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Chronic Toxicity of
Nitrogen Dioxide

II. Effect on Histopathology of Lung Tissue

William H. Blair, BS; Mary C. Henry, PhD;
and Richard Ehrlich, PhD, Chicago
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Mice were exposed to 0.5 ppm nitrogen dioxide
(NO,) for 6, 18, and 24 hours daily. The lung
alveoll were expanded in all mice exposed to NO,
from three to 12 months, with the highest degree

f Involvement at 12 months; thus the number of
% 0/0 o //%/(:xpnnded alveoll appeared to Increase wilh expo-
I sure time. The gﬂq}ﬂ—w_ﬂ_m
b%‘fl‘wwjlth reduction of distal
i alfway size and a concomitant
_H. The overall lesions appeared to be consistent
with the development of early f
Examination of the heart, liver, kidney, and spleen
did not reveal any unique pathology. Mice ex-
posed to NO, and challenged with Klebsiella
pneumoniae exhibited a marked reduction in func-
tional lung tissue.
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STUDIES reported in the previous paper!
indicate that exposure to 0.5 ppm of nitro-
gen dioxide (NO,) for three months or long-
er has a significant effect on the resistance
of mice to bacterial pneumonia. The effect
was demonstrated by enhanced mortality
after the challenge with airborne Klebsielly
pneumoniae and by reduced clearance rates
of the infectious agent from the lungs. To
further study the effects of chronic exposure
to 0.5 ppm of NQ,, histopathological exami-
nations of tissues obtained from the various
experimental groups of mice were per-
formed.

Methods

Randomly selected mice were killed by cervi:
cal decapitation within two hours after termi.
nation of NO, exposure, which was 1, 3, 6, 9,
and 12 months. Tissues were collected from up
to four mice, representing the following NO,
exposure conditions: (1) 24 hours, mice ex-
posed to NO, 24 hours each day, seven days a
week; (2) 18 hours, mice exposed to NO, 18

ours each day, seven days a week; (3) six

ours, mice exposed to NO, six hours each

tained in ambient air, seven days a week.

/ m Additional groups of mice included those
. e gnly challenged\ with airborne K pneumoniae
/ 7 7 A AT - . [ - and those challenged with the infectious agent -
W Vwﬁ < immediately after tremination of the NO, ex-
posure. To obtain the tissues, surviving mice ;
ubmitted for publication June 14, 1968; accepted challenged with K pneumoniae weré killed 14 .

Aug 26.
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Reprint requests to IIT Research Institute, 10 W
35th St, Chicago 60616 (Dr. Ehrlich).
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days after the challenge.

For the histopathological examination, lung, -
heart, thymus, spleen, liver, and kidney tissues
were used. The tissues were fixed in Bouin's °
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Fig 1.—Lungs of mice after three months exposure to 0.5 ppm of NO,. Top left, control animal;

top right, six hour a day exposure; bottom left, 18 hour a day exposure;

exposure (X 100).

solution by direct immersion, embedded in;

paraffin, and cut on a rotary microtome at 8uz.’
The slides were deparaffinized in xylene and
were stained with hematoxylin and eosin. Mi-
croscopic observations were made at low
(X 100) and high (X 400) magnifications. Pho-
tomicr.graphs were taken with a Polaroid copy
stand utilizing a microscope adapter, or with a
35-ram umera on a micro-attachment.

Results

- lwol Mice—Observation of the lung
tisae - of control mice after holding at am-
<onditions for up to 12 months, re-
veulu! moderate pneumonitis characterized
by o ribronchial infiltration with lympho-
.. ‘The bronchioles were generally lined
: single layer of ciliated cuboid epithe-
o There was no indication of in-
fin.uation, and the terminal airways were
Pateni. In general, the lung structure ap-
Prared to be normal with delicate alveolar

bie:

bottom right, 24 hour a day

septa and relatively uniform distribution of
alveoli. Some minimal septal breakage was
seen, but the alveoli did not appear to be
expanded.

In general, the findings in control mice
were consistent, as evidenced by the de-
velopment of pneumonitis, with advancing
age. There was no evidence of bronchiolar
obstruction or emphysema, other than the
moderate expansion of alveoli in areas of
septal breakage.

Mice Exposed to 0.5 ppm NO,—Three
Months Exposure—Pneumonitis as evi-
denced by peribronchial and interstitial al-
veolar lymphocytic infiltration was observed
in mice exposed to NO, for six hours each
day. The bronchiolar epithelium was cuboid
and appeared normal in the mice exposed
six and 18 hours each day, while obstruction
of some respiratory bronchioles with an aci-
dophilic substance was evident in the group
exposed 24 hours each day. In these areas,
the epithelium of the bronchioles was of a
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Fig 3.—Llungs of mice after 12 months exposure to 0.5 ppm of NO.. Top left, control animal:
top right, six hour a day exposure: bottom left, 18 hour a day exposure; bottom right, 24 hour

a day exposure () 100).

. reaction was most severe in mice exposed t0/
- NO., for 24 hours each day.
.~ The bronchial mucosa was markedly in-
flamed in all three experimental groups,
'With surface .erosion and loss of cilia. In
‘many ureas the bronchiole-alveoli junction
»Was either {otally or partially blocked with
»ceIlula* debris. In some areas of the lungs of
“the " exposed 24 hours each day, the
epith-: .m in the bronchioles was of a high
"> configuration, and the surface was
-ith a mucoid-like material. In the
o0 experimental groups, the bron-
sithelium was cuboid. :
- Al lar expansion and sepial breakage
wus . dent in all three groups exposed to
. ~ut did not appear to progress from
th- -: ;e-month exposure period. The alveo-
“lar « , insion appeared to' be more evident
In :: areas of bronchiolar obstruction. It
i ved that after six months exposure to
05 apm of NO., the -bronchiolar in-
flannation was present in all three experi-

mental groups, while after three months ex-
posure it was evident only in the mice
exposed 24 hours each day. The extent of
airway obstruction increased. while the de-
gree of dilation of the alveoli did not change
significantly (Fig 2).

Nine Months Exposure.—Pneumonitis
was still seen in all three groups of mice
exposed to NO., but was decreased in the
degree of reaction. The alveolar expansion
seen after three and six months of exposure
to NO, was not as apparent in the mice
exposed for nine months. The alveolar sep-
tal walls appeared to be thicker than those
in control mice, or in mice exposed to NO.
for the shorter periods of time. It appeared
that after nine months exposure, minimal
inflammation and expansion of alveoli oc-
curred in all three experimental groups.

Twelve Months Exposure.—Mice exposed
to 0.5 ppm of NO. for six hours each day
showed moderate pneumonitis. The groups
exposed 18 and 24 hours each day showed a
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sovere pneumonitis. characterized by wide-
spread  interstitial and peribronchial lym-
phacy e infiltration. Some lung lobes of the
mice expased 24 bours each day were in the
stage of gray hepatization of pneumania,
with exudate in the alveoli and infiltration
of pahmarphonuclear Jeukocytes. There was
evidenae of hronchiolar epithelial erosion in
ail three expertimental groups, but the ter-
minal airwavs appeared to b unobstructed.
Alveolar expansion and septal breakage ap-
ared o progress with septal wall thinning.
Lung slerations after 12 months of NO.
expasure 2o dlasirated m Fig 3.

Size of Alveoli.—1n order to further illus-
trate the offeci of NO. exposire, the size of
aveall was measared. To obtain this data,
thror difaremt areas of lungs were observed
1 each animal. and in each area five alveoli
WATC  ReITed random for messurement
with an acalar micrometer. To obtain the
size. the Gompest diameter and its right
xd( dxmm\:\m were measured and multi-
ied dongsh X width . The values for the
TR OMHRLTIINNIE Were .'-xveraged and plotted

a1

DURATION OF NO, EXPOSURE, MONTHS
Fig 4.—Size of alveoli of lungs of mice exposed to 05 ppm of NO..

(Fig 4). Wlulelimlstbendedthattbeava-
ages do not represent quaniitatively the
whole lung structure, they do relabe to the
qualitative and comparative average atveo-
lar size. To quantitate this method more
sophisticated plamographic techniques, such
as paper macrosection, will have to be used.
It can be readily seen that a merked in
crease in alveolar ares was present in mice
exposed to 0.5 ppm of NO,, as compared to

control mice. The intrease in size was large-

ly relatedtoa]veolarexpxnszmaninmh ‘2

the septal breakage.

Mice Challenged With K Pneumomae.
The overallmdnreafmmedmﬂengedwﬂb
K pneumoniae, but not exposed o NO,, was
of mild to severe pmeumonitis assoriated

with interstitial edema, cdlnlar infiltration, b

Y

and, in some cases, hronchitis. There wes mo

clear indicafion of bronchiclar ocbstructim ¥

or abnormal expansion of alvedli.

In&ne'groupofmicyeexposedtoa.s;:pm"

of NO, and the K pneumoniae, it appeared

that the following three distinct lesioms were
present: (1) pneumanitis d:nraatmnmd br

Arch Environ Health—Vol 18. Feb 1969




R

 peribronchial infiltration with lymphocytes
¥ which was present in both the experimental
| and control groups; (2) varying degrees of
. pneumonia which appeared similar to the
i group exposed to K pneumoniae; and (3)
- alveolar expansion with bronchiolitis and
v . girway blockage; the alveolar expansion ap-
" peared to be similar to that observed in mice
. “exposed to NO, only. !

The bronchiolar lesions were characterized
by inflammation, proliferation, epithelial

' desquamation, and terminal airway block-
;' age. With the exception of epithelial prolif-
i eration the lesions were similar to those
¥ observed in mice exposed to NO, only. In

areas of lung involved with the pneumonic
process the lesion appeared to be more se-
vere in the mice exposed to NO,. Also of

. interest is' the observation that the pneu-
monic process did not appear to be involved
. in areas with markedly dilated alveoli.

Of the other tissues examined, no unique

- response to NO, was noted, and any abnor-
' malities in cell infiltration associated with

mice exposed to K pneumoniae, were con-

“sistent ‘with the experimental conditions in-

duced.

Comment

A brief literature review has shown sever-
al studies on the effects of NO, on lung
structure. Gray et al? studied the chroni

- toxicity of 9 to 14 ppm of NO, in rats, an
- reported that a six-week exposure resulted

in an jnflammatory condition of the re-

_ 8piratory tract consisting of rhinitis, trachei-

tis, and pneumonitis. After eight or more
weeks of exposure, the inflammatory process
subsided and localized areas of emphysema
were  observed, Additional studies® with
guines pigs exposed to 4 ppm of NO, for six
moniis did not disclose any evidence of
pathoiogy attributable to the NO,.

H-rrold et al* reported that, based on a 6
hew: o day, five days a week exposure, the
thiie210ld of harmful effects of nitrous oxide
Wit 1bove 70 ppm. Studies by Ilurry and
7e: kS indicated that exposure to an aver-

of 117 ppm of NO, for six to seven
li:5 had no effects on cats, rabbits, or
m. : ‘Wagner et al® studied the effect of
Nis, on dogs,’ rabbits, guinea pigs, rats,
I nsters, and mice. The animals were daily
¢xjiosed to 5 ppm of pure NO, for up to 18
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months. They did not observe any morpho-
logical effects related to the exposure.

Freeman and Haydon? exposed rats con-
tinuously to 25 and 100 ppm of NO,. Within
24 hours, rats exposed to 100 ppm NO,
began to die with acute pulmonary edema
and focal hemorrhages in the lung. Expo-
sures to 25 ppm NO,, up to 180 days, result-
ed in death in 11 of 15 rats. Upon killing
the rats, the lungs exhibited hypertrophy
and hyperplasia of the bronchial and bron-
chiolar epithelium, and an increase in goblet
cells. These authors? also noted variations in
the size of the alveolar ducts and alveoli,
with many of them appearing larger than
control rats. In rats exposed to 25 ppm NO.,,
pathologic alterations of the lung tissue
were not seen earlier than five to six weeks,
while death due to respiratory failure oc-
curred after 20 to 22 weeks of exposure.

The basic lesion was narrowing of the air
channels at the junction of the terminal
bronchioles and alveolar ducts. This narrow-
ing resulted from proteinaceous material
and aggregates of macrophages in the bron-
chioles and lengthening of the bronchiolar
epithelium from a cuboid to a columnar
form. Also, the cilia were overlaid with mu-
cous secreted by activated goblet cells. Pul-
monary tissue was free of dead or dying
cells, visible fluid, and leukocytic reaction
suggestive of chronic infection.8

In a further study, Freeman and Furiosi®
exposed rats to 4 ppm NO, for 16 weeks.
They noted that the basic lesions were asso-
ciated with narrowing of the air channel at
the junction of the terminal bronchiole and
the alveolar ducts. After 16 weeks exposure
to 0.8 ppm NQO., no obvious pathology was
seen.

We have exposed mice to 0.5 ppm of NO.
and have studied the sequential alterations
of lung morphology after 3 to 12 months
exposure. We have also studied the interac-
tive effects of challenge with K pneumoniae
by the respiratory route after the NO, expo-
sures. A consistent finding in control un-
treated mice was pneumonitis characterized
by peribronchial lymphocytic infiltration.
Varying degrees of pneumonitis were also
seen in all of the experimental groups of
mice. This observation is consistent in mice
and is routinely observed in most laborato-
ries.

Arch Environ Health—Vol 18, Feb 1969
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In experimental mice exposed to NO,,
inflammation of the bronchioles, surface ero-
sion of the epithelium, and blockage of the
bronchiolar-alveolar junction was observed.
The alveoli were expanded in all mice ex-
posed to NO, from 3 to 12 months, with the
highest degree of involvement at 12 months;
thus the number of expanded alveoli ap-
peared to increase with exposure lime. In
addition, the general impression was of ear-
ly bronchiolar inflammation with reduction
of distal airway size and a concomitant ex-
pansion of alveoli after which the terminal
airways did not appear occluded, but the
alveoli expansion still progressed. The over-
all lesions appeared to be consistent with
the microscopic development of early focal
emphysema.

Examination of heart, liver, kidney, and
spleen tissues did not reveal any unique
pathology.

In mice challenged with K pneumoniae
only, pulmonary atclectasis, leukocytic in-
filtration, edema, and alveolar destruction
was seen. In most cases, the mice were in
the gray hepatization stage of pneumonia.
In mice exposed to NO, and challenged with
the infectious agent, superimposed on the
pulmonary pneumonitis, were varying stages

NITROGEN DIOXIDE—BLAIR ET AL

The fact that the primary'lesions of pney.
monia do not appear in the markedly dilzt.
ed alveoli suggest that reduction of funciion.
al tissue by NO, treatment could enhince
the pathogenic effects of challenge with X
pneumoniae. This is supported by the r .r.
tality data of mice exposed to NO. .4
challenged with K pneumoniae.

The induction of alveolar distensic i
mice exposed to 0.5 ppm NO, appears ., .
the lowest level at which effects wer: .
served in experimental animals. The cc. -

rent pneurnonitis normally present in . <
of mice could serve as a priming fact .

the development of alveolar expansio. .ig
may account for the enlargement oh:.. :ed
upon exposure to this low concentrati=n «f
NO,. Challenge with K pneumonia: ap
peared to act as an independent pathogenic
situation and produced its own type of le-
sion, je, atelectasis, leukocytic infiltration,
edema, and ultimate scar formation, which
further reduces functional lung tissue.

JI'his; study was supported by funds provided by
the National Air Pollution Control Administration,
Department of Health, Education, and Welfare, un
der contracts SAph 73297 and PH 86-67-30.

In conducting the research reported here, the in-
vestigalors adhered to “Principles of Laboratory Ani-

mal Care” as established by the National Society
for Medical Research.

of pneumonia, bronchiolar inflammation, Mrs. Betty Jo Larson assisted in the experimental
and alveolar distension. studies.
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