studies (<24 hours)

6.4. SO, causes bronchoconstriction in all species tested if
suffìciently high dosès are given. Thus in guinea-pigs there
is a dose-dependent increase in airways resistance which re-
turns to normal rvithin I hour after exposure to concenúa-
tions of less than 100 ppm. In dogs there is increased resist-
ance to inhaled SO, in nose and lower airways [90]. In cats
bronchoconstriction occurs as a result of smooth muscle con-
traction and is dependent on an intact vagal nerve.

6.9. The consistent finding therefore oftoxicology studies
6.5. There is some evidence that paniculate aerosols in animals, in arang€ ofspecies, is thatacute exposure to SO2
potentiate effects of SO, possibly by promoting conversion can cause a;nodest and transient bronchoconshiction, and in

chronic exposure the tissue-damaging effects of SO, are lim-
corrcspondcncc: Dr A. J. wordlaq Dcpartmenr of Rcspirarory Medicinc, ited and only seen at concentrations that far exceed those likely
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to sulphuric acid. Metal salts such as manganese and ultrafine
aerosols from coal combustion appear particularly active. For
example a 3-hour exposure of guinea-pigs to 1.7 ppm (5 mg/
m3) ultrahne zinc oxide aerosol with I ppm SO, decreased
lung volumes and gas transfer in addition to causing oedema
and evidence of  damage to epi thel ia l  and endothel ia l  cel ls for
up to 72 hours fo l lowing a s ingle exposurc Í91,921.

Chrortic exposure studies (>24 hours)

6.6. In rats with a daily exposure of l0 ppm for l8-ó7 days
there was evidence of airway mucosal thickening, decreased
mucus transport  and inrpaired ci l iary act iv i ty [93] .  In rats
exposed to ten periods of 6 hours at 5O-300 ppm there was
marked epi thel ia l  damage in the t rachea with destruct ion of
goblet  cel ls and increased numbers of  goblet  cel ls in the lower
airways 72 hours post-exposure at the highest dose [94]. 

' fhe

rclevance of these studies to human disease is doubtful ex-
cept perhaps to indicate that even nìASSive doses of SO, for
prolonged periods causes only modest t issue damage.

6.7. In dogs exposed to I ppm SO, for a year only slowing
o[tracheal mucus transport was noted [95] and in rats with a
daily exposure of 0.1-20 ppm for a total of 70-170 hours
there was delayed clearance of  inert  part ic les f rom the
lung [96].

6.8. In monkeys and guinea-pigs after one year.of expo-
sure to 0.1-5 ppm no pathology was detected [97]. In guinea-
pigs exposed to 0.l3-5.72 ppm continously for a year no ad-
verse effects were observed [98] and in monkeys exposed to
0.14-1.28 ppm for 78 weeks of continuous exposure there
were no adverse effects [99]. In dogs exposed to 0.5 ppm
SO, and 0.lmg/mr sulphuric acid for 16 hours/day for l8
months there were no adverse effects tl00l.
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Acid aenosols

Acwte exposure studies (<24 hours)

6.10. In donkeys exposed to 194-1364 pg/mr for t hour

three out of four anintals showed short-term slowing of re-
'moval 

of fenic oxide particles from the lung t10ll. In this

study SO, only affected clearance at 300 pprn.

6.1/,. In rabbits exposed to lmg/m3 for I hour there were

increased neutrophils in BAL 12-24 hours after expo-

sure [ l02] .
6.12. Rabbits were exposed for 3 hours to a combination of

sulphuric acid (SA) 0-125 pdmt and ozone G{.6 ppm.There

were l6 groups of five rabbits and lungs were examined im-

rned ia te ly  a f te r  exposure .  SA impa i red  phagocy tos is ,

superoxide radical production and TNFa synthesis by alveo-

lar macrophages ar.75 and I25 ytglm3. No very clcar interac-

t ions u ' i th ozone were observed, wi th antagonism being the

most obvious effect- There was no effect on cell nuntbers,

differential cell count, viabil ity or PGE, and PGFrconcentra-

t ions [03].

6. / ,3.  Guinea-pigs are part icular ly sensi t ive to acid aerosols.

l8-60 ;tg/mr for 8 hours was lethal as a result of broncho-

constriction and laryngeal spasm. Haemorrhage and some

oedema was also detected afterT2 hours of exposure IlO{] at

lower concentrations. Bronchoconstriction was concentration-
dependent and lung darnage was dose-dependent. Guinea-
pigs show greater increased airway resistance after exposure

to SA compared to SO, for a given concentration of sulphur.

Chronic exposure studies

6.14. Donkeys exposed for I hour/day,5 days week for 6
months to 100 lrglm3 (0.3-0.6 pm aerosol) had variable

changes in their lung clearance rates with abnormalities lasr

ing for 3 months after exposure ceased. Two donkeys had

increased and two donkeys had decreased clearance rates

t l0s] .

6.15. Rabbits exposed on a daily basis for I hour for 20

days to 250 pg/mr sulphuric acid also had variable changes
in clearance with increased clearance during recovery phase.

Increased BHR was noted as was increased number of goblet

cells and airway narrowing. Changes persisted for more than
3 months tl06l.

Particulates, auto exhaust and synthetic smog

6./,6. There are fcw acute exposure studies of relevance to
allergic disease other than those discussed under sensitization
(Chapter l0).

Chronic exposure studíes

ó.17. Eight groups of l2 Beagles were daily exposed to vari-
ous combinations of gases including inadiated and non-irra-
diated auto exhaust as well as a no exposure group for l6
hourVday for 68 months. Dogs were killed 2 years later.
E,nlargment of air spaces and loss of interalveolar septa in
proximal acinar regions were se€n in dogs exposed to NO,
and SOr. Hyperplasia of non-ciliated bronchiolar cells were
seen in raw exhaust group tl07l. All exposure groups had
impaired lung function after exposure which deteriorated fur-
ther after 2 years. Irnpairment suggested both airway and
parenchymal disease.

Ozone (Or)

6.18. Oz-one is a powerful  or idant which can oxidize com-
pounds direct ly or through generat ion of  oxygen radicals.  I t
oxidizes l ip ids,  part icular ly pol l 'unsaturated l ip ids of  cel l
membranes and potentially membrane receptors by reacting
with sulphydryl groups of cystein.. O, can promote a bio-
chemical cascade resulting in l ipid peroxidation and forma-
t ion of  a ldehydes which can react wi th amino acids,  nucleic
acids or proteins. O., interaction rvith cell membrane acti-
vates phosphol ipase C potent ia l ly  leading to format ion of
leukotrienes and prostaglandins.

6 .19 .  S ix ty  per  cent  o f  O.  reaches  the  lower  a i r rvays .
Theoret ical  concentrat ions sug-sest respiratory bronchioles
rece ive  rnax imum doses  o f  inha led  Or .  C la ra  ce l l s  in
bronchioles are thought to have an important role in rernoval
of toxins. This role is depe ndent on intracellular glutathione

a n d  N A D P H - d e p e n d e n t  c 1 ' t o c h r o m e  p 4 5 0  w h i c h  a r e
vulnerable to Or-mediated damage. Type II cells in alveoli
perform similar functions to clara cells as well as producing
sur fac tan t .  AM a lso  have h igh  leve ls  o f  in t race l lu la r
glutathione.

6.20. Acute exposure in the region of 4-10 ppm causes se-
vere pulmonary oedema, but unlike NO, there is no evidence
that it produces emphysema-like changes.

6.2 l. Ozone causes increased bronchial hyperresponsiveness
in both humans and animals.

Acute exposure studies

6.22. In rats exposed to 1.0 ppm of O, for be tween 4-24
hours there was epithelial necrosis within 4 hours in terminal
bronchioles and neutrophil influx which was maximal at 8-

l2 hours [08]. Neutrophil depletion did not affect epithelial
damage. Isolated rat lungs exposed t.' I 0-2.0 ppm. O, for
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3 hours had necrosis and stoughing of epithelial cells espe-

cially in larger brúrchioles and bronchi tl09l.

6.23. Mice exposed to 2 ppm O, for 3 hours demonstrated

neutrophi l  inf lux which was inhibi ted by indomethacin,

colchicine or cyclophosphamide. These drugs had no effect

on increased BAL prntein content I l l0ì.

6.24. In baboons 0.5 pprn of ozone for 5 minutes increased

respiratory resistance, an effectpartially diminished by DSCG.

There was no effect on prostaglandins in BAL t I I I l.
6.25. Monkeys were exposed to 0.96 pprn for 8 hours with

analysis at t-168 hours post-exposure. There was a correla-

tion between peak of epithelial damage in bronchi and in-

creased numbers of airway eosinophils I l l2].

Chroníc exposure studies (>24 hours)

6.26. Mice exposed to O., at a concentration of 2.5 pprn for

2  hours  a  day  fo r  120 days  had ev idence o f  C la ra  ce l l
-  hyperplasia which had not resolved by 120 days [  113].  Simi-

larly rnonkeys exposcd to 0.4-0.fl ppm I hours/day for 3-

l2 months had Clara cell hyperplasia with no recovery after

3 months of clean air. Similar changes were seen with expo-

sure to diesel  exhaust and cigarret te smoke I l  l4] .

6.27. Monkeys exposed to 0.8 PPm Or for 4-50 hours had

hyperplasia of non-cil iated bronchiolar cells; partial resolu-

t ion was seen by 7 days af ter  exposure I l  l5] .

6.28. Rats exposed to 0.124.2 ppm for 2 days had an in-

crease in protein content of  BAL f lu id I l l6] ,  and in rats ex-
posed to 0.8 pprn of O, for 3 days there was alveolar inflamma-

tion which returned to normal after 30 days I I l7].

6.29. Rats exposed to 0.95 ppm Or, 8 hours/day for 90 days

had mild interstit ial f ibrosis and increased smooth rtruscle in

alveolar ducts and respiratory bronchioles [ 118] and rats ex-

posed to 0.12-0.25 ppm l2 hours/day for 42 days had mild

interstitial inflamn'ràtion with areas of increased collagen at

highest concentration [ 1 l9].

6.30. Rats exposed to 0.06 ppm with l -hour day peak,

l3 hours/day for l2 months showed reduced vitamin E (an

anti-oxidant) in BAL. Vitamin E supplements reduced dam-
age in rats exposed to 0.1ppm compared to vitamin E-defi-

c ient  mice t l20l .

6-31. In dogs exposed to 3 ppm for 20 nrinutes for 5 days,
antioxidants inhibited devclopment of bronchial hyperrespon-

siveness (BHR) rvithout affecting neutrophil influx Il2l].

6.32. Indomethacin does not inhibit the increase in BHR af-
ter 0.4 ppm ozone for 2 hours Í122j, nor did thromboxane
antagonists in dogs [23].

6.33. In rats exposed to 0.35-1.0 pprn for  2.25 hours for
5 days, adaptation of physiological response rvas observed,
but not in the biochemical and morphological changes of
e p i t h e l i a l  d a m a g e  a n d  i n f l a m n t a t i o n  i n  t h e  t e r m i n a l
bronchioles I  l2a] .

Nitrogen dioxide (NOr)

6.34. NOr, l ike ozone, is an oxidizing agent and many of its
activit ies are thought to be due to l ipid peroxidation of cell
membranes. Traditionally it is thought to be a'deep lung
irritant' acting primarily at the terminal bronchiolar/alveolar
part  of  the lung rather than the main airways [25] al though
it clearly also has effccts on thc larger airways.

6.35. NO, produces pulmonary oedema i f  inhaled in very
high concentrat ions.

6.36. NO" is poorly soluble and considered to be deposited
nrainly in the peripheral air spaces U26).

Acute' expos ure sîudies

6.37. Thirteen dogs were exposed to very high concentra-
tions (200-400 ppm) for I hour: very modest falls in func-

tional residual capacity and particle clearance were observed.
Marked increase in BAL albumin and evidence of  patchy

oedema and inflammation on histology but no change in BAL
cel lcounts.  Al l  abnormal i t ies returned tc l  normal wi th in a few
days  [27 ] .

6.38. Squinel  Monkeys exposed to l0-50 ppm NO, for
2 hours had evidence of epithelial damage and alveolar in-
flammation with frank oedema at 50 ppm.

6.39. Guinea-pigs exposed for 2-4 hours to 5-13 ppm of
NO, had increased respiratory rate and decreased tidal vol-

ume. This returned to normal rvithin 3 hours. Generally it
appears that NO, atconcentrations in the region of lG-50 ppm

cause a decrease in tidal volume and in some species an in-
crease in respiratory rate which is reversible in time propor-
tionate to the length of exposure.

Chronic exposure studies (>24 hours)

6.40. Rats rvcre exposed to 0.8-25 ppm for l6 weeks. At

0.8 pprn no effect was observed. At 2 ppnr ntinor histological
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changes in bronchiolar epithelium with reduced or absent cilia

were seen. Changes were more marked with 4 ppm.After

cxposure to lG-25 ppm animals died of respiratory failure

with 
'emphysema-like lungs' with enlarged and fewer alveoli

and damaged bronchiolar epi thel iurn.

6.41 . Beagle dogs were exposed for 6 rnonths to 25 ppm

NOr. Thcre was. a dilfuse increase in collagen. One of six

dogs developed bullous emphysema and the other five dogs

scattered small bullae. When exposed to 50 ppm for 5 hours/

day for 7 days there was destruction of airway epithelium at

day I with loss of cil ia and cell disintigration which was more

pronounced in major bronchithan peripherally, but more rapid

repair in large airways which was occurring by day 3. De-

crease in airway diameter and incrcased nlural thickness in

tenninal  bronchioles.

6.42. Rats wcre e xposed for 3 days, 6 hours a day to either

14.4 ppm NOr,0.8 pprn O., ,  or  both.  
' fhere rvere incrcases in

epi thcl ia l  cel l  counts in BAL f lu id and protein content rv i th

both NO" and O., alone. Increased neutrophil counts and a

marked increase in epithelial counts and BAL protein were

seen when both were given together [128].

ó.43. Isolated hutnan Lrronchial  r in-ss were exposed to ei-

ther air ,  I  ppm NO, or 2 pprn NO,:  2 ppm NO, increased the

contract i le response to carbachol ,  h istant ine and substance P

Irze).

Sumnrary

6.44. Most of the animal work offers l itt le, over and above

hunran studies, in understanding the potential affects of air

pollutants on allergic disease because of the study design or

the very high concentrations of air pollutants used.

6.45. SOrcan cause bronchoconstriction at concentrations

depending on the species and conditions of challenge. The

mechanism of SOr-induccd bronchoconstriction is unclear but
may be mediated by a neural reflex.

6.46. There is little to no evidence from animal work that
SO, causes airway inflantmation or any significant t issue-
damaging eftècts at concentrations close to those currently
encountered in the U.K. under normal conditions.

6.47. Acid aerosols can cause bronchoconstriction with con-
siderable variation in species sensitivity with guinea-pigs

being particularly sensitive and dogs and monkeys insensi-
tive.

6.48. There is evidence for acid aerosols causing impaired
tracheobronchopulmonary clearance at high concentrations
in animals but th is is only at  h igh concentrat ions and appears
variable in cffect.

6.49. Thc toxicology of  part iculates has been the least  wel l

studicd of  the air  pol lutants and l i t t le can be gleaned frorn the

literature of relevance to asthma and allergic disease other

than the studies referred to in Chapter 10.

6.50. Ozone is a highly toxic gas which causes ntarked

airway inf lanrrnat ion in animals.  A lower l imi t  for  the pro-

inf lammatory ef fects of  ozone have not been establ ished.

Ozone causes bronchial hypencsponsivness in animals by a

mechanism that is l ikely to be closely related to i ts pro-

inf l  arnntatory act ions.

6.51. There is considerable var iat ion in the physiological

response to ozone. The extent to which this is also seen in the

inflammatory effects is not clear from animal studies.

ó.52. Nitrogen dioxide appears to be a generally less potent

oxidant than ozone and while able to cause airway inflamma-
tion in animals this only is apparent at concentrations well

above those currently encountered in the U.K. It appears to

cause emphysema in long-terrn exposure studies.
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